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Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150Y. Current gains are 
checked from 1 jJA to 1 OOmA. Breakdown voltages up to 
1 OOV are measured at 1 OjJA, 1 OOjJA and 1 rnA. Collector to
emitter saturation voltage is measured at 1 rnA, 1 OmA, 30mA 
and 1 OOmA for I c/1 8 ratios of 10, 20, 30. The instrument is 
powered by, a 9V battery. . . 

TRANSISTOR RANGES (PNP OR NPN) 
I c B 0 & IE B 0: 10nA, 1 OOnA, 1 IJA, 1 O!JA and 1 OO!JA f.s.d. 

ace. ± 2% f.s.d. ± 1% at voltages of 2V, 5V, 
10V,20V,30V,40V,50V,60V,80V,100V, 

VcE(sat): 

. 120V, and 150V ace. ±3% ± 1 OOmV up to 
1 OjJA with fall at 1 OOjJA < 5%+250mV. , 

10Vor100Vf.s.d.acc ±2%f.s.d. ±1%at 
currents of 1 OjJA, 1 OOjJA and 1 rnA ±20%. 

1 OnA, 1 OOnA, 1 iJA ... 1 OmA f.s.d. ace. ±2% 
f.s.d. ± 1% at fixed IE of 1 fJA, 1 OjJA, 1 OOjJA, 
1 rnA, 1 OmA, 30mA, and 1 OOmA ace. ± 1%. 

3 inverse scales of 2000 to 1 00, 400 to 30 and 
- 100 to 1 0 convert I 8 into h FE readings. 

1 V f.s.d. ace. ± 20mV measured at conditions 
on hFE test. 

1 V f.s.d. ace. ±20mV at collector currents of 
1 rnA, 1 OmA, 30mA and 1 OOmA with I ell 8 . 
selected at 1 0, 20 or 30 ace. ± 20%. 

DIODE & ZENER DIODE RANGES 

type · 
TM12 

As IE 8 0 transistor ranges. 

Breakd~wn ranges as BV c B o for transistors. 

1 V t.s..d. ace. ± 20mV at I 0 F of 1 jJA, 1 O!JA, 
1 OOf,&A, 1 rnA, 1 OmA, 30mA and 1 OOmA. 

£145 

DON'T GAMBLE 
WITH PERFORMANCE 
BUY 
LEVE'LL TESTERS 

A logarithmic scale covering 6 decades is used to display 
either insulation resistance or leakage current at a fixed 
stabilised test voltage. The current available is limited to a 
maximum . value of 3mA for safety and capacitors are 
automatically discharged when the instrument is switched 
off or to the CAL condition. The instrument operates from a 
9V internal battery. 

RESISTANCE RANGES 
1OM 0 to 1 OTO (1 013 0) at 250V, 500V, 750V CJild 1 kV. 

1M 0 to 1 T 0 at 25V, 50V and 1 OOV. 

1 OOk 0 to 1 OOG 0 at 2.5V, 5V and 1 OV . 
1 Ok Oto 10G 0 at 1V. 
Accuracy ±15% +BOO o on 6 decade logarithmic scale. 

Accuracy of test voltages ±3% ± 50mV at scale centre. 
Fall of test voltages < 2% at 1 OJ.lA and·< 20% at 1 OOJ.lA. 

Short circuit current between 500!-lA and 3mA. 

'CURRENT RANGE 
1 OOpA to 100!-lA on 6 decade logarithmic scale. 
Accuracy of current measurement± 15% of indicated value. 
Input voltage drop is approximately 20mV at 1 OOpA, 200mV 

at 1 OOnA and 400mV at 1 OO!JA. 
Maximum safe continuous overload is SOmA. 

MEASUREMENT TIME 
< 3s for resistance on all ranges relative to CAL position. 

< 1 Os for resistance of 1 OG 0 across 1 iJF on 50V to 500V. 
Discharge time to 1% is 0.1 s per iJF on CAL position. 

RECORDER OUTPUT 
1 V per decade ± 2% with zero output at scale centre. 
Maximum output ±3V. Output resistance 1 k 0. 

~~~ 4 £155 
Optional extras are leather cases and mains power units. Prices are ex works, V.A.T. extra in U.K. 

LEVELL MOXON STREET, BARNET, HEATS., EN5 5SD. 
TEL: 01-449 5028/440 8686 

WW- 012 FOR FURTHER DETAILS 
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THINK OF A SHAPE 

S 500D ~ dua l channel 
up to 500W I RMS per 

. channel DC-20 KHZ 

Whatever it is, the HIIH 'S' range 
of power amplifiers will handle it. 

The HIIH 'S' range is designed to handle heavy industrial usage in the fields of v ibrator 

driving, variable f requency -pow er supplies and servo motor systems. 

s 5000 
Dual Channel 
1_9"_ racfmo~nt 3Yz" high 
500w r.m.s. into 2.5 ohms per channei 
.900w r .m.s. in bridge mode · 
DC-20 KHZ at full power . · 
il.005% harmonic distortion (typical) at 
300w r.m.s. into 4 ohms at 1 KHZ 
3KW dissipation from in-built force cooled 
.dissipators 

s 2500 
Single Channel 

"1 9" rack mount 3Yz" high 
'500w r .m.s. into 2.5 ohms 
Retro-convertible to dual channel 
DC-20 KHZ at full power 
Full short and open circuit protection 
.Orives totally reaciive loads with no 
adverse effects 

A complete range of matching transformers and peripheral equipment for closed ·loop:; 
constant current and voltage use are available. · -

Alternative input and output termination to order. Rack case for bench use built to 
·specifications. For complete data write or call. 

Kirkham ElectrOnics 
MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL 

DIVISION OF K.R.S. LIMITED 
TELEPHONE (037 976) 639 ! 594 

fRANCHISE!) COMMERCIAL AND lf\JDUSTRIAL AGENTS FOR HIIH UEC-
wW-"- 035 FOR FURTHER DETAILS . . 
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I 

CMOS SALE 
. . 

item~ subject to prior sale. 
Milke Price 

RCA 57p 
RCA 36p 
RCA 
RCA 

Due to bulk purchase, we are to offer 
unbeatable prices on INTERSIL chtps. 
Compare our prices and see how much 
you save. 

1-24 25+ 
ICL7106CPL 6 .50 6.25 
ICL7107CPL 6.25 5.95 
ICL8038CCPD 

3 .00 
ICM7216AIJI 

2.75 

18.75 17.75 
ICM7216BIPI 

16.75 14.75 

you can 
equipment from 240 Volts! 

100+ 
5.95 
5.75 

2 .15 

14.75 -

12.25 

Only £9.95 complete with Brit ish type 
plug . 

LED BAR· GRAPH AND 
0 ANALOG METER DRIVER·. · 
New from National LM3914. Drives 1 0 · 
LED directly for making bar graphs, audio 
power meters , analog meters, LED 
Osdlloscopes, etc . Units can be:stacked 
for more LEOs. A super versatile and tru ly 
remarkable IC. Just out! 
Special price: Only £1.99 inc. 12 page 
spec. sheet. 

FAIRCHILD RED LED 
LAMPS 

trFLV5057 Medium Size Clear Case RED 
EMITTING. These are not retested off
spec. units as sold by some of .our com
petitors. These are factory pnme, f trst 
quality, new units. 

VERY LIMITE. D 
STOCK!! 

-EACH 100 OFf 
EACH 1,000 OFF 

5p EACH 2,000 OFF 

Texas Instruments J2n,5\ 
Low Profile Sockets · ~ 

Contacts 
8 PIN 

14 PIN 
16 PIN 
18 PIN 
20 PIN 
22 PIN 
24 PIN 
28 PIN 
40PIN 

Price 
.07 
.09 
.14 
.1 5 
.18 
.20 
.22 
.25 
.28 

"THE COLOSSUS" 
FA IR CH I LD SUP ER JUMBO LED 

READOUT 
A full .80 inch character The biggest 
readout we have ever sold I Supe r 
efficient 

YOUR CHOICE 
FND 847 Common Anode 

£2 each 

FND 850 Common Cathode 
£1.50 each. 100 off 

THE MOST VERSATILE 
LIQUID CRYSTAL DISPLAY 

1.24 25 + 100+ 
LCD1 06 6.45 5. 50 5. 25 

. 5' i Field effect LCD dis
play featuring 3 Y2 digits, 
colon, plus/ minus sign, 
3 deci mal points and 
"LO BAT" indi ca t o r . 
Ideal for DMMs, DPMs, 
d igi tal therm ometers, 
AM / FM radio readouts. 
Just look at the features. 
Ul tra _low powe r con 
sumption, h igh cont rast 
rat io, w ide view ing 
angle , rapi d respo nse
proven sea.lin g 
t ech niqu es-s u pe ri o r 
MT B F -r ef l ect i ve 
alumin ium f o il. Ove r 
300,000 al ready so ld ! 
Compare our price at be
low distri butors ! 

CPUs MEMORIES 
8080A 4 .95 2 102 1.00 
6800 7.00 21 14 1ow power 
Z-80 8.50 300 NS 4.75 
Z-80A 10.50 5101 4 .95 

EPROMS UARTS 
1702A 4 .00 AY-5-1013A 
2708 7.00 3.50 
2516 24.50 AY-3-1 0 1 5 4.00 

CHARACTER GENERATOR 
R0-3-2513 5.50 

ELECTRONIC YAP BOX-
3 DISCREET SOUNDS 

e Laser Gun 
e s iren 
e Ray Gun 
Plus many others. 
Use on car PA system, bicycle horn, or 
protection against would-be attackers. 
Invent your own sound effects. make 
believe you are the police or firemen . Must 
for DJs , pop groups and record ing 
studios. Only £9.95 inc. 

We apolog ise to our customers for the 
delay in completing orders during July / 
August as a result of our move. We are 
now back to normal. 

Ordaring information: For orrlers under 
£50 add 50p p.&p. Add 1 5% VAT to 
total. All items are subject to prior sale and 
therefore subject to availability. Pr ices are 
subject to change without notice. 

All orders to: 

Please note new address: 
4 Meeting Street 

AppledOI'e, Nr. Bideford 
North Devon EX39 1 RY 
Telex 8953084 Maclin G 

All enquiries t o our London office, 
0 1-278 7369 

WW-082 FOR FURTHER DETAILS 

Measure Resistance to 0.011\ ... 
At a Price that has no resistance at all 

5· 

New ELENCO · PRECISION Digital Multimeter M1200B 
us 

•FULL Y GUARANTEED 
FOR 2 YEARS 

•METAL CASE 

THE UlTIMATE IN PERFORMANCE 
MEASURES RESISTANCE TO 0.01 OHMS, 

VOLTAGE TO 100 MICROVOLTS, CURRENT 
TO 1 MICROAMPS AT LOWEST EVER PRICE! 

• 
• 
• 
• 

• 

• 
• 

• 
• 

FEATURES 

3Y2 digits 0 .56 " h igh u;o for easy reading 
100,u V, 1 ,u A , O.OH1 resolution 
High input impedance 10 Megohm 
High ac~uracy achieved with precision res istors, 
not unstable trimpots 
Input overload protected to 1000V (except 
200m V seale to 600V) 
Auto zeroing, autopolarity 
Mains (with adaptors not supplied) or battery 
operation-tiu ilt-in charging circuitry for NiCads 
Overrange indication 
Hi Low power ohms, Lo for resistors in ci r.cuit, 
Hi fo r d iodes 

SPECIFICATIONS : 

DC Volts Range 200mV, 2V , 20V . 200V, 1000V 

Accuracy 1% ± 1 d igit, Resolution .1 mV 

Overload protect ion 1,000 volts max 

AC Volts Range 200mV, 2V, 20V, 200V, 1000V 

Accuracy 1.5% ±2digits, Resolution .1mV 

Overload protection 1000V max, 200mV scale 600V 

DC Current Range 2mA, 20mA, 200mA, 2amp. 

A~curacy 1% ± 1 d igit, Resolution 1 Microamp 

O verload prote~tion - 2 amp fuse and diodes 

AC Current Range 2mA, 20mA, 200mA, 2 amp 

Accuracy 1.5% ± 2 digits, Resolution 1 M icroamp 

Overload protection - 2 amp fuse and diodes 

Resistance Range 20,200, 2K, 200K , 2 Meg. 20 Meg. 

Accu racy 1% ± 1 digit, Resolution .01 ohms 
Environmental Temp coefficient o ' ' to 30-. C ± .025%'-c 

Operating Temp o·· to 50 ', C Storage - 20 . to oO'' C 

General Mains adaptor : 6 - 9 Volts @ 200mA (not supplied) 

4C si ze batteries (not suppli ed) 

Size 8 '!4 x 5:Y. x 2'!4 We ight 2% lbs. 

----, ,...-----
To Macli n-Zand E.lectronics Ltd 
1st Floor, Un it 10. East Block 
38 Mount Pl easant , London WC 1 X OAP 

I 
1 

Please send m e 
@ £66.70 inc . p&p +VAT (o verseas £60) 
I enc lose cheque I PO I Bank Draft for £ 

DMMM1 200B I 

Name 
I 
I 

I ress LETTERS Add IBLOCK I 
PLEASE I 

L---~ ·~~~~~· ~-~~~---1 

@ N Zand 

Aj!@j.MQ.J§3@·ilf So le UK Distributor . 

Maclin·Zand Electronics Ltd 
38 Mount Pleasant,Lo ndo n WC1XOAP 

Tel. 01-8371165 . 
Telex. 8953084 MACLING 

WW-083 FOR FURTHER DETAILS 
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DIVISION OF K.R.S. LIMITED 
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100+ 
5.95 
5.75 

2 .15 

14.75 -

12.25 

Only £9.95 complete with Brit ish type 
plug . 

LED BAR· GRAPH AND 
0 ANALOG METER DRIVER·. · 
New from National LM3914. Drives 1 0 · 
LED directly for making bar graphs, audio 
power meters , analog meters, LED 
Osdlloscopes, etc . Units can be:stacked 
for more LEOs. A super versatile and tru ly 
remarkable IC. Just out! 
Special price: Only £1.99 inc. 12 page 
spec. sheet. 

FAIRCHILD RED LED 
LAMPS 

trFLV5057 Medium Size Clear Case RED 
EMITTING. These are not retested off
spec. units as sold by some of .our com
petitors. These are factory pnme, f trst 
quality, new units. 

VERY LIMITE. D 
STOCK!! 

-EACH 100 OFf 
EACH 1,000 OFF 

5p EACH 2,000 OFF 

Texas Instruments J2n,5\ 
Low Profile Sockets · ~ 

Contacts 
8 PIN 

14 PIN 
16 PIN 
18 PIN 
20 PIN 
22 PIN 
24 PIN 
28 PIN 
40PIN 

Price 
.07 
.09 
.14 
.1 5 
.18 
.20 
.22 
.25 
.28 

"THE COLOSSUS" 
FA IR CH I LD SUP ER JUMBO LED 

READOUT 
A full .80 inch character The biggest 
readout we have ever sold I Supe r 
efficient 

YOUR CHOICE 
FND 847 Common Anode 

£2 each 

FND 850 Common Cathode 
£1.50 each. 100 off 

THE MOST VERSATILE 
LIQUID CRYSTAL DISPLAY 

1.24 25 + 100+ 
LCD1 06 6.45 5. 50 5. 25 

. 5' i Field effect LCD dis
play featuring 3 Y2 digits, 
colon, plus/ minus sign, 
3 deci mal points and 
"LO BAT" indi ca t o r . 
Ideal for DMMs, DPMs, 
d igi tal therm ometers, 
AM / FM radio readouts. 
Just look at the features. 
Ul tra _low powe r con 
sumption, h igh cont rast 
rat io, w ide view ing 
angle , rapi d respo nse
proven sea.lin g 
t ech niqu es-s u pe ri o r 
MT B F -r ef l ect i ve 
alumin ium f o il. Ove r 
300,000 al ready so ld ! 
Compare our price at be
low distri butors ! 

CPUs MEMORIES 
8080A 4 .95 2 102 1.00 
6800 7.00 21 14 1ow power 
Z-80 8.50 300 NS 4.75 
Z-80A 10.50 5101 4 .95 

EPROMS UARTS 
1702A 4 .00 AY-5-1013A 
2708 7.00 3.50 
2516 24.50 AY-3-1 0 1 5 4.00 

CHARACTER GENERATOR 
R0-3-2513 5.50 

ELECTRONIC YAP BOX-
3 DISCREET SOUNDS 

e Laser Gun 
e s iren 
e Ray Gun 
Plus many others. 
Use on car PA system, bicycle horn, or 
protection against would-be attackers. 
Invent your own sound effects. make 
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studios. Only £9.95 inc. 

We apolog ise to our customers for the 
delay in completing orders during July / 
August as a result of our move. We are 
now back to normal. 

Ordaring information: For orrlers under 
£50 add 50p p.&p. Add 1 5% VAT to 
total. All items are subject to prior sale and 
therefore subject to availability. Pr ices are 
subject to change without notice. 

All orders to: 

Please note new address: 
4 Meeting Street 

AppledOI'e, Nr. Bideford 
North Devon EX39 1 RY 
Telex 8953084 Maclin G 

All enquiries t o our London office, 
0 1-278 7369 

WW-082 FOR FURTHER DETAILS 

Measure Resistance to 0.011\ ... 
At a Price that has no resistance at all 

5· 

New ELENCO · PRECISION Digital Multimeter M1200B 
us 

•FULL Y GUARANTEED 
FOR 2 YEARS 

•METAL CASE 

THE UlTIMATE IN PERFORMANCE 
MEASURES RESISTANCE TO 0.01 OHMS, 

VOLTAGE TO 100 MICROVOLTS, CURRENT 
TO 1 MICROAMPS AT LOWEST EVER PRICE! 

• 
• 
• 
• 

• 

• 
• 

• 
• 

FEATURES 

3Y2 digits 0 .56 " h igh u;o for easy reading 
100,u V, 1 ,u A , O.OH1 resolution 
High input impedance 10 Megohm 
High ac~uracy achieved with precision res istors, 
not unstable trimpots 
Input overload protected to 1000V (except 
200m V seale to 600V) 
Auto zeroing, autopolarity 
Mains (with adaptors not supplied) or battery 
operation-tiu ilt-in charging circuitry for NiCads 
Overrange indication 
Hi Low power ohms, Lo for resistors in ci r.cuit, 
Hi fo r d iodes 

SPECIFICATIONS : 

DC Volts Range 200mV, 2V , 20V . 200V, 1000V 

Accuracy 1% ± 1 d igit, Resolution .1 mV 

Overload protect ion 1,000 volts max 

AC Volts Range 200mV, 2V, 20V, 200V, 1000V 

Accuracy 1.5% ±2digits, Resolution .1mV 

Overload protection 1000V max, 200mV scale 600V 

DC Current Range 2mA, 20mA, 200mA, 2amp. 

A~curacy 1% ± 1 d igit, Resolution 1 Microamp 

O verload prote~tion - 2 amp fuse and diodes 

AC Current Range 2mA, 20mA, 200mA, 2 amp 

Accuracy 1.5% ± 2 digits, Resolution 1 M icroamp 

Overload protection - 2 amp fuse and diodes 

Resistance Range 20,200, 2K, 200K , 2 Meg. 20 Meg. 

Accu racy 1% ± 1 digit, Resolution .01 ohms 
Environmental Temp coefficient o ' ' to 30-. C ± .025%'-c 

Operating Temp o·· to 50 ', C Storage - 20 . to oO'' C 

General Mains adaptor : 6 - 9 Volts @ 200mA (not supplied) 

4C si ze batteries (not suppli ed) 

Size 8 '!4 x 5:Y. x 2'!4 We ight 2% lbs. 

----, ,...-----
To Macli n-Zand E.lectronics Ltd 
1st Floor, Un it 10. East Block 
38 Mount Pl easant , London WC 1 X OAP 

I 
1 

Please send m e 
@ £66.70 inc . p&p +VAT (o verseas £60) 
I enc lose cheque I PO I Bank Draft for £ 

DMMM1 200B I 

Name 
I 
I 

I ress LETTERS Add IBLOCK I 
PLEASE I 

L---~ ·~~~~~· ~-~~~---1 

@ N Zand 

Aj!@j.MQ.J§3@·ilf So le UK Distributor . 

Maclin·Zand Electronics Ltd 
38 Mount Pleasant,Lo ndo n WC1XOAP 

Tel. 01-8371165 . 
Telex. 8953084 MACLING 

WW-083 FOR FURTHER DETAILS 
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WIRELESS WORLD, DECEMBER 1979 

From Science of Cambridge: the newMK 14. 
Simplest, most advanced, most flexible 

microcomputer-in ·kit form • 

MK 14 including 
optional RAM 1/0 
and Extra RAM. 

The MK 14 is a complete microcomputer with a 
keyboard, a display, 8 x 512-byte pre
programmed PROM, and a 256-byte RAivl 
programmable through the keyboard. 

As such the MK 14 can handle dozens of 
user-written programs through the hexadecimal 
keyboard. 

Yet in kit form, the MK 14 costs only £39.95 
(+£6.60 VAT, and p&p). 

More memory-and peripherals! 
Optional extras include: 
1. ExtraRAM-256 bytes. 
2. 16-line RAM 1/0 device (allowed for on the 

PCB) giving further 128 bytes of RAM. · 
3. Low-cost cassette interface module-which 

means you can use ordinary mpe cassettes/ 
recorder for storage of data and programs. 

4. PROM programmer and blank PROMs to set 
· up yor own pre-programmed dedicated 

applications. 
5. VDU Interface, displays 512 characters on 

625line domestic TV by memory mapping 
contents of MK 14. Incorporates a 64 
character ASCll display chip, graphic facility, 
UHF modulator. ' 
All are available now to owners ofMK14. 

A valuable tool-and a training aid 
As a computer; it handles operations of all 
types-from comp1exgames to digital alarm 
clock functioning, from basic maths to a pulse 
delay chain. Programs are in the Manual, 
together with instructions for creating your own 
genuinely valuable programs. And, of course, 
it's a superb education and training aid
providing an ideal introduction to computer 
technology. 

A set ofFunher Applications Programs is 
available covering advanced programs, dealing 
particularly with the use ofthe 1/0 capacity of the 

Edge connectorfor 
'------ external keyboard with 

upto32 keys 

MK14 including the VDU and several programs 
written ina form of interpretative language 
called MINIL. 

SPECIFICATIONS 
• Hexadecimal keyboard • 8-digit, 7 -segment 
LED display • 8 x 512 PROM, containing 
monitor program and interface instructions 
• 256 bytes ofRAM • 4 MHz crystal • 5 V 
regulator requires single 8 V power supply 
• Space available for extra 256-byte RAM and 
16 port 1/0 • Edge connector access to al) data 
lines and 1/0 pons. 

Free Manual 

.------ 5 V regulator 

Power rails and 
input/output edge connector 

Microprocessor (CPU) 

purpose sequencing, etc. 

Designed for fast, easy assembly 
The MK14 can be assembled by anyone with a 
fine-tip soldering iron and a few hours' spare 
time, using the illustrated step-by-step 
instructions provided. 

How to get your.MK 14 
Getting your MK 14 kit is easy. Just fill in the 
coupon below, and post it to us today, with a 
cheque or PO made payable to Science of 
Cambridge. And, of course, it comes to you with 
a comprehensive guarantee. Iff or any reason, 
you're no completely satisfied with your MK 14, 
return it to us within 14 days for a full cash 
refund. 

Every MK14 kit includes a Manual whiCh deals 
with procedures from soldering technique$ to 
interfacing with complex external equipment. 
It includes 20 sample programs including math Science ofCambridge Ltd, · 
routines (square root, etc), digital alarm clock, 6 Kings Parade, Cambridge, Cambs., CB21SN. 
single-step, music box, mastermind and moon Telephone: Cambridge (0223) 311488 
landing g~mes, self-replication, general 

G~~~~~Mg~~in~~~~~dge~~.,c~~--~ I ~lease send me the following, plus details of other peripherals: I 
I 0 MKI4 Standard Microcomputer Kitro £46.55 0 Cassette ra £7.25 1 

DExtraRAM(a £4.14 DVDU ra £33.75 

I DRAMI/Odevicera £8.97 0PROMPrograpu'ner(<, £11.85 I 
I 0 PSU (a £6.10 . 0 Further Applications Programs (a £3.00 I 

All prices include p+p and VAT. Allow 21 days for debvery. I 
J I enclose cheque/money order/PO for£ (indicate total amount.) 

I ::~ .. (pl'"'Print) Scienc~ of ! . 
I . Cambndge J 
L~~-------------------WW. - 056 FOR FURTHER DETAILS 

W IRELESS WORLD, DECEMBER 1979 

Britain's Best Breadbpard 
Bu~ at Breadboard • 79 

All over Britain, hobbyists are 
discqvering Britain's Best 
Breadboard Buys. At the 
London Breadboard exhibition 
79 on Stand Nos. F1, F2 and 
G 1, G2, esc will be exhibiting 
thei r full range of breadboards. 

_Here is your chance to obtain 
a special ticket for Breadboa rd '79 
worth £1 00 absolutely FREE. 

Cut out the coupon below and take it ExPa50 

along to one of our listed dealers, and make EXP 325 Built in bus-bars accepts 8, 14, 16 
_ a purchase of any of our breadboards and . 

receive your special FREE ticket- see you and up to 22 Pin ICS. £1:60 .d I for 
· . , EXP 360 270 contact pomts, 1 ea 

1 

at Breadboard 79. . . working with upto3x 14pin DIPS. £3.15 Th E erl·mentor System 
Take the coupon to any of these mam dealers. EXP 650 For microprocessor chips. £3 .. 60 8 Xp . 

4 ways to order Experimentor Systems · '' ~?s~a~~~ron ics Ltd. 279- 281 King Street, Hammersmith, EXP 48 An extra4 bus-bars iri one Unit. 1. EXP 300PC which includes one Item. 

London W6 ' £2.30 A matchboard pre-drilled PCB - £1 .32 
Cubegate Ltd 'Audio Electronics, 301 Edgware Road, EXP 300 The most widely sold breadboard 2. EXP 302 which includes three items. 

L.ondon W21 BN ·. in the u K. for the serious hobbyist. £5.75 Three 50-sheet scratchboard work pads - (1 .68 
Technoma tic ltd ' 17 Burn ley Road, London NW10 lED EXP 600 6, centre channel makes this the 3. EXP 303 which includes three items . 
Precision Instrument Labs .. Instrument House. B db d £6 30 hb d dan EXP 300 solderless 
'127 Old Kent Road , London SE1 5 Microprocessor rea . oar . . . . Two mate oar san 

MANCHESTER PB& Professional breadboard In easily breadboard · rs.oo 
Shudehill Supply Co, 53 Shudehil l, Manchester M44AW assembled kit form . £9.20 4. EXP 304 which includes four items. 

E Two matchboards and EXP 300 breadboard and a ~~,\'~;~~~::~!:,~ ~ u "'"· '"'' """ '"'"'"''' '"'"· p B 100 Kit form bread board reco m~e~'i:,d """hbo"d wack pod - £9.30 
Aylesbury , Bucks HP20 lET . for students and educational use~ . 

0 

1 · . 
Best EI!'Jctronics !S lough) Ltd .. Unlt4 Farnburn Ave., Slough, The above prices do not mclude P&P and 15 Yo ~ - - - - - . - - - - ., 

BucksSL14XU - - - - - - - - • h f 
KENT I Th is coupon entitles the holder to a free ~icket worth £1.00 to Breadboard 79, with the pure ase o any I Lawtronics. 13a High Street. Edenbridge. Kent TNB 5AX I listed breadboards 

NEWCASTLE ~~~E::X~P~3~25~~::;Q~n;ty~. R:;-:e::q:;d,..-;;-2-;:. E-;;X-;:;-P-:;:350~~~~ O~n;;'it;;-yRR;;eq;;dil NAME. I Aitken Bros. , 35 High Bridge, Newcastle upon Tyne I £2.70 £4.48 

SCOTLAND d 4.EXP4B I Onty .Reqd . ADDRESS. · · · · · · · · · · · · · · I Marshalls, 85 West Regent Street, Glasgow G2 3. EXP 650 I Onty · Req · . £3.50 

F. Brown & Co .. 45 George IV Bridge, Edinburgh EH11E3 I £5.00 6.EXP 600-1 o.nty.Reqd . . . . ... . . . . . . . 
5.EXP300 I Onty.Reqd I 

LEEDS I £7.76 £8.39 . . . . . . .. . . . . Leeds Amateur Radio Club. Cookridge Street, Leeds 1 I Onty.Reqd . 
7.PB6 I Onty.Reqd . B.PB 100 - D I 

HERTFORDSHIRE I fl1.73 £t4.l2 FREE catalogue ti ck box 
B.I-PAK, 3 Baldock Str.eet . Ware, Herts. I enclose cheque/ PO for£ . . 

CONTINENTAL SPECIALTIES CORPORATION I Experimentor System I Onty .Reqd. o r debit my Barclaycard, Access, American I 
l.EXP 300PCI Onty.Reqd 2.EXP 302 Expre.ss card c: 5 c: I :~:p 303 I Onty .Reqd . 4 ~;: 304 I Onty Reqd_ ~r0i-~l: comi 21682 w ith ~~~~ ~:~· ~~~ber ·a~d . I . . . I £11.114 £11.85 your order w il l be in the post immediately. 1 
Boxed prices include P&P and 15% VAT 

. RICA MIDEAST If no dealer in your area contact esc d irect. . I 
esc UK LTD. EUROPE, AF . I • I Continental Specialties Corporation. (U·.K. ) Limited. Dept 7CC2 
Dept 7 C C2 Shire Hill Industria I Estate Units t and Uolt 1. Shire " ' ' I nd,.tri•l '""•· S•ffron W oldon, ''''" T '' 107991 2161l2 ..I 
2,SaffronWalden,EssexCB113AQ 1------- IIIIi----------Tel : Saff ron Walden (0799) 21682. Telex: 817477 -

WW - 013 FOR FURTHER DETAILS 

I 
II 
i 
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From Science of Cambridge: the newMK 14. 
Simplest, most advanced, most flexible 

microcomputer-in ·kit form • 

MK 14 including 
optional RAM 1/0 
and Extra RAM. 

The MK 14 is a complete microcomputer with a 
keyboard, a display, 8 x 512-byte pre
programmed PROM, and a 256-byte RAivl 
programmable through the keyboard. 

As such the MK 14 can handle dozens of 
user-written programs through the hexadecimal 
keyboard. 

Yet in kit form, the MK 14 costs only £39.95 
(+£6.60 VAT, and p&p). 

More memory-and peripherals! 
Optional extras include: 
1. ExtraRAM-256 bytes. 
2. 16-line RAM 1/0 device (allowed for on the 

PCB) giving further 128 bytes of RAM. · 
3. Low-cost cassette interface module-which 

means you can use ordinary mpe cassettes/ 
recorder for storage of data and programs. 

4. PROM programmer and blank PROMs to set 
· up yor own pre-programmed dedicated 

applications. 
5. VDU Interface, displays 512 characters on 

625line domestic TV by memory mapping 
contents of MK 14. Incorporates a 64 
character ASCll display chip, graphic facility, 
UHF modulator. ' 
All are available now to owners ofMK14. 

A valuable tool-and a training aid 
As a computer; it handles operations of all 
types-from comp1exgames to digital alarm 
clock functioning, from basic maths to a pulse 
delay chain. Programs are in the Manual, 
together with instructions for creating your own 
genuinely valuable programs. And, of course, 
it's a superb education and training aid
providing an ideal introduction to computer 
technology. 

A set ofFunher Applications Programs is 
available covering advanced programs, dealing 
particularly with the use ofthe 1/0 capacity of the 

Edge connectorfor 
'------ external keyboard with 

upto32 keys 

MK14 including the VDU and several programs 
written ina form of interpretative language 
called MINIL. 

SPECIFICATIONS 
• Hexadecimal keyboard • 8-digit, 7 -segment 
LED display • 8 x 512 PROM, containing 
monitor program and interface instructions 
• 256 bytes ofRAM • 4 MHz crystal • 5 V 
regulator requires single 8 V power supply 
• Space available for extra 256-byte RAM and 
16 port 1/0 • Edge connector access to al) data 
lines and 1/0 pons. 

Free Manual 

.------ 5 V regulator 

Power rails and 
input/output edge connector 

Microprocessor (CPU) 

purpose sequencing, etc. 

Designed for fast, easy assembly 
The MK14 can be assembled by anyone with a 
fine-tip soldering iron and a few hours' spare 
time, using the illustrated step-by-step 
instructions provided. 

How to get your.MK 14 
Getting your MK 14 kit is easy. Just fill in the 
coupon below, and post it to us today, with a 
cheque or PO made payable to Science of 
Cambridge. And, of course, it comes to you with 
a comprehensive guarantee. Iff or any reason, 
you're no completely satisfied with your MK 14, 
return it to us within 14 days for a full cash 
refund. 

Every MK14 kit includes a Manual whiCh deals 
with procedures from soldering technique$ to 
interfacing with complex external equipment. 
It includes 20 sample programs including math Science ofCambridge Ltd, · 
routines (square root, etc), digital alarm clock, 6 Kings Parade, Cambridge, Cambs., CB21SN. 
single-step, music box, mastermind and moon Telephone: Cambridge (0223) 311488 
landing g~mes, self-replication, general 

G~~~~~Mg~~in~~~~~dge~~.,c~~--~ I ~lease send me the following, plus details of other peripherals: I 
I 0 MKI4 Standard Microcomputer Kitro £46.55 0 Cassette ra £7.25 1 

DExtraRAM(a £4.14 DVDU ra £33.75 

I DRAMI/Odevicera £8.97 0PROMPrograpu'ner(<, £11.85 I 
I 0 PSU (a £6.10 . 0 Further Applications Programs (a £3.00 I 

All prices include p+p and VAT. Allow 21 days for debvery. I 
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I ::~ .. (pl'"'Print) Scienc~ of ! . 
I . Cambndge J 
L~~-------------------WW. - 056 FOR FURTHER DETAILS 
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London Breadboard exhibition 
79 on Stand Nos. F1, F2 and 
G 1, G2, esc will be exhibiting 
thei r full range of breadboards. 

_Here is your chance to obtain 
a special ticket for Breadboa rd '79 
worth £1 00 absolutely FREE. 
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along to one of our listed dealers, and make EXP 325 Built in bus-bars accepts 8, 14, 16 
_ a purchase of any of our breadboards and . 

receive your special FREE ticket- see you and up to 22 Pin ICS. £1:60 .d I for 
· . , EXP 360 270 contact pomts, 1 ea 
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Take the coupon to any of these mam dealers. EXP 650 For microprocessor chips. £3 .. 60 8 Xp . 

4 ways to order Experimentor Systems · '' ~?s~a~~~ron ics Ltd. 279- 281 King Street, Hammersmith, EXP 48 An extra4 bus-bars iri one Unit. 1. EXP 300PC which includes one Item. 

London W6 ' £2.30 A matchboard pre-drilled PCB - £1 .32 
Cubegate Ltd 'Audio Electronics, 301 Edgware Road, EXP 300 The most widely sold breadboard 2. EXP 302 which includes three items. 

L.ondon W21 BN ·. in the u K. for the serious hobbyist. £5.75 Three 50-sheet scratchboard work pads - (1 .68 
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Precision Instrument Labs .. Instrument House. B db d £6 30 hb d dan EXP 300 solderless 
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MANCHESTER PB& Professional breadboard In easily breadboard · rs.oo 
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LEEDS I £7.76 £8.39 . . . . . . .. . . . . Leeds Amateur Radio Club. Cookridge Street, Leeds 1 I Onty.Reqd . 
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HERTFORDSHIRE I fl1.73 £t4.l2 FREE catalogue ti ck box 
B.I-PAK, 3 Baldock Str.eet . Ware, Herts. I enclose cheque/ PO for£ . . 
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. RICA MIDEAST If no dealer in your area contact esc d irect. . I 
esc UK LTD. EUROPE, AF . I • I Continental Specialties Corporation. (U·.K. ) Limited. Dept 7CC2 
Dept 7 C C2 Shire Hill Industria I Estate Units t and Uolt 1. Shire " ' ' I nd,.tri•l '""•· S•ffron W oldon, ''''" T '' 107991 2161l2 ..I 
2,SaffronWalden,EssexCB113AQ 1------- IIIIi----------Tel : Saff ron Walden (0799) 21682. Telex: 817477 -
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BIMENCLOSURES MINI DESK BIMCONSOLES 

ALL METAL BIMCASES 
Red, Grey or Orange 14swg 
Aluminium removable top 
and bottom covers. 18 swg 

black mild steel chassis with 
fixing support brackets. 

Orange, Blue, Black or 
Grey ABS body in-

- ·/ corporates 1.8mm pcb 
~~ / guides, stand-off bosses 

BIM 3000 
(250x167 .5x68.5mm) 
£15.52 

in base with 4 BIMFEET 
'??"'' supplied. 1mm Grey Aluminium 
panel sits recessed with fixing screws 

into integral brass bushes. 

ALL METAL B'MCONSOLES 

BIM 1005 (161 x 96 x 58mm) £2.48 
BIM 1006 (215 x 130 x 75mm) £3.48 

All aluminium, 2 piece. desk consoles with Colour Code Top Panel Base 
either 15° or 30° sloping fronts, sit on A Off White Blue 

4 self,adhesive non-slip rubber feet. B Sand Green 
Ventilation slots in base and rear C Satin Black Gold 
panel for excellent cool_ing. See latest catalogue for new styles and sizes 

15° Sloping Panel 30° Sloping Panel 
BIM7151 (102x140x51 [28 ] mm) BIM7301 (102x 140x76(28] mm) 
BIM7152 ( 165x 140x51 [28] mm) BIM7302 (165x 140x76[28] mm) 
BIM7153 (165x216x51 [28] mm) BIM7303 (165x 183x 102(28] mm) 
BIM7154 ( 165x211x76[33] mm) BIM7304 (254x 140x76(28] mm) 
BIM7155 (254x211x76(33]mm) BIM7305 (254x183x102[28]mm) 
BIM7156 ·(254x287x76[33] mm) BIM7306 (254x259x102[2B] mm) 
BIM7157 (356x211x76[33] mm) BIM7307 (356x183x102(28) mm) 
BIM7158 (356x287x76[33] mm) BIM7308 (356x259x 102[28) mm) 

ABS & DIECAST BIMBOXES 

£11.36 
£12.28 
£13.43 
£14.83 
£16.36 
£17.71 
£18.83 
£19.92 

6 sizes in ABS or Diecast .Aiuminium. ABS moulded in Orange, Blue, . 
Black or Grey. Diccast Aluminium in Grey Hammertone or Natural. All 
boxes incorporate 1.8mm pcb guides, stand-off supports in base and have 
close fitting flanged lids held by screws into integral brass bushes (ABS) 
or tapped holes (Diecast). 

ABS 

( 1 00x50x25mm) 
( 112x62x31 mm) 
( 120x65x40mm) 
(150x80x50mm) 

N/A 
BIM2002/12 
BIM2003/13 
BIM2004/14 
BIM2005/15 
BIM2006/16 

£1.09 
£1.27 _ 
£1.51 
£1.72 
£2.69 

Diecast· 
BfM5001/11 
BIM5002/12 . 
BIM5003/13 
BIM5004/14 
BIM5005/15 
BIM5006/16 

Hammertone 
£1.54 
£1.66 
£2.24 
£2.81 
£3.19 
£4.94 

Natural 
£1.23 
£1.32 
£1.70 
£2.11 
£2.72 
£3.96 

( 190x 110x60mm) 

Also available in Grey Polystyrene with no slots and self-tapping screws 
BIM 2007/17 (112x61x31mm) £1.06 

BIMTOOLS +BIMACCESSORIES 
MAINS BIMDRILLS 
Small, powerful 240V hand drill complete with 2 metres of cable and 
2 pin DIN plug. Accepts all tools with 1 mm, 2mm or .125" dia. shanks 
Drills brass, steel, alumini'um and pcb's. Under 250g, off load speed 
7500 rom . Oranoe ABS . hiqh impact, fully insulated body with integral 
on/off switch £11.21 

. Mains Accessory .Kit 1 includes 1mm, 2mm, .125" twist drills, 5 burrs 
and 2.4mm collet £2.64 

Mains Kit 2 includes Mains BIMDRILL as above, 20 assorted drills, mops, burrs, grinding 
wheels and mounted points, 1 mm, 2mm, 2.4mm and .125" collets. Comrtete in trans
parent case measuring 230x 130x58mm £23.57 

BIMDAPTORS 

Allows pcb's to be flat mounted sandwich fashion in 
BIMBOXES, BIMCONSOLES, and all other enclosures 
having 1.5mm wide vertical guide slots. One plastic 
BIMDAPTOR on each corner of pcb(s) enables 
assembly to be simply slid into place. 54mm long, 10 
slots on 5mm spacing and can be simply snipped off 
to length. £1 .15 per pack of 25. 

BIMFEET 

11 mm d-ia. 3mm high, grey rubber self-adhesive .enclosure feet. 
£0.81 per pack of 24. 

12 VOLT BIMDRILLS 

2 small, powerful drills easily hand held or used with lathe/stand adaptor. 
Integral on/off switch and 1 metre cable. 
Mini BIMDRILL with 3 collets up to 2 .4mm dia . £ 8.62 
Major BIMDRILL with 4 collets up to 3mm dia . £14.49 

Accessory Kits 1 have appropriate drills and collets as above plus 20 assorted 
tools. Mini Kit 1 -£16.10, Major Kit 1 -£20.70. Accessory Kits 2 have appro-

priate drills, collets plus 40 tools and mains-12V de adaptor. Mini Kit 2-£36.22, 
Major Kit ;2 - £41 .97. Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. 
Mini Kit 3-£48 .30, Major Kit 3-£54.05. · · 

BIMPUMPS 2 afl metal desolder
ing tools provide high 

suction power and have 
easily replaceable screw 

in Teflon tips. Primed 
and released by thumb 

operation with in-built safe
ty guard and anti-recoil system. 

BIMPUMF' Major (180mm long) £8.S1 
BIMPUMP Mmor (150mm lo £7.24 

BIMIRpNS 
Type JO General Purpose 

27 watt iron with long life, 
'rap1d change element, 

screw on tip, stainless steel 
shaft and clip on hook Styled 
andle with neon. £4.37 
ype M3 Precision 17 watt iron, 

qu1ck change tip, lonql1fe 

BIM 4003 (85x56x28.5mm) 
BIM 4004 (111x7lx41 .5mm) 
BIM 4005 (161x96x52.5mml 

£1.34 
£1.84 
£2.~ 

LOW PROFILE BIMCONSOLES 

Orange, Blue, Black or 
Grey.ABS body has 
ventilation slots as well 
as 1.8mm pcb guides 
and stand-off bo5ses in 
base. Double angle 
recessed front panel 
with 4 fixing screws 
into integral brass 
bushes. 4 BIMFEET 
supplied. 

BIM 6005 (143 x 105 x 55.5 [31.5)mm) 
BIM 6006 (143 x 170 x 55.5 [31.5) mm) 
BIM 6007 (214 x 170 x 82.0 (31.5) mm) 

BIM 8005 (169x127lC70(45]mm) £4.71 
BIM 8007 (243x187x103(66) mm) £6.70 

OIL 

COMPATIBLE 

BIMBOAROS 

Accept all sizes 
(4-50 pin) of 01 L IC 
packages as well as 
resistors, diodes. 
capacitors and LEOs. 
Integral Bus Strips 
up each side for 
power lines and 
Component Support 
Bracket for holding 
lamps, switches and 
fuses etc. Available 
as single or multiple 

units, the fatter mounted on 1.5mm thick 
black aluminium back plate which stan~ on 
non slip rubber feet and have 4 scr91111 
terminals for incoming power. 

BIMBOARD 1 has 550 sockets, multiple units 
utilising 2, 3 and 4 BIMBOARDS incorporate 
1100, 1650 and 2200 sockets, all on 2.5mm 
(0.1'') matrix. 

BIMBOARD 1 £ 9.40 

BIMBOARD 2 £22.37 
BIMBOARD 3 £31.831 

BIMBOARD 4 £41.53 

DESIGNER PROTOTYPING SYSTEM 
1, 2, or 3 BIMBOARDS mounted on BIM 6007 
BIMCONSOLE with lnte·gral Power Supply 
(±5 to± 15Vdc@ 100mA and fixed +5Vdc@ 1A) 
All 0/P's fully isolated. Short circuit and fast fold 
back protection. Power rails brought out to cable 
clamps that accept stripped wire or 4mm plug. 
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L Series - for 
12 years, a firm . · 
favourite with 

voltage o-eov- · 
for a~ of latiritoryappJications. . 
ContintiOlJatywriable but highly outputs combine with 
proven reliable circuit design to provide tl'oUble-free operation into 
any type of toad. Outputs are fully floating. Either terminal may be 
grounded. . 
Series or parallel operation ~the units may be series.connected in 
the voltage~ or parallel connect~ in the oon~ant ?urrent 
mode - rs an important feature. Both Stngle and twm untts are 
Q)mpact in desigri, occupying minimum vatuabte ~nch space. 
Voftage and current, set by multi--tum or concentnc 
potentiometers. can be moniton:KI on separate or dual scale 
moving coil meters. 

Available ex-stock. 
send for prioe breaks and futf specifications. 

England cautant Electronics Limited, Trafford Road, 
........ RG18JR. Tel. Reading sq91. 
,..847519. . 

France CoutantS.A., 14-16 rue Gabriel, Peri· 
92120 Momroog&. Tel. (010331) 656--05-15. 
Tel&x 204813F. 

Coutant also operate in aU other European countries~ 
WW- 069 FOR FURTHER DETAILS 
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BIMENCLOSURES MINI DESK BIMCONSOLES 

ALL METAL BIMCASES 
Red, Grey or Orange 14swg 
Aluminium removable top 
and bottom covers. 18 swg 

black mild steel chassis with 
fixing support brackets. 

Orange, Blue, Black or 
Grey ABS body in-

- ·/ corporates 1.8mm pcb 
~~ / guides, stand-off bosses 

BIM 3000 
(250x167 .5x68.5mm) 
£15.52 

in base with 4 BIMFEET 
'??"'' supplied. 1mm Grey Aluminium 
panel sits recessed with fixing screws 

into integral brass bushes. 

ALL METAL B'MCONSOLES 

BIM 1005 (161 x 96 x 58mm) £2.48 
BIM 1006 (215 x 130 x 75mm) £3.48 

All aluminium, 2 piece. desk consoles with Colour Code Top Panel Base 
either 15° or 30° sloping fronts, sit on A Off White Blue 

4 self,adhesive non-slip rubber feet. B Sand Green 
Ventilation slots in base and rear C Satin Black Gold 
panel for excellent cool_ing. See latest catalogue for new styles and sizes 

15° Sloping Panel 30° Sloping Panel 
BIM7151 (102x140x51 [28 ] mm) BIM7301 (102x 140x76(28] mm) 
BIM7152 ( 165x 140x51 [28] mm) BIM7302 (165x 140x76[28] mm) 
BIM7153 (165x216x51 [28] mm) BIM7303 (165x 183x 102(28] mm) 
BIM7154 ( 165x211x76[33] mm) BIM7304 (254x 140x76(28] mm) 
BIM7155 (254x211x76(33]mm) BIM7305 (254x183x102[28]mm) 
BIM7156 ·(254x287x76[33] mm) BIM7306 (254x259x102[2B] mm) 
BIM7157 (356x211x76[33] mm) BIM7307 (356x183x102(28) mm) 
BIM7158 (356x287x76[33] mm) BIM7308 (356x259x 102[28) mm) 

ABS & DIECAST BIMBOXES 

£11.36 
£12.28 
£13.43 
£14.83 
£16.36 
£17.71 
£18.83 
£19.92 

6 sizes in ABS or Diecast .Aiuminium. ABS moulded in Orange, Blue, . 
Black or Grey. Diccast Aluminium in Grey Hammertone or Natural. All 
boxes incorporate 1.8mm pcb guides, stand-off supports in base and have 
close fitting flanged lids held by screws into integral brass bushes (ABS) 
or tapped holes (Diecast). 

ABS 

( 1 00x50x25mm) 
( 112x62x31 mm) 
( 120x65x40mm) 
(150x80x50mm) 

N/A 
BIM2002/12 
BIM2003/13 
BIM2004/14 
BIM2005/15 
BIM2006/16 

£1.09 
£1.27 _ 
£1.51 
£1.72 
£2.69 

Diecast· 
BfM5001/11 
BIM5002/12 . 
BIM5003/13 
BIM5004/14 
BIM5005/15 
BIM5006/16 

Hammertone 
£1.54 
£1.66 
£2.24 
£2.81 
£3.19 
£4.94 

Natural 
£1.23 
£1.32 
£1.70 
£2.11 
£2.72 
£3.96 

( 190x 110x60mm) 

Also available in Grey Polystyrene with no slots and self-tapping screws 
BIM 2007/17 (112x61x31mm) £1.06 

BIMTOOLS +BIMACCESSORIES 
MAINS BIMDRILLS 
Small, powerful 240V hand drill complete with 2 metres of cable and 
2 pin DIN plug. Accepts all tools with 1 mm, 2mm or .125" dia. shanks 
Drills brass, steel, alumini'um and pcb's. Under 250g, off load speed 
7500 rom . Oranoe ABS . hiqh impact, fully insulated body with integral 
on/off switch £11.21 

. Mains Accessory .Kit 1 includes 1mm, 2mm, .125" twist drills, 5 burrs 
and 2.4mm collet £2.64 

Mains Kit 2 includes Mains BIMDRILL as above, 20 assorted drills, mops, burrs, grinding 
wheels and mounted points, 1 mm, 2mm, 2.4mm and .125" collets. Comrtete in trans
parent case measuring 230x 130x58mm £23.57 

BIMDAPTORS 

Allows pcb's to be flat mounted sandwich fashion in 
BIMBOXES, BIMCONSOLES, and all other enclosures 
having 1.5mm wide vertical guide slots. One plastic 
BIMDAPTOR on each corner of pcb(s) enables 
assembly to be simply slid into place. 54mm long, 10 
slots on 5mm spacing and can be simply snipped off 
to length. £1 .15 per pack of 25. 

BIMFEET 

11 mm d-ia. 3mm high, grey rubber self-adhesive .enclosure feet. 
£0.81 per pack of 24. 

12 VOLT BIMDRILLS 

2 small, powerful drills easily hand held or used with lathe/stand adaptor. 
Integral on/off switch and 1 metre cable. 
Mini BIMDRILL with 3 collets up to 2 .4mm dia . £ 8.62 
Major BIMDRILL with 4 collets up to 3mm dia . £14.49 

Accessory Kits 1 have appropriate drills and collets as above plus 20 assorted 
tools. Mini Kit 1 -£16.10, Major Kit 1 -£20.70. Accessory Kits 2 have appro-

priate drills, collets plus 40 tools and mains-12V de adaptor. Mini Kit 2-£36.22, 
Major Kit ;2 - £41 .97. Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. 
Mini Kit 3-£48 .30, Major Kit 3-£54.05. · · 

BIMPUMPS 2 afl metal desolder
ing tools provide high 

suction power and have 
easily replaceable screw 

in Teflon tips. Primed 
and released by thumb 

operation with in-built safe
ty guard and anti-recoil system. 

BIMPUMF' Major (180mm long) £8.S1 
BIMPUMP Mmor (150mm lo £7.24 

BIMIRpNS 
Type JO General Purpose 

27 watt iron with long life, 
'rap1d change element, 

screw on tip, stainless steel 
shaft and clip on hook Styled 
andle with neon. £4.37 
ype M3 Precision 17 watt iron, 

qu1ck change tip, lonql1fe 

BIM 4003 (85x56x28.5mm) 
BIM 4004 (111x7lx41 .5mm) 
BIM 4005 (161x96x52.5mml 

£1.34 
£1.84 
£2.~ 

LOW PROFILE BIMCONSOLES 

Orange, Blue, Black or 
Grey.ABS body has 
ventilation slots as well 
as 1.8mm pcb guides 
and stand-off bo5ses in 
base. Double angle 
recessed front panel 
with 4 fixing screws 
into integral brass 
bushes. 4 BIMFEET 
supplied. 

BIM 6005 (143 x 105 x 55.5 [31.5)mm) 
BIM 6006 (143 x 170 x 55.5 [31.5) mm) 
BIM 6007 (214 x 170 x 82.0 (31.5) mm) 

BIM 8005 (169x127lC70(45]mm) £4.71 
BIM 8007 (243x187x103(66) mm) £6.70 

OIL 

COMPATIBLE 

BIMBOAROS 

Accept all sizes 
(4-50 pin) of 01 L IC 
packages as well as 
resistors, diodes. 
capacitors and LEOs. 
Integral Bus Strips 
up each side for 
power lines and 
Component Support 
Bracket for holding 
lamps, switches and 
fuses etc. Available 
as single or multiple 

units, the fatter mounted on 1.5mm thick 
black aluminium back plate which stan~ on 
non slip rubber feet and have 4 scr91111 
terminals for incoming power. 

BIMBOARD 1 has 550 sockets, multiple units 
utilising 2, 3 and 4 BIMBOARDS incorporate 
1100, 1650 and 2200 sockets, all on 2.5mm 
(0.1'') matrix. 

BIMBOARD 1 £ 9.40 

BIMBOARD 2 £22.37 
BIMBOARD 3 £31.831 

BIMBOARD 4 £41.53 

DESIGNER PROTOTYPING SYSTEM 
1, 2, or 3 BIMBOARDS mounted on BIM 6007 
BIMCONSOLE with lnte·gral Power Supply 
(±5 to± 15Vdc@ 100mA and fixed +5Vdc@ 1A) 
All 0/P's fully isolated. Short circuit and fast fold 
back protection. Power rails brought out to cable 
clamps that accept stripped wire or 4mm plug. 
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L Series - for 
12 years, a firm . · 
favourite with 

voltage o-eov- · 
for a~ of latiritoryappJications. . 
ContintiOlJatywriable but highly outputs combine with 
proven reliable circuit design to provide tl'oUble-free operation into 
any type of toad. Outputs are fully floating. Either terminal may be 
grounded. . 
Series or parallel operation ~the units may be series.connected in 
the voltage~ or parallel connect~ in the oon~ant ?urrent 
mode - rs an important feature. Both Stngle and twm untts are 
Q)mpact in desigri, occupying minimum vatuabte ~nch space. 
Voftage and current, set by multi--tum or concentnc 
potentiometers. can be moniton:KI on separate or dual scale 
moving coil meters. 

Available ex-stock. 
send for prioe breaks and futf specifications. 

England cautant Electronics Limited, Trafford Road, 
........ RG18JR. Tel. Reading sq91. 
,..847519. . 

France CoutantS.A., 14-16 rue Gabriel, Peri· 
92120 Momroog&. Tel. (010331) 656--05-15. 
Tel&x 204813F. 

Coutant also operate in aU other European countries~ 
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arston lectronics 
specialists in 
second user test and 
measuring instruments 

.Qscillqscopes 

TEKTRON\X 465 . 
5 V-5V /DIV DC-100M Hz Oua\ Traced~/ B XY DC 4MHz 

0.05JAs-0 .. 5s/Div Oe\aye £1200 

TEKTRON\X 475A . 
. \T e5mV-5V/01V DC-250M Hz oua rae d T /B XY DC 3MHz 

0.01JAs-0.5s/Div Oe\aye £1950 

Other New 
Additions to our 
Stock-
Amplifiers 
MICRO MOVEMENTS 
M1229 AC Amplifier and Strain 
Gauge Conditioning Unit · 
M1270 DC Amplifier 15mV-150V 
2 and 10 channel rack systems available 
Counter Timers 
HEWLETT PACKARD 
.5300A/5303B DC-520MHz 6 Digit 
RACAL 
835 DC-15M Hz 6 Digit 
Time interval / Period / Ratio 
Distortion Systems 
RADFORD 

60 
50 

210 

100 

DMS2 10Hz-100KHz meter 160 
LD02 10Hz-100KHz Oscillator 160 
Modulation Meters 
MARCONI 
TF2300A AM / FM 1000MHz 495 
Oscilloscopes 
DYNAMCO 
7210 DC-15MHz Dual Trace 230 
PHILIPS 
PM3210 DC -25M Hz Dual Trace 325 
TEKTRONIX 
547 1 1A 1 DC.50MHz Dual Trace DTB 525 
547 11A4 DC -50MHz Four Trace DTB 625 
Plug -ins for 500 Series 
1A 1 Dual Trace Plug -·In DC 50MHz 225 
1A2 Dual Trace Plug - In DC 50MHz 180 
1A4 Four Trace Plug · In DC -50MHz 375 
lAS DiHerential Plug- In 175 
Z DiHerential Plug-In 140 
81 Adaptor Plug - In 1 A Series to 580 Series 75 
TELEOUIPMENT 
D34 DC-15M Hz Dual Trace 
Batt : Mains Portable 450 
Power Meters 
MARCONI SAUNDERS 
6460 10M Hz 40GHz (Depending on Head) 300 
6420 10MHz 12.4GHz 10mw 75 
6421 10MHz 12.4GHz 100mw · 75 
6422 lOMHz 12.4GHz 1mw 50 
6428 26.5·40GHz 10mw 50 
Pulse Generators 
EH 
120D 100Hz 10M Hz 20V 50Sl RT 1 ns 100 
122 1 KHz ·200MHz 5V t 50Sl RT 12ns 220 
123 1KHz-20M Hz 20V t 50!l RT 7ns 130 
139(U 10Hz-50MHz lOV '50!1 RT 6ns 175 
1221 Timing Unit 6 Channel 
0-10MHz 5V 50Sl RT8ns 50 
Recorders 
HEWLETT PACKARD 
680M 5 Inch Stripchart Single Pen 
5mV-120V I P 20cm min-2.5cm Hr 295 
SOUTHERN INSTRUMENTS 
1(). 100 6 Channel U V 5· 1, 000 mm sec 250 
M1330 10Channe1UV.5-2500mm sec 325 
Selection of Galvanometers available 
@ £15.00 each 
YOKOGAWA 
3046 10 inch Chart Single Pen 

•
...... --- 0.5mV-100VI P2.00cm ·minand Hr 350 . 3047 2 Pen Version of 3046 425 

Voltmeters Digital 
FARNELL 
DM131B 1999 FSD AC i DC t OHMS i Current/Temp . 110 SOLARTRON 
LM1420.2 2300 FSD DC Only 0.05% 99 
LM1420.2BA2300FSDACTrueRMS ! DC 110 

WW-060 FOR FURTHER D~TAILS 
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Pnces 
Acoustic from f 
BRUEL & KJAER 
2203 Prec1sion sound level meter 400 
2204 Prec1sion sound level meter 475 
1613 Octave filter set couples dorectly 
to 2203 & 2204 250 
CEL 
112 LEO meter dig• tal readout 450 
Bridges etc . 
DAWE 
2108 Decade Capacrtance box 
0.1lJF· 1 mf0.1l!fstep 20 
Cable Test Equipment 
TF2333 Transmission Test Set 575 
STC 
74216A Notse Generator CCITT 240 
74261 A Psophometer CCITT 475 
Counter Timers 
HEWLETT PACKARD 
5263A Ttme •nrerval plug •n 60 
MARCONI 
TF2414ADC 40MHz7drg"s 170 
RACAL 
902410 Hz 600 MHz 7 + 1 d•g•ts 325 
9835 DC 15 MHz 6 drgrts 145 
9837DC 80MHz6drg•ts 190 
logic Analysers 
HEWLETI PACKARD 
1601 L Log1c state analyser 12 
c~annef display 600 
Mains Monitors 
AM PROBE 
LAV3X Marns voltage recorder 45 
RUSTRAK 
288 + CT Ctamp -on AC record rrrg 
ammeter 95 
Modulation Meters 
AIRMEC 
2101 - 300 MHz AM / FM 195 
409 3- 1500 MHz AM / FM 325 

Pr tces 
from [ 

Pnces MARCONI Pressure & Displacement from f TF2300A 1- 1000 MHz AM / FM 520 Transducers 
Oscilloscopes ELECTRO MECHANISMS ADVANCE LVDT DC l1 near varoable ±0 50 •n ches OS 1 OOOA DC -20 .MHz dual trace 310 
COSSOR Pulse Generators 
110/111 DC -20 MHz dual trace 325 E. H . RESEARCH 
110! 112 DC -1 MHzd1fferent1al 275 G7105V/50030Hz 50MHzAT5ns 100 
HEWLETT PACKARD 1 :l2AL50 v ,50 0 5 Hz -3 MHz AT 12 ns 175 
1707820 DC. 75 MHz dual traceD T 8 700 Recorders & Signal 
TEKTRONIX Conditioning Equ i pment 
7A13 DC -100 MHzd•fferentral BRUNO WOELKE 
comparator 350 ME1 028 Wow and flutter meter 75 
5191 GHz Real Ttme Match1ng 11.1 E 1 02C Wow and flutter meter 90 
accessooes 1ncluded 860 Signal Sources & 
TELEOUIPMENT Generators D54 DC 10M Hz dual trace 240 ADVANCE D75DC-50MHzdual traceD T 8 H1 15Hz-50 KHz 40 1 Portable) 550 

DAWE Oscilloscope Probes 410CO 1Hz -10KHz 40 Voltage HEWLETT PACKARD TEKTRONIX 200CD5Hz .600kHz0 PIOVAMS 75 P6046 Odlcrcn l •dl proflc 0 (; 100 MHt 215 8693 1003 7 83GHz5mW Oscilloscope Cameras ':.weeper plug •n 525 
TEKTRONIX 608E 10- 480 MHz AM 410 
C30AA Roll film polar~od 130 618C38- 76 GHz FM 1600 
Power Meters MARCONI 
HEWLETT PACKARD Tf791 FM Devrat ion Meter 4 ·1 024 MHz 95 
432A. 478A 10MHl 10GH; TF885 0-12 M Hz S1ne , Square 75 
w1dcband w•th boloml'ter 350 TF995A ' 2 1 5· 220 MHz AM FM 350 
Power Supplies TF995B t 50 2-220 MHz AM FM 475 

Tf2005A Two tone 20Hz -20KHz 200 ROBAND 
T1 01 50 V 1 A Var~able 30 ROHDE & SCHWARZ 
SOLARTRON SWOB 110 5-1200 MHz500 860 
As 751 50 V 1 A Varrable 25 WAYNE KERR 
STARTRONIC 

5121 10Hz -120KHz 25 
022810 Hz-10 MHz 75 11 7 20 V 0.5 A V.arrable 25 

Carston 
Carston Electronics Limited 
Shirley House. 27 Camden Road. London NW1 9NR. Telex:23920 

Contact David Kennedy 01• 267 5311/2 

11 

Pr1ces 
Temperature & Humidity from C 
LEE-DICKENS 
HP!i Hum1d1ty probe 130 
HUMIGUN Temp/hum1d1typrobe 
w1th meter 215 
RAYTEK 
T1000 Infra -red thermoprobe 200 
Vibration 
DAWE 
1461 CV(M) PortableVtbratiOn 
Analyser K1t 450 
Voltmeters- Analogue 
BRADLEY 
CT471 C ACIDC/0/currenl 
multi meter and RF 115 
HEWLETT PACKARD 
427A AC ! DC/0 muttrmeter 276 
3406A10kHz -1 2GHz 311 
KEITHLEY 
6108 Electrometer recorder ci ; P 330 
LINSTEAD 
M28 DC;AC 10Hz-500kHz 26 
MARCONI 
Tf2603 AC vottmeterto 1 5 GHz 300 
Voltmeters- Digital 
SOLARTRON 
A200 19999 FSD DC only 1SO 
A20519999 FSD AC I DC;O 300 
7045 19999 Auto AC/DC/OHMS 295 
7050 99999 Auto AC/DC/OHMS 395 
Wave Analysers 
GENERAL RADIO 
1232A Tuned amplifier and null 
detector 20Hz -20KHz 75 
HEWLETI PACKARD 
302A 20Hz· 50 kHz 75 db range 375 
WAYNE KERR 
A321 20Hz -20KHz Sens · 75 db 125 

Redundant 
Test Equipment 
Why not turn your under-utilized 
test equipment into cash? Ring 
us and we'll make you an offer. 

VAT charged at Standard Rate 

• 
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0.01JAs-0.5s/Div Oe\aye £1950 

Other New 
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M1229 AC Amplifier and Strain 
Gauge Conditioning Unit · 
M1270 DC Amplifier 15mV-150V 
2 and 10 channel rack systems available 
Counter Timers 
HEWLETT PACKARD 
.5300A/5303B DC-520MHz 6 Digit 
RACAL 
835 DC-15M Hz 6 Digit 
Time interval / Period / Ratio 
Distortion Systems 
RADFORD 

60 
50 

210 

100 

DMS2 10Hz-100KHz meter 160 
LD02 10Hz-100KHz Oscillator 160 
Modulation Meters 
MARCONI 
TF2300A AM / FM 1000MHz 495 
Oscilloscopes 
DYNAMCO 
7210 DC-15MHz Dual Trace 230 
PHILIPS 
PM3210 DC -25M Hz Dual Trace 325 
TEKTRONIX 
547 1 1A 1 DC.50MHz Dual Trace DTB 525 
547 11A4 DC -50MHz Four Trace DTB 625 
Plug -ins for 500 Series 
1A 1 Dual Trace Plug -·In DC 50MHz 225 
1A2 Dual Trace Plug - In DC 50MHz 180 
1A4 Four Trace Plug · In DC -50MHz 375 
lAS DiHerential Plug- In 175 
Z DiHerential Plug-In 140 
81 Adaptor Plug - In 1 A Series to 580 Series 75 
TELEOUIPMENT 
D34 DC-15M Hz Dual Trace 
Batt : Mains Portable 450 
Power Meters 
MARCONI SAUNDERS 
6460 10M Hz 40GHz (Depending on Head) 300 
6420 10MHz 12.4GHz 10mw 75 
6421 10MHz 12.4GHz 100mw · 75 
6422 lOMHz 12.4GHz 1mw 50 
6428 26.5·40GHz 10mw 50 
Pulse Generators 
EH 
120D 100Hz 10M Hz 20V 50Sl RT 1 ns 100 
122 1 KHz ·200MHz 5V t 50Sl RT 12ns 220 
123 1KHz-20M Hz 20V t 50!l RT 7ns 130 
139(U 10Hz-50MHz lOV '50!1 RT 6ns 175 
1221 Timing Unit 6 Channel 
0-10MHz 5V 50Sl RT8ns 50 
Recorders 
HEWLETT PACKARD 
680M 5 Inch Stripchart Single Pen 
5mV-120V I P 20cm min-2.5cm Hr 295 
SOUTHERN INSTRUMENTS 
1(). 100 6 Channel U V 5· 1, 000 mm sec 250 
M1330 10Channe1UV.5-2500mm sec 325 
Selection of Galvanometers available 
@ £15.00 each 
YOKOGAWA 
3046 10 inch Chart Single Pen 

•
...... --- 0.5mV-100VI P2.00cm ·minand Hr 350 . 3047 2 Pen Version of 3046 425 

Voltmeters Digital 
FARNELL 
DM131B 1999 FSD AC i DC t OHMS i Current/Temp . 110 SOLARTRON 
LM1420.2 2300 FSD DC Only 0.05% 99 
LM1420.2BA2300FSDACTrueRMS ! DC 110 

WW-060 FOR FURTHER D~TAILS 
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Pnces 
Acoustic from f 
BRUEL & KJAER 
2203 Prec1sion sound level meter 400 
2204 Prec1sion sound level meter 475 
1613 Octave filter set couples dorectly 
to 2203 & 2204 250 
CEL 
112 LEO meter dig• tal readout 450 
Bridges etc . 
DAWE 
2108 Decade Capacrtance box 
0.1lJF· 1 mf0.1l!fstep 20 
Cable Test Equipment 
TF2333 Transmission Test Set 575 
STC 
74216A Notse Generator CCITT 240 
74261 A Psophometer CCITT 475 
Counter Timers 
HEWLETT PACKARD 
5263A Ttme •nrerval plug •n 60 
MARCONI 
TF2414ADC 40MHz7drg"s 170 
RACAL 
902410 Hz 600 MHz 7 + 1 d•g•ts 325 
9835 DC 15 MHz 6 drgrts 145 
9837DC 80MHz6drg•ts 190 
logic Analysers 
HEWLETI PACKARD 
1601 L Log1c state analyser 12 
c~annef display 600 
Mains Monitors 
AM PROBE 
LAV3X Marns voltage recorder 45 
RUSTRAK 
288 + CT Ctamp -on AC record rrrg 
ammeter 95 
Modulation Meters 
AIRMEC 
2101 - 300 MHz AM / FM 195 
409 3- 1500 MHz AM / FM 325 

Pr tces 
from [ 

Pnces MARCONI Pressure & Displacement from f TF2300A 1- 1000 MHz AM / FM 520 Transducers 
Oscilloscopes ELECTRO MECHANISMS ADVANCE LVDT DC l1 near varoable ±0 50 •n ches OS 1 OOOA DC -20 .MHz dual trace 310 
COSSOR Pulse Generators 
110/111 DC -20 MHz dual trace 325 E. H . RESEARCH 
110! 112 DC -1 MHzd1fferent1al 275 G7105V/50030Hz 50MHzAT5ns 100 
HEWLETT PACKARD 1 :l2AL50 v ,50 0 5 Hz -3 MHz AT 12 ns 175 
1707820 DC. 75 MHz dual traceD T 8 700 Recorders & Signal 
TEKTRONIX Conditioning Equ i pment 
7A13 DC -100 MHzd•fferentral BRUNO WOELKE 
comparator 350 ME1 028 Wow and flutter meter 75 
5191 GHz Real Ttme Match1ng 11.1 E 1 02C Wow and flutter meter 90 
accessooes 1ncluded 860 Signal Sources & 
TELEOUIPMENT Generators D54 DC 10M Hz dual trace 240 ADVANCE D75DC-50MHzdual traceD T 8 H1 15Hz-50 KHz 40 1 Portable) 550 

DAWE Oscilloscope Probes 410CO 1Hz -10KHz 40 Voltage HEWLETT PACKARD TEKTRONIX 200CD5Hz .600kHz0 PIOVAMS 75 P6046 Odlcrcn l •dl proflc 0 (; 100 MHt 215 8693 1003 7 83GHz5mW Oscilloscope Cameras ':.weeper plug •n 525 
TEKTRONIX 608E 10- 480 MHz AM 410 
C30AA Roll film polar~od 130 618C38- 76 GHz FM 1600 
Power Meters MARCONI 
HEWLETT PACKARD Tf791 FM Devrat ion Meter 4 ·1 024 MHz 95 
432A. 478A 10MHl 10GH; TF885 0-12 M Hz S1ne , Square 75 
w1dcband w•th boloml'ter 350 TF995A ' 2 1 5· 220 MHz AM FM 350 
Power Supplies TF995B t 50 2-220 MHz AM FM 475 

Tf2005A Two tone 20Hz -20KHz 200 ROBAND 
T1 01 50 V 1 A Var~able 30 ROHDE & SCHWARZ 
SOLARTRON SWOB 110 5-1200 MHz500 860 
As 751 50 V 1 A Varrable 25 WAYNE KERR 
STARTRONIC 

5121 10Hz -120KHz 25 
022810 Hz-10 MHz 75 11 7 20 V 0.5 A V.arrable 25 

Carston 
Carston Electronics Limited 
Shirley House. 27 Camden Road. London NW1 9NR. Telex:23920 

Contact David Kennedy 01• 267 5311/2 

11 

Pr1ces 
Temperature & Humidity from C 
LEE-DICKENS 
HP!i Hum1d1ty probe 130 
HUMIGUN Temp/hum1d1typrobe 
w1th meter 215 
RAYTEK 
T1000 Infra -red thermoprobe 200 
Vibration 
DAWE 
1461 CV(M) PortableVtbratiOn 
Analyser K1t 450 
Voltmeters- Analogue 
BRADLEY 
CT471 C ACIDC/0/currenl 
multi meter and RF 115 
HEWLETT PACKARD 
427A AC ! DC/0 muttrmeter 276 
3406A10kHz -1 2GHz 311 
KEITHLEY 
6108 Electrometer recorder ci ; P 330 
LINSTEAD 
M28 DC;AC 10Hz-500kHz 26 
MARCONI 
Tf2603 AC vottmeterto 1 5 GHz 300 
Voltmeters- Digital 
SOLARTRON 
A200 19999 FSD DC only 1SO 
A20519999 FSD AC I DC;O 300 
7045 19999 Auto AC/DC/OHMS 295 
7050 99999 Auto AC/DC/OHMS 395 
Wave Analysers 
GENERAL RADIO 
1232A Tuned amplifier and null 
detector 20Hz -20KHz 75 
HEWLETI PACKARD 
302A 20Hz· 50 kHz 75 db range 375 
WAYNE KERR 
A321 20Hz -20KHz Sens · 75 db 125 

Redundant 
Test Equipment 
Why not turn your under-utilized 
test equipment into cash? Ring 
us and we'll make you an offer. 

VAT charged at Standard Rate 

• 
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Are your meters good enough? 
If your recordings are spoilt by uneven levels and 
overloads-install Soundex professional PPMs now. 

See us on Stand 609 at Electronics 79, Olympia, 
November 20-23rd where the fuii .Soundex range 
will be on display. · 

The Soundex PPM 402 priced at £34.95 (plus VAT), 
has a closely specified electrical performance with a 
meter scale that has been developed from the BBC 
and VU scales providing high clarity anGf accuracy of 
indication. Special Features include:-
• Bipolar rectification ··· 
• Closed loop meter drive 
· • Wide frequency response 
• Low current consumption 
• Amplitude dependant amplifier 
• Attack and decay circuits 

Send for technical literature on the new 402 

Bulgin Electronics 
One of the Bulgin Group of Companies. ~ lL.~ 
Park Lane, Broxbourne. Harts, Tel: Hoddesdon 64455 

WW- 057 FOR FURTHER DETAILS 

You can get a lot out of 
our free catalogue 

Future Film Developments 
36/38 Lexington Street, London, W1 R 3HR. Tel: 01-437 1892/3 Tlx: 21624 ALOFFD G 

WW-032 FOR FURTHER DETAILS 
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Dameg the name .for quality'!! performance and 
value in OSCILLOSCOPES. Advanced design 
optimising the use of both integrated circuits and 
discrete components ensures reliability. 

Just a glance at the specification · chart will 
make you ·want to know more. 

HM 307 Single Trace DC-10 MHz, 5 ~V/cm 
Plus built in Component Tester ::£149 

HM 312 Dual Trace DC-20 MHz, 5 mV /em 
Sweep Speeds 40 ns - 0.2s/cm 8 x 10 em 
Display • £250 

HM 412 Dual Trace DC-20 MHz, 2mV /em 
Sweep Speeds 40 ns - 2 s/cm and Sweep 
Delay £350 

HM 512 Dual Trace DC-50 MHz, 5 mV/cm 
Sweep Speeds 20 ns - 5 s/cm plus Sweep 
Delay £580 

HM 812 Dual Trace DC - 50 MHz, 5 mV /em 
20 ns - 5 s/cm, Sweep Delay and Storage £1325 

We may be a new name to you, but each instru
ment is backed by over 21 years experience, in 
oscilloscopes. · 

For FULL Details please contact 

HAMEG Limited 
74- 78 Collingdon St., 
Luton, Beds. LU 1 1 RX. 

Tel: (0582) 413174 
UK Subsidary of Hameg K Hartmann KG 

WW - 051 FOR FURTHER DETAILS 

13 

HM812 

All prices UK list .exc. VAT. 
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THE .JAMES 
SCOTT 

INDUSTRIAL 

RANGE OF 
EQUIPMENT 

The James Scott range of Microwave equipment offers 
industrial users a greater choice of alternative systems in 
robust, industrial, cast aluminium housings, for a wide 
variety of applications. 
The range is made up of standard sub-assemblies which 
can be permutated to suit individual application 
requirements. Here 
are some suggested 
applications for 
these units. 

WW-042 FOR FURTHER DETAILS 
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The FM/ AM 1000s with 
Spectrum Analyser 
A portable communications service 
manito~ from IFR, light enough to 
carry anywhere and good enough fo 
most two-way radio system tests. 
The FM/AM 1000s can do the work 
of a spectrum analyser, oscilloscope, 
tone generator, deviation meter, 
modulation meter, signal generator, 
wattmeter, voltmeter, frequency 

·error meter-and up to five service 
engineers who could be doing 
something else! 
For further information contact 
Mike Taylor 

[!] Fl.eldlech ~~~~~~~~~~~port-London Hounslow 
TW6 3AF ....._ ___________ __, Tel : 01-759 2811 

Telex : 23734 IFR precision simulators FLDTEc G 

WW- 031 FOR FURTHER DETAILS 
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ro 
LCD DIGITAL MULTI METER. LOW-COST LCD MULTI METER COMPONENTS AND PARTS 
Low-c€lSt hand held digital multimeter with a full A portable, compact sized multi meter with a full 3112 digit LCD display. 0.5% basic accuracy, auto 3112 digit LCD display. Auto polarity operation , low polarity operation. 10 Mohm DC input battery indicator. 10 MOhm Input impedance. 
impedance. Scales: 
Reading to± 1999. DC volts: 

lmVtolOOOV 
{ 1% ± 1 digit accuracte). 
ACvolts: 

· lmVto500V 
(!% ± 2digitsaccurate). 
OCcurrent: 
1JLAto200mA 
(!% ± 1 digit accurate). 
Resistance: 
lOhm to 20 MOhms 
( l. 5% ± 1 digit accurate). 

Power source: 
9V battery or AC 
wi.th optional adaptor. 

Size: 
155 x 75 x 30 mm. 
22-198 

PRICE 

53·19 
AC/DC 8 MHz OSCILLOSCOPE 

Scales: 
DC volts: 
2 20 200 lOOOV 
ACvolts: 
200 500V. 
OCcurrent: 
2 20 200MA. 
Resistance: 
2 20 200 
2000 KOHM . 
Power source: 
9V battery or AC adaptor. 
Size: 
37~85~130mm . 
22-197 

A new approved 8MHz version of last Specifications: years' winner! The advance design Hc.rizontal axis: DeflectiOn oensitiv1ty better than features of thi.S OSC.IIIOSCOpe make it 250mV!OIV. Vertical axis: Deflection oens1tiv1l)l better than lOmV DIV ( lDIV 6mml Bandwidth an absolute essential for industrial o.BMHz. Input impedance: IMOhm parallel uses on production I ines in capacitance 35pF. Time base: Sw~p range: 
I bo · h 1 'ld 1 f ·d . lOHz 100kHz (4 ranges) . Synhron1zat1on: a ratonesand sc 00 s. ea orra 10 Internal ( ) Size: 200 X 155 X 300 mm. Supply: and TV serv1cmg, aud10 testmg, etc. 220 240 · 50Hz. 22-9501. 

You save because we design, 
manufacture, sell and service. 
Tandy have over 7,000 stores ?'10 rJealerships 
worldwide. Over 2, 500 products are made 

specifically for or by Tandy at 16 factories 
around the world. The quality of our 
products has been achieved by over 60 years 
of continuous technological advancement 

The largest electronics retailer in the world . 
Offers subject to availabil ity. Instant credit available m most cases: 
OVER 170 STORES AND DEALERSHIPS NATIONWIDE. 

WW- 075 FOR FURTHER DETAILS 

Au 1''>'>. Bare: lilyc. ard dllel 

[n "tu ml,ovf'l r."·''*'·. 

1,1 
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TOTAL AMPLIFICATION FROM :C.RIM-SON.'J:LEKT.RIK-
WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS 

STEREO 
'PRE-AMPLIFIER 

. ' 

~~¥·~·;;~>~ ·:.~ 

POWER 
AMPLIFIER 
MODULE 

CPR 1 -THE AD.VANCED PRE-AMPLIFIER. The best pre-amplifier in the U.K. The superiority of the CPR 1 is probably the disc stage. The overload m~rgin _is a superb 40dB, thts together with the high slewtng rate ensures clean top. e~en wtth h!gh output cartndges tracking heavily modulated records. Common-mode dtstortton ts eltmtnated by an _unusual design . R.I.A.A. is accurate to 1 dB; signal to noise ratio is 70dB relative to 3 .5mV; dtstortton < .005% at 30dB overload 20kHz. 
Following this stage is the flat gain I balance stage to bring tape, tuner, etc. up to power amp.: signal levels, Signal to noise ratio 86dB; slew-rate 3V/uS; T.H.D. 20Hz-201cHz<008% at any level. 

F.E .T. muting . No controls are fitied . There is no provision for tone controls. CPR 1 size is 1 :J8x80x20mm . Supply to be ~ 15 volts . 

MC 1 -PRE-PRE-AMPLIFIER. Suitable for nearly all moving-coil cartridges. Sensitivity ' 70/170uV switchable on the p.c.p. This module brings signals from the now popular low output moving~co i l cartridges up to 3 .5mV (typical signal required by most pre-amp disc inputs) . Can be powered from a 9V battery or from our REG 1 regulator board. 

, X02:X03 - ACTIVE CROSSOVERS. X02 - t~o way, X03 - three way. Slope 24dB/ octav!) . Crossover points set to order within 10%. , 

REG 1 - POWER SUPPLY. The regulator module, REG 1 provides 15-0 -1 5v to power the CPR 1 and MC 1 . It can be used with any of our power amp suppl ies or our small transformer TR 6 . The power amp kit will accommodate it. 

POWER AMPLIFIERS. It would be pointless to list in so small a space the number of recording studtos, educatic;mal and government establishments, etc ., who have been using CRIMSON amps sattsfactonly for qu1te some time . We have a reputation for the highest quality at the lowest pnces . The power amp is ~vailable in five types, they all have the same specification . T.H.D . typtcally .01% any power 1kHz 8 ohms. T .1.0. insignificant, slew rate limit 25V / uS; signal to no1se raM 11 OdB; frequency response 1OHz-35kHz. - 3dB; stability unconditional. protection drives any load safely; sens1tivity 775mV (250mVor 1 OOmVon request) , size 120 x 80-25mm. 
POWER SUPPLIES. We produce suitable power supplies which use our superb TOROIDAL transformers only 50mm high with a 120-240 primary and single bolt fix ing (includes ·capacttors/ bridge rectifier) . 

POWER AMPLIFIER KIT. The kit includes all metalwork, heatsinks and hardware to house any two of our power amp modules plus a power supply . It is contemporari ly styled and its quality is consist!3nt with Jhat of our other products. Comprehensive instructions and full · back-up services enable a novice to build it with confidence in a few hours . 

PRE-AMP KIT 
This includes all metalwork, pots, knobs, etc., to make a complete pre-amp with the CPR 1 (S) module and the MC 1 (S) module if required. • 

POWER AMPLIFIER MODULES 
CE 608 60WI8ohms 35-0-35v . . 
CE 1004100W/4ohms 35-0-35v 
CE 1008 1 OOW 1 a ohms 45-0-45v 
CE 1704 170W / 4 ohms 45-0-45v 
CE 1708 170W I 8 ohms 60-0-GOv 

TOROIDAL POWER SUPPLIES 
CPS1 for2xCE608orTxCE 1004 .. 
CPS2 for 2xCE 1004 or 2/4xCE 608 ·CPS3 for 2xCE 1008 or t xCE 1704 
CPS4 for lxCE 1008 .. 
CPS5 1 for lxCE 1 708 . ..... .. . 
CPS6 for 2xCE 1704 or 2xCE 1 708 

HEATSINXS 
Light duty, 50mm, 2 C/W ...... . Medium power. 100mm. 1-4 C/W 
Disco/group, 150mm, 1-1 C/W 
Fan, 80mm, state 120 or 240v ......... . 
Fan mounted on two drilled 1 OOmm heatsinks 2x4 C/W. 65 max. with two 170W 
modules 

THERMALCU_:r-OFF, 70•C 

. . £11.112 
£23.02 

. £26.16 
£31.00 
£33.17 

£18.68 
.... . £18.80 

£11.76 
£17.1Z 
£24.15 
£26.63 

£1.44 
£;l.35 
£3.04 

£11.70 

£31.05 

£1.64 

POWER AMP KIT £3&.0:1 

PRE-AMPS 
These ara availabla in two versions -
one Uses standard components, and the other (the S) , uses MO resistors 
where necessary and tantalum capaci-
1o!s ._ . ~ 
CPR 1 
MC1 
CPR IS 
MC1S 

. .... £31.65 
... . £21.28 
... £40.87 

. . £33.17 

ACTIVE CROSSOVERS 
,X02 . . . £16.16 
X03 . £23.68 . 

POWER SUPPLY 
REGI £6.10 TR6 £1.17 

PRE-AMP KIT £38.07 

BRIDGE DRIVER. BD1 
Obtain up to 340W using 2x t 70W 
amps and this modulo. 
801 . . . £6.75 

CRIMSON ELEKTRIK 
1A s-.:,AMF9.RD STREET, LEICESTER LE; &NL~ Tel. (0533) 553508 ._ _ · _!!·~=-~~~!~wupt~21 dayafordelivery -·- -~~! ~~~~ ~~h~:~e~r~e~~ f:r~ea~~~n~:u;~n~:r~:t7~n~~~~;~~~:~:o~~t~~~ ~~~~!lcTi~~!rx~~;~~.no probleffi , please writ~· · "Distributors: Minic Teleprodukter, Box 12035, S-750 12 Uppsala 12. Sweden . Badger Sound Services Ltd .. 46 Wood Street. Lytham St. Annes. Lancashire. FY8 1 QG . 

Ww-:.:._ o28 FOR FURTHER DETAILS 

WHY BUY A MICRO-COMPUTER FROM 
....... ._ __ ··-·-·· ... ELECTRONIC rC'' --ra\tSit . -- SERVICING tTD. 

'BECAUSE 
1) Established company trading since 1971 
2) Electronic servicing is our speciality 
3) We have in house programmers/systems analysts 
4) We have our own service engineers 
5) We will demonstrate the PET at your premises 
6) We can customise the PET to your requirements · 
7) We can arrange finance 

New Large 
'Keyboard ·PETS' 
Now in Stock 

Also 
available: 

8K £550.00 +VAT 
16K £675 .00 +VAT 
32K £795.00 +VAT 

8) We offer, after the ~hree-month . warranty, a service contract from £69.50 
9) You benefit from our experience of having sold over 450 micro-computers to industrial, educational and business, personal users. 
We specialise in programs and interfaces for weighing applications for avera_ge weight control and counting, etc. 

\ 
\ 
\ 
\ 
\ 

\ 

All 'PETS ' sold with a Basic Tutorial Tape 
In our showroom we sell 
Books, Programs, etc. 

24K Memory E~pansion Boards (disk-compatible) , only £320 + VAT PEJ-compat1ble I dual floppy d isk unit with advanced operating system·, only £840 +VAT Large ExtensiOn Keyboard forthe PET £89 .50 +VAT · · · · · · · Telephone for complete system prices : Wide Range of Printers Available 

If you require any more information or demonstration regarding the PET 2001/8 or any associated equipment. programs. etc •• please contact Mr. P. J. A. Watts or Mr. D. W. Randall at: 
~ETALECT ELECTRONIC SERVICES LTD 
33/35 Portugal Road, Woking, Surrey 
Tel. Woking 69032168497 

WW-040 FOR FURTHER DETAILS 

Shop at: 
PETALECT 
Chertsey Road, Woking , Surrey 
Tel. Woking 20727123637 

WIRELESS WORLD, DECEMBER 1979 

... .. 
.· ~0 
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Your attention please! 
MIL series amplifiers are designed and 

priced f~r ins!allati~ns in a wide range of 
applications mcludmg churches, sc~ools, restaurants, factories, shops and off1ces. 

Each amplifier is available wit~ input . facilities for microphones and mus1c sources, six programme push button AM tuners or FM 

Please tick as required. 
For further information on this product D 

tuners and preannouncem'ent chimes are 
available options. 

One model incorporates automatic 
switching to a battery supply in the event of a 
power failure. 

Such a versatile system can confidently 
satisfy your exact requirements. 

Complete range of sound equip'ment D 

llli ~=:~on - ------------------------------------~--------~---
Attach this coupon to your letter heading and send to: ·MILLBANK ELECTRONICS GROUP LIMITED, MARKETING SERVICES UNIT, MILLBANK P.O. BOX 33, UCKFIELD, SUSSEX. ENGLAND. 

WW- 049 FOR FURTHER DETAILS 

17 
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TOTAL AMPLIFICATION FROM :C.RIM-SON.'J:LEKT.RIK-
WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS 

STEREO 
'PRE-AMPLIFIER 

. ' 

~~¥·~·;;~>~ ·:.~ 

POWER 
AMPLIFIER 
MODULE 

CPR 1 -THE AD.VANCED PRE-AMPLIFIER. The best pre-amplifier in the U.K. The superiority of the CPR 1 is probably the disc stage. The overload m~rgin _is a superb 40dB, thts together with the high slewtng rate ensures clean top. e~en wtth h!gh output cartndges tracking heavily modulated records. Common-mode dtstortton ts eltmtnated by an _unusual design . R.I.A.A. is accurate to 1 dB; signal to noise ratio is 70dB relative to 3 .5mV; dtstortton < .005% at 30dB overload 20kHz. 
Following this stage is the flat gain I balance stage to bring tape, tuner, etc. up to power amp.: signal levels, Signal to noise ratio 86dB; slew-rate 3V/uS; T.H.D. 20Hz-201cHz<008% at any level. 

F.E .T. muting . No controls are fitied . There is no provision for tone controls. CPR 1 size is 1 :J8x80x20mm . Supply to be ~ 15 volts . 
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, X02:X03 - ACTIVE CROSSOVERS. X02 - t~o way, X03 - three way. Slope 24dB/ octav!) . Crossover points set to order within 10%. , 
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POWER AMPLIFIERS. It would be pointless to list in so small a space the number of recording studtos, educatic;mal and government establishments, etc ., who have been using CRIMSON amps sattsfactonly for qu1te some time . We have a reputation for the highest quality at the lowest pnces . The power amp is ~vailable in five types, they all have the same specification . T.H.D . typtcally .01% any power 1kHz 8 ohms. T .1.0. insignificant, slew rate limit 25V / uS; signal to no1se raM 11 OdB; frequency response 1OHz-35kHz. - 3dB; stability unconditional. protection drives any load safely; sens1tivity 775mV (250mVor 1 OOmVon request) , size 120 x 80-25mm. 
POWER SUPPLIES. We produce suitable power supplies which use our superb TOROIDAL transformers only 50mm high with a 120-240 primary and single bolt fix ing (includes ·capacttors/ bridge rectifier) . 
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one Uses standard components, and the other (the S) , uses MO resistors 
where necessary and tantalum capaci-
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1A s-.:,AMF9.RD STREET, LEICESTER LE; &NL~ Tel. (0533) 553508 ._ _ · _!!·~=-~~~!~wupt~21 dayafordelivery -·- -~~! ~~~~ ~~h~:~e~r~e~~ f:r~ea~~~n~:u;~n~:r~:t7~n~~~~;~~~:~:o~~t~~~ ~~~~!lcTi~~!rx~~;~~.no probleffi , please writ~· · "Distributors: Minic Teleprodukter, Box 12035, S-750 12 Uppsala 12. Sweden . Badger Sound Services Ltd .. 46 Wood Street. Lytham St. Annes. Lancashire. FY8 1 QG . 

Ww-:.:._ o28 FOR FURTHER DETAILS 
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your 
Card-expandable 
micro-processor' ...... 
Heart of the KGM C700 is ' .... 
a micro-processor powerful 
enough for-really fast text 
movement. Card expansion 
space allows for extra 
memory up to 64K. 

High performance __ _ 
display -
High definition scan coil and 
dynamic focussing give 
exceptionally clear display on 
the 12" screen. A character 
generator offers 80 x 24 
characters in 10 to 48pt -
KGM designed to match the 
display performance. 

Keyboard choice-------
Specify_ a 128 character computer .keyboard, 
a select1ve format text editing keyboard, or 
a separate plug-in numeric pad- all planned 
for easy use. 

NEW 
C700 series of 
programmable 
data terminals 

LOWE ELECTRONICS LTD. 119 CAVENDISH ROAD, MATLOCK, DERBYSHIRE 
TEL 0&29 2430 OR 2817. TELEX 3774s2towiec G. 

£480 +VAT 
PRICE INCLUDES TWO X1 0 
FULL BANDWIDTH PROBES 

* 130 mm mesh-PDA * DC - 30MHz * 2 mV sensitivity * Signal delay · * Auto level triggering * D1splay modes CH 1, CH2 , DUAL, 
ADD, X-Y * Single. shot with variable hold off · 

Sensitivity : 
Input R.C.: 

Risetime : 
Overshoot · 
Sweep time :· 

Lineari ty 
Calibrator : 

Trigger 
bandwidth· 

Trace rotation : 
Phosphor· 
Power : 

Dimensions: 

NEW 
MODEL 

CS1577 
30 MHz/2mV 

DC - 30 MHz (3 
dB) 40 MHz {6 
dB) 
2 mV/cm-
10V/cm 
1 M ohm 22 pF 
11 .7 nS 
less than 3% 
100nS/cm -

· o .5S/cm 
better than 3% 
1 KHz 100 mV 
square wave 

CS1352 DUAL TRACE 15 
MHz/2mV Pc;>RTA~LE 

~ ~-· •• G. £350 + VAT 

~...:,[) ··' . . . (' . I ... :-~ ~~~o_ :-~~; \ 
The CS 1 3 52 oscilloscope offers you not only dual trace, 
1 5MHz bandwidth operation at sensitivities down to 
2mV I em but also use from 1 00-240 Vac mains and 
portable operation using the optional rechargeable battery 
pack. AutomatiC charging 1s carried out when the CS1352 
1s plugged 1nto a mains supply. Now you can have top 
performance both on the bench and out in the field- and 
at an affordable price . 

CS1575 DUAL TRACE 4 -FUNCTION 
The CS 1 57 5 is a unique tool for the 
audio engineer. It features the normal 
facility of dual trace display with 
sensitivity to 1 mV I em but not only can it 
d1splay the 1nput signals on two 
channels, it can simultaneously display 
the phase angle between them and 

DC_ 40 MHz measure the phase angle referenced to a 
Electrical zero phase calibration display. In addition P31 to these unique features, you also have AC 1ndependent triggering from each 
1 0 0 1 1 2 0 1 

1 channel to give stable displays even with 
220 /240V w1dely differing input frequencies . 

50/60 Hz 40W Absolutely indispensable to the 
260mm x professional audio engineer , the CS1 575 '--~~~~---·~~ 1g0mm x IS now 1n use all over the world, See it in 
375mm action or send for complete details. 

_ _ . Weigh~ 10 Kg £278 + VAT 'I' :RIO The Trio range of o-scilloscopes offer top quality at mod t Th b · f · · · · 
, . .. .. ; these oscilloscopes firm favourites in all arts of the wer: e cost . e n_e specifications show the performance features which have made OSCILLOSCOPES screens . Prices are very realistic and we tr~ to ensure th ~ ~d·t'th bandwldtkhs to 30 MHz and sens1tlv1t1es down to 1 mV /em on 130 mm FOR FULL D.ETAI . . a e Ivery IS ex-stoc at_all times ~ quite a change these days . . LS ON THESE AND OTHER MODELS, CONTACT THE s:-oLE AGENTS, LOWE ELECTRONICS 

WW-038 FOR FURTHER DETAILS 

~ ' 

( ··'' 

,, ,,. 

• • •• • 

f, :-
• I 

MAIN PRODUCTS 

ELECTRICAL INDICATING METERS 
PANEL METERS 
EARPHONE & HEADPHONE JACKS 
POTENTIOMETERS 

e VOM MULTI TESTERS e BATTERY TESTERS e CLAMP METERS e PLANT PROBES 

HIGH PERFORMANCE! PROMPT DELIVERY! COMPETITIVE PRICES! 
WHAT MORE DO YOU WANT? 

Hung Chang, world's largest independent manufacturer & ex
porter of Meters and Testers, has production capacity of more 
than 1,000,000 Meters per month. You will be completely 
satisfied with, our products that have been exported to more than 
3 5 countries and made by our 1 , 200 workers with specia l ·care. 
Please contact us and you will know Hung Chang. 

<E5:> HUNG CHANG PRODUCTS CO., L TO. 
HEAD OFFICE & FACTORY 

SOLE UK AGENTS 

ARMON PRODUCTS LTD . . 
COTTRELL HOUSE ADDRESS 310-222, Bu lgwang-Dong, Seodaemun ku, 

MAl LLING ADD. 
CABLE ADD. 
TELEPHONE 
TELEX 

Seou l, Korea 
C.P.O. Box 3125 Seoul, Korea 
" HUNGPROCO" SEOUL 
389-0111 /2, 389-7001/3 , 386-6001/5 
EL ECHCP K28447 

WW- 020 FOR FURTHER DETAILS 

53-63 WEMBLEY HilL ROAD 
WEMBLEY 
MIDDX. HA9 8BH 
TEL: 01-902 4321 
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Logic Test 
Instruments 

Logic Probes 
Red and green LEO lamps indicate 
log1c 1. and 0 , and a variety of 
dynam 1c signals. Replaces meter 
or oscilloscope in many 
app lications. 
TIL L6gic Probe: £23 00 each 
(TIL, DTL& compatible 5V . 
log1c) . 
CMOS Log ic 
Probe: £28.75 
each (C MOS 
with 5-15V 
supply) 

Logic 
Clips 

.. Clips on to IC to give 
Simultaneous ind ication o f 
logic state at each pin. 16 

LEO lamps with indicator for 
14 or 16 pin ICs. 

TIL Logic Clip: £34 .5 0 ea::;h (TIL, OTL & 
. . compatible 5V logic) . ~MOS Log1c Clip: £48 .30 each (C MOS with 4.5-18V supply, TIL 

· & OTL) 

---------~-------0 Please send details of Logic Probes and Clips. 0 Please supply goods as detailed below: 
Oty · Price 

TIL Loqic Probes @ £23 00 

___ CMOS Loqic Probes@ £28.75 

TIL L.ogic Clips @ £34.50 

--- CMOS Logic Clips @ £48.30 

Above UK prices include postage, packing & 15% VAT. 

Total rem'ittance £ I enc lose cheque 0 PO 0 ---
Debit my Access o Barclaycard 0 Trus tcard o 
account No I I I I I I I ·I I I I I l I 
Name ____________ l(as on credit card) 
Address 

Post code ______ Telephone No _____ _ 

Signature _______ Date 

li! . ~Y!~~o~~!2~,~!!?~im~!,~ .. Docsel ~~ 
1
.si HI2I2I9IAISI.ITiell: IFierlnldlow

1
n.(OI2IOI2)I8I9I2I5I25I .••• ., 

WW- 048 FOR FURTHER DETAILS 
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METER PROB.LEMS? 

·4 •6 

137 Standard Ranges in a variety of 
sizes and stylings available for 1 0-14 
days delivery . Other Ranges and 
special scales can be made to order. 

Full Information from: 

HARRIS ILECTRONICS . (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 

LLY . . RELIABLE IN: 
.CIRCUIT TRANSISTOR TESTER 

THAT WORKS! 
Prnio111 Tuten have been too uaily tooled by low abunt 
impeda1ces resiiHing in false alarms on perfectly saund 
transiatora. Designed lur 1111 Ill-CIRCUIT testing tbe new 
DATOIG DATEST 2 tests lransiatora. FETs SCRs and Trim 
even wllen shiiiiM by reaistora as low 11 20 oh~l 
AllllllllllliC 11'11/PIIP ln,caliDII. IDIIproDI lllret-lEO display. 
n 111iqae leal probes allow 1 very high rale at luting even 
by !lllkl!ll~ u,era. Very c.DII.Petilive price inclu•es probea 
and llle DATEST Z Ia available from stock. Full data sheet tree 

on request. ONlY £45 COMPLETE + 15'/a VAT. 
Total Price £51.75 inc. VAT & P&P. 

:>. DATONG ELECTRONICS LIMITED 
Spence Milia, Mill Lane, Bramley 
Leeda LS13 3HE 

. Telephone: Pud .. y (0532) 552461 

WW- 008 FOR FURTHER DETAILS 

. 

TV TUBE REBUILDING 
Faircrest Engineering Ltd .·. manufacture a comprehensive 
range of equ1pment for processing all types of picture tubes, 
colour and mono: Standard or custom built units for established or new busme::;ses. We export world-wide and have an excellent spares serv1ce backed by a strong technical team . 

Full training co-urses are individually tailored to customers· 
requirements . 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING l TO. 
Willis Road , Croydon, CR02XX. 
01-684 1422,01-689 8741 

WW- 030 FOR FURTHER DETAILS 

For service above and 
beyond the call of duty 
The Avometer 8, the prime tool in fault finding, regarded by industry 

as the standard against which all multi meters are judged. 
Contact your usual distributor or send for further information to: 

Avo Limited,Archcliffe Road, Dover, Kent CT17 9EN. 
Telephone: (0304) 202620 

Telex: 96283 

[I 
n!. Thorn Measurement and Components DIVISion ww-099FORFURTHERDETAILS 
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Simultaneous ind ication o f 
logic state at each pin. 16 

LEO lamps with indicator for 
14 or 16 pin ICs. 

TIL Logic Clip: £34 .5 0 ea::;h (TIL, OTL & 
. . compatible 5V logic) . ~MOS Log1c Clip: £48 .30 each (C MOS with 4.5-18V supply, TIL 

· & OTL) 

---------~-------0 Please send details of Logic Probes and Clips. 0 Please supply goods as detailed below: 
Oty · Price 

TIL Loqic Probes @ £23 00 

___ CMOS Loqic Probes@ £28.75 

TIL L.ogic Clips @ £34.50 

--- CMOS Logic Clips @ £48.30 

Above UK prices include postage, packing & 15% VAT. 

Total rem'ittance £ I enc lose cheque 0 PO 0 ---
Debit my Access o Barclaycard 0 Trus tcard o 
account No I I I I I I I ·I I I I I l I 
Name ____________ l(as on credit card) 
Address 

Post code ______ Telephone No _____ _ 

Signature _______ Date 

li! . ~Y!~~o~~!2~,~!!?~im~!,~ .. Docsel ~~ 
1
.si HI2I2I9IAISI.ITiell: IFierlnldlow

1
n.(OI2IOI2)I8I9I2I5I25I .••• ., 
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METER PROB.LEMS? 

·4 •6 

137 Standard Ranges in a variety of 
sizes and stylings available for 1 0-14 
days delivery . Other Ranges and 
special scales can be made to order. 

Full Information from: 

HARRIS ILECTRONICS . (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 

LLY . . RELIABLE IN: 
.CIRCUIT TRANSISTOR TESTER 

THAT WORKS! 
Prnio111 Tuten have been too uaily tooled by low abunt 
impeda1ces resiiHing in false alarms on perfectly saund 
transiatora. Designed lur 1111 Ill-CIRCUIT testing tbe new 
DATOIG DATEST 2 tests lransiatora. FETs SCRs and Trim 
even wllen shiiiiM by reaistora as low 11 20 oh~l 
AllllllllllliC 11'11/PIIP ln,caliDII. IDIIproDI lllret-lEO display. 
n 111iqae leal probes allow 1 very high rale at luting even 
by !lllkl!ll~ u,era. Very c.DII.Petilive price inclu•es probea 
and llle DATEST Z Ia available from stock. Full data sheet tree 

on request. ONlY £45 COMPLETE + 15'/a VAT. 
Total Price £51.75 inc. VAT & P&P. 

:>. DATONG ELECTRONICS LIMITED 
Spence Milia, Mill Lane, Bramley 
Leeda LS13 3HE 

. Telephone: Pud .. y (0532) 552461 

WW- 008 FOR FURTHER DETAILS 

. 

TV TUBE REBUILDING 
Faircrest Engineering Ltd .·. manufacture a comprehensive 
range of equ1pment for processing all types of picture tubes, 
colour and mono: Standard or custom built units for established or new busme::;ses. We export world-wide and have an excellent spares serv1ce backed by a strong technical team . 

Full training co-urses are individually tailored to customers· 
requirements . 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING l TO. 
Willis Road , Croydon, CR02XX. 
01-684 1422,01-689 8741 

WW- 030 FOR FURTHER DETAILS 

For service above and 
beyond the call of duty 
The Avometer 8, the prime tool in fault finding, regarded by industry 

as the standard against which all multi meters are judged. 
Contact your usual distributor or send for further information to: 

Avo Limited,Archcliffe Road, Dover, Kent CT17 9EN. 
Telephone: (0304) 202620 

Telex: 96283 

[I 
n!. Thorn Measurement and Components DIVISion ww-099FORFURTHERDETAILS 
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O~r servo IC gives you a complete servo control system on a ch1p. . 
It's ~pecially designed for the pulse-width position servo , mechanisms you use in all types of model control. 
ZN4_19CE giv~~ you a low external componentcount and high output dnve capability. · 
Send for the data sheet today, and a full list of stockists. 

· Ferranti Electronics Limited Fields New Road 
Chadderton, Oldham OL9 8NPT~Iephone:061-624 0515 

FE I 
Semiconductors 

WW- 023 FOR FURTHER DETAILS 
EL02/14/069 [ill 

The King of 
Valves 

rTMi 
Genuine Gold Lion valves-hand 

built, utilising advanced pumping 
techniques and individually tested 
to a tight specification- are your 
answer to the high quality sound 
demao.ds made by musicians and 
listeners alike. 

Gold Lion KT77's and KT88's 
covering 30-200 watts, are now 
availablefromM-OV alongwith 
data and distribution details. Find 
out all about the King of Quality
fromM-OV. 

@)TradeMarkofM-OV Audio Valves. 

M-OV 
A MEMBER OF THE GEC GROUP 

5711 

THE M-0 VALVE CO. LTD .. HAMMERSMITH. LONDON. ENGLAND. W6 7PE. TELEPHONE 01-603 3431. TELEX 23435. GRAMS THERMIONIC LONDON . 
WW- 019 FOR FURTHER DETAILS 
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Microcomputers are coming - ride the 
wave! Learn to program 

·Millions of jobs are threatened but millions more will be created through the mi~rocomputer 
revolution. Will YOU sink or swim? Be one of the people who welcomes computers and the end of boring jobs. 
Learn BASIC- the language of the small computer and the most easy-to-learn computer language in widespread use. Teach yourself with a course which takes you from complete . 1g~or~nce step-by-step to real proficiency - all you need to start w1th IS a knowledge of simple arithmetic and the use of decimals. And you don't need a computer. 
This unique course comes as four A4 books, written by three ~uthors. well-know!"'. 1n the f1elds of microcomputing, selfInstruction and wnt1ng clear English. In 60 straightforward lessons Y?U learn _the five essentials: problem definition, flowchartmg, cod_mg the program, debugging, and preparin·g clear documentation. 
Every_ lesson has thought-provoking questions and we never ask for m1_ndless drudgery. You will know that you are mastering the mat~nal an~ feel a ~are satisfaction. Harder problems are prov1ded w1th a senes of graded hints, a unique and really helpful approach. So you never sit glassy-eyed with your mind a blank. First time through, you may need to read most of the hints, but you will_ ~oon learn to tackle tough programming tasks - such as wntmg programs for computer games, preparing graphs on an output pnnter, calculating compound interest tables and estimating costs. · 

COMPUTER PROGRAMMING IN 
BASIC £7.50 
Bo?k 1 Computers and what they do well; READ, DATA, PRINT; powers, brackets, vanable names; LET; errors; cod1ng simple programs. Book 2 H1gh and low level languages; flowcharting; functions; REM and ~~~~~~~~at1on; INPUT, IF. : .THEN, GO TO; limitations of computers, problem 
Book 3 Compilers a~d interpreters; loops, FOR ... NEXT; RESTORE; debugging· arrays; bubble sort1flg; TAB. ' Book 4 Advanced BASIC; subroutines; string variables; files; complex programming · examples; glossary. 

' 

THE BASIC HANDBOOK £11.50 
This best~selling American title usefully supplements our BASIC course. wtth an alphabetical guide to the. many variations that occur 1n BASIC terminology. The dozens of BASIC 'dialects' in use today mean programmers often need to translate instructions so that they can be RUN on their system. The BASI<? Handbook is clear, easy to use and should save hours of your t1me and computer time. A must for all users Qf BASIC throughout the world. 

FORTRAN COLORING BOOK £5.40 
"It _yo.u haye to learn Fortran (and no one actually wants to ass1m1lat~ 1t for .the good of the soul) buy this book. Forget the others-th1s one IS so good it will even help you understand the standard, dense, boring, unintelligible texts." New Scientist. 

A.N.S. COBOL £4.40 . Covers the most widely used computer language in business today: It teach~s how to write a COBOL program and compile it effectively, paytng proper attention to spelling, punctuation, and format. 

THE ALGORITHM WRITER'S 
GUIDE £3.40 
FLOW CHARTS & ALGORITHMS help you present: safety proce~ures, government legislation, office procedures, teaching matEmals and computer programs by means of YES and NO answers to questions. 
The Algorithm Writer's Guide 
explains how to: define the questions, put them in the best order and draw the flow chart, with numerous examples shown. All that students require is an aptitude for logical thought. Size: A5, 130 pages. This book is a MUST for those with things to say. 
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Cambridge Learning.· Enterprises 
Understand Digital Electronics.· In the years ahead the products of digital electroniCS tec~~ology will play an important part in your life. Calculators . a~d dt~1tal watches are already commonplace. Tomorrow a d~g1tal d1splay could show your vehicle speed and fuel co~sumpt1on; you could be 'phoning people by entering their n~me tnto a telep~o~e which would automatically look up the1r number and d1al tt for 
you. · 1 t ·c and These courses were written by experts 1n e ec ron1 s learning systems so that you could te_ach yourse~f the t~eory and application of digital logic. Learntng by self-mstruct1on has the advantages of being faster and more thorough than classroom learning. You work at your own pace_ and must respond by answering ques_tions on each new ptece of 
information before proceedmg. After completing these courses you will have broadened y~ur career prospects and increased y~ur fundamental understanding of the rapidly changing technological world around you. 

DIGITAL COMPUTER LOGIC 
AND ELECTRONICS £6.50 
Digital Computer Logic and Electronics is desig!"'ed for the beginner. No mathematical knowledge other than s1mple arithmetic is assumed, though the student should have an aptitude tor logical thought. It consists of four vol.umes - ~a~h A4 size _ and serves as an introductio.n to th_e subJect of <;J1g1tal electronics. Everyone can learn from 1t- des1gner, executive, 
scientist, student, engineer. 
Book 1 Binary, octal and decimal number systems; conversion between number 
~~~e;; ·AND. OR, NOR and NAND gates and inverters; Boolean algebra and truth 
~~~~ -3 Positive ECL; De Morgans Laws; designing logic circuits using NOR gates. Book 4 R-S and J -K flip flops; binary counters, shift registers and half adders. 

DESIGN OF DIGITAL SYSTEMS 
£10.50 
Design of Digital Sy_s~ems is writ.ten for t~e engineer seeking to learn more about d1g1tal electrontcs. Its stx volume~ - each A4 size are packed with information, diagrams and quest1ons designed to lead you step-by-step through nu_mber sy.stems and Boolean algebra to memories, counters and s1mple anthme~1c circuits and finally to a complete understanding of the_ des1gn and op~ration of calculators and computers. Contents tnclude: 
Book 1 Octal, hexadecimal and binary number systems; conversion between number systems; representation of negative numbers; complementary systems, b1nary 
multiplication and diVISIOn. · OR NAND NOR nd Book 2 OR and AND functions; logic gates; NOT, e><clus1ve- · a exclusive-NOR functions; multiple input gates; truthtables; De Morgans Law;·, . c nonical forms · logic conventions; Karnaugh mapp1ng; three-state and wtre og1c. ~ook 3 Half adders and full adders; subtractors; serial_ and parallel adders: processors and arithmetic logic units (ALUs); multiplication and d1v1s1on systems. . . Book 4 Flip flops· shift registers; asynchronous and synchronous counters, nng, d Johnson and exct'usive-OR feedback counters: random access memones (RAMs) an 
read only memories (ROMs). · d. 1 d t t Book 5 Structure of calculators; keyboard encodir.g;_ decodtng tsp ay ~a; reg1s er systems; control_ unit; program ROM: address decod1ng; 1nstruct1on sets, 1nstruct1on decoding· control programme structure. . . Book 6 Central processing unit (CPU); memory organtzatton; character re resentation· program storage; address modes; input/output sys tems; program inferrupts; int~rrupt priorities: programming; assemblers ; computers: execut1ve programs; operating systems and t1me shanng. 

0-LEVEL ENGLISH LANGUAGE 
£6.50 
More and more jobs require a C-GRADE PA?S, and over . 250 000 people fail to get this every year. W1ll on~ of them be 1n you'r family? This new course, written by experts 1n a style that's serious yet fun to read, shows you how to mark y~ur . own work and compare it with the work of other people 1n the1r exam year. Set your own pace and assess your results immediately with no postal delays: watch your speed and standards improve. In Book 1 learn how you w1ll be marked on COMPREHENSION, Book 2 covers SUMMARY, . PUNCTUATION & SPELLING, and Book 3 coaches yo~ 1n the principles of COMPOSITION. Size: 3 A4 volumes totalling 250 
pages. 

SELF-INSTRUCTION COURSES 

CAMBRIDGE LEARNING ENTERPRISES, UNIT 35. RIVERMILL SITE, FREEPOST, ST .IVES , HUNTINGDON, 
CAMBS PE17 4BR. ENGLAND. 
TELEPHONE: ST.IVES (0480) 67446 
All prices include worldwide postage (airmail extra) 
If order comes to £15 or more, deduct £2 
Please allow 21 days for delivery 
GUARANTEE No risk to you. . If you are not completely satisfied your money w1ll ~e 

refunded. ---------------------------p;;:s;;e~;;;,;;h; following books: . ...... Computer Programming in BASIC (4 books) at £7.50 
...... The BASIC Handbook at £11.50 
...... FORTRAN Coloring Book at £5.40 
...... A.N.S. COBOL at £4.40 . . ..... Algorithm Writer's Guide at £3.40 . . ..... Digital Computer Logic & Electromcs (4 books) at 

~~:~Design of Digital Systems (6 books) at £10.50 ...... 0-Level English Language (3 books) at £6.50 
1 enciose a • cheque/ PO payable to Cambridge Learning 
Enterprises for £. .. .. ... 
Please charge my *Access/ Barclaycard/ Visa/ Eurocard I MastE:)rchar~e/Trustcard 

("delete where applicable) account no. 

Signature . .... . ... . ............. . . . 
Telephone orders trom credit card holders ac~epted. on 0480-67446 (Ansafone) . Overseas customers (tnc. E1rel should send a bank draft in sterling drawn on a London Bank, or quote 
credit card number . 

Name •••• 0 0 •••• • •• 0 •. 0 
• 0 •••• • • • ••• • • • •• •• • • •• • •••••••• • '. 

Address ...... .. ... . . ..... . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

• ••••• 0 ••• • •••••• • • ••• •• • •• • 0 ••• • •••• ' ••• 

••• ' •• • • 0 •••••• 

• • • • • • ••• •••• 0 • • • • • • • • •• •• •• • •• 0 •• • ••••• • 0. ' ••••••••••• • • 

Cambridge Learning Enterprises. Unit 35, Rivermill Site, · FREEPO.ST, St. lves, Huntingdon, Cambs PE17 4BR, England. 
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O~r servo IC gives you a complete servo control system on a ch1p. . 
It's ~pecially designed for the pulse-width position servo , mechanisms you use in all types of model control. 
ZN4_19CE giv~~ you a low external componentcount and high output dnve capability. · 
Send for the data sheet today, and a full list of stockists. 

· Ferranti Electronics Limited Fields New Road 
Chadderton, Oldham OL9 8NPT~Iephone:061-624 0515 

FE I 
Semiconductors 

WW- 023 FOR FURTHER DETAILS 
EL02/14/069 [ill 

The King of 
Valves 

rTMi 
Genuine Gold Lion valves-hand 

built, utilising advanced pumping 
techniques and individually tested 
to a tight specification- are your 
answer to the high quality sound 
demao.ds made by musicians and 
listeners alike. 

Gold Lion KT77's and KT88's 
covering 30-200 watts, are now 
availablefromM-OV alongwith 
data and distribution details. Find 
out all about the King of Quality
fromM-OV. 

@)TradeMarkofM-OV Audio Valves. 

M-OV 
A MEMBER OF THE GEC GROUP 

5711 

THE M-0 VALVE CO. LTD .. HAMMERSMITH. LONDON. ENGLAND. W6 7PE. TELEPHONE 01-603 3431. TELEX 23435. GRAMS THERMIONIC LONDON . 
WW- 019 FOR FURTHER DETAILS 
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Microcomputers are coming - ride the 
wave! Learn to program 

·Millions of jobs are threatened but millions more will be created through the mi~rocomputer 
revolution. Will YOU sink or swim? Be one of the people who welcomes computers and the end of boring jobs. 
Learn BASIC- the language of the small computer and the most easy-to-learn computer language in widespread use. Teach yourself with a course which takes you from complete . 1g~or~nce step-by-step to real proficiency - all you need to start w1th IS a knowledge of simple arithmetic and the use of decimals. And you don't need a computer. 
This unique course comes as four A4 books, written by three ~uthors. well-know!"'. 1n the f1elds of microcomputing, selfInstruction and wnt1ng clear English. In 60 straightforward lessons Y?U learn _the five essentials: problem definition, flowchartmg, cod_mg the program, debugging, and preparin·g clear documentation. 
Every_ lesson has thought-provoking questions and we never ask for m1_ndless drudgery. You will know that you are mastering the mat~nal an~ feel a ~are satisfaction. Harder problems are prov1ded w1th a senes of graded hints, a unique and really helpful approach. So you never sit glassy-eyed with your mind a blank. First time through, you may need to read most of the hints, but you will_ ~oon learn to tackle tough programming tasks - such as wntmg programs for computer games, preparing graphs on an output pnnter, calculating compound interest tables and estimating costs. · 

COMPUTER PROGRAMMING IN 
BASIC £7.50 
Bo?k 1 Computers and what they do well; READ, DATA, PRINT; powers, brackets, vanable names; LET; errors; cod1ng simple programs. Book 2 H1gh and low level languages; flowcharting; functions; REM and ~~~~~~~~at1on; INPUT, IF. : .THEN, GO TO; limitations of computers, problem 
Book 3 Compilers a~d interpreters; loops, FOR ... NEXT; RESTORE; debugging· arrays; bubble sort1flg; TAB. ' Book 4 Advanced BASIC; subroutines; string variables; files; complex programming · examples; glossary. 

' 

THE BASIC HANDBOOK £11.50 
This best~selling American title usefully supplements our BASIC course. wtth an alphabetical guide to the. many variations that occur 1n BASIC terminology. The dozens of BASIC 'dialects' in use today mean programmers often need to translate instructions so that they can be RUN on their system. The BASI<? Handbook is clear, easy to use and should save hours of your t1me and computer time. A must for all users Qf BASIC throughout the world. 

FORTRAN COLORING BOOK £5.40 
"It _yo.u haye to learn Fortran (and no one actually wants to ass1m1lat~ 1t for .the good of the soul) buy this book. Forget the others-th1s one IS so good it will even help you understand the standard, dense, boring, unintelligible texts." New Scientist. 

A.N.S. COBOL £4.40 . Covers the most widely used computer language in business today: It teach~s how to write a COBOL program and compile it effectively, paytng proper attention to spelling, punctuation, and format. 

THE ALGORITHM WRITER'S 
GUIDE £3.40 
FLOW CHARTS & ALGORITHMS help you present: safety proce~ures, government legislation, office procedures, teaching matEmals and computer programs by means of YES and NO answers to questions. 
The Algorithm Writer's Guide 
explains how to: define the questions, put them in the best order and draw the flow chart, with numerous examples shown. All that students require is an aptitude for logical thought. Size: A5, 130 pages. This book is a MUST for those with things to say. 
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Cambridge Learning.· Enterprises 
Understand Digital Electronics.· In the years ahead the products of digital electroniCS tec~~ology will play an important part in your life. Calculators . a~d dt~1tal watches are already commonplace. Tomorrow a d~g1tal d1splay could show your vehicle speed and fuel co~sumpt1on; you could be 'phoning people by entering their n~me tnto a telep~o~e which would automatically look up the1r number and d1al tt for 
you. · 1 t ·c and These courses were written by experts 1n e ec ron1 s learning systems so that you could te_ach yourse~f the t~eory and application of digital logic. Learntng by self-mstruct1on has the advantages of being faster and more thorough than classroom learning. You work at your own pace_ and must respond by answering ques_tions on each new ptece of 
information before proceedmg. After completing these courses you will have broadened y~ur career prospects and increased y~ur fundamental understanding of the rapidly changing technological world around you. 

DIGITAL COMPUTER LOGIC 
AND ELECTRONICS £6.50 
Digital Computer Logic and Electronics is desig!"'ed for the beginner. No mathematical knowledge other than s1mple arithmetic is assumed, though the student should have an aptitude tor logical thought. It consists of four vol.umes - ~a~h A4 size _ and serves as an introductio.n to th_e subJect of <;J1g1tal electronics. Everyone can learn from 1t- des1gner, executive, 
scientist, student, engineer. 
Book 1 Binary, octal and decimal number systems; conversion between number 
~~~e;; ·AND. OR, NOR and NAND gates and inverters; Boolean algebra and truth 
~~~~ -3 Positive ECL; De Morgans Laws; designing logic circuits using NOR gates. Book 4 R-S and J -K flip flops; binary counters, shift registers and half adders. 

DESIGN OF DIGITAL SYSTEMS 
£10.50 
Design of Digital Sy_s~ems is writ.ten for t~e engineer seeking to learn more about d1g1tal electrontcs. Its stx volume~ - each A4 size are packed with information, diagrams and quest1ons designed to lead you step-by-step through nu_mber sy.stems and Boolean algebra to memories, counters and s1mple anthme~1c circuits and finally to a complete understanding of the_ des1gn and op~ration of calculators and computers. Contents tnclude: 
Book 1 Octal, hexadecimal and binary number systems; conversion between number systems; representation of negative numbers; complementary systems, b1nary 
multiplication and diVISIOn. · OR NAND NOR nd Book 2 OR and AND functions; logic gates; NOT, e><clus1ve- · a exclusive-NOR functions; multiple input gates; truthtables; De Morgans Law;·, . c nonical forms · logic conventions; Karnaugh mapp1ng; three-state and wtre og1c. ~ook 3 Half adders and full adders; subtractors; serial_ and parallel adders: processors and arithmetic logic units (ALUs); multiplication and d1v1s1on systems. . . Book 4 Flip flops· shift registers; asynchronous and synchronous counters, nng, d Johnson and exct'usive-OR feedback counters: random access memones (RAMs) an 
read only memories (ROMs). · d. 1 d t t Book 5 Structure of calculators; keyboard encodir.g;_ decodtng tsp ay ~a; reg1s er systems; control_ unit; program ROM: address decod1ng; 1nstruct1on sets, 1nstruct1on decoding· control programme structure. . . Book 6 Central processing unit (CPU); memory organtzatton; character re resentation· program storage; address modes; input/output sys tems; program inferrupts; int~rrupt priorities: programming; assemblers ; computers: execut1ve programs; operating systems and t1me shanng. 

0-LEVEL ENGLISH LANGUAGE 
£6.50 
More and more jobs require a C-GRADE PA?S, and over . 250 000 people fail to get this every year. W1ll on~ of them be 1n you'r family? This new course, written by experts 1n a style that's serious yet fun to read, shows you how to mark y~ur . own work and compare it with the work of other people 1n the1r exam year. Set your own pace and assess your results immediately with no postal delays: watch your speed and standards improve. In Book 1 learn how you w1ll be marked on COMPREHENSION, Book 2 covers SUMMARY, . PUNCTUATION & SPELLING, and Book 3 coaches yo~ 1n the principles of COMPOSITION. Size: 3 A4 volumes totalling 250 
pages. 

SELF-INSTRUCTION COURSES 

CAMBRIDGE LEARNING ENTERPRISES, UNIT 35. RIVERMILL SITE, FREEPOST, ST .IVES , HUNTINGDON, 
CAMBS PE17 4BR. ENGLAND. 
TELEPHONE: ST.IVES (0480) 67446 
All prices include worldwide postage (airmail extra) 
If order comes to £15 or more, deduct £2 
Please allow 21 days for delivery 
GUARANTEE No risk to you. . If you are not completely satisfied your money w1ll ~e 

refunded. ---------------------------p;;:s;;e~;;;,;;h; following books: . ...... Computer Programming in BASIC (4 books) at £7.50 
...... The BASIC Handbook at £11.50 
...... FORTRAN Coloring Book at £5.40 
...... A.N.S. COBOL at £4.40 . . ..... Algorithm Writer's Guide at £3.40 . . ..... Digital Computer Logic & Electromcs (4 books) at 

~~:~Design of Digital Systems (6 books) at £10.50 ...... 0-Level English Language (3 books) at £6.50 
1 enciose a • cheque/ PO payable to Cambridge Learning 
Enterprises for £. .. .. ... 
Please charge my *Access/ Barclaycard/ Visa/ Eurocard I MastE:)rchar~e/Trustcard 

("delete where applicable) account no. 

Signature . .... . ... . ............. . . . 
Telephone orders trom credit card holders ac~epted. on 0480-67446 (Ansafone) . Overseas customers (tnc. E1rel should send a bank draft in sterling drawn on a London Bank, or quote 
credit card number . 

Name •••• 0 0 •••• • •• 0 •. 0 
• 0 •••• • • • ••• • • • •• •• • • •• • •••••••• • '. 

Address ...... .. ... . . ..... . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

• ••••• 0 ••• • •••••• • • ••• •• • •• • 0 ••• • •••• ' ••• 

••• ' •• • • 0 •••••• 

• • • • • • ••• •••• 0 • • • • • • • • •• •• •• • •• 0 •• • ••••• • 0. ' ••••••••••• • • 

Cambridge Learning Enterprises. Unit 35, Rivermill Site, · FREEPO.ST, St. lves, Huntingdon, Cambs PE17 4BR, England. 
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, 1re 
.DI~!'PQ FLUKE 8022A 3'12 digit LCD d' I . ACV, ACI. Ohms. Ace. DC 0 _25%1sx~~%F.S . D. 1.999. Range DCV, DCI 
FLUKE 8000A 3.5 LED Display F S D l 999· · · · · · · · · · · · · · · · · · · . . £89.00 AC 0.1% . . . . . . . · · · · · as per 8022A. Ace. DC 0.1 %. 

'Aii..ciu..\i.A.NiE:iio.ioii ·1·v'E..\R: · · · · · · · ·. t199.oo 
ANALYsi~D FOR DETAILS ON ABOVE INSTRUMENTS 
AIRMEC 248A Wave Analyser 5-300MHz , DYMAR 771 A.F. Wave Analyser 20Hz-50KH~- ..... ..... .. . .. £150.00 BRIDGES · · · · · · · · · . . . . . £250.00 
GENERAL RADIO 1607 Tra f F . complete in box. From ns er unction and Immi~tance Bridge, 
WAYNE KERR B.221A U~i~~~~~j ilrldg~-0 i% · · · · · · · · · · · · · · · · £250.00 WAYNE KERR B.601 R.F. Bridge 1% 15KHz-5MH .. ... . . ...... . £200.00 COUNTERS z · · · · · · · · . . £195.00 
MARCONI TF.l417 + TM.7164 7 Di it SOOMHz HEWLETT-PACKARD 5260A o 3-12g4GH F · · · · · · ·. · : · · · · £150.00 ·~- -- · ·· . .... · .. · . ·.•. z. !equency Divider £450.00 MARTIN ASSOCIATES 

34 Crown Street 
Reading 

. Berks. RG 1 2SE 
Tef. n<">Uinll1Uof.1'>1 
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LET US PUT A SMILE 

ON YOUR AVO 

AT A FIXeD PRICE 

You?/ do better at Martin Associates 
.we guarantee it! 

835 6 Digit Counter. DC~ 15MHz £135 00 
RIKEN 8 __ Qi~it 10Hz-500MHz c~~~-t~~- . :::::::: £275:00 

~~.J7_,t0~~~{3~~i~fltmet~r lOOuV-300V. 100Hz-900MHz £175•00 
. AVO Precision Avometer ectromc Voltmeter ........... . ... £175.00 
g~ ~M ~n~ro~oltmet~r· vi-iF.3oo~v--3v 5oKH~~85oMii·z· · · g~:·::: 
MARC mse actor Meter l-220MHz . . . . . . . · £100•00 
MARC~ITiF-~~~~~:i:-fzlt~~e:g~&~~r to_-1ooMwau~·5o oh~s- £1oo:oo 300MHz • · 1 a IOn eter & Oscillator 20-, 
MARCONI TF'.isoo s~~~iti~~ v ~~~~- v~itr~;e·t~~ -~-~ v :3·oo'v '1'% t~· 5gg~H~ 
R1~j~-~~~~R.· iiKi.6:. o·i~t~~ii~~. M~i~~. ioif~~ioi<·Ii~· oi.st£~~~: 
oscD..LOsco:E:S .. · .. · .. · · .... · · · · · · · .. · · · · .. · · · . . . . . . . . . £25o.oo 
HEWLETT-PACKARD 130C X-Y-T. DC-500KHz. Sens. 200uV /em 
sco'PE:x4o-25·o~-~~-8~~~ 25Mi-i~ i.o~vi~~ t.iE:w· · · · · · ...... £27s.oo 
SCOPEX4D-10B Dual Beam lOMHz 10mV / em NEW .. ...... .. £360.00 SCOPEX 14D-15 Dual Trace DC 15MH S 2 V . .... . .. £210.00 - z ens m -lOV/Div. NEW 

i~~~~g~~~ ~~J~ff~i ~~~~~-~Ciioft~~-gf~ilA8.12. PF. i~g ·I~·.: ~;~:= OSCIJ.WSCOPES · · · · · · · rom . . . £75.00 

~~~;g ~~~~1~ ~:~~T~~~~e~g~~~~~~ 0~ '(!Icc% s1o0iid8SDt~te £210.00 Solid State x IV . screen. 

~~W:Ep~i~i~~i~--oc:25~iH~·-· iov~-~~-s~iict.st~~~ · : ~ :;::::: 

R~~~00~~8 Convertor. liP 200-250V 50Hz. 0/P 115V -400Hz Solid 
V AREX P.S.U. O~GOV . i..\' ........ .... .. · · · · · · · · · · · · · · · · · · · · · £125.00 SIGNAL SOURCES ...... .... . · · · · · · · · · · · · · · · · · · · · · . . £125.00 
AIRMEC 365A VHF. AM/FM l -320MHz 0/P 2uV-220mV 
HEWLETT-PACKARD 6080 Signal Generator 10-420MHz SO ~h!~50.00 
MARcoNI.i:'f':io99 ·s~~~i>· C;~~~~a't~~·0_·24·Mi-i~ · · · · · .. ... ..... £35o.oo RECORDERS · · · · · · · · · · ... £150.00 
HEWLETT-PACKARD 7035B X-Y Plotter HONEYWELL 1706 6 Channel U IV Ch t R. . . . . . . . . . . . . . . . . . £500.00 MISCELLANEOUS ar ecorder 4 Galvos . £350.00 
AVO CZ.457 /6 Component Comparator 1KHz 
AVO ADL.270/6BR Analogue Limit Detector 
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With the new Oryx miniature 
low voltage soldering station 

you get precision, operator safety, a choice 
of soldering iron tips and superb value at £9.95 (+VAT) 

The new PSU 6 volt soldering station, operating qt 360°C has its qwn compact power unit, a double · insulated t'ransformer and comes complete with an Oryx 6 watt miniature soldering iron, sponge, sponge well, spring holder mounted at an easy load angle, indicator lights and an internal safety fuse. 
-Obtainable also Electroplan Limited, Orchard Road, ITT Electronic Services, Edinburgh Way , Toolrange Lim ited, Upton Road, from our distributors: Royston , Herts . SG8 5HH . Harlow, Essex. _CM20 2DE. Tilehurst, Reading . RG3 4JA. 

I! 

Greenwood Electronics 
Portman Road, Reading, Berks. RG3 1 NE Tel: (0734) 595844 Telex: 848659 

WW- 018 FOR FURTHER DETAILS 

Build any Project· fast and Easy 
It's the new deal for project builders from Lektrokit! A complete new 

range of breadboarding and testing devices. At prices anyone can afford. · 
For any project anyone CO\.!.ld want to build- from one-chip simplicity 

to 1,000-chip complexity . 
It's fast and easy project building, too. You simply push 

components in and pull them out. No soldering, no de-soldering, 
no chance of heat damage. You can make design changes 

instantly, keeping full leads on components. 
In fact, with Lektrokit, you can build a project as fast as you 

used to sketch a layout. And a lot more easily. 

LEKTROKIT 
completes the circuit 
See Lektrokit at one of the Lektrokit 
dealers near you. There's bound to be one
they're springing up everywhere. Send for 
the name of your nearest- plus FREE full
colour catalogue- to: 

Lektrokit Ltd., Sutton Industrial Park, 
Earley, Reading, Berks RG6 1AZ 
Telephone 0734 669 116 

WW- 015 FOR FURTHER DETAILS 
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MCP Electronics Limited · 
Station Wharf Alperton Wembley Middx. 

Telephone: 01-902 5941 

WW- 039 FOR FURTHER DETAILS 

WIRELESS WORLD, DECEMBER 1979 

Exclusive UK representative 

aspen electronics limited 
2 KILDAR-E CLOSE. EASTCOTE. M-IDDX. HA4 9UR 

TEJ-EPHONE: 01.868 1188- TELEX 8812727 

OUALITY REEL TO 
REEL & CASSETTE TAPE HEADS+ MECHANISMS 

REMOTE OPERATION TAPE 
TRANSPORT MECHANISM 

FOR DIGITAL OR AUDIO. 

THIS BRITISH MADE CASSETTE 
TRANSPORT HAS GIVEN 
. INDUSTRY A GREAT COST ' 
. SAVINGS OVER 
COMPARABLE FOREIGN 

IMPORTS AND IS NOW BEING 
MADE GENERALLY AVAILABLE. 

CAN BE SUPPLIED WITH TAPE FAIL/ 
END DETECTION, SEARCH, AND FAST 
ERASE . SOLENOID CONTROL PROVIDES 

FULLY REMOTE OPERATION. 

WRITE NOW FOR FULL DETAILS 
BASIC PRICE £60.30 INC. VAT. 

POPULAR UNIVERSAL CASSETTE TAPE HEADS 
812-01 Mono Playback ..................... £1.89 C42RPH04 Stereo GLASS FERRITE RIP .... £11 .60 :~!·02 Mono Record/Playback ......... £4.02 , C42RPS18 Stereo TWIN GAP R+P .: ............. £25.21 

824:~~ ~::;:: ::~:r~cl~ibk.:::::: ·::::::: ~~:~~ ~~~:~~ ~~~nol~:~~:~t~;~ ::::::::::::::::::: :::::::: : ~ ~:~~ 824-07 Stereo RIP, (Dolby Stsm) ...... £7.87 C44RPH03 Quad Y. track RIP .. .. ................ ... £13.17 C42RPH20 Stereo SENDUST RIP .... £9.28 C44RP2ESD1 Quad Y. track combined C42RP1 ES01 Stereo combined RIP+ Erase ............................ £26.45 
RIP+ Erase. ....... ....... £10.93 C22ES02- Twin half track erase ............ ... ..... £ 4.12 

SEND FOR OUR FULL CATALOGUE 25p. 

WW-022 FOR FURTHER DETAILS 

WIRELESS WORLD. DECEMBER 1979 

Fin~l\l·}' ~ ''Ol\l ca:n have ~11 tbe adva;n:t.filltfCS of l),MMs and none of th disadvantages of iUlalogwes f,or a;bt">U't t be s,atrne p:t~ce. . , uYll .. 7 Our ~~e:w 169 ts a to·ugh, iightv,·ei,bt, 
ba:tt'erv..-powered di itacl rnu1tiln~eter for use in. tfie Held Jf 
onthtebenx:h. It ts~ kiit. fuf] 5-fUinction D~IM v•dth 
r-es,pe~tabl~ J2!;~) DC a:ccuracv. 

lt_s }{ tW·-p:arts-count ~ high-efTtcier1cy. destin keeps 
pqwer co,ns·urn;p~ion t,o a ~~n·i~utn fot' _longer r-~ot;nport;t,~nt life anil ftwe·t f~t:lurt!s. M 1 '8F ts !U,t¥00 hrs. tl'r a;bout l 0 
years. .. _ _· . _ ,·. . __ _ . _ -· .. __ 10 Atl5 functi·ons are fu~1)r p:t(;lt.ectt:"'d...., l400V pe~k on DCV and ACV ~ 300V nn 0, 

I h 
t h - d !A (250V) on DCA and ACA. I 'he fu ·e is 

S .t-_ ·lS t .. e en _ ~xt:enli~lly~rees~ibleforquk~rep1acernent. ExtensJVt~ vrhrauon stress-testrng ass11res the 
l6~tll\!f¥l SfaJrd Hp to aJl tht~ tnechanical shock 

£ A. 1 . at'ld a;buse uortila"lly associated with tough Or na Ogu. e appticatiot1S. . . , · · , · · . (_.rys,t~cons<.jous eas ·of tnain:tenance is 
. so thoro,ughlv designed into the 16H that ·m· e t· e r· . s ~ (rnly one calibrtitiot~ adjustn;t~tJ_·._ t. 'a year is re_- quire.d;. 'That f"' a:dds up to a co.st-ocf ... o·wnershtp no< ther con1pcunv · DMJ\1 . • _ ca11 touch. For ex£tt:rtpLe~ the 169 UJ;:';eds only otle l~a:ttery change per vear at a cu&t o £ a-bout £ l ,.!.)-,(). ' '"rbe.u Y'(!U factor in features lik~ h:utt:tiou allrd ra:t~ge annunciation :dght on the display·~ att;to .. ze1·o ~ a ut:o pohtrity, 60!th tar~er dispia y th;an odier D~d'~is and tflce etitsy-to .. r~ad, 4:ninur 

coded frhn;t pa11:el, \\e think . ;~ou'ltl ~et the point. · No ~nailo.:gue meter or D}<JM can ma,tcb the! price/ 
pertnrman,ce of the 11~w 159. It costs £9·9 (pJ:us VA 'I) 

F"or irniornla~tion on tl;te 169 or a.nv ~ e,ith!ev 
D,l\[W: caliJ (tY734) ~61287 J ' 

KEITHLEY 
~&ithley fnstrumCJnts ltd. 
1 , 8oulttHl Road 
G!l·R~adJn-g, fihtrkshlre RG1. ONl t 

U:NtTEcO Kl!NGOQM 
t(;l734} ll612'8J Telex : {'851]847'047 

27 

1'e~lex: 14 7 Oi7 
keitbfey Instruments GmbH 
Heigtllo:fstrasse s 
£Hf000 Miinohen 70 
(Q8'9) 71440-65 

Keithley Instruments SARL 
44, Rue ARatole France 
F-91121 Pahii'seau Cedex 
01-(H4 .. 22·G6. 

Tetex; 521 21 60 Telex; f842) 204188 
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·we wondere why.· .. ~ 
Th t • 8.8. C .. Bnt 1sh Rad, B.A. C., DecCil AcoustiCS, /n .H1tute of Sound ~Jnd Vibratior Resear_ch, I. C. L., Post Qff,ce 
TrJ!ecommumcauons. Ph li,p s R'.'St!a r ch. U.K. Atnm.c EnP.rgy Authority, and many Universrries were among our 

J.P .S. 60 : 60 Watt. 
J.P.S. 100 : 100 Watt. 
J .P.S. 150: 150Watt. 

custo'71;::hr the y ! ikF•d tht-! comoe>ut r v~ct pncP.s of our modules. or the ~act that all modules h~~e _ a frequency 
o•sponstt from 

20H 7 to 22kH? - 0.2d8. a stewmg rare of 8 volts per m1crosecond, mput senSitiVIty of OdB f0.715V). 

1 -dampt~q r,1cror _qreatr:r than 400 ro _tkH~ ,u1d a rota/ harmontc diStortion_ less than ~.055_% a~ 1kHz 
' Or.couJrl Jt bf"! that th~-'V w1:nr t0 ,· the r~lrabrhty and th~ cnmprehens;vP. protection CirCUitry. Then thefl. - ~ 

Power supplies availab le to su it a ll modules . SenQ for 
further 1nformat10n on our range of pre-ampl if ier 

· modules. JPS products are now stocked at the d ist 
ributors shown below. Furt11er 1nformat1on on all 
products avai lable direct from JPS Associates or 

,11 , _. foil 2 Yf-'ar-gu.;rdlllt'f ' whrch .-u:c.:ompanms our ran.QI-! of 1noduiHS 

OR PERHAPS ...... THEY JUST LIKED THE SOUND. OF USI 

J.P .S. ASSOCIATES 
(ASTONKI LN L TO.) 
BELMONT HOUSE 
STEELE ROAD 
PARK ROYAL 
LONDON NW10 7AR 
Tel 01 -961 1274/5 

1na reader reply service. 

All modules are made in the Un ited Kingdom 
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Our catalogue contains small metal 
enclosures for every application including 

the attractive new G range cases, 
with unique integrated chassis 
and sloping visor front and the 
inexpensive kit-form Veropak: 
We've also got circuit boards, 

accessories, module frames and 
plastic boxes all to the 

highest standard to · give your 
-=t:==:::::::rm~~~-- equipment the quality you 

demand. Send 25p to 
cover post and packing 
and the catalogue's yours. 

• 

VERO ELECTRONICS LTD RETAIL DEPT. 
Industrial Estate, Chandler's Ford, 
Hampshire SOS 3ZR 
Tel: (04215) 62829 

WW -093 FOR FURTHER DETAILS 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content- less than 0.03% * an output conforming to RIAA record ingcharacteristic * battery operat1on for no'ripple or hum loop * square wave output of fa$t r1se t1me 

£70.00 
also available 

Si452 Distortion Measuring Unit Si451 .tVi"i.IWvoltmeter * low.cost distortion measurement down to 0.01% with comprehen-* 20 ranges also with variable control permitting easy reading of sive facilities including L.F. cut switch, etc. £56.00 relative frequency response £70.00 ALL PRICES PLUS VAT 
J. E. SUGDEN & CO. LTD, CARR STREET, CLECKHEATON. W. YORKS. BD19 SLA. Tei.0274-872So1 
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If QUAD amP-lifiers 
· are so perfect, 

why doeS it still 
· sound better 

in the concert hall? 
In real life, the sounds from all the instruments 

·and sometimes parts thereof are independently 
radiated and so are not 'phase locked' together nor 
are they subjected to common eigentones. 

These mutually incoherent wavefronts are 
subjected to tiny but important reflections at the ~inna 
and finally end up as just two channels represenhng 
the pressure at the two ea~ drums. It is not possible to 
achieve this transfer accurately by means of 
loud-speakers or h~adphones however good these 
components may be. . . . . 

Nevertheless with good amphfiers and 
loudspeakers (and on those occasio?~ when the . 
people at the recording and transm1ttu:g end ge~ 1t . 
right) a musical experience can be achieved wh1ch 1s 
extremely satisfying and one of the greatest pleasures 
of our time. 

For further details on the full range of QUAD 
products write to: The Acoustical Manufacturing 
Co. Ltd., Huntingdon, Cambs. PE18 7DB. 
Tel: ( 0480) 52561. 

QUAD 
for the closest approach 

to the original sound 
QUAD is a registered Trade Mark 

cA, 
,. .. 
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·we wondere why.· .. ~ 
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Quantum Electronics 
THE LATEST AND BEST SOURCE 
OF SUPERFI AUDIO EQUIPMENT Although we may be a new name to you , ou.r prod~cts use.retinements of circuitry which has been well proven over the past few years. By redesigning to what we consider the . optomum cost / performance /appearance breakpoint we can now offer the best sound per pmmd that you woll hnd anywhere . In addition to the items below we can supply ready buolt power amps, woth actove crossovers of required , in a variety of options including custom desogned and to noshed metalwork on small (5 +)or large quantities. If you do not see what you want please enquire . · 

'STATE OF THE ART' PRE-AMP 
Undoubtedly the best pre-amp on the market, 
it is supplied ready built, not a kit, and caters 
for disc, aux and 2 or 3-head tape machine. 
The built-in supply regulators require only 
rough de, available from all our power amps or 
the matching mains supply kit, CSI . The 
performance is almost perfect, with virtually 
zero thd (< .002%, 1kHz). zero common mode distortion, fast slewing, high overload 
(40dB) and low noise (70dB mag) . It is 
attractively finished in black and is also 
available .in a special version to cater f<ir 
moving-cool cartridges. 

Cl (,.;,ag) : .£67.85 
£73. 10 

CSI (mains supply kit) : £10.13 Clmc (m-coil): Module (trade and export only) : £47.25, £51.60 (m-coil) 

P1 : Mono 1 x 55W/80 , 80W/40 
.... . . .. . £67.81 

P2: Stereo 2 x 45W I 80 , 65W I 40 

P3 Mo~~ 1 ~ i 30W I SO • i~~:~~ 
P4 : Stereo2x110W/80 . £99.48 
P5 : Mono 1 x 150W/80, 260W/ 

30 . .. . . . . £103.24 
P6 : Mono1 x250W/80 £ 112.35 
Also available ready built POA 

Styled and finished to match the Cl , they are 
supplied with ready built and tested pcbs and 
require only simple assembly and point-to
point wiring of power transistors. supply, etc. 
In this way the possibility of errors and 
subsequent damage is drastically reduced. The 
performance, again, is second to none in this 
magazine, with ultra low thd < .005%, 1 k, 
lOW) and fast slewing contributing to theor 
est<)blished exceptional subjective qualities . 

'SLAVE TRAY' & RACK MOUNTING KITS 

ST1 : Mono 1 x 55W /80 , SOW 140 
. . ........ £49.45 

ST2 : Stereo 2 x 45W/80 , 65W/40 
.. . . . . . ....... £6L55 

ST3: Mono 1 x 130W180 £63 .94 
ST4 Stereo 2x 110W / 80 £93.61 
ST5 : Mono 1 x 150W/80 . 260W/ 

30 ... . . .. ... . .. £79.74 
ST6 : Mono 1x250W / 80 £86.25 
Plain lid ......... £4.23 
Black lid . . : . . . . £7.68 

RACK MOUNTING KIT: 
Slave tray (state which) plus £15 .41 
Also available ready-bu ilt .. POA 

These kits are designed to cope with sustained 
high level use, for which the domestic kits are 
not suitable . The same high performance 
corcuitry is used with the power transistors 
mounted on substantial external heatsinks. 
The " slave tray" is the bare bones of a power 
amp and comprises a simple, plain f inished 
chassis . tested amp pcbs and transistors 
heatsinks and power supply . No specifi~ 
connectors are supplied to allow flexibility of 
appl.ication . You can mount the slave tray in your cabonet or use our plain or black lid to 
achieve a match with our pre-amp. The slave 
tray forms the basis for the rack mounting kits 
whoch add a black lid and heavy guage 3V> ins 
black front. Low field toroidal transformers are 
used and there is spare room for ext ra circuitry · 
if required . We stock a range of connectors for 
your convenoence. 

MODULES: UP TO 250W r .m.s. 
These modules are available in a variety of powers and forms (oncludong L bracket mounting) to trade and export customers only . They come ready built and tested and use the same proven circuitry as the other amps in our range and set an unsurpassed standard of performance and reliability. We also have power suppl.ies for use with these . Please contact us for prices w ith competit ive quantity discounts. The module illustrated is a medium 
~uty 2~0W rms type using 4 of the latest Japanese 

super power transostors. 
EXp()RT.: We can deal efficiently with orders to any coun;ry . Please write with your specofoc requorements for a quote by return . All power amps can be wired for 11 Ov mains. IN FORMATION: Before ordenng any of these or competitors' products, why not send tor our detailed ontormatoon? Large SAE or dollar bill please . Allpnces shown are onclusove and all power ratings are real RMS watts, unlike the phoney ratongs of many modu.les . Although we try to deal with orders promptly. please allow 28 days to avood dosappoontment . Large orders please phone tor delivery date. DISTRIBUTORS: We are eager to establ ish distributors throughout the world and invite enquoroes from Interested parties. 
~i~sRVICjNG: We offer an after-sales service. w ith fixed maximum charges, for all our 

1A STAMFORD STREET, LEICESTER LE1 &NL 
Tel: 546198 

USA: OX DISCO, BOX 123, CLAYMONT, DE 19703 

WIRELESS WORLD', DECEMBER 1979 

MiniM 

LET US TURN YOUR HI-FI ON 
with our DIGITAL T·IMER· 

Th~ .Minim Di~ital Timer is an accurate 24 hour clock , with the fac1hty to SWitch mains operated equipment ON and OFF at mdepen_dently ~r~-set times; it can switch appliances up to 1 .5 kW -:-the b1g~est ~1-f1, ~V. heaters, lights, etc. It is very easy to set the t1me an? lights illummate to clearly show the settings . Housed in an attrac~1ve teak veneered cabinet size 7in . x 5in . x 2in. approximately. 

Price £39.95 
Please send me further details of your Digital Timer and other products in your range. 

Name 

Address 

. .... . . · · · · · · · · · · · . ·. · · · . . . . ... W2 
Minim Audio Umited, Lent Rise Road, Burnham, Slough SL 1 7NY. Tel: Burnham 63724. 

ww -092 FOR FURTHER DETAILS 

ELECTRON IC 
IN.DUSTRIAL THE RMOM ETER 

THE MODER~ WAY TO MEASURE TEMPERATURE A Thermometer des1gned to operate, as an Electronic Test Meter w·u measure t_emperature of Air, Metals, Liquids, Machinery, etc . .' et~. .,.~IJSt p~u_g-m _the ~robe, . and read the tempera~ure on !he large qper scale meter. Suppl1ed w1th carrymg case, !-'robe and internal 1 tj2-.~91t_ standcHd s1ze b~ttery. 
Mqdei"Mini-Z 1" measures from::...406 c to +. 7i:i" c. Price £30.00 ·Model "Mini-Z 2" measures from-so c to + 105° C Price £30.00 · .,Model "Mini-Z Hi" measur~_s from + 100" C to500"- C £.~.011 ·· ~ __ .. ·. . . ___ (VAT 15% EXTRAf . . ;!' Write for further details tu 

HARRI S ELECTRONICS (LONDON) 138 GRAY'S INN ROAD. LONDON, WC1 X SAX 
(Phone 01 ~8;37 7937) 

WW -121 FOR FURTHER DETAILS 
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- The best pick-up arm in the world 

Write to Dept 0656, 
SME Limited, Steyning, Sussex, 
BN4 3GY, England 

31 

Series IllS precision pick-up arm 

I 

....... ~---~ ... 
., , ' ' ·· · .... ·-··~. 

We took a hard look at the Series Ill 
because we wanted more people to 
enjoy it . We were not prepared to give 
an inch on performance or 
manufacturing quality and the 
nitrogen hardened titanium tone arm 
had to remain. However we found a 
number of ways in which economies 
could be effected' and they have been 
incorporated in this new model. 

Adjustments are made directly 
instead of through lead screws or rack 
and pinion, the absence of these 
thi.ngs being a matter of operating 
convenience only. Lateral balance 
was also dispensed with as it is 
unimportant in this type of arm 

WW- 016 FOR FURTHER DETAILS 

unless the deck is seriously out of 
level. The fluid damper is a refinement 
but not essential and so we made it an 
optional accessory. This simplified 
version of the Series Ill offers an 
attractive saving in price and either is 
immediately available th rough your 
usua l dealer. We shal,l be glad to send 
you details on request. 

':'Another accolade for SME: the 
Series Ill precision pick-up arm was 
one of the Design and Engineering 
Awards at the 7979 US Summer 
Consumer Electronics Show, the only 
pick-up arm to be acknowledged in 
this way. 
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From factory floor 
to R+D Thesuwvanreputationfor · 

quality and a~curacv is known and respected in electrical standards laboratories 
throughout the industry But Sullivan also make some instrumentsthat arejust as 

muchat homeonthefactorvflooraso~the laboratorybench.Thisis typified 
by the MegohmmeterT2900-a portable de. instrument designed for t he 

measurem~nt of hig ~ value discrete resistors and the insulat ion resistance of non
conductive matenals,motors,cables etc. The T2900 can provide test voltages 

up to 1000V d.c. 

_ The inst rument also has a current measuring facil ity inherent in its operat ion. 
currentsaslowas1pico-amperemay beindicated. · - ' 

Indeed, the Megohm meter can provide accuraute results, clearly and at 
t e:n:peratures_of up to sooc. Get in touch with us today for the fu ll facts on the 
Sullivan ~egohmmeterT2900. 

H.WSullivan Limited ArchcliffeRoad.Dover, 
Kent CT17 9ENTe/:0304 202620 Telex:96283 

rub Thom Measurement& Components Dvision . (Sullivan) 
WW- 096 FOR FURTHER DETAILS 
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ambit 
INTERNATIONAL 

IT'S HAPPEDDED. AliAID I 
• 

THE PART THREE [ATRLOiiUE -IS PUBLISHED 
& WE HAUE mOVED TO BlliliER -PREmiSES. 

Yes. it's here at last - the all new Part Three Catalogue. Fun for a ll the family . and the_ usual upcl:lte on all th:Jt is new. worthwhile and 

exciting in the world of Radio and Communications. A big section on frequency SY.nthesis techniq!!§ covering broadcast tum' rs. to communication 

quality transmitter systems. More new products than ever - RADIO CONTROL parts , crystal filters, ceramic filters for 455kHz and the new rangl' 

of TOKO CFSH low temperature coefficient types for 10.7MHz. Details on new radio ICs. including the new H-111225. the CA31S9E lookalike 

with S4dB signal to noise, and adjustable muting threshold . Radio control ICs - and an updated version of the RCM&E S chamiel FM receiver -

now with an Ambit designed screened front end, with 27 MHz ceramic bandpass filter. LCD panel clock / timer modules · the neatest and best LCD 

panel DVM y~ !only £19.45 each+ VAT ), the new 5 decade resolution DFM3 for LW /HF/ VHF with LCD readout. The DFM6 with fluorescent 

display to I OkHz resolutioi1 on VHF, 1kHz on SW. A 1kHz HF synthe siser with five ICs - the list is endless. Get your copy of the catalogue now. 

Post publication price is 60p (inc PP etc). TI1e previous· two sections are also required for a complete picture : Parts I & 2 Cl the pair. All 3 £1.50. 

And don ' t miss our spo t the gibbon contest, together with a quiz to see if you can spot the differences . between_a neohtluc cave drawmg and a 

circuit diagram of one of our competitor's tuners , I* Yes, we sttll haven't learnt how to spell.) 

DOES YOUR dNE GLOW GREEN IN THE DARK ?? 

8 Cllannel RC receiver (FM) 
* Single IC RF/IF/Detector 
* Single IC decoder 

Our DFM4 does, since it uses a vacuum fluorescent display for direct readout 
of MW/LW/FM. Basically the same as the DFM2, (LCD Version). £24.45 kitlinc VAT) 

Transformer with all necessary windings for DFM4 · £2 .50 inc VAT. 

* 27MHz ceramic filter input 
* FET RF stage with double 

tuned bandpass filter 
* Dual ceramic filter IF 
* Based on RCM&E FM system 
* Best quality SLM servo 

connector block 
* ONLY £16 .10 inc VAT (kit) 
(includes new SLM case) 

There is a danger · when advert izing in some 
magazines · that because we do not find 
space to list everything we sell in every ad ., 
that some readers forget about half the ranges 
we stock. So to summarize the general ranges : 
TOKO Chokes, coils for AM/FM/SW /" 

MPX, Audio filters etc 
Filters : Ceramic for AM / FM ,_ 
LC for FM , MPX etc. 
Polyvaricons 
ICs for rad io, clock LSI , radio 
control , MPX decoders etc 

Micrometals Dust iron cores for toroids 
for reson<;~nt and EM I filters 
Toroid mounts 

Hitac h i Radio /audio/m px linear ICs 
100W MOSFETs, small signal 
FETs, MOSFETs and bipolar 

1\lot illustrated here . but also -now available is the DFM6. This is a vacuum fluorescent display 
version of our immensely popular DFM3 (LCD). Resolution is--100Hz to 3 .9999MHz, 1kHz to 

39.999MHz, and 10kHz to 200.00MHz+; all standard IF offsets (inc. 10.7MHz on shortwave) 

are available via diode programming. 

UM1181 VHF band 2 VARICAP TUNEORHEAD 
5 tuned circuit, w ith image/spurii better than - BOdB, buffered LO 
output , MOSFET RF stage, FET IF preamp, tunes with only 1Y, to Bv, 
-9dBm 3rd order intercept. 1 off price [12.00 inc VAT. ( 100off/ OA) 

·911225 FM IF strip with all mod cons for the HiFi tuner: 
All types use BO+dB S/N Hitachi IC, with mut ing, AFC, AGC, meter 
outputs for signal level and centre zero . IF preamp stage. 
' A' Dual linear phase ceramic filters, with MOSFET IAGC'dl IF 

preamp and a 3rd narrow f ilter with DC filter selection . Dual 
tuned FM detector stage_ £23.95 inc VAT (built) 

'B' Dual ceramic filters , s ingle tuned detector stage £14 .95 inc VAT 

(All 'A' series units are set up with a spectru.m analyzer fOr best THO) 

91072 AM RADIO TUNER MODULES - DC TlJNED 
and DC SWITCHED Available February '80 
All include buffered LO output, mechanical IF filter (TOKO CFMQ) 
1-10v _tuning bias, switching by a s ingle pole to earth 
A MW/LVV (150 to 350kHz LW range) with ferrite rod antenna 
B As ·A' but also including SW1 or SVV2 (specify. ) 

SW1 = 1.8 to 4MHz SW2 = 5 to 10MHz 
C With both SW ranges 

Prices -one off INC VAT 
' A' £14.43 ·s· £15.90 'C' £17.50 (Custom types OA) 

FREQUENCY READOUT LSI from OKI with 
And the following groups of products from a one-chip answer to most digital frequency 
broad range of sources : display needs (and various modules) . 
Semiconductors -specializ ing in radio devices, CrYstal and ceramic ladder filters from leading 
Plessey SL 1600, EUROPE's best selection of manufacturers, ferrite rods, various ferrite beads 
AM/FM and communications devices. Power and a range of crystals for 'standard frequencies 
MOSFETs , WORLD's LOWEST NOISE AUDIO and both AM and r' M radio control at 27MHz. 
small signal transistors, BAR graph LED drivers Trimmer capacitors . 
for linear and log. METERS · a new range of linear movement 
CD4000 series CMOS, TTL!LPSNTTL, standard types, plus many 'indicator' type-s for VU, all 
lin ears (741 , 301, 3080 etc). MPUs, memories . types of tuning indicators etc . 
Small signal transistors from AEG BC237/8/9 SOCKETS · a new range that are better quality 

families etc . (1000 off BC239C : 5 .2p ea) than Texas low profile , yet better priced . 
LEOs : AEG 3mm/5mm round, 2 .5x5mm flat , Modules for AM/FM/STEREO, complete kits 
red , greem, orange, yellow. The best prices for tuners, audio amplifiers from Larsholt. 
you w ill find for quality products. SWITCHES · complete low cost DIY systems 
MOSFETs for R F signal P.rocessing, including for push button arrays , keyboard switches. 
the BF960 UHF device , and 3SK51 for VHF _ DOUBLE BALANCED MIXERS · _MCL SBL 1, 
Varicap diodes for 17 :1 capacity ratio tuning replacement for MD108 etc . And cheaper. 

OUR - LATEST MOVING EXPERIENCE : : At last. we have moved to the address below. There is car parking for customers approaching via 

North Service Road (an extension of North Road Avenue , entrance opposite tl1e Brentwood Fire Station .) Pedestrian access from the High Street 

(alongside 117 High Street ). The new building is six times bi~ger than our Gresham Road offices, and we will be install ing a much expanded sales 

counter in the fullness of time _ NEW TELEPHONE NUMBER (0277) 230909, TELEX NUMBER (as before) 995194 AMBIT G. See you there ! 

-200 north SeruiEe Road, Brentwood,EsseH.-
ww- 090 FOR FURTHER DETAILS 

33 



From factory floor 
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quality and a~curacv is known and respected in electrical standards laboratories 
throughout the industry But Sullivan also make some instrumentsthat arejust as 

muchat homeonthefactorvflooraso~the laboratorybench.Thisis typified 
by the MegohmmeterT2900-a portable de. instrument designed for t he 

measurem~nt of hig ~ value discrete resistors and the insulat ion resistance of non
conductive matenals,motors,cables etc. The T2900 can provide test voltages 

up to 1000V d.c. 

_ The inst rument also has a current measuring facil ity inherent in its operat ion. 
currentsaslowas1pico-amperemay beindicated. · - ' 

Indeed, the Megohm meter can provide accuraute results, clearly and at 
t e:n:peratures_of up to sooc. Get in touch with us today for the fu ll facts on the 
Sullivan ~egohmmeterT2900. 

H.WSullivan Limited ArchcliffeRoad.Dover, 
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Yes. it's here at last - the all new Part Three Catalogue. Fun for a ll the family . and the_ usual upcl:lte on all th:Jt is new. worthwhile and 

exciting in the world of Radio and Communications. A big section on frequency SY.nthesis techniq!!§ covering broadcast tum' rs. to communication 

quality transmitter systems. More new products than ever - RADIO CONTROL parts , crystal filters, ceramic filters for 455kHz and the new rangl' 

of TOKO CFSH low temperature coefficient types for 10.7MHz. Details on new radio ICs. including the new H-111225. the CA31S9E lookalike 

with S4dB signal to noise, and adjustable muting threshold . Radio control ICs - and an updated version of the RCM&E S chamiel FM receiver -

now with an Ambit designed screened front end, with 27 MHz ceramic bandpass filter. LCD panel clock / timer modules · the neatest and best LCD 

panel DVM y~ !only £19.45 each+ VAT ), the new 5 decade resolution DFM3 for LW /HF/ VHF with LCD readout. The DFM6 with fluorescent 

display to I OkHz resolutioi1 on VHF, 1kHz on SW. A 1kHz HF synthe siser with five ICs - the list is endless. Get your copy of the catalogue now. 

Post publication price is 60p (inc PP etc). TI1e previous· two sections are also required for a complete picture : Parts I & 2 Cl the pair. All 3 £1.50. 

And don ' t miss our spo t the gibbon contest, together with a quiz to see if you can spot the differences . between_a neohtluc cave drawmg and a 

circuit diagram of one of our competitor's tuners , I* Yes, we sttll haven't learnt how to spell.) 

DOES YOUR dNE GLOW GREEN IN THE DARK ?? 

8 Cllannel RC receiver (FM) 
* Single IC RF/IF/Detector 
* Single IC decoder 

Our DFM4 does, since it uses a vacuum fluorescent display for direct readout 
of MW/LW/FM. Basically the same as the DFM2, (LCD Version). £24.45 kitlinc VAT) 

Transformer with all necessary windings for DFM4 · £2 .50 inc VAT. 

* 27MHz ceramic filter input 
* FET RF stage with double 

tuned bandpass filter 
* Dual ceramic filter IF 
* Based on RCM&E FM system 
* Best quality SLM servo 

connector block 
* ONLY £16 .10 inc VAT (kit) 
(includes new SLM case) 

There is a danger · when advert izing in some 
magazines · that because we do not find 
space to list everything we sell in every ad ., 
that some readers forget about half the ranges 
we stock. So to summarize the general ranges : 
TOKO Chokes, coils for AM/FM/SW /" 

MPX, Audio filters etc 
Filters : Ceramic for AM / FM ,_ 
LC for FM , MPX etc. 
Polyvaricons 
ICs for rad io, clock LSI , radio 
control , MPX decoders etc 

Micrometals Dust iron cores for toroids 
for reson<;~nt and EM I filters 
Toroid mounts 

Hitac h i Radio /audio/m px linear ICs 
100W MOSFETs, small signal 
FETs, MOSFETs and bipolar 

1\lot illustrated here . but also -now available is the DFM6. This is a vacuum fluorescent display 
version of our immensely popular DFM3 (LCD). Resolution is--100Hz to 3 .9999MHz, 1kHz to 

39.999MHz, and 10kHz to 200.00MHz+; all standard IF offsets (inc. 10.7MHz on shortwave) 

are available via diode programming. 

UM1181 VHF band 2 VARICAP TUNEORHEAD 
5 tuned circuit, w ith image/spurii better than - BOdB, buffered LO 
output , MOSFET RF stage, FET IF preamp, tunes with only 1Y, to Bv, 
-9dBm 3rd order intercept. 1 off price [12.00 inc VAT. ( 100off/ OA) 

·911225 FM IF strip with all mod cons for the HiFi tuner: 
All types use BO+dB S/N Hitachi IC, with mut ing, AFC, AGC, meter 
outputs for signal level and centre zero . IF preamp stage. 
' A' Dual linear phase ceramic filters, with MOSFET IAGC'dl IF 

preamp and a 3rd narrow f ilter with DC filter selection . Dual 
tuned FM detector stage_ £23.95 inc VAT (built) 

'B' Dual ceramic filters , s ingle tuned detector stage £14 .95 inc VAT 

(All 'A' series units are set up with a spectru.m analyzer fOr best THO) 

91072 AM RADIO TUNER MODULES - DC TlJNED 
and DC SWITCHED Available February '80 
All include buffered LO output, mechanical IF filter (TOKO CFMQ) 
1-10v _tuning bias, switching by a s ingle pole to earth 
A MW/LVV (150 to 350kHz LW range) with ferrite rod antenna 
B As ·A' but also including SW1 or SVV2 (specify. ) 

SW1 = 1.8 to 4MHz SW2 = 5 to 10MHz 
C With both SW ranges 

Prices -one off INC VAT 
' A' £14.43 ·s· £15.90 'C' £17.50 (Custom types OA) 

FREQUENCY READOUT LSI from OKI with 
And the following groups of products from a one-chip answer to most digital frequency 
broad range of sources : display needs (and various modules) . 
Semiconductors -specializ ing in radio devices, CrYstal and ceramic ladder filters from leading 
Plessey SL 1600, EUROPE's best selection of manufacturers, ferrite rods, various ferrite beads 
AM/FM and communications devices. Power and a range of crystals for 'standard frequencies 
MOSFETs , WORLD's LOWEST NOISE AUDIO and both AM and r' M radio control at 27MHz. 
small signal transistors, BAR graph LED drivers Trimmer capacitors . 
for linear and log. METERS · a new range of linear movement 
CD4000 series CMOS, TTL!LPSNTTL, standard types, plus many 'indicator' type-s for VU, all 
lin ears (741 , 301, 3080 etc). MPUs, memories . types of tuning indicators etc . 
Small signal transistors from AEG BC237/8/9 SOCKETS · a new range that are better quality 

families etc . (1000 off BC239C : 5 .2p ea) than Texas low profile , yet better priced . 
LEOs : AEG 3mm/5mm round, 2 .5x5mm flat , Modules for AM/FM/STEREO, complete kits 
red , greem, orange, yellow. The best prices for tuners, audio amplifiers from Larsholt. 
you w ill find for quality products. SWITCHES · complete low cost DIY systems 
MOSFETs for R F signal P.rocessing, including for push button arrays , keyboard switches. 
the BF960 UHF device , and 3SK51 for VHF _ DOUBLE BALANCED MIXERS · _MCL SBL 1, 
Varicap diodes for 17 :1 capacity ratio tuning replacement for MD108 etc . And cheaper. 

OUR - LATEST MOVING EXPERIENCE : : At last. we have moved to the address below. There is car parking for customers approaching via 

North Service Road (an extension of North Road Avenue , entrance opposite tl1e Brentwood Fire Station .) Pedestrian access from the High Street 

(alongside 117 High Street ). The new building is six times bi~ger than our Gresham Road offices, and we will be install ing a much expanded sales 

counter in the fullness of time _ NEW TELEPHONE NUMBER (0277) 230909, TELEX NUMBER (as before) 995194 AMBIT G. See you there ! 
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A rarige of 3112 digit LCD multimeters· 
offering high precision and extended 
battery life. All feature 0.5" LCD read-out 
with 'battery low' warning, inputs 
protected against overloads and tran
sients; Auto- polarity, Auto-zero, rugged 
ABS cases and a full1-year warranty. 

The LMM-200 is a compact handheld 
multimeter with 0.5% basic accuracy and 15 
different ranges. It measures voltage from 
0.1 mV to 500V, current from 0.1 uA to 
2 Amps, and resistance from 0.111 to 
2M11. 

The LMM-2001 is an identical 
instrument but with 0.1% basic accuracy. 

The LMM-1 00 has an adjustable 
handle, a 2,000 hour battery life and is ideally · 
suited to field or bench use. It measures 
voltage from 0.1 m V to 1 KV, current from 
0.1 uA to 2 Amps, and resistance from 0.111 
to 20M 11. 0.1% basic accuracy. 
Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon, Essex. 
Telephone No: Basildon (0268) 727383. 

WIRELESS WORLD, DECEMBER 1979 

£ P&P VAT TOTA[. 
LMM-200 34.95 1.00 5.39 41.34 

LMM-2001 44.95 1.00 6.89 52.84 
LMM-100 69.95 1.50 10.72 82.17 

TEST LEADS 1.95 0.25 0.33 2.53 

To: Lascar Electronics, Unit 1, Thomasin Road, Basildon, Essex. 

Please send me Data D 
LMM-100 £82.17 D LMM-200 £41.34 D !-MM-2001 £52.84 D TEST LEADS £2.53 D 

Name 

Address 

t 
I 
I 

Tel No. 
I enclose cheque/P 0 value I 

~------------:.' WW- 073 FOR FURTHER DET All..S 
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from 
Data Precision 

-HANDY ·VERSATILE· TOUGH · PRECISE 
HANDY- easy to hold to carry to use to read 
Always at hand to make d11f1cult measurements 
easy 

VERSATILE -all the funct1ons and ranges you 
need 29 m all volts and amps a c and d c 
sw1tchable H1 and La ohms 

TOUGH -built to take the rough and tumble of field 
serv1ce and surv1ve normally d1sasterous overloads 
the 935 w111 stay 1n cal 

VISIBLE - b1g clear high contrast 3', d1g1t LCD 
diSplay readable anywhere ) ' characters 

EXPANDABLE - accessones extend measurements 
to 1000A 40kV r f at 700MHz or temperature from 

60to ·150 C 

INEXPENSIVE -the 935 has the lowest pnce tag 
of any h1gh performance hand·held OMM at 1: 99 
u K ma1nland delivered exc VAT It uses a low 
cost ppg battery which can g1ve up to 200 hours 

PRECISE- bas1c a 1% d c accuracy- better than use 
Get the leaflet now many ber,ch models' and see why your next mult1meter should be a Data 
PreciSIOn 9351 

Contact i Farnell International 

WETHERBY WEST YORKSHIRE LS22 40H. TEL: 0937 63541· TELEX 557294 FARISTG ~R LONDON OFFICE- TEL:OI864 7433 

Ftts snugly 
tn the hand 

£17.55 
inc. VAT 

A new addition to 
a great range of 
precision· tools. 

3& 

L.----------~~~~~~~~~------_.1 With the famous P1 and P2 WW-lllFORFURTHERDETAILS bl ' h rl -~~~~~~~~~~~~~~~~~~~~~~~~~~~ dril~nowfirm~e~a IS~· Precision Petite have now produced 

reprints 
if you are interested in a particular .article_! 
special Feature or advertisement published m 
this issue of 

WIRELESS WORLD 
why not take advantage of our reprint service. 
Reprints can be secured at r.e~sonable cost. to 
your own specifications prov1dmg an attra.ctlve 
and valuable addition to your promotional 
material.· (Minimum order 250.) 

For further details contact· . 
Brian Bannister, IPC Electrical-ElectroniC Press 
Ltd. Phone 01-261 8046 or simply complete 
and return the form below~ ___ - ' __ -~. -------- . To: Brian· Bannister, Reprints Department 

Dorset House, Stamford Street 
London SE 1 9LU 

1 am interested in. · . . .. copies of the articl~ I . 
advertisement headed ... . ....... featured m 

WIRELESS WORLD 
on page(s) .... tn the issue dated . · . · · · · · · 

·Please send me full details of your reprint s~rvice by 
return of post. 

Name 
Company 
Address 

Tel. No ...... . 

the P3 hand drill with UNIVERSAL 
CHUCK so that all the accessories 
associated with the P1 & 2 can be 
quickly interchanged without 
changing the chuck. This will save . . 
considerably on the time factor where absolute accuracy IS not h.1g~ly 
essential. Employs the same motor and has the same chara~tenst1cs 
as the P2 drill without removeable head, and f1ts the S2 Dnll Sta~d. 
Send for details of this reliable and robust new drill and accessones 
now and save yourself those valuable moments. SAE please. 

S2 DRILL STAND 

See it at CRAFT IN ACTION EXHIBITION 
Royal Agricultural New Hall 
Nov.13·16inc. 

will accept P1, P2 
and P3 drills. 

£17.96 
inc. VAT 
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A rarige of 3112 digit LCD multimeters· 
offering high precision and extended 
battery life. All feature 0.5" LCD read-out 
with 'battery low' warning, inputs 
protected against overloads and tran
sients; Auto- polarity, Auto-zero, rugged 
ABS cases and a full1-year warranty. 

The LMM-200 is a compact handheld 
multimeter with 0.5% basic accuracy and 15 
different ranges. It measures voltage from 
0.1 mV to 500V, current from 0.1 uA to 
2 Amps, and resistance from 0.111 to 
2M11. 

The LMM-2001 is an identical 
instrument but with 0.1% basic accuracy. 

The LMM-1 00 has an adjustable 
handle, a 2,000 hour battery life and is ideally · 
suited to field or bench use. It measures 
voltage from 0.1 m V to 1 KV, current from 
0.1 uA to 2 Amps, and resistance from 0.111 
to 20M 11. 0.1% basic accuracy. 
Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon, Essex. 
Telephone No: Basildon (0268) 727383. 
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£ P&P VAT TOTA[. 
LMM-200 34.95 1.00 5.39 41.34 

LMM-2001 44.95 1.00 6.89 52.84 
LMM-100 69.95 1.50 10.72 82.17 

TEST LEADS 1.95 0.25 0.33 2.53 
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Name 
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Tel No. 
I enclose cheque/P 0 value I 

~------------:.' WW- 073 FOR FURTHER DET All..S 

WW- 014 FOR FURTHER DETAILS 

WIRELESS WORLD, DECEMBER 1979 

from 
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-HANDY ·VERSATILE· TOUGH · PRECISE 
HANDY- easy to hold to carry to use to read 
Always at hand to make d11f1cult measurements 
easy 

VERSATILE -all the funct1ons and ranges you 
need 29 m all volts and amps a c and d c 
sw1tchable H1 and La ohms 

TOUGH -built to take the rough and tumble of field 
serv1ce and surv1ve normally d1sasterous overloads 
the 935 w111 stay 1n cal 

VISIBLE - b1g clear high contrast 3', d1g1t LCD 
diSplay readable anywhere ) ' characters 

EXPANDABLE - accessones extend measurements 
to 1000A 40kV r f at 700MHz or temperature from 

60to ·150 C 

INEXPENSIVE -the 935 has the lowest pnce tag 
of any h1gh performance hand·held OMM at 1: 99 
u K ma1nland delivered exc VAT It uses a low 
cost ppg battery which can g1ve up to 200 hours 

PRECISE- bas1c a 1% d c accuracy- better than use 
Get the leaflet now many ber,ch models' and see why your next mult1meter should be a Data 
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Ftts snugly 
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£17.55 
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A new addition to 
a great range of 
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the P3 hand drill with UNIVERSAL 
CHUCK so that all the accessories 
associated with the P1 & 2 can be 
quickly interchanged without 
changing the chuck. This will save . . 
considerably on the time factor where absolute accuracy IS not h.1g~ly 
essential. Employs the same motor and has the same chara~tenst1cs 
as the P2 drill without removeable head, and f1ts the S2 Dnll Sta~d. 
Send for details of this reliable and robust new drill and accessones 
now and save yourself those valuable moments. SAE please. 

S2 DRILL STAND 

See it at CRAFT IN ACTION EXHIBITION 
Royal Agricultural New Hall 
Nov.13·16inc. 
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and P3 drills. 
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inc. VAT 



36 
WIRELESS WORLD. DECEMBER 1979 

IOLSONI 
PORTABLE MAINS DISTRIBUTION TO SUIT ALL ~EEDS! 

/R £16.80 . P&P £1 +VAT. 

I ' I . 

Special design for DJs 

8-Channel Disco Unit £33 
Plus P&P £2+VAT 

ln'stant Trunking System for Wall or Bench Mounting · 

TRG- 6 sockets switched £21.5.0 

TR9 - 9 sockets switched £25.50 
Plus P&P £2 + VAT 

Type 13A/1 OSW £27.50. P&P £1.85+VAT 

COMPLETE WITH 6FT. CABLE AND 
13-AMP FUSED PLUG. 

4 sockets 1 3A .... . . 
6 sockets 1 3A . 
4 sockets 1 3A switched 
6 sockets 1 3A switched .. 

+ Post £1 +VAT 

£12.75 
£15.00 

0 £14.45 
£16.75 

ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS S. PLUG 
Send for details of complete range 

Mains Isolating Unit 

The Olson mains 
isolating unit is an es
sential bench item for · 
safety when testing and 
repairing mains
operated equipment. 
The isolating trans
former has an earthed 
screen and is rated 
250VA. 

£38 + P&P £2 +VAT 

OLSON ELECTRONICS LTD., FACTORY NO.8, 5-7. LONG ST., LONDON E2 8HJ 
TEL. 01-739 2343 

·ww- 091 FOR FURTHER DETAILS 

POWER UNITS 
Now available with 

3 OUTPUTS 

Type 250VRU/30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2: 0-70v, 1 OA AC 

OUTPUT 3 : 0-250v~ 4A AC 

ALL 
Continuously 

Variable 

TJ\K[ 
ADAl' 

Off 
R & D Effort, 

Production Holdups, 
Machine down time 

etc. by securing 
your copy of the 

VfROSPffiD 
fully priced 

~ catalogue of stocked 
~.,~J;;7·'-i~ components from 

~~~ VfROSPffD 
Barton Park Industrial Estate, 
Eastleigh, Hampshire 505 5RR 
Tel: ( 0703) 618525 

WW- 068 FOR FURTHER DETAILS 
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YOUR LAST CHANCE 
to obtain Wireless World 
Circards. We still have some copies of the original Wireless · _ 

Micropower circuits 1_1_ Basi.c logic gates 
12 Wideband ampl1f1ers 13 Alarm 
circuits 14 Digital counters 15 Pulse 
modulators 16 Current differencing 
amplifiers-signal processing 17 Curr~nt 
differencing amplifiers-signal generation 
18 Current differencing · amplifiers 
measurement and detection 19 Monost-
able circuits 20 Transistor pairs 21 
Voltage-to-frequency converters 22 
Amplitude modulation and detect1on 23 
Reference · circuits 24 . Voltage regulators 
25 RC oscillators - 1 26 RC oscillators 
- 2 27 Linear cmos- 1 28 Linear cmos 
- 2 29 Analogue multipliers 30 Rms I 
log/power laws 31 Digi~al mul~ipliers 
32-Transistor arrays 33 D1fferent1al and 
·bridge amplifiers 34 Analogue gat~ appli-
cations- 1 35 Analogue gate appl1cat1ons 
-2 0 

· World circuit cards, even 
though the companion · 

bound volumes 
Circuit Designs 1 & 2~: 

are out of print. Fill 
the gaps in your 

circuit f.iles with these 
sets of 5 x Bin. 
(127 x 204mm) 
cards in plastic 

wallets - and at 
1976 prices! 

These unique circuit 
cards normally contain 

descriptions and 
performance data of 1 0 

tested circuits, together 
with ideas for modifying 
· them to suit special 

. needs. 

*The two out-of-print volumes 
contained sets 1 to 1 0 and 11 to 20 
of Circards. 

1 Basic active filters 2 Switch ing circuits, comparators and 
Schmitts 3 Waveform generators 4 AC_ me~su~ements 5 
Audio circuits 6 Constant cur rent c1rcu1ts ? Power 
amplifiers 8 Astable circuits 9 Optoe lectroniCS 10 

r~----------------~----, 1 To· General Sales Department, IPC Electrical-Electromc Press Ltd., I Ro~m CP34, Dorset House, Stamford Street, London SEl 9LU. 

I Please send me the following sets of Circards: 
. . .... . .. .. ......... I £2-~~~h: £i8 -f~~ -t-e'n',"i~~i~~i~~ - - ...... ... .. . 

I 
I I ~nclose chequ~/~oney order for£ · I Make cheques payable to IPC Business Press Ltd. 

I Name ...... · . . .... .... . .......... ... . . ... ...... . ..... . .. . . . 
I Address ................ . . . ... . .... .. . . .. .... · . . . .......... . 

0 •• • •• •••••• 0 •••••• 0. 0 • • • 0 • • ••••••• •••• • • • • •••• 
0 

• •• •• 

0 

•••• 

I 

I 
I 
I 
I 

Company registered in England. Registered address, Dorset House, 
Stamford Street, S£1 9LU, England. Registered Number 677128 1 

WW1 1 ....................... ___ _ - --- __________ .. 
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• 1m a ea ••• • 
ILP"S NEW GENERATION OF HIGH 

I.L.P, modular units comprise 
five power amplifiers, 
pre-amp which is 
compatible with the 
whole range, and the 
necessary power 
supply units. The 
amplifiers are housed 
and sealed within 
heatsinks all of which 
will stand up to 
prolonged working 
under maximum 
operating conditions. 

/ 

With I.L.P. ,.>erformance standards and 
quality already so well established, 

any advances in I. L.P. design are 
bound to be of outstanding importance 

-and this is exactly what we 
have achieved in our new 

generation of modular 
units. I.L.P. professional 
design principles remain 

- tre completely 
adequate heatsinks, 

protected sealed circuitry, 
· rugged construction 

and excellent performance. 
These have stood the 

test of t ime far longer 
than normally 
expected from 

ordinary commercial 
modules. So we have 

concentrated on 
improvements whereby our 

products will meet even 
more stringent demands 

such, for example, as 
those revealed by vastly 

improved pick-ups, tuners, 
loudspeakers, etc., all of 

which can prove merciless to 
an indifferent amplifier system. 

I.L.P. modules are for laboratory and 
other special ised applications too. 

PRODUCTS OF THE WORLD'S FOREMOST SPECIALISTS 
IN ELECTRONIC MODULAR DESIGN 

WIRELESS WORLD, DECEMBER 1979 

and staying there 
PERFORMANCE MODULAR· UNITS ·· 
HY5 PRE-AMPLIFIER 

VALUES OF COMPONENTS FOR CONNECTING TO HYS 
Volume- 1 OK ..n... log. 
Bass/Treble- 100K ...n. linear. Balance- SK ...n. linear. 

The HY5 pre-amp is compatible with 
all I.L.P. amplifiers and P.S.U.'s. It is 
conta ined within a single pack 50 x 
40 x 15 mm. and provides multi
function equalisation for Magnetic/ 
Ceramic/Tuner/Mic and Aux (Tape) 
inputs, all with high overload margins. 
Active tone control circuits; 500 mV 
out. Distortion at 1 KHz-0.01 %. 
Special strips are provided for connec
ting external pots and switching 
systems as required. Two HY5's 
connect easily in stereo. With easy to 
follow instructions. 

£4.64 + 74p VAT 

THE POWER AMPLIFIERS 
F·1KHz 
lOIUNiJ'\.ON ALL 
EXCEPT HY400AT 4.n. 

THE POWER SUPPLY UNITS 

I.L.P. Power Supply Units are 
designed specifically for use 
with our power amplifiers and 
are in two basic forms - one 
with circuit panel mounted on 
conventionally styled trans
former, the other with toroidal 
transformer, having half the 
weight and height of con
ventional laminated types. 

Output Dis- Minimum 
tort ion Signal/ 

Model Power Typical Noise 
R.M.S. at 1KHz Ratio 

HY30 15 w 0.02% BOdS 
into 8 n / 

HYSO 30W 0.02% 90dB 
into 8 n 

HY120 60W . 0.01% 100dB 
into 8 n 

HY200 120W 
into 8 n 

0.01% 100dB 

HY400 240W 0.01% 100dB 
into 4 n 

Load impedance - all models 4 - 16n 
Input sensitivity- all models 500 mV 
Input impedance'-- all models 10QKn 

Power 
Supply 
Voltage 

-20 -0- +20 

-25 -0 +25 

-35 -0- +35 

-45 -0- +45 

-45 -0 - +45 

Frequency response- all models 10Hz- 45Hz- 3dB 

PSU 30 ± 15V at 1 OOma to drive up to 
five HY5 pre-amps £4.50 + £0.68 VA I 

PSU 36 for 1 or 2 HY30's £8.10 + £1.22 VAT 
PSU 50 for 1 or 2 HYSO's £8.10 + £1.22 VAT 
PSU 70 with toroidal transformer for 1 or 

2 HY120's £13.61 + £2.04 VAT 
PSU 90 with toroidal transformer for 

1 HY200 £13.61 + £2.04 VAT 
PSU180 with toroidal transformer for 

1 HY400 or 2 x HY200 
£23.02 + £3.45 VAT 

Size Weight Price+ 
inmm in gms V.A.T. 

105x50x25 155 £6.34 
+ 95p 

105x50x25 155 £7.24 
+ £1.09 

114x50x85 575 £15.20 
+ £2.28 

114x50x85 575 £18.44 
+ £2.77 

114x100x85 1.15Kg £27.68 
+ £4.15 

NO QUIBBLE 
5 YEAR GUARANTEE 

7-DAY DESPATCH ON 
ALL ORDERS 

INTEGRAL 
HEATSINK~ 

BRITISH DESIGN AND 
MANUFACTURE 

FREEPOST SERVICE 
-see below 

*ALL U.K. ORDERS DESPATCHED POST PAID r----------- -
HOW TO ORDER, USING FREEPOST SYSTEM Pieasa supply ..... ....... -.......... , ... · · · · · · 

, .. .. , , ...... Total purchase price£ .... . ........ . 

1 enclose Cheque 0 Postal Orders P Internat ional Money Order 0 

Simply fill in order coupon with payment or 
credit card instructions. Post to address as 
below but do not stamp envelope - we pay 
postage on all letters sent to us by readers of 

· Please debit my Account/Barclaycard Account No. . ...... . 

39 

I 
I 
I @ ::~:TADNICS LTD. : ~~~=Ess.: : .. :::::::::: _I 

FREEPOST Graham Bell House, Roper Close, I · · · · · · · · · · · · 
' .. ........ .... .. ·.1· 

Canterbury, Kent CT2 7EP. I Signature ...... . .. . ... .... .... .. ...... . .. · ., 

........... T •. e.leipihioine .. (Oi2i2i7.)5i4j7.7ja . ........ T<.eljei~.9.6i&.78i0 .. ....... ~. . . ........................ .. 

WW .-. 097 FOR FURTHER DETAILS 
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Beyer Dynamic (GB) Ltd. 1 Clair Rd.,,Haywards Heath, Sussex RH16 3DP. Tel : (0444) 51003 
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WEMBLEY CONFERENCE CENTRE 
JANUARY 30-FEBRUARY 1 

· from 9.30 an1 each day 

A Conference and Exhibi.t ion to build 
. better understanding between the 

makers and users of microelectronics 

· TilE FOUR-PART PROGRAMME PROVIDES EVERYTHING FROM AN INTRODUCTION TO .MICRO

PROCESSORS TO AN OVERVIEW OF THE LATEST DEVELOPMENTS IN .MICRO-TECHNOLOGY 

• Conference Sessions share the experience of 
experts in the microsystems field. Topics 

· include: Technology Update .. . Micro Software 
· ... Controlling Microprocessor Projects ... 
Microprocessor Applications ... Bridging the 
Hardware/Software Gap ... Microprocessors in 
Process Control. On the third day emphapis will 
be on Personal Computers. · 

• Buyers' Forum sessions help buyers to 
establish criteria for effective selection of goods 
and services. They will cover: Microprocessor 
Development Systems ... Sixteen-bit 
Microprocessors ... Memory Products ... 
Single-chip Microprocessors. 

• Exhibition of the latest in microprocessors. 
memory products, peripherals and personal 
computers. An opportunity to talk directly with 
the suppliers. 
· • Professional Development Courses --:-
3 one-day courses presented by: · 

121 Integra ted Computer. Systems 

How to get started with microprocessors 
a guide for Managers · 

Mic.roprocessors and Microcomputers 
a hands-on workshop for Engineers 

PASCAL - the language of Microsystems 
an overview · 

Send the coupon below for Conference details 
and charges. Entrance to the Exhibition is free. 

~-·································· I !! Please send ~e: I 
1 80 A Conference programme and booking form 0 1 

Details of the Professional Development Seminar 0 
I Room 821, Dorset House, An advance registration ticket for the Exhibition D I . 
I Stamford Street, London, SE 1 9LU (Tick boxes as requi r ed) I 
I I 
I Name I 
I Address I 
I I 
I I 
••••••••••••••••••••••••••••••••••••• 
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VORTEX ION *******************# 
# Codesr=eed Elect~onics # 

.'a happy 

.ev~nt. 
*
*• PO BOX 23,34 SEAFIELD ROAD, COPNOR, PORTSMOUTH P03 5BJ * 

ELECTRONIC MAIL ORDER SPECIALISTS * New. Full Spec. Devices * 
* 

LED WRISTWATCH I.C. Super value I. C. in 24 pin 'legless flatpack' style package for maximum * 
space saving . With data. A snip at only lip. Cat. no. 208 

* 0.1" LED WRISTWATCH DISPLAY. Also in a 'legless flatpack ' style package. th is display * 
matches the wristwatch I.C. show above. W1th data. Only lip. Cat. no. 209 

* 
****CASH SAVER**** Purchase one each of catalogue numbers 208 AND 20g for only ~ £1.50. 

* 
POLARIZING FILTER MATERIAL 0.006" thick plastic film. Any size cut- even 1 sq. inch. Max. 
Width 1 g", any length. Only 2p per sq. inch. Cat. no. 701 

* BRIGHT ORANGE DISPLAY 9 digit, 7 segment discharge display. 0.25" high digits. With data * 
75p. Cat. no. 31 0 

* 
DMM CHIP MM5330 dvm chip Builds into high accuracy dvm or panel meter. Requires additional * 
circuitry. Supplied with data and circuit. Only £3.15. Cat. no. 404 

* MINI I DIGIT LED DISPLAY 6 digit 7 segment display from Texas. Common cathode, * 
multiplexed. with 0.1" digits. £1.00. Cat. no. 306 * * ;:~~:c~;:: ~:~c:n•t::t: :::: :~g~::~::o::::i: :i::~~u~~-:~: ~~~ ::~:m~~t:p~: •• :o;~its * * £1.15 each with data. Cat. no. 206 

* 
GIANT LED DISPLAY Common cathode, non-multiplexed super 4 digit LED clock displa.y . lots of * 
other uses too. Only £3.15 each. Cat . no. 204 

* 
WRISlWATCH LCD'S A high contrast 3V, digit wristwatch LCD with c. entre colon . Supplie.d with * 
polanzers and data. Only £1.00. Cat. no. 202 
MEMORIES MM21 02 static 1024 bit memories. A snip at lip each. With data sheet. Cat. no. 102 * * 20 KEY KEYBOARDS Calculator keyboards. excellent key act1on. 20 keys per board. 2 keyboards 
for£1.00. Cat. no. 101 * * PR~RAMMABLE UNIJUNCTIONS F.o ur MEU21 PUT'S (similarto 2N6027). Makes long delay,* 

* bmers, OSCillators etc. With data and applications sheets . 4 for SOp. Cat . no. 402 

... a new addition to our family of-amplifiers. The VTN 30. 
The new baby weighs in at 30 watts, and has a maximum of 3 
inputs. 

10 HYBRID CIRCUITS 8 resistors and 8 capacitors built into each hybrid circuit. Ideal values for * * ~O";'iconductor circuits. Excellent for minimizing PCB component space. 10 Hybrids for 50.p. Cat. no. * 
* 25 germanium diodes SOp. 10 switching diodes 35p. Mini slider switches (2 pole change-over) 16p 

each. Momentary switches (spnng loaded) with 1 n.o . contact 15p each. Mono Jack sockets 23p * 
* each. Stereo jack sockets 25p each. Slide control knobs (stage colour) 12p each. Rotary control 

knobs (push-on). Black with coloured cap (state colour) 20p each. * 
* Unt-ltema The other members of the Vortexion family are the system 

2000, 50/70 watt and CP50 mains/battery amplifiers. * 
REJECT CALCULATORS Production line rejects. Yields lots of goodies when stripped down (not * 
much wrong with some we tested) . Only £2.50 each. Cat . no . 104 
LED DISPLAYS (Untested- no guarantees) 10 seven segment LED displays. 0 .127" digits * 

Contact Sales Dept. - V(i)RTEXION DIVISION. * 
common cathode . 10 for £1.00. Cat. no. 311 

Po""'te •nd PM:king pie- 11C1c1 35p . 
Clarke & Smith Manufacturing Co. Ltd., Melbourne Works, 
Melbourne Road, Wallington, Surrey. Tel. 01-669 4411 Ext. 
25. ' 

(0-•orderlldcl90p) * * s.ti8f11Ction g...,.n_ or retum for repiiOC-t or refund * 
* s.nd -..,.,.;ad S.A.E. for your free copy of our new Autumn Clltalogue (luue No. 6) 

CODESPEED DESIGN, DEVELOPMENT AND PRODUCTION TEAMS ARE AT YOUR * * SERVICE FOR QUANTITY I BATCH PRODUCTION Telex Casint G 22574; Telegrams: Electronic Wallington. 

WW- 077 FOR FURTHER DETAILS ******************** WW065- FOR FURTHER DETAILS 

eEknowledgey for 
The' Mark Ill FM Tuner 

sale. 
Features of the s stem: 

DIY Hi-Fi will never seem the 

same again. Ambit's Mark Ill 

tuner system is electricdlly & 
visually supenor to all others. 

Some options available, but 

the illust rated version with 

reference series modules: 

£149 00+ £22 35 VAT 
With Hyperfi Series modules 
£18500+£27 .75VAT 

PW SANDBANKS PI METAL LOCATOR 
Maintaining our professional approach to 
home constructor k i ts, we offer the pulse 
induction 'Sandbanks'. Now with inject· 
1on moulded casing for greatly improved 
enviromental sealing. £37.00+£5.55vat 

VHF MONITOR RX WITH PLESSEY IC 
4/9 channel ve rsion ot the PW design -
but using standard (fundx9) crystals, .and 
TOYO 8 pole crystal filter w it h matching 
transformers . Coil sets from our standard 
r~nge to cover bands from 40 to 200M Hz. 

Complete module kit £31.25 + £4 .68 

MICROMA_RKET osrs overflow: 
6800P 650p 8212 '"Too "'' 6820P 600p 8216 195p 2112 340p 
6850P 275p 8224 350p 2513 754p 
6810 400p 8228 478p 4027 578p 
6852 365p 8251 625p n14 1000p 
ROBO 630p 8255 540p +15% VAT 

-·········-·····--·~-· ·- ·- . 

RADIO and AUDIO MODULES : Consistently the most advanced 
FOR FM 

EF5801-3-4 series: 6 stage varicap tuning, all with oscillator output 
5801 Dual gate MOSFET RF stages, bipolar mixer £17.45 + 2.61VAT. 
5803 Dual gate RF/mixer stages, amplified LO out £19.75 + 2.96VAT · 
5804 'Hyperfi' series, with internal PIN diode age, 

and ultra wide range tuning system £24.95 + 3.74VAT 
EF5402 4 stage varicap tuner with TDA1062 and LO 

output. Uses FET/IC input. PIN age £10.75 + 1.61VAT 
FOR 30·200MHz 

The EF series are available on special order to cover bands (usually approx 
20% of the centre frequency) in the range described. Details in our price list. 

FOR FM IFs at 10.7MHz 
7030 single 6 pole linear phase fiker IF with HA1137£10.95 + 1.64VAT 
7130 two 6 pole linear phase filter IF with CA3189E £16.25 + 2.44VAT 
7230 Hyperfi IF, switcr.ed bandwidth, AGC IF preamp, linear phase 

ceramic filters with diode switched narrow filter £24.95+3.74VAT 
DECODERS for MPX (STEREO) 

Various types, guaranteed the world's biggest and best ranges 
LARSHOLT FM TUNERSETS 

7252 MOSFET front end combined with CA3089 IF £26.50 +3.97VAT 
7252 JFET front end, combined with IF and decoder£26.50 +3.97VAT 

FM/AM tuning synthesiser, see details elsewhere in th is advertisement 

l'rcc"ision construction & 
dl'Sif,! ll of ;ill parts 

Ti lllL' frL'lJLIL'Ilt:)l d is pl ;1} 

~ Stak of tilL' ;1rt pcrfonn;lllL'l' 

with fa,·ilitiL·s for updaiL'S. 

usint: moduL1r pill!! in 
systc ms. 

* Deviat io n kvcl L· ;dihrator 
for rL'L'ordiiH! 

All 11su;il ILII;l'r 1\:atur,·s 

COMPONENTS FOR RADIO/COMMUNICATIONS"/AUDIO/TV etc. 
As usual, Ambit brings you the latest and best, a small selection of which is shown 
in this advertisement. The Ambit catalogues contain information on most of the 
devices mentioned here- and an order for the new part three will ensure you stay up 
with latest developments. Data photocopying service described in pricelist info. 
RADIO ICs for FM vat SL 1600 series Audio preamps vat 
CA3089E 1.94 29 Sl1610 1.60 24 LM381N 1.81 27 li. ·- ij 
CA3189E 2.45 37 SL1611 1.60 24 LM382N 1.65 25 o <.! .r: c. 
HA1137W 2.20 33 SL1612 1.60 24 K84436 2.53 38 ~ ~-~ ~ 
HA11225 2.20 33 SL1613 1.89 28 KB4438 2.22 33 '-" ~J:o 
SN76660N 0. 75 11 SL 1620 2.17 33 TDA 1028 3.50 53 + >-oN 

RADIOICsforAM/FM SL1621 2.17 33 TDA1029 3.50 53 "'g~-.!:~;~E~~~-
TDA1090 3.35 50 SL1623 2.44 37 TOA1074 3.75 56.~· .• -
TD.CI 1083 1.95 29 SL 624 3.28 49 Audio power 
TDA1220 1.40 21 SL1625 2.17 33 TBA820M 0.75 11 <» ~ > o 
IFAMPLIFIERS SL1626 2.44 37 TBA810AS 1.09 16 ~'€,~·* 
KB4406 0 .50 07 SL 1630 1.62 24 LM380N 1.00 15 ~ ~ ~ ~ 

~~~~~OmS ICS 
1~~~ 18 ~t ~ ~!~ ~ .~~ ~~ ~6~~6~~ ~ g~ i~ M ~ 

COMMUNJCATJONs ~t~~~g ~ : ;~ 1~ ~~g6~o ~.~~ :~ ~ H j 
KB4412 2.55 38 MC3357 3.12 47 
KB4413 2.75 41 MC1496 1.25 19 :nEdT~~~~~~~:O."rs~~~~~'t 
SD6000 3.75 56 NE544 1.70 25 

C~.:rrent news : A PCB for the Mullard DC tone and volume control system is now available £3 + 0.45 VAT. HMOS PA modules for 60·100W ·kit £14 +£2. 10VAT. heatsink £4. 10+0.61. 
FM radio control system crystals £3.75 pair inc VAT (Sept on). MK50366N: static drive clock/timer IC £3.78 + 0.57 VAT. 12Y,kHz channel spacing 8 pole 10.7MHz XTAL filter by TOYO 
type H4402 £15.50 + £2.32VA T.- A further updated price list is now available, and we would like to remind you that enquiries can only be answered if accompanied either by an official 
business letterhead , or anSAE. STOP PRESS : TOKO's new split-apart triple AM tuning diodes are in stock £2.45 + 37p VAT, (KV1215) . S BL1 diode DBM 1-500MHz - .£4.25+0.64p. 

Terms : CWO pl ease. Account facil i ties for commercial customers OA. Postage 25p per order. M ini mum credit invoice for account customers £10.00. Pleas'e follow instructions on 
VAT . which is usu all y shown as a separate amount. Overseas customers welcome · please allow for postage etc accord ing to desired shipping method. Access facilities for credit purchases 

Cata logues: Ambit. Part 1 45p . Part 2 50p 90p pa i r . TOKO Euro shortform 20p. Micrometals toroid cores 40p . All inc PP etc. Full data serv ice described in pr icelist supplements. 
Hours/phone : We are open from 9am -7pm for phone calls Callers from 10am to 7pm Administrative enquiries 9am to 4 .30pm please (not Saturdays) . Saturday service 10am to 6pm . 

ambit ® 
international 

AMBIT catalogues are guaranteed to contam the most up-to-date and best informed comment on 
modern developments and advances m the foeld of rad1o and aud1o. There 1s no competct1ve 

pubhcatoon that even approaches the broad range of parts/mformatoon on modern techniques. 

2 Grl!sham Road, Brentwood, EsseH. 
Telephone (0277) 227050 

WW- 025 FOR FURTHtR DETAILS 

WIRELESS WORLD, DECEMBER 1979 

COMPUTER 
THE LATEST 

"State of the Art" add it ion to 

-WERSI 
range of ki'ts or send £1 for our 1 ~4-p.age 
full colour catalogue and supporting liter
ature. Visit our showroom to see the 
fabulous 

AURA SOUNDS 
14-15 Royal Oak Centre 

Brighton Road, Purley, Surrey 
Tel. 01-688 9733 . 

and 
1 7 Upper Charter Arcade _ 

Barnsley, Yorks. 
Tel. 0226 5248 

.:r • .,8. 

.fmttadi tLEAII 
BY USING A 

iDIACROM 

No other cleaner has all these advantages:-
1. Only 100% pure. natural diamond grains are utilised. 

2. Blades are treated with hard chrome to reinforce the setting of the diamond grains. to 
obviate loosening or breakaway during use. This process also prevents clogging .of the 
diamonded surf.ace by residues resulting from use. 

3. All diamonded blades are rectified to ensure an absol~tely smooth surface by eliminating 
diamond grains which may rise above the surface. This eliminates all excessive 
'scratching during use. 

4. All diamond grains are rigidly calibrated to ensure a perfectly uniform grain size of either 
200. 300 or 400. 

5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is 
calculated to permit proper utilisation and yet pliant enough to avo1d undue pressures on 
highly ·delicate relays. 

e Grain size 200, thickness 55/100 mm .. both faces diamonded. For quick cleaning of industrial 
relays and switching equipment. etc. . _ . 

e Grain size 300, thickness 55/1 OOmm .. both faces diamonded. For smaller eqwpm.,nts. like 
telephone relays. computer relays. etc. _ . _ 

e Grain size 400. thickness 25/100 mm .. one face diamonded. For sens1t1ve relays and tmy 
contacts. Two close contacts facing each other can be individually cleaned, because only one 
face of the spatula is abrasive. 

Sole Distributors for the United Kingdom 
SPECIAL PRODUCTS (DISTRIBUTORS) LTD 

·81 Piccadilly, London W1V OHL. Phone: 01-629 9556 
As supplied to the M.O.D .. U.K.A.E.A .• C.E.G.B. British Rail and other Public Authorities; 

also major industrial and electronic 11sers throu~hout the Unitad Kingdom. 

WW- 057 FOR FURTHER DETAILS 

~~~~~~~~~r.:~··~~~~M~~~~-.~-~~··~!III··~Sonic Sound , the premier home 
· .. il • entertainment store have now added 

-···~-"~ 
s ONiC'OSOUND AUDIO 

248-2S6 TOTIENHAM COURT ROAD LONDON W1 TEL: 01-637 1908 

WW- 098 FOR FURTHER DETAILS 

yet another big name in the field of 
sound equipment to further enhance 
their prestige in London's centre of 
the audio/visual and Hi-Fifield in 
Totten ham Court Road. 

Eddystone at the top of the tree 
since short wave bega~. have now 
appointed Sonic Sound Audio as sole 
retai l distributors in the Un1ted Kmgdom 

Anyone even contemplat ing 
purchasing short wave equipment, be 
they looking for the best possible 
available for their Embassy, press '1 

department or. home use. should visit 1 
or contact Sonic where they will be 
able to view and I isten to the most 
comprehensive range of the latest 
short wave equipment on the market 
today. 
· Listen and choose in comfort at 
Britain s most up-to-date air 
conditioned sound demonstration 
studios. Full ranges of Hi-Fi . Video 
equipment. 1 n-car and portables. etc . 
from all leading manufacturers: B & 0 , 
Sanyo, Sony, Hitachi. 
Pioneer.JVC 
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VORTEX ION *******************# 
# Codesr=eed Elect~onics # 

.'a happy 

.ev~nt. 
*
*• PO BOX 23,34 SEAFIELD ROAD, COPNOR, PORTSMOUTH P03 5BJ * 

ELECTRONIC MAIL ORDER SPECIALISTS * New. Full Spec. Devices * 
* 

LED WRISTWATCH I.C. Super value I. C. in 24 pin 'legless flatpack' style package for maximum * 
space saving . With data. A snip at only lip. Cat. no. 208 

* 0.1" LED WRISTWATCH DISPLAY. Also in a 'legless flatpack ' style package. th is display * 
matches the wristwatch I.C. show above. W1th data. Only lip. Cat. no. 209 

* 
****CASH SAVER**** Purchase one each of catalogue numbers 208 AND 20g for only ~ £1.50. 

* 
POLARIZING FILTER MATERIAL 0.006" thick plastic film. Any size cut- even 1 sq. inch. Max. 
Width 1 g", any length. Only 2p per sq. inch. Cat. no. 701 

* BRIGHT ORANGE DISPLAY 9 digit, 7 segment discharge display. 0.25" high digits. With data * 
75p. Cat. no. 31 0 

* 
DMM CHIP MM5330 dvm chip Builds into high accuracy dvm or panel meter. Requires additional * 
circuitry. Supplied with data and circuit. Only £3.15. Cat. no. 404 

* MINI I DIGIT LED DISPLAY 6 digit 7 segment display from Texas. Common cathode, * 
multiplexed. with 0.1" digits. £1.00. Cat. no. 306 * * ;:~~:c~;:: ~:~c:n•t::t: :::: :~g~::~::o::::i: :i::~~u~~-:~: ~~~ ::~:m~~t:p~: •• :o;~its * * £1.15 each with data. Cat. no. 206 

* 
GIANT LED DISPLAY Common cathode, non-multiplexed super 4 digit LED clock displa.y . lots of * 
other uses too. Only £3.15 each. Cat . no. 204 

* 
WRISlWATCH LCD'S A high contrast 3V, digit wristwatch LCD with c. entre colon . Supplie.d with * 
polanzers and data. Only £1.00. Cat. no. 202 
MEMORIES MM21 02 static 1024 bit memories. A snip at lip each. With data sheet. Cat. no. 102 * * 20 KEY KEYBOARDS Calculator keyboards. excellent key act1on. 20 keys per board. 2 keyboards 
for£1.00. Cat. no. 101 * * PR~RAMMABLE UNIJUNCTIONS F.o ur MEU21 PUT'S (similarto 2N6027). Makes long delay,* 

* bmers, OSCillators etc. With data and applications sheets . 4 for SOp. Cat . no. 402 

... a new addition to our family of-amplifiers. The VTN 30. 
The new baby weighs in at 30 watts, and has a maximum of 3 
inputs. 

10 HYBRID CIRCUITS 8 resistors and 8 capacitors built into each hybrid circuit. Ideal values for * * ~O";'iconductor circuits. Excellent for minimizing PCB component space. 10 Hybrids for 50.p. Cat. no. * 
* 25 germanium diodes SOp. 10 switching diodes 35p. Mini slider switches (2 pole change-over) 16p 

each. Momentary switches (spnng loaded) with 1 n.o . contact 15p each. Mono Jack sockets 23p * 
* each. Stereo jack sockets 25p each. Slide control knobs (stage colour) 12p each. Rotary control 

knobs (push-on). Black with coloured cap (state colour) 20p each. * 
* Unt-ltema The other members of the Vortexion family are the system 

2000, 50/70 watt and CP50 mains/battery amplifiers. * 
REJECT CALCULATORS Production line rejects. Yields lots of goodies when stripped down (not * 
much wrong with some we tested) . Only £2.50 each. Cat . no . 104 
LED DISPLAYS (Untested- no guarantees) 10 seven segment LED displays. 0 .127" digits * 

Contact Sales Dept. - V(i)RTEXION DIVISION. * 
common cathode . 10 for £1.00. Cat. no. 311 

Po""'te •nd PM:king pie- 11C1c1 35p . 
Clarke & Smith Manufacturing Co. Ltd., Melbourne Works, 
Melbourne Road, Wallington, Surrey. Tel. 01-669 4411 Ext. 
25. ' 

(0-•orderlldcl90p) * * s.ti8f11Ction g...,.n_ or retum for repiiOC-t or refund * 
* s.nd -..,.,.;ad S.A.E. for your free copy of our new Autumn Clltalogue (luue No. 6) 

CODESPEED DESIGN, DEVELOPMENT AND PRODUCTION TEAMS ARE AT YOUR * * SERVICE FOR QUANTITY I BATCH PRODUCTION Telex Casint G 22574; Telegrams: Electronic Wallington. 

WW- 077 FOR FURTHER DETAILS ******************** WW065- FOR FURTHER DETAILS 

eEknowledgey for 
The' Mark Ill FM Tuner 

sale. 
Features of the s stem: 

DIY Hi-Fi will never seem the 

same again. Ambit's Mark Ill 

tuner system is electricdlly & 
visually supenor to all others. 

Some options available, but 

the illust rated version with 

reference series modules: 

£149 00+ £22 35 VAT 
With Hyperfi Series modules 
£18500+£27 .75VAT 

PW SANDBANKS PI METAL LOCATOR 
Maintaining our professional approach to 
home constructor k i ts, we offer the pulse 
induction 'Sandbanks'. Now with inject· 
1on moulded casing for greatly improved 
enviromental sealing. £37.00+£5.55vat 

VHF MONITOR RX WITH PLESSEY IC 
4/9 channel ve rsion ot the PW design -
but using standard (fundx9) crystals, .and 
TOYO 8 pole crystal filter w it h matching 
transformers . Coil sets from our standard 
r~nge to cover bands from 40 to 200M Hz. 

Complete module kit £31.25 + £4 .68 

MICROMA_RKET osrs overflow: 
6800P 650p 8212 '"Too "'' 6820P 600p 8216 195p 2112 340p 
6850P 275p 8224 350p 2513 754p 
6810 400p 8228 478p 4027 578p 
6852 365p 8251 625p n14 1000p 
ROBO 630p 8255 540p +15% VAT 

-·········-·····--·~-· ·- ·- . 

RADIO and AUDIO MODULES : Consistently the most advanced 
FOR FM 

EF5801-3-4 series: 6 stage varicap tuning, all with oscillator output 
5801 Dual gate MOSFET RF stages, bipolar mixer £17.45 + 2.61VAT. 
5803 Dual gate RF/mixer stages, amplified LO out £19.75 + 2.96VAT · 
5804 'Hyperfi' series, with internal PIN diode age, 

and ultra wide range tuning system £24.95 + 3.74VAT 
EF5402 4 stage varicap tuner with TDA1062 and LO 

output. Uses FET/IC input. PIN age £10.75 + 1.61VAT 
FOR 30·200MHz 

The EF series are available on special order to cover bands (usually approx 
20% of the centre frequency) in the range described. Details in our price list. 

FOR FM IFs at 10.7MHz 
7030 single 6 pole linear phase fiker IF with HA1137£10.95 + 1.64VAT 
7130 two 6 pole linear phase filter IF with CA3189E £16.25 + 2.44VAT 
7230 Hyperfi IF, switcr.ed bandwidth, AGC IF preamp, linear phase 

ceramic filters with diode switched narrow filter £24.95+3.74VAT 
DECODERS for MPX (STEREO) 

Various types, guaranteed the world's biggest and best ranges 
LARSHOLT FM TUNERSETS 

7252 MOSFET front end combined with CA3089 IF £26.50 +3.97VAT 
7252 JFET front end, combined with IF and decoder£26.50 +3.97VAT 

FM/AM tuning synthesiser, see details elsewhere in th is advertisement 

l'rcc"ision construction & 
dl'Sif,! ll of ;ill parts 

Ti lllL' frL'lJLIL'Ilt:)l d is pl ;1} 

~ Stak of tilL' ;1rt pcrfonn;lllL'l' 

with fa,·ilitiL·s for updaiL'S. 

usint: moduL1r pill!! in 
systc ms. 

* Deviat io n kvcl L· ;dihrator 
for rL'L'ordiiH! 

All 11su;il ILII;l'r 1\:atur,·s 

COMPONENTS FOR RADIO/COMMUNICATIONS"/AUDIO/TV etc. 
As usual, Ambit brings you the latest and best, a small selection of which is shown 
in this advertisement. The Ambit catalogues contain information on most of the 
devices mentioned here- and an order for the new part three will ensure you stay up 
with latest developments. Data photocopying service described in pricelist info. 
RADIO ICs for FM vat SL 1600 series Audio preamps vat 
CA3089E 1.94 29 Sl1610 1.60 24 LM381N 1.81 27 li. ·- ij 
CA3189E 2.45 37 SL1611 1.60 24 LM382N 1.65 25 o <.! .r: c. 
HA1137W 2.20 33 SL1612 1.60 24 K84436 2.53 38 ~ ~-~ ~ 
HA11225 2.20 33 SL1613 1.89 28 KB4438 2.22 33 '-" ~J:o 
SN76660N 0. 75 11 SL 1620 2.17 33 TDA 1028 3.50 53 + >-oN 

RADIOICsforAM/FM SL1621 2.17 33 TDA1029 3.50 53 "'g~-.!:~;~E~~~-
TDA1090 3.35 50 SL1623 2.44 37 TOA1074 3.75 56.~· .• -
TD.CI 1083 1.95 29 SL 624 3.28 49 Audio power 
TDA1220 1.40 21 SL1625 2.17 33 TBA820M 0.75 11 <» ~ > o 
IFAMPLIFIERS SL1626 2.44 37 TBA810AS 1.09 16 ~'€,~·* 
KB4406 0 .50 07 SL 1630 1.62 24 LM380N 1.00 15 ~ ~ ~ ~ 

~~~~~OmS ICS 
1~~~ 18 ~t ~ ~!~ ~ .~~ ~~ ~6~~6~~ ~ g~ i~ M ~ 

COMMUNJCATJONs ~t~~~g ~ : ;~ 1~ ~~g6~o ~.~~ :~ ~ H j 
KB4412 2.55 38 MC3357 3.12 47 
KB4413 2.75 41 MC1496 1.25 19 :nEdT~~~~~~~:O."rs~~~~~'t 
SD6000 3.75 56 NE544 1.70 25 

C~.:rrent news : A PCB for the Mullard DC tone and volume control system is now available £3 + 0.45 VAT. HMOS PA modules for 60·100W ·kit £14 +£2. 10VAT. heatsink £4. 10+0.61. 
FM radio control system crystals £3.75 pair inc VAT (Sept on). MK50366N: static drive clock/timer IC £3.78 + 0.57 VAT. 12Y,kHz channel spacing 8 pole 10.7MHz XTAL filter by TOYO 
type H4402 £15.50 + £2.32VA T.- A further updated price list is now available, and we would like to remind you that enquiries can only be answered if accompanied either by an official 
business letterhead , or anSAE. STOP PRESS : TOKO's new split-apart triple AM tuning diodes are in stock £2.45 + 37p VAT, (KV1215) . S BL1 diode DBM 1-500MHz - .£4.25+0.64p. 

Terms : CWO pl ease. Account facil i ties for commercial customers OA. Postage 25p per order. M ini mum credit invoice for account customers £10.00. Pleas'e follow instructions on 
VAT . which is usu all y shown as a separate amount. Overseas customers welcome · please allow for postage etc accord ing to desired shipping method. Access facilities for credit purchases 

Cata logues: Ambit. Part 1 45p . Part 2 50p 90p pa i r . TOKO Euro shortform 20p. Micrometals toroid cores 40p . All inc PP etc. Full data serv ice described in pr icelist supplements. 
Hours/phone : We are open from 9am -7pm for phone calls Callers from 10am to 7pm Administrative enquiries 9am to 4 .30pm please (not Saturdays) . Saturday service 10am to 6pm . 

ambit ® 
international 

AMBIT catalogues are guaranteed to contam the most up-to-date and best informed comment on 
modern developments and advances m the foeld of rad1o and aud1o. There 1s no competct1ve 

pubhcatoon that even approaches the broad range of parts/mformatoon on modern techniques. 

2 Grl!sham Road, Brentwood, EsseH. 
Telephone (0277) 227050 

WW- 025 FOR FURTHtR DETAILS 

WIRELESS WORLD, DECEMBER 1979 

COMPUTER 
THE LATEST 

"State of the Art" add it ion to 

-WERSI 
range of ki'ts or send £1 for our 1 ~4-p.age 
full colour catalogue and supporting liter
ature. Visit our showroom to see the 
fabulous 

AURA SOUNDS 
14-15 Royal Oak Centre 

Brighton Road, Purley, Surrey 
Tel. 01-688 9733 . 

and 
1 7 Upper Charter Arcade _ 

Barnsley, Yorks. 
Tel. 0226 5248 

.:r • .,8. 

.fmttadi tLEAII 
BY USING A 

iDIACROM 

No other cleaner has all these advantages:-
1. Only 100% pure. natural diamond grains are utilised. 

2. Blades are treated with hard chrome to reinforce the setting of the diamond grains. to 
obviate loosening or breakaway during use. This process also prevents clogging .of the 
diamonded surf.ace by residues resulting from use. 

3. All diamonded blades are rectified to ensure an absol~tely smooth surface by eliminating 
diamond grains which may rise above the surface. This eliminates all excessive 
'scratching during use. 

4. All diamond grains are rigidly calibrated to ensure a perfectly uniform grain size of either 
200. 300 or 400. 

5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is 
calculated to permit proper utilisation and yet pliant enough to avo1d undue pressures on 
highly ·delicate relays. 

e Grain size 200, thickness 55/100 mm .. both faces diamonded. For quick cleaning of industrial 
relays and switching equipment. etc. . _ . 

e Grain size 300, thickness 55/1 OOmm .. both faces diamonded. For smaller eqwpm.,nts. like 
telephone relays. computer relays. etc. _ . _ 

e Grain size 400. thickness 25/100 mm .. one face diamonded. For sens1t1ve relays and tmy 
contacts. Two close contacts facing each other can be individually cleaned, because only one 
face of the spatula is abrasive. 

Sole Distributors for the United Kingdom 
SPECIAL PRODUCTS (DISTRIBUTORS) LTD 

·81 Piccadilly, London W1V OHL. Phone: 01-629 9556 
As supplied to the M.O.D .. U.K.A.E.A .• C.E.G.B. British Rail and other Public Authorities; 

also major industrial and electronic 11sers throu~hout the Unitad Kingdom. 

WW- 057 FOR FURTHER DETAILS 
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fact: 
we've put a NEW plus 
into the Super-Track Plus 
family of VlS Type III Cartridges 

-.-~-- I 

l l 
I 

If you 
already 
own a V15 Type III 
you can upgrade It! 
If you are one of the thousands of 
audiophi les who al ready own a V15 
Type Ill , you too can benefit from the 
new freed om from distortion offered by 
the Hypere ll ipti cal stylus. Simply rep lace 
your present styl us with the new VN35HE 
improvement stylus. It will give your Type 
Il l ca rtridge the same specifications as 
the new V15 Type Il l-HE. Takes only 
seconds t.o instal l (see il lustration), 
requ ires no tools whatsoever. 

Hyperelliptical tip for 
audibly greater freedom 
from distortion . 
One of the cri ti cally acc laimed developments 
int roduced in Shure's incomparabl e V15 Type IV 
pickup cartridge is its revolutionary distortion
reduci ng Hyperelliptical nude diamond tip . It 
established a new standard of sound purity 
through a dramatic reduction of both harmonic and 
intermodul ation distorti on. Now, the Hype relliptical 
tip is also avai lable in the wo rld-famous V15 Type 
Ill Super-Track Plus Cartridg e, bringing together 
the sound purity and flat response of the JV at an 
eminently affordable price. It is tru ly second only to 
one other cartridg e in the world-the V1 5 Type IV. · 

V15 TYPE III-HE 
Stereo Dynetic® Pickup Cartridge 

V15 TYPE Ill-HE IMPROVEMENT STYLUS 

®H SHURE 
® 
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wireless 
world 

One-way traffick 
To complain about politics coming into 
discussions on frequency allocations at 
W ARC 79 is either a hypocritical cover 
or extremely naive. But that is what 
the leader of the US delegation at 
Geneva, Professor Glen Robinson, has 
done (in a recent article in Satellite 
Communications). It's true that the 
allocations are being made to radio 
services in general for the whole world, 
.but one cannot avoid the awkward fact 
that different countries have different 
priorities for the division of particular 
bits of spectrum between services, for 
example, between radio 
communication and broadcasting. 
These priorities depend on value 
j~dgements of what is important in the 
various societies- and what are these 
but political? For example, Professor 
Robinson makes it clear in his article 
that the first objective of the US 
delegation at W ARC 79 is to seek 
agreement on incremental changes "in 
order to enhance US economic, social 
and national security interests". What 
is this but political? 

. As we have already reported, one of 
the main areas of: political dissension at 
W ARC 79 is the conflict of interests · 
between the rich, industrialized nations 
of the northern hemisphere and the 
poorer, developing nations of the 
southern hemisphere- the so-called 
North-South confrontation. This 
conflict arises, of course, from the 
colonial past. What are now developing 
nations were formerly colonies of the 
19th century powers. Having achieved 
political independence, these nations
particularly the non-aligned group -
are struggling to secure their national 
sovereignty, their economic 
independence and their cultural 
integrity. This is difficult for them not 
only because they are poor but because 
the industrialized nations are dominant 
in communications - both in the 
amount of information received and 
transmitted (news, entertainment, 
education, technology, advertising etc .) 
and in the industrial development of 
the means of conveying it (books, 
newspapers, news agencies, 
telephones, data transmission, 
broadcasting, sound and video records 

etc). There is in fact a predominantly 
one-way flow of information from the 
powerful to the less powerful. Built up 
during the colonial past, it now 
subverts the efforts of the developing 
nations towards real autonomy and, 
according to UNESCO, has produced a 
,gulf in communications which is 
widening alarmingly and may have 
irreversible consequences. This 
situation is made more intractable by 
the monopolization and concentration 
of information and entertainment that 
one now sees within the industrialized 
nations themselves. In the totalitarian 
countries the flow of information is 
controlled by the state; in market 
economies it has become an industry 
run for profit. Both-systems exploit the 
media and can lead to distortion, 
conforinism and the production of 
stereotypes. People become objects 
managed by professional ' 
communicators. Manipulated and 
homogenized, they devolve into mere 
consumers of packaged information 
products to which they have in no way 
contributed. These processes 
strengthen the position of the 
dominant groups and the established 
orders. 

It is .this flood of alien culture, and 
the networks which coiwey i~, which 
the non-aligned' countries are trying to 
resist, for very good reasons. As the 
UNESCO commission for the study of 
communication ~roblems says, 
"Intellectual subjectibn is . . . .. as 
negative as political subjection and 
cultural dependence as pernicious as 
economic dependence". The developing 
countries are seeking a nkw 
democratization of communication, 
in which messages will not only reach 
but emanate from all parts of the 
population, including minorities and 
disadvantaged groups. They want a 
dialogue among equal partners instead 
of a one-way transmission.from the 
rich and powerful who are· still able. to 
exploit them. It's small wonder that the 
politics of this resistance should play a 
significant part in an international 
conference like W ARC 79 which has to 
make decisions about a means of 
communication as universal as radio. 
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The intelligent plug 
Controlling remote domestic appliances by microcomputer 

by Neil McArthur, B.Sc., Andy J. Wingfield, B.Sc., and lan H. Witten M .A., M.Sc., Ph.D., M.LE.E. 
Department of Electrical Engineering Science, University of Essex 

This article describes a system for 
transmitting digital signals on the 
domestic mains wiring, to permit remote 
control of devices within a house from a 
central unit without having to install 
special cabling. Transmission is between 
Neutral and Earth, for maximum safety. It 
is envisaged that the central controller 
will be a microcomputer system to 
provide the necessary flexibility, although 
a special-purpose hardware controller 
could easily_ be built. The system 
described uses simplex (one-way) 
transmission from the controller to the 
receivers, which are situated at each 
plug, and performs reliably with a very 
low error rate. A modification is 
described for half-duplex (two-way) 
transmission, and this will permit 

. information from remote sensors (such as 
a thermometer) to be sent to the central 
unit. 

ONE ATTRACTIVE WAY of using a 
microcomputer is to devise a simple, 
computer-control system for domestic 
applicances, which can combine remote 
control of devices - like television sets, 
electric blankets, kettles- from a cen
tral unit, with timer facilities to switch 
any unit on or off automatically at 
preset times. Probably the biggest 
obstacle to the introduction of such a 
system into the home is the need for 
communication cables connecting the 
central control unit to the appliance, 
which might be in a different room. We 
really need a bus system to be installed 
around the house. 

One solution to this problem is to 
transmit the control signals through the 
mains wiring. These signals can be 
picked up at any mains socket by a 
receiver which responds to unique 
digital address codes: the mains wiring 
constitutes the microprocessor's input
output bus. The plug-in receiver unit is 
dubbed an "intelligent* plug", and 
would ideally be housed in an extended 
13A plug body, like those of battery 
eliminators used for calculators and 
radios. Using the mains as a data bus in 
this manner has the advantage that an 
appliance can be unplugged and moved 

• "Intelligent'' is used in the same hopelessly 
optimistic way here as in advertisers' "intelligent 
terminals", "intelligent v.d.us". It does not imply 
that the plug can pass IQ tests! 

to another part of the house where it 
will continue to function under 
automatic control. Plugs can be used to 
switch electric blankets, lights, radios, 
etc. from a remote microprocessor
based control unit. Furthermore, with 
duplex (two-way) transmission they 
can be incorporated as part of a 'heating 
system to relay temperature back to the 
·computer and switch heaters on and off 
as necessary. The timing and logical 
capabilities of the microprocessor can 
~How control at preset times and under 
predetermined conditions (for example, 
if the kettle is switched on between 
10 p.m. and midnight then the electric 
blanket is turned on!). When the house 
is vacant, one could arrange for lights to 
be switched on and off at intervals to 
simulate occupancy, as a burglar deter
rent. 

It appears to be perfectly legal to use 
the mains for data transmission in this 
way. Indeed, sometimes it seems that 
the only wiring the hobbyist can not use 
for signalling is the Post Office 
telephone system! Although the Elec
tricity Generating Boards used to. 
modulate the mains for signalling pur
poses, this was only between sub
stations, and high-frequency signals 
cannot pass sub-station transfor'mers. 
Eagle Electronics already sell baby 
alarms which operate on this ingenious 
principle. Indeed, intelligent plugs have 
recently been aQvertized on the com
puter hobbies market in the USA (we 
did not know this when we started the 
project a year ago). . 

This article describes the design and 
construction of an intelligent plug 
receiver and associated transmitting 
system. The work was undertaken as a 
final year student project by the first 
two authors in the Department of Elec
trical Engineering Science, University 
of Essex. Two working systems were 
constructed. The first is a simplex (one
way) system, capable of remote control 
and also of text transmission, using the 
ASCII code with normal asynchronous 
serial transmission. This operates at 
· 1200 baud over a distance of several 
·hundred metres, with an error rate of 
the order of 0.01 %. The second system 
uses half-duplex transmission, with the 
same carrier frequency and an agreed 
polling protocol, which ensures that 
simultaneous attempts to transmit do 
not occur. The controlling micro-

processor is capable of detecting when a 
device is unplugged, with a simple 
time-out program. 

Several interesting system problems 
arise from the intelligent plug. For 
example, what happens if your neigh
bour installs the system? Can he control 
your home, and you his? Because of 
practical difficulties inherent in the 
nature of a student project, this ques
tion was not investigated. If house-to
house interference does prove to be ~ 
problem, it may be overcome by using 
different carrier frequencies in neigh
bouring homes, or by prefixing each 
transmission with an address byte to 
identify the house. The ability to trans
mit from house to house could be very 
useful - we know someone who uses 
his baby alarm when at parties across 
the street! - but obviously poses severe 
safety and security problems. Logical 
rather than physical solutions like those 
proposed above may well fail to meet . 
adequate standards of safety, and one 
may have to resort to low-pass filters at 
the consumer unit where mains elec
tricity enters the house. As mentioned, 
these issues were not tackled in the 
present project, but if intelligent plug 
systems were installed on a large scale 
they would certainly have to be faced. 
Some guidance or even legislation from 
the Electricity Generating Boards 
would be most welcome. 

Another issue which was investigated 
is error performance in noisy environ
ments. For example, an old and worn 
electric drill caused considerable degra
dation when plugged into a socket be
side the transmitter (about 30% errors, 
almost all of which can be avoided with 
a single-bit parity check), but the effect 
decreased substantially when the drill 
was located two or three sockets away. 

The standard a.c. mains system uses 
three wires: live, neutral and earth. This 
gives a choice of three different pairs of 
wires to choose when considering a 
mains transmission system. Wireless 
'intercoms' commonly use live and 
neutral for transmission but this 
requires an isolating transformer and 
filter to remove the 240V a.c. signal. 
Isolation and filters are also required for 
transmission between live and earth, 
but not if neutral and earth are used. 

Mains electricity is distributed in a 
three-phase system, with adjacent 
houses usually connected to different 
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phases so that every third house is 
connected to the same phase. The neu
tral and earth wires, however, are com
mon to all phases as far back as the 
1lkV distribution transformer at the 
substation, which is arranged in the 
delta-star configuration shown in Fig. 1. 
If the intelligent plug used the live and 
neutral pair, interference could only 
occur between every third house along 
the street whereas, since neutral and 
earth are common to all phases, a 
transmitter using these wires could 
affect every house. Although this 
may be seen as a partial solution to the 
problem of house-to-house inter
ference, it is certainly not an adequate 
precautionary measure and so was not 
judged to give any substantial advan
tage to live-neutral transmission. Sur
prisingly, perhaps, when considering 
the configuration of Fig. 1, there is 
sufficient impedance in practice be
tween neutral and earth to permit a 
carrier to be transmitted. There is only a 
small amount of mains hum present 
compared with that between live and 
neutral. 

To help determine the best operating 
frequency and pair of wires to be used, a 
series of tests was made to measure the 
characteristics of the mains. The 
impedance and attenuation of a 20m 
section of wiring in our laboratory were 
measured using both live-neutral and 
neutral-earth pairs. The live and earth 
pair was not tested, since it seemed to . 
offer no advantage over live and neu
tral, and had the risk of shorting live to 
earth under fault conditions. 

The impedance and attenuation cha
racteristics were very similar for trans
mission between neutral-earth and 
live-neutral. The graph of Fig. 2 shows a 
marked peak in impedance at about 
300kHz, falling off rapidly at higher and 
lower frequencies. Since using neutral 
and earth has the advantage of safety, it 
was decided to use this pair. 

It is worth noting that considerable 
variation is to be expected in mains 
impedance from place to place:. we have 
not conducted tests outside the 
laboratory. However, we anticipate that 
the neutral-earth and live-neutral pairs 
will have similar characteristics, and 
recommend that the former be used, 
although the transmission frequency of 
the system may have to be altered if the 
mains impedance in domestic environ
merits differs dramatically from our 
laboratory measurements. 

Modulation technique 
Because the impedance of the mains 
wiring is very low at d.c . and audio 
frequencies it is not feasible to transmit 
baseband digital signals directly: the 
signals must be modulated onto a car
rier at a suitable frequency. There are 
three different types of modulation of 
digital signals in common use: 
amplitude-shift keying, phase-shift 
keying and frequency-shift keying. The 
choice of modulation type was made 
with the following criteria in mind: 
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neutral-earth pairs, measured in the 
laboratory. 

-modulator and demodulator should 
be simple and inexpensive. 

-mains is not suitable for transmission 
of frequencies below 50kHz because 
of its low impedance. 

-bandwidth available is quite substan
tial - much more than is used for 
data transmission over telephone 
circuits. 

-electric motors, fluorescent lights, 
and so on cause large noise signals to 
appear on the channel. 

-signal level varies over a wide range 
depending on the distance between 
transmitter and receiver. 

-large 50Hz signal and some har
monics appear iiJ. the channel. 

The simplest way of modulating a 
digital signal is amplitude-shift keying, 
where the carrier amplitude is switched 

between two levels, usually on and off. 
This method is not widely used in data 
transmission systems because changes 
in channel gain can cause a 0 to be 
interpreted as a 1 unless the receiver 
threshold is variable. It is also rather 
prone to interference and noise. 

With phase-shift keying, the phase of 
the carrier is switched, depending on 
whether a 0 or a 1 is being sent. This 
requires coherent demodulation and so 
the demodulator circuit is rather com
plex and expensive. It has the advan
tage that the carrier is transmitted at a 
constant level; furthermore its power 
spectrum contains no line components, 
and so all the transmitted power con
veys information. This gives a good 
error performance at low power. 

With frequency-shift keying two 
frequencies are transmitted, one to 
represent O's and the other to represent 
l's. The modulated waveform has con
stant amplitude, and the detection 
threshold need not be varied if the 
signal strength changes. Frequency 
shifts are easy to generate and detect, 
and so this method was chosen as the 
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radios. Using the mains as a data bus in 
this manner has the advantage that an 
appliance can be unplugged and moved 

• "Intelligent'' is used in the same hopelessly 
optimistic way here as in advertisers' "intelligent 
terminals", "intelligent v.d.us". It does not imply 
that the plug can pass IQ tests! 

to another part of the house where it 
will continue to function under 
automatic control. Plugs can be used to 
switch electric blankets, lights, radios, 
etc. from a remote microprocessor
based control unit. Furthermore, with 
duplex (two-way) transmission they 
can be incorporated as part of a 'heating 
system to relay temperature back to the 
·computer and switch heaters on and off 
as necessary. The timing and logical 
capabilities of the microprocessor can 
~How control at preset times and under 
predetermined conditions (for example, 
if the kettle is switched on between 
10 p.m. and midnight then the electric 
blanket is turned on!). When the house 
is vacant, one could arrange for lights to 
be switched on and off at intervals to 
simulate occupancy, as a burglar deter
rent. 

It appears to be perfectly legal to use 
the mains for data transmission in this 
way. Indeed, sometimes it seems that 
the only wiring the hobbyist can not use 
for signalling is the Post Office 
telephone system! Although the Elec
tricity Generating Boards used to. 
modulate the mains for signalling pur
poses, this was only between sub
stations, and high-frequency signals 
cannot pass sub-station transfor'mers. 
Eagle Electronics already sell baby 
alarms which operate on this ingenious 
principle. Indeed, intelligent plugs have 
recently been aQvertized on the com
puter hobbies market in the USA (we 
did not know this when we started the 
project a year ago). . 

This article describes the design and 
construction of an intelligent plug 
receiver and associated transmitting 
system. The work was undertaken as a 
final year student project by the first 
two authors in the Department of Elec
trical Engineering Science, University 
of Essex. Two working systems were 
constructed. The first is a simplex (one
way) system, capable of remote control 
and also of text transmission, using the 
ASCII code with normal asynchronous 
serial transmission. This operates at 
· 1200 baud over a distance of several 
·hundred metres, with an error rate of 
the order of 0.01 %. The second system 
uses half-duplex transmission, with the 
same carrier frequency and an agreed 
polling protocol, which ensures that 
simultaneous attempts to transmit do 
not occur. The controlling micro-

processor is capable of detecting when a 
device is unplugged, with a simple 
time-out program. 

Several interesting system problems 
arise from the intelligent plug. For 
example, what happens if your neigh
bour installs the system? Can he control 
your home, and you his? Because of 
practical difficulties inherent in the 
nature of a student project, this ques
tion was not investigated. If house-to
house interference does prove to be ~ 
problem, it may be overcome by using 
different carrier frequencies in neigh
bouring homes, or by prefixing each 
transmission with an address byte to 
identify the house. The ability to trans
mit from house to house could be very 
useful - we know someone who uses 
his baby alarm when at parties across 
the street! - but obviously poses severe 
safety and security problems. Logical 
rather than physical solutions like those 
proposed above may well fail to meet . 
adequate standards of safety, and one 
may have to resort to low-pass filters at 
the consumer unit where mains elec
tricity enters the house. As mentioned, 
these issues were not tackled in the 
present project, but if intelligent plug 
systems were installed on a large scale 
they would certainly have to be faced. 
Some guidance or even legislation from 
the Electricity Generating Boards 
would be most welcome. 

Another issue which was investigated 
is error performance in noisy environ
ments. For example, an old and worn 
electric drill caused considerable degra
dation when plugged into a socket be
side the transmitter (about 30% errors, 
almost all of which can be avoided with 
a single-bit parity check), but the effect 
decreased substantially when the drill 
was located two or three sockets away. 

The standard a.c. mains system uses 
three wires: live, neutral and earth. This 
gives a choice of three different pairs of 
wires to choose when considering a 
mains transmission system. Wireless 
'intercoms' commonly use live and 
neutral for transmission but this 
requires an isolating transformer and 
filter to remove the 240V a.c. signal. 
Isolation and filters are also required for 
transmission between live and earth, 
but not if neutral and earth are used. 

Mains electricity is distributed in a 
three-phase system, with adjacent 
houses usually connected to different 
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phases so that every third house is 
connected to the same phase. The neu
tral and earth wires, however, are com
mon to all phases as far back as the 
1lkV distribution transformer at the 
substation, which is arranged in the 
delta-star configuration shown in Fig. 1. 
If the intelligent plug used the live and 
neutral pair, interference could only 
occur between every third house along 
the street whereas, since neutral and 
earth are common to all phases, a 
transmitter using these wires could 
affect every house. Although this 
may be seen as a partial solution to the 
problem of house-to-house inter
ference, it is certainly not an adequate 
precautionary measure and so was not 
judged to give any substantial advan
tage to live-neutral transmission. Sur
prisingly, perhaps, when considering 
the configuration of Fig. 1, there is 
sufficient impedance in practice be
tween neutral and earth to permit a 
carrier to be transmitted. There is only a 
small amount of mains hum present 
compared with that between live and 
neutral. 

To help determine the best operating 
frequency and pair of wires to be used, a 
series of tests was made to measure the 
characteristics of the mains. The 
impedance and attenuation of a 20m 
section of wiring in our laboratory were 
measured using both live-neutral and 
neutral-earth pairs. The live and earth 
pair was not tested, since it seemed to . 
offer no advantage over live and neu
tral, and had the risk of shorting live to 
earth under fault conditions. 

The impedance and attenuation cha
racteristics were very similar for trans
mission between neutral-earth and 
live-neutral. The graph of Fig. 2 shows a 
marked peak in impedance at about 
300kHz, falling off rapidly at higher and 
lower frequencies. Since using neutral 
and earth has the advantage of safety, it 
was decided to use this pair. 

It is worth noting that considerable 
variation is to be expected in mains 
impedance from place to place:. we have 
not conducted tests outside the 
laboratory. However, we anticipate that 
the neutral-earth and live-neutral pairs 
will have similar characteristics, and 
recommend that the former be used, 
although the transmission frequency of 
the system may have to be altered if the 
mains impedance in domestic environ
merits differs dramatically from our 
laboratory measurements. 

Modulation technique 
Because the impedance of the mains 
wiring is very low at d.c . and audio 
frequencies it is not feasible to transmit 
baseband digital signals directly: the 
signals must be modulated onto a car
rier at a suitable frequency. There are 
three different types of modulation of 
digital signals in common use: 
amplitude-shift keying, phase-shift 
keying and frequency-shift keying. The 
choice of modulation type was made 
with the following criteria in mind: 
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Fig. 2. Impedance and channel gain 
versus frequency for live-neutral and 
neutral-earth pairs, measured in the 
laboratory. 

-modulator and demodulator should 
be simple and inexpensive. 

-mains is not suitable for transmission 
of frequencies below 50kHz because 
of its low impedance. 

-bandwidth available is quite substan
tial - much more than is used for 
data transmission over telephone 
circuits. 

-electric motors, fluorescent lights, 
and so on cause large noise signals to 
appear on the channel. 

-signal level varies over a wide range 
depending on the distance between 
transmitter and receiver. 

-large 50Hz signal and some har
monics appear iiJ. the channel. 

The simplest way of modulating a 
digital signal is amplitude-shift keying, 
where the carrier amplitude is switched 

between two levels, usually on and off. 
This method is not widely used in data 
transmission systems because changes 
in channel gain can cause a 0 to be 
interpreted as a 1 unless the receiver 
threshold is variable. It is also rather 
prone to interference and noise. 

With phase-shift keying, the phase of 
the carrier is switched, depending on 
whether a 0 or a 1 is being sent. This 
requires coherent demodulation and so 
the demodulator circuit is rather com
plex and expensive. It has the advan
tage that the carrier is transmitted at a 
constant level; furthermore its power 
spectrum contains no line components, 
and so all the transmitted power con
veys information. This gives a good 
error performance at low power. 

With frequency-shift keying two 
frequencies are transmitted, one to 
represent O's and the other to represent 
l's. The modulated waveform has con
stant amplitude, and the detection 
threshold need not be varied if the 
signal strength changes. Frequency 
shifts are easy to generate and detect, 
and so this method was chosen as the 
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most appropriate modulation technique 
for the intelligent plug. 

It was decided· to use a carrier 
frequency in the region of 150kHz. From 
Fig. 2, the impedance that the neutral
earth pair presents at this frequency is 
about 20 ohms, quite suitable for the 
output of a power amplifier. If data is 
transmitted at as high a rate as 9600 
baud, each digit is represented by 15 
cycles of the carrier and so should be 
detected reliably. Also, 150kHz and its 
harmonics are clear of the public BBC 
radio frequencies. 

In order to minimize the bandwidth 
used by the system, the spacing bet
ween the two tones used for frequency
shift keying ·should be as small as pos
sible consistent with reliable reception. 
The Nyquist theory imposes a minimum 
bandwidth for transmission at a given 
rate, and no advantage is to be gained 
from increasing the tone spacing. 
significantly beyond this minimum. 
Note, incidentally, that this contrasts 
with the situation for frequency· 
modulated transmission of analogue 
information, where bandwidth can be 
traded for an increase in signal-to-noise 
ratio, and the modulation index, which 
is defined as the peak carrier deviation 
expressed as a fraction of the baseband 
frequency, is generally chosen to be 
substantially greater than 1. We used a 
tone spacing of twice the digit rate: this 
was found to give perfectly adequate 
discrimination and at the same time 
does not use excessive bandwidth. With 
the 1200 baud transmission rate that we 
used for the prototype, this leads to tone 
frequencies of 150kHz and 152.4kHz. 

Simplex system for on/ off control 
A simplex system, which implements 
transmission from the central controller 
to receivers in plugs around the house, 
is adequate for remote control applica
tions, provided that feedback control is 
not required. For example, it is perfectly 
capable of switching a light or heater on 
or off either directly on command from 
the operator, or after a certain delay, or 
at a pre-specified time of day. If feed
back control is needed, for example 
when monitoring heat or light levels 
with remote sensors to determine 
whether to switch on or not, or when 
detecting whether a "switch-on" com-
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mand has actually taken effect, or 
whether a device is plugged in or not, 
then a two-way communication chan
nel is required between the plug and the 
central controller. 

Noting the cheapness and simplicity 
of a simplex, compared with a duplex 
sy~tem, we recommend it for home use, 
at least initially. Furthermore, simple 
on/off control is all that is needed for 
most domestic appliances. Hence, in 
this section we describe in some detail 
the design of a simplex transmission 
system for on/off control. However, it 
incorporates the features needed to 
enhance it to half-duplex operation 
(two-way but not in both directions at 
the same time), and we show later how 
to take advantage of this by adding a 
transmitter unit to the receiver in each 
plug. The component cost of the sim
plex system is about £3 for the trans
mitter and £14 fpr each receiver. For a 
very cheap system, one receiver can 
easily be made to switch several appli-, 
ances at little extra cost - although this 
will be somewhat inconvenient if appli
ances are moved around the house. 

A block diagram of the simplex sys
tem is given in Fig. 3. A Nascom micro
computer forms the central control de
vice. Binary data from the serial line 
interface which forms part of the 
Nascom system is modulated into 
"frequency shifts, amplified, and applied 
to the neutral and earth mains wiring. 
At the plug end the receiver detects the 
signal, demodulates it, converts the 
serial bit-stream to parallel form, and -
if the data so indicates - activates a 
triac circuit to switch the appliance on 
or off as required. 

An 8-bit data word is used, and for 
each plug one pre-determined word is 
used to switch it on and another to 
switch it off. This gives a capability of 
controlling 128 separate devices -
although for economy only 4 bits, cor
responding to on/off control of 8 de
vices were decoded in the prototype 
circuit which we describe. 

Transmitter 
The transmitter accepts t. t.l.
compatible logic pulses from the serial 

Fig. 3. Block diagram of the simplex 
transmission system. 
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output port of the Nascom microcom
puter and modulates these into a 
frequency-shift-keyed waveform, 
which is amplified and fed into the 
mains wiring. To minimize radio inter
ference, the transmitted waveform 
should be as free from harmonics as 
possible, and so a sinewave output is 
desirable. A pair of fixed-frequency, 
sinusoidal oscillators could be used for 
transmission by switching the output 
from one oscillator to the other with the 
digital waveform. A simpler method is 
to have a single, voltage-controlled 
oscillator and to use the digital signal as 
the control voltage. 

The low cost and ready availability of 
single-chip, voltage-controlled oscilla
tors led us to use one, the Signetics 
.NE566, for the prototype. This 
generates triangle waves, which have a 
strong fundamental with fairly low 
harmonic content. Still, substantially 
greater bandwidth is used than with a 
sine oscillator, and if it were intended to 
have different systems with different 
frequencies within a house, of if house
to house interference became a prob
lem and different transmission 
frequencies were used in each house to 

. eliminate it, we would revise our deci
sion and reconsider sinusoidal trans
mission. The operating frequency of 
150kHz is chosen so that harmonics do 
not fall on BBC transmission frequen
cies. In addition, the harmonics are 
filtered somewhat by the frequency 
response of the amplifier, and tend to be 
attenuated by the mains wiring. No 
radio interference trouble was ex
perienced with the prototype. 

The transmitter circuit is shown in 
Fig. 4. The first stage contains the 566 
waveform generator and the com
ponep.ts necessary to set the operating 
frequencies. Pin 5 of the 566 provides 
voltage control over the waveform 
frequency. It is driven from the logic 
·output of the Nascom serial line via a 
potential divider, and the 100kQ vari
able resistor controls the tone spacing. 
The 22k0 tuning potentiometer is in the 
feedback loop of the 566 oscillator and 
sets the carrier frequency. This should 
be adjusted first, with the logic input 
high, to give a frequency of _152.4kHz. 
Then the logic level should be reversed 
and the 100kQ resistor adjusted to give 
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the lower tone of 150kHz. The controls 
'interact slightly', so the procedure 
should be repeated until both frequen
cies are correct. 

The output of the waveform genera
tor is coupled to the input of a simple 
power amplifier, whose gain is control
led by the 220Q resistor -: we left it 
variable for experimerihition. Addition
al circuitry is incorporated to remove 
the base bias from the output transis
tors so that the output appears as a high 
impedance to mains signals. This allows 
the transmitter output to be disabled in 
a manner analogous to tri-state driving 
of a bus line. The output enable/disable 
control is connected to a programmable 
(P10) line in the Nascom, via 

Serial 
in 

Enable /disable 

Fig. 4. The transmitter circuit. 

a buffer . gate. To minimize the 
possibility of interference with radio or 
other devices, the transmitter output is 
disabled when not in use. This also 
provides the control necessary for half
duplex operation, discussed later. 

Demodulator 
The receiver uses a phase-locked loop to 
detect the frequency-shift modulation. 
The modulated signal is multiplied by 
the output of a voltage-controlled 
oscillator, and the result is low-pass 
filtered, amplifieo, and fed back to tpe 
oscillator control input. Any change in 
the frequency of the incoming signal 
causes a corresponding change in the 
control voltage applied to the oscillator. 
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Thus, the control voltage itself 
represents . the demodulated binary 
data. Demodulation using a phase
locked loop gives excellent signal-to
noise performance, even when the car
rier is weak compared with the channel 
noise. The loop is available cheaply as a 
single integrated circuit - ~e used the 
Signetics NE565. 

The block diagram of Fig. 3 shows 
how the receiver is organized. Mains 
isolation is achieved by capacitive cou
pling at the input to the bandpass filter. 
The filter rejects out-of-band noise and 
improves the error performance of the 
receiver - in particular, it helps to 
reduce the effect of impulsive noise on 
the phase-locked loop . A limiter 
removes amplitude fluctuations from 
the signal prior to detection by the 
phase-locked loop. The control voltage 
of the local oscillator, which is the 
demodulated binary signal, is further 
filtered and passed to . a comparator 
which provides a t.t.l.-compatible out
put. A circuit diagram of the demodula
tor is given in Fig. 5. 

Bandpass filter. An active filter of the 
"negative-immittance converter" type 
is used. This is cheaper than a corres
ponding passive circuit, and incorpor
ates some g_ain, so that a passive limiter 
can be used as the next stage. The 
negative-immittance converter pro
vides a high Q-31.5 for our design -
whilst being relatively insensitive to 
component stability. A detailed discus
sion of the filter is given by Clayton2. 

Ours is centred on 151.2kHz, the mean 
tone frequency, with a 3dB bandwidth 
of 4.8kHz to encompass the two tone9. 
Theusual74l operational amplifier does 
not provide a sufficiently high gain
bandwidth product for our require
ments and so an RCA 3130 is used. This 
needs an external compensation 
capacitor which is shown on the circuit 

Fig. 5. The demodulator circuit. 
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most appropriate modulation technique 
for the intelligent plug. 

It was decided· to use a carrier 
frequency in the region of 150kHz. From 
Fig. 2, the impedance that the neutral
earth pair presents at this frequency is 
about 20 ohms, quite suitable for the 
output of a power amplifier. If data is 
transmitted at as high a rate as 9600 
baud, each digit is represented by 15 
cycles of the carrier and so should be 
detected reliably. Also, 150kHz and its 
harmonics are clear of the public BBC 
radio frequencies. 

In order to minimize the bandwidth 
used by the system, the spacing bet
ween the two tones used for frequency
shift keying ·should be as small as pos
sible consistent with reliable reception. 
The Nyquist theory imposes a minimum 
bandwidth for transmission at a given 
rate, and no advantage is to be gained 
from increasing the tone spacing. 
significantly beyond this minimum. 
Note, incidentally, that this contrasts 
with the situation for frequency· 
modulated transmission of analogue 
information, where bandwidth can be 
traded for an increase in signal-to-noise 
ratio, and the modulation index, which 
is defined as the peak carrier deviation 
expressed as a fraction of the baseband 
frequency, is generally chosen to be 
substantially greater than 1. We used a 
tone spacing of twice the digit rate: this 
was found to give perfectly adequate 
discrimination and at the same time 
does not use excessive bandwidth. With 
the 1200 baud transmission rate that we 
used for the prototype, this leads to tone 
frequencies of 150kHz and 152.4kHz. 

Simplex system for on/ off control 
A simplex system, which implements 
transmission from the central controller 
to receivers in plugs around the house, 
is adequate for remote control applica
tions, provided that feedback control is 
not required. For example, it is perfectly 
capable of switching a light or heater on 
or off either directly on command from 
the operator, or after a certain delay, or 
at a pre-specified time of day. If feed
back control is needed, for example 
when monitoring heat or light levels 
with remote sensors to determine 
whether to switch on or not, or when 
detecting whether a "switch-on" com-
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mand has actually taken effect, or 
whether a device is plugged in or not, 
then a two-way communication chan
nel is required between the plug and the 
central controller. 

Noting the cheapness and simplicity 
of a simplex, compared with a duplex 
sy~tem, we recommend it for home use, 
at least initially. Furthermore, simple 
on/off control is all that is needed for 
most domestic appliances. Hence, in 
this section we describe in some detail 
the design of a simplex transmission 
system for on/off control. However, it 
incorporates the features needed to 
enhance it to half-duplex operation 
(two-way but not in both directions at 
the same time), and we show later how 
to take advantage of this by adding a 
transmitter unit to the receiver in each 
plug. The component cost of the sim
plex system is about £3 for the trans
mitter and £14 fpr each receiver. For a 
very cheap system, one receiver can 
easily be made to switch several appli-, 
ances at little extra cost - although this 
will be somewhat inconvenient if appli
ances are moved around the house. 

A block diagram of the simplex sys
tem is given in Fig. 3. A Nascom micro
computer forms the central control de
vice. Binary data from the serial line 
interface which forms part of the 
Nascom system is modulated into 
"frequency shifts, amplified, and applied 
to the neutral and earth mains wiring. 
At the plug end the receiver detects the 
signal, demodulates it, converts the 
serial bit-stream to parallel form, and -
if the data so indicates - activates a 
triac circuit to switch the appliance on 
or off as required. 

An 8-bit data word is used, and for 
each plug one pre-determined word is 
used to switch it on and another to 
switch it off. This gives a capability of 
controlling 128 separate devices -
although for economy only 4 bits, cor
responding to on/off control of 8 de
vices were decoded in the prototype 
circuit which we describe. 

Transmitter 
The transmitter accepts t. t.l.
compatible logic pulses from the serial 

Fig. 3. Block diagram of the simplex 
transmission system. 
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output port of the Nascom microcom
puter and modulates these into a 
frequency-shift-keyed waveform, 
which is amplified and fed into the 
mains wiring. To minimize radio inter
ference, the transmitted waveform 
should be as free from harmonics as 
possible, and so a sinewave output is 
desirable. A pair of fixed-frequency, 
sinusoidal oscillators could be used for 
transmission by switching the output 
from one oscillator to the other with the 
digital waveform. A simpler method is 
to have a single, voltage-controlled 
oscillator and to use the digital signal as 
the control voltage. 

The low cost and ready availability of 
single-chip, voltage-controlled oscilla
tors led us to use one, the Signetics 
.NE566, for the prototype. This 
generates triangle waves, which have a 
strong fundamental with fairly low 
harmonic content. Still, substantially 
greater bandwidth is used than with a 
sine oscillator, and if it were intended to 
have different systems with different 
frequencies within a house, of if house
to house interference became a prob
lem and different transmission 
frequencies were used in each house to 

. eliminate it, we would revise our deci
sion and reconsider sinusoidal trans
mission. The operating frequency of 
150kHz is chosen so that harmonics do 
not fall on BBC transmission frequen
cies. In addition, the harmonics are 
filtered somewhat by the frequency 
response of the amplifier, and tend to be 
attenuated by the mains wiring. No 
radio interference trouble was ex
perienced with the prototype. 

The transmitter circuit is shown in 
Fig. 4. The first stage contains the 566 
waveform generator and the com
ponep.ts necessary to set the operating 
frequencies. Pin 5 of the 566 provides 
voltage control over the waveform 
frequency. It is driven from the logic 
·output of the Nascom serial line via a 
potential divider, and the 100kQ vari
able resistor controls the tone spacing. 
The 22k0 tuning potentiometer is in the 
feedback loop of the 566 oscillator and 
sets the carrier frequency. This should 
be adjusted first, with the logic input 
high, to give a frequency of _152.4kHz. 
Then the logic level should be reversed 
and the 100kQ resistor adjusted to give 
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the lower tone of 150kHz. The controls 
'interact slightly', so the procedure 
should be repeated until both frequen
cies are correct. 

The output of the waveform genera
tor is coupled to the input of a simple 
power amplifier, whose gain is control
led by the 220Q resistor -: we left it 
variable for experimerihition. Addition
al circuitry is incorporated to remove 
the base bias from the output transis
tors so that the output appears as a high 
impedance to mains signals. This allows 
the transmitter output to be disabled in 
a manner analogous to tri-state driving 
of a bus line. The output enable/disable 
control is connected to a programmable 
(P10) line in the Nascom, via 
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Enable /disable 

Fig. 4. The transmitter circuit. 

a buffer . gate. To minimize the 
possibility of interference with radio or 
other devices, the transmitter output is 
disabled when not in use. This also 
provides the control necessary for half
duplex operation, discussed later. 

Demodulator 
The receiver uses a phase-locked loop to 
detect the frequency-shift modulation. 
The modulated signal is multiplied by 
the output of a voltage-controlled 
oscillator, and the result is low-pass 
filtered, amplifieo, and fed back to tpe 
oscillator control input. Any change in 
the frequency of the incoming signal 
causes a corresponding change in the 
control voltage applied to the oscillator. 
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Thus, the control voltage itself 
represents . the demodulated binary 
data. Demodulation using a phase
locked loop gives excellent signal-to
noise performance, even when the car
rier is weak compared with the channel 
noise. The loop is available cheaply as a 
single integrated circuit - ~e used the 
Signetics NE565. 

The block diagram of Fig. 3 shows 
how the receiver is organized. Mains 
isolation is achieved by capacitive cou
pling at the input to the bandpass filter. 
The filter rejects out-of-band noise and 
improves the error performance of the 
receiver - in particular, it helps to 
reduce the effect of impulsive noise on 
the phase-locked loop . A limiter 
removes amplitude fluctuations from 
the signal prior to detection by the 
phase-locked loop. The control voltage 
of the local oscillator, which is the 
demodulated binary signal, is further 
filtered and passed to . a comparator 
which provides a t.t.l.-compatible out
put. A circuit diagram of the demodula
tor is given in Fig. 5. 

Bandpass filter. An active filter of the 
"negative-immittance converter" type 
is used. This is cheaper than a corres
ponding passive circuit, and incorpor
ates some g_ain, so that a passive limiter 
can be used as the next stage. The 
negative-immittance converter pro
vides a high Q-31.5 for our design -
whilst being relatively insensitive to 
component stability. A detailed discus
sion of the filter is given by Clayton2. 

Ours is centred on 151.2kHz, the mean 
tone frequency, with a 3dB bandwidth 
of 4.8kHz to encompass the two tone9. 
Theusual74l operational amplifier does 
not provide a sufficiently high gain
bandwidth product for our require
ments and so an RCA 3130 is used. This 
needs an external compensation 
capacitor which is shown on the circuit 

Fig. 5. The demodulator circuit. 

Bandpass filter Limiter Phase- locked loop output stage 

Neutral 

. --( ---11----'vVv--1 
10n 10k 
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---G----------~----~----~---------4----&-~~~~J 
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The variable 4.7kfl resistor controls the 
Q and will need to be adjusted if the 
tone spacing is altered, for example, to 
permit data transmission speeds greater 
than 1200 baud. 

Umiter. The filter output has a very 
high impedance since it is taken ~rom 
the inverting input of the operatiOnal 
amplifier. Hence, it is' buffered by a 
unity-gain 741 before being limited by 
two silicon diodes and a resistor. It is 
important that the input level to the 
NE565 stays below 3V to ensure that the 
.phase detector is operatihg in its linear 
region. The limiter produces a square 
wave of 1.2V peak-to-peak, providing 
that the received signal on neutral
earth does not fall below 40m V. 

Phase-locked loop. The NE565 is a 
general-purpose phase-locked loop, and 
is suited to frequency-shift keying de
tection. Capacitive coupling is used at 
the input. The 4.7kfl variable resistor. 
allows fine tuning. of the centre 
frequency, which is · arranged to be 
151.2kHz. \ 

\Ve will not describe the detailed 
design and operation of the phase
locked loop here (they are discussed in 
reference 2). The 330pF capacitor con
trols the damping of a low-pass filter. 
There is a trade-off between the short
term memory provided by the filter, 
which helps the loop to remain in lock if 
a momentary loss of signal occurs, and 
the speed with which the loop adjusts to 
keying shifts. A value of 330pF gives a 
damping factor of about 0.8, which 
results in a time-constant of 1.2 ftS. The 
rejection offered to sum frequencies at 
around 300kHz is about 12dB, which is 
sufficient for loop operation. 

. Output stage. The phase-locked loop 
leaves a residue of double the carrier 
frequency in its output. This is attenu
ated by a passive low-pass filter with a 
3dB band-edge at 78kHz, halfway be
tween the keying rate (1200 baud) and 
the tone frequencies (150kHz). A 710 
comparator completes the analogue 
part of the receiver, providing a t.t.l.
compatible output. 

·Decoder and triac switch 
The output of the demodulator is a 
serial bit-stream. This is converted to 
parallel format, decoded to see if the 
plug is being addressed, and if so, used 
to switch the mains supply to the appli
ance appropriately. Fig. 6 shows the 
circuit of the decoder and the triac 
switch. ' 

U.a.r.t. At the heart of the decoder is a 
u .a.r.t. - universal asycnhronous 
receiver-transmitter- which converts a 
serial bit-stream to parallel form. \Ve 
used the AY-5-1013, simply because one 
was available in the laboratory: a 
c.m.o.s. device would be a better choice, 
since it requires less power supply volt
ages. The u.a.r.t. needs a clock whose 
frequency is 16 times the baud rate 
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Fig. 6. Decoder and triac switch. 

(19.2kHz for 1200 baud), and this is 
supplied by a 555 timer. 

\Vhen the receiver holding register of 
the u.a.r.t. has accumulated a word of 
data from the serial input, the data 
available (DA) pin goes high. In order to 
transfer data to the output lines, the 
received data enable (RDE) pin must be 
taken low. It was decided that if frame 
errors (FE), parity errors (PE), or over
run errors (OR), occurred, the plug 
shopld ignore the data. This is imple
mented by the 4-input NAND gate, 
which feeds the RDE pin. \Vhen the data 
has been strobed to the output pins by 
RDE, the reset data available (RDS) pin 
is taken low to avoid overrun errors 
when the next character arrives. 

Several pins on the u.a.r.t. require 
programming to suit specific needs. We 
use one stop bit (pin 36), 8 data bits (pins 
37 and 38), and no parity che~king (pin 
35). Parity checking is omitted because 
the u.a.r.t. in our Nascom is not con
nected to generate parity: this is unfor
tunate, because it would increase 
further the overall reliability of the 
system, and we strongly recommend its . 
use in future versions. 

Decoder. A 7442, 4-to-16 line decoder 
examines the output of the u.a.r. t. and 
decodes "on" and "off" commands to 
the plug. Four of the data bits are not 
used, although it would be easy to ex
tend the circuit to allow more addres
sable devices. Two of the decoder out- · 
puts are latched in cross-coupled NAND 
gates, which are set if the device is to be 
turned on and reset if it is to be off. 1 he 

' other 14 decoder outputs are not used: 

they provide control over plugs other 
than this one. 

Triac switch. The latch output is a 
control signal to turn the appliance on 
and off, a triac being used to switch the 
mains supply. This should be 400 PIV 
minimum and of an appropriate current 
rating for the appliance. Firing the triac 
is accomplished by pushing and pulling 
current from the gate with respect to 
main terminal 1. Because this is con
nected to the mains neutral, the triac 
should not be driven directly from the 
latch output - to do so would short the 
neutral-earth signal path. Instead, an 
opto-isolator (Litronix IL74) is used. 

The triac operates as follows. \Vhen 
live is positive with respect to neutral, 
current flows through Rp charging 
capacitor C1• Eventually, the voltage 
across C1 reaches the diac breakdown 
voltage (33V), and C 1 discharges into 
the triac gate, driving it into conduc
tion. Similarly, when live is negative 
with respect to neutral, current is taken 
from the gate until the voltage acr·oss C 1 
reaches -33V, when the triac is driven 
on again. Load current can thus flow in 
both directions. Capacitor C 1 is chosen 
to give a negligible phase angle. 

To keep the triac in an off state the 
charging capacitor is simply sh~nted. 
The direction of this· current depends on 
the mains cycle, and so the 2N 1711 is 
mounted in a diode bridge, to ensure 
that it remains forward-biased. 

From simplex to duplex 
A full-duplex transmission system , 
where the plug can send information to 
the controller at the same time as the 
latter is transmitting to the plug, could 
easily be created by frequency-division 
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multiplexing, so that different signal
ling tones are used for the two direc
tions. However, with several plugs one 
would have to decide if they could all 
transmit at the same time, and if so, 
each would need its own operating 
frequency. This is cumbersome, and 
would increase tremendously the cost 
of the controller hardware, since 
receivers would be needed for each 
frequency. \Ve decided instead to use a 
single pair of tones so that only one 
device can use the channel at any time. 
This is a half-duplex system. 

\Vith half-duplex, one must either 
ensure that two different plugs cannot 
send at the same time, or use a protocol 
which can tolerate garbled transmis
sions. The former approach is more 
suitable for this project, with each plug 
transmitting only on invitation from the 
central controller. (Use of the latter 
technique is briefly described in an 
earlier Wireless World article1

.) If any 
appliance is autonomous in the sense 
that it sometimes needs to initiate a 
transmission to the controller - as, for 
example, a thermostat might when the 
temperature exceeds certain limits -
then the controller must poll it regu
larly. 

One simple and useful mode of 
operation of a half-duplex system is for 
each plug, upon receipt of a command 
word which it recognises, to transmit 
the same word back to the controller. 
This lets the controller know if the 
correct device has received the com-

· mand. If the reply has not been received 
after a certain (short) time then the 
controller must try again, whereas if an 
incorrect word is returned, due to 
transmission errors, it must reassert the 
intended state of the erroneously ad
dressed appliance as well as repeating 
the transmission. 

Another useful facility is a manual 
over-ride switch at each plug . \Vith 
simplex transmission, an appliance is 
switched only from the central control
ler. Suppose you fit a manual over-ride, 
so that you can turn off the electric 
blanket in your bedroom without 
waiting for the programmed switch-off 
time or going downstairs to issue a 
command on the control console. Then 
you must remember to reverse the 
switch in the morning so that the 
blanket will not be over-ridden when 
the controller turns it on at the pre
·~determined hour the next night! How-
ever, with half-duplex transmission, the 
manual over-ride can be a push-button 
which signals to . the central controller 
to switch off the deviCe. Then the 
controller will always know the true 
state of each appliance. Note that this is 
an example of an autonomous change in 
state of the plug - the controller will 
need to poll regularly to detect when 
over-ride occurs. Incidentally, it will 
even be able to tell whenever a device is 
unplugged - since it will fail to respond 
when polled. 

Technically, half-duplex transmission 
is quite a simple enhancement to the 

simplex system described above. An 
essential feature is the "disable" · input 
of the transmitter which is implemented 
by the clamping diodes of Fig. 4. Each 
plug, and the central controller, should 
only enable its output when actually 
transmitting information. 

At the plug end, the u.a.r.t. generates 
as well as accepts serial information. To 
echo each character received, the 
parallel output of the u.a.r.t. is strobed 
back into the parallel input (one bit 
being reversed by the manual over-ride 
switch if it is fitted), and the serial 
output is fed into a transmitter identical 
with that of Fig. 4. Of course, since only 
characters actually recognised by the 
plug should be returned, the strobe 
signal comes from the relevant outputs 
of the 4-to-16line decoder of Fig. 6. The 
"end-of-character" pin of the u.a.r.t. is 
used to enable the transmitter. This line 
goes low half a clock cycle before the 
digits appear at the u.a.r.t. serial output, 
and is connected to the transmitter to 
disable it, once the byte .has been sent. 
The transmitter output can switch on 
and settle in much less than half a clock 
cycle (25 ftSec) . The u.a.r.t. serial output 
controls the tone frequency of the 
transmitter. 

At the controller end, the demodula
tor circuitry of Fig. 5 is replicated and 
connected to the microcomputer's 
serial input. Since the transmitter is 
much less expensive in components 
than the demodulator and decoder, the 
cost for a half-duplex system with 
several plugs is much less than twice the 
cost of a similar simplex system. 

\Ve would like to thank the Depart
ment of Electrical Engineering Science, 
University of Essex for providing excel
lent development facilities in the third
year project laboratory, and for its en
lightened attitude to m icrocomputer 
electronics which gave a stimulating 
environment foir this work. 
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Warning notes 
Points for experimenters to be aware of 
are: neutral is sometimes locally 
earthed by the supply authority in the 
phase multiple earthing system (p.m.e.); 
the equipment could interfere not only 
with the consumer's own appliances, 
but with the signalling equipment used 
by the authority; it may be found that 
the lOW r.f. power causes an unaccept
able level of radiation. The L.E.B. uses 
1 W for a similar purpose - Ed. • 
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Electronic 
Compone~ts 
Show 
The wares of about 380 firms - a third of 
them overseas companies- will be on show 
in London at the biggest electronic com
ponents exhibition to be held in Britain for 
two years. Called Electronics 79 and held at 
Olympia, 20-23 November, it is really a con
tinuation of the series that used to be known 
as the London Electronic Components Show, 
which ran for the long period of 34 years. It 'is 
in fact an official event of the British elec
tronic components industry, being sponsored 
by the ECIF (Electronic Components In
dustry Federation). Organizers are Industrial 
and Trade Fairs Ltd. Opening hours are 
09.30h-18.00h each day, and entrance fee is 
£2.00, valid for the whole period. 

The exhibition provides a shop window for 
the latest developments in components for 
communications, entertainment, science, 
industry, education, medicine, data handling, 
navigation, aerospace - a large range of 
applications both civil and military. Among 
active and passive components on show will 
be discrete semiconductors, integrated 
circuits, chips, assemblies, electrochemical 
components, non-electrical parts, hardware 
and materials, production equipment and 
tools, instruments, test gear and services. A 

. computerised enquiry service will enable 
visitors to locate specific products by stand 
number references. 

Concurrently with the exhibition the ECIF 
will be running a three-day seminar on 
"Components of Assessed Quality". This will 
take place in the Pillar Hall, Olympia, 20-22 
November. The first day will be devoted to 
electromechanical components, the second 
to passive components and the third to active 
components, including microprocessors. 
There is a fee of £12.50 (including VAT) per 
day for this event. Proceedings of the full 
three days will be published at £12.50 per 
copy and will be available at the seminar. See 
Prestel page 45638. 

The following is a list of the categories of 
products that will be on show: · 

Aerials. Ancillaries and services for electronics . 
Batteries and power sources . Blowers and fans . Cables 
and wires. Capacitors, fi xed and variable . Cases . 
cabinets, racks and f ittings . Cathode ray tubes . Co ils, 
inductors and transformers . Connectors , plugs and 
sockets. Electronic production equipment. Fastene rs 
and fixings. Hardware, general electron ic. Integ rated 
circu its and microprocessors . Journals and other 
publications . Knobs, dials, drives and fittings . Loud
speakers, microphones, audio assemblies . Magnets 
and magnetic materials . Materials , metal, ceramic , 
plast ic etc . Meters and indicators. Microwave com
ponents . Opto-electronic parts . Piezoelectric devices . 
Precis ion electronic instruments . Printed circuits. 
Power supplies. Relays . Resistors . fixed and variable . 
Semiconductor devices, transistors. Solder ing equip· 
ment and materials. Switches . 'Test· and inspection 
equipment . Thermionic ·valves and tubes . Tools and 
small appliances. Visual display devices . j 
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The variable 4.7kfl resistor controls the 
Q and will need to be adjusted if the 
tone spacing is altered, for example, to 
permit data transmission speeds greater 
than 1200 baud. 

Umiter. The filter output has a very 
high impedance since it is taken ~rom 
the inverting input of the operatiOnal 
amplifier. Hence, it is' buffered by a 
unity-gain 741 before being limited by 
two silicon diodes and a resistor. It is 
important that the input level to the 
NE565 stays below 3V to ensure that the 
.phase detector is operatihg in its linear 
region. The limiter produces a square 
wave of 1.2V peak-to-peak, providing 
that the received signal on neutral
earth does not fall below 40m V. 

Phase-locked loop. The NE565 is a 
general-purpose phase-locked loop, and 
is suited to frequency-shift keying de
tection. Capacitive coupling is used at 
the input. The 4.7kfl variable resistor. 
allows fine tuning. of the centre 
frequency, which is · arranged to be 
151.2kHz. \ 

\Ve will not describe the detailed 
design and operation of the phase
locked loop here (they are discussed in 
reference 2). The 330pF capacitor con
trols the damping of a low-pass filter. 
There is a trade-off between the short
term memory provided by the filter, 
which helps the loop to remain in lock if 
a momentary loss of signal occurs, and 
the speed with which the loop adjusts to 
keying shifts. A value of 330pF gives a 
damping factor of about 0.8, which 
results in a time-constant of 1.2 ftS. The 
rejection offered to sum frequencies at 
around 300kHz is about 12dB, which is 
sufficient for loop operation. 

. Output stage. The phase-locked loop 
leaves a residue of double the carrier 
frequency in its output. This is attenu
ated by a passive low-pass filter with a 
3dB band-edge at 78kHz, halfway be
tween the keying rate (1200 baud) and 
the tone frequencies (150kHz). A 710 
comparator completes the analogue 
part of the receiver, providing a t.t.l.
compatible output. 

·Decoder and triac switch 
The output of the demodulator is a 
serial bit-stream. This is converted to 
parallel format, decoded to see if the 
plug is being addressed, and if so, used 
to switch the mains supply to the appli
ance appropriately. Fig. 6 shows the 
circuit of the decoder and the triac 
switch. ' 

U.a.r.t. At the heart of the decoder is a 
u .a.r.t. - universal asycnhronous 
receiver-transmitter- which converts a 
serial bit-stream to parallel form. \Ve 
used the AY-5-1013, simply because one 
was available in the laboratory: a 
c.m.o.s. device would be a better choice, 
since it requires less power supply volt
ages. The u.a.r.t. needs a clock whose 
frequency is 16 times the baud rate 
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Fig. 6. Decoder and triac switch. 

(19.2kHz for 1200 baud), and this is 
supplied by a 555 timer. 

\Vhen the receiver holding register of 
the u.a.r.t. has accumulated a word of 
data from the serial input, the data 
available (DA) pin goes high. In order to 
transfer data to the output lines, the 
received data enable (RDE) pin must be 
taken low. It was decided that if frame 
errors (FE), parity errors (PE), or over
run errors (OR), occurred, the plug 
shopld ignore the data. This is imple
mented by the 4-input NAND gate, 
which feeds the RDE pin. \Vhen the data 
has been strobed to the output pins by 
RDE, the reset data available (RDS) pin 
is taken low to avoid overrun errors 
when the next character arrives. 

Several pins on the u.a.r.t. require 
programming to suit specific needs. We 
use one stop bit (pin 36), 8 data bits (pins 
37 and 38), and no parity che~king (pin 
35). Parity checking is omitted because 
the u.a.r.t. in our Nascom is not con
nected to generate parity: this is unfor
tunate, because it would increase 
further the overall reliability of the 
system, and we strongly recommend its . 
use in future versions. 

Decoder. A 7442, 4-to-16 line decoder 
examines the output of the u.a.r. t. and 
decodes "on" and "off" commands to 
the plug. Four of the data bits are not 
used, although it would be easy to ex
tend the circuit to allow more addres
sable devices. Two of the decoder out- · 
puts are latched in cross-coupled NAND 
gates, which are set if the device is to be 
turned on and reset if it is to be off. 1 he 

' other 14 decoder outputs are not used: 

they provide control over plugs other 
than this one. 

Triac switch. The latch output is a 
control signal to turn the appliance on 
and off, a triac being used to switch the 
mains supply. This should be 400 PIV 
minimum and of an appropriate current 
rating for the appliance. Firing the triac 
is accomplished by pushing and pulling 
current from the gate with respect to 
main terminal 1. Because this is con
nected to the mains neutral, the triac 
should not be driven directly from the 
latch output - to do so would short the 
neutral-earth signal path. Instead, an 
opto-isolator (Litronix IL74) is used. 

The triac operates as follows. \Vhen 
live is positive with respect to neutral, 
current flows through Rp charging 
capacitor C1• Eventually, the voltage 
across C1 reaches the diac breakdown 
voltage (33V), and C 1 discharges into 
the triac gate, driving it into conduc
tion. Similarly, when live is negative 
with respect to neutral, current is taken 
from the gate until the voltage acr·oss C 1 
reaches -33V, when the triac is driven 
on again. Load current can thus flow in 
both directions. Capacitor C 1 is chosen 
to give a negligible phase angle. 

To keep the triac in an off state the 
charging capacitor is simply sh~nted. 
The direction of this· current depends on 
the mains cycle, and so the 2N 1711 is 
mounted in a diode bridge, to ensure 
that it remains forward-biased. 

From simplex to duplex 
A full-duplex transmission system , 
where the plug can send information to 
the controller at the same time as the 
latter is transmitting to the plug, could 
easily be created by frequency-division 
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multiplexing, so that different signal
ling tones are used for the two direc
tions. However, with several plugs one 
would have to decide if they could all 
transmit at the same time, and if so, 
each would need its own operating 
frequency. This is cumbersome, and 
would increase tremendously the cost 
of the controller hardware, since 
receivers would be needed for each 
frequency. \Ve decided instead to use a 
single pair of tones so that only one 
device can use the channel at any time. 
This is a half-duplex system. 

\Vith half-duplex, one must either 
ensure that two different plugs cannot 
send at the same time, or use a protocol 
which can tolerate garbled transmis
sions. The former approach is more 
suitable for this project, with each plug 
transmitting only on invitation from the 
central controller. (Use of the latter 
technique is briefly described in an 
earlier Wireless World article1

.) If any 
appliance is autonomous in the sense 
that it sometimes needs to initiate a 
transmission to the controller - as, for 
example, a thermostat might when the 
temperature exceeds certain limits -
then the controller must poll it regu
larly. 

One simple and useful mode of 
operation of a half-duplex system is for 
each plug, upon receipt of a command 
word which it recognises, to transmit 
the same word back to the controller. 
This lets the controller know if the 
correct device has received the com-

· mand. If the reply has not been received 
after a certain (short) time then the 
controller must try again, whereas if an 
incorrect word is returned, due to 
transmission errors, it must reassert the 
intended state of the erroneously ad
dressed appliance as well as repeating 
the transmission. 

Another useful facility is a manual 
over-ride switch at each plug . \Vith 
simplex transmission, an appliance is 
switched only from the central control
ler. Suppose you fit a manual over-ride, 
so that you can turn off the electric 
blanket in your bedroom without 
waiting for the programmed switch-off 
time or going downstairs to issue a 
command on the control console. Then 
you must remember to reverse the 
switch in the morning so that the 
blanket will not be over-ridden when 
the controller turns it on at the pre
·~determined hour the next night! How-
ever, with half-duplex transmission, the 
manual over-ride can be a push-button 
which signals to . the central controller 
to switch off the deviCe. Then the 
controller will always know the true 
state of each appliance. Note that this is 
an example of an autonomous change in 
state of the plug - the controller will 
need to poll regularly to detect when 
over-ride occurs. Incidentally, it will 
even be able to tell whenever a device is 
unplugged - since it will fail to respond 
when polled. 

Technically, half-duplex transmission 
is quite a simple enhancement to the 

simplex system described above. An 
essential feature is the "disable" · input 
of the transmitter which is implemented 
by the clamping diodes of Fig. 4. Each 
plug, and the central controller, should 
only enable its output when actually 
transmitting information. 

At the plug end, the u.a.r.t. generates 
as well as accepts serial information. To 
echo each character received, the 
parallel output of the u.a.r.t. is strobed 
back into the parallel input (one bit 
being reversed by the manual over-ride 
switch if it is fitted), and the serial 
output is fed into a transmitter identical 
with that of Fig. 4. Of course, since only 
characters actually recognised by the 
plug should be returned, the strobe 
signal comes from the relevant outputs 
of the 4-to-16line decoder of Fig. 6. The 
"end-of-character" pin of the u.a.r.t. is 
used to enable the transmitter. This line 
goes low half a clock cycle before the 
digits appear at the u.a.r.t. serial output, 
and is connected to the transmitter to 
disable it, once the byte .has been sent. 
The transmitter output can switch on 
and settle in much less than half a clock 
cycle (25 ftSec) . The u.a.r.t. serial output 
controls the tone frequency of the 
transmitter. 

At the controller end, the demodula
tor circuitry of Fig. 5 is replicated and 
connected to the microcomputer's 
serial input. Since the transmitter is 
much less expensive in components 
than the demodulator and decoder, the 
cost for a half-duplex system with 
several plugs is much less than twice the 
cost of a similar simplex system. 

\Ve would like to thank the Depart
ment of Electrical Engineering Science, 
University of Essex for providing excel
lent development facilities in the third
year project laboratory, and for its en
lightened attitude to m icrocomputer 
electronics which gave a stimulating 
environment foir this work. 
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Warning notes 
Points for experimenters to be aware of 
are: neutral is sometimes locally 
earthed by the supply authority in the 
phase multiple earthing system (p.m.e.); 
the equipment could interfere not only 
with the consumer's own appliances, 
but with the signalling equipment used 
by the authority; it may be found that 
the lOW r.f. power causes an unaccept
able level of radiation. The L.E.B. uses 
1 W for a similar purpose - Ed. • 
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Electronic 
Compone~ts 
Show 
The wares of about 380 firms - a third of 
them overseas companies- will be on show 
in London at the biggest electronic com
ponents exhibition to be held in Britain for 
two years. Called Electronics 79 and held at 
Olympia, 20-23 November, it is really a con
tinuation of the series that used to be known 
as the London Electronic Components Show, 
which ran for the long period of 34 years. It 'is 
in fact an official event of the British elec
tronic components industry, being sponsored 
by the ECIF (Electronic Components In
dustry Federation). Organizers are Industrial 
and Trade Fairs Ltd. Opening hours are 
09.30h-18.00h each day, and entrance fee is 
£2.00, valid for the whole period. 

The exhibition provides a shop window for 
the latest developments in components for 
communications, entertainment, science, 
industry, education, medicine, data handling, 
navigation, aerospace - a large range of 
applications both civil and military. Among 
active and passive components on show will 
be discrete semiconductors, integrated 
circuits, chips, assemblies, electrochemical 
components, non-electrical parts, hardware 
and materials, production equipment and 
tools, instruments, test gear and services. A 

. computerised enquiry service will enable 
visitors to locate specific products by stand 
number references. 

Concurrently with the exhibition the ECIF 
will be running a three-day seminar on 
"Components of Assessed Quality". This will 
take place in the Pillar Hall, Olympia, 20-22 
November. The first day will be devoted to 
electromechanical components, the second 
to passive components and the third to active 
components, including microprocessors. 
There is a fee of £12.50 (including VAT) per 
day for this event. Proceedings of the full 
three days will be published at £12.50 per 
copy and will be available at the seminar. See 
Prestel page 45638. 

The following is a list of the categories of 
products that will be on show: · 

Aerials. Ancillaries and services for electronics . 
Batteries and power sources . Blowers and fans . Cables 
and wires. Capacitors, fi xed and variable . Cases . 
cabinets, racks and f ittings . Cathode ray tubes . Co ils, 
inductors and transformers . Connectors , plugs and 
sockets. Electronic production equipment. Fastene rs 
and fixings. Hardware, general electron ic. Integ rated 
circu its and microprocessors . Journals and other 
publications . Knobs, dials, drives and fittings . Loud
speakers, microphones, audio assemblies . Magnets 
and magnetic materials . Materials , metal, ceramic , 
plast ic etc . Meters and indicators. Microwave com
ponents . Opto-electronic parts . Piezoelectric devices . 
Precis ion electronic instruments . Printed circuits. 
Power supplies. Relays . Resistors . fixed and variable . 
Semiconductor devices, transistors. Solder ing equip· 
ment and materials. Switches . 'Test· and inspection 
equipment . Thermionic ·valves and tubes . Tools and 
small appliances. Visual display devices . j 
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Practical parallel-tracking 
pickup ann 

Optoelectronic servo control gives low-inerti,a, fai:l safe operation 

Despite the many advantages of the 
parallel-tracking record deck, the high 
cost of owning one is a considerable 
deterrent to all but the well-heeled few. 
This fact prompted the design and 
construction of a pick up arm and control 
system with simplicity of construction 
specifically in mind. By avoiding complex 
engineering it is possible to construct the 
design described with non-specialized 
tools in about 40 hours. Part 2 will give 
detailed drawings, constructional hints 
and a source of supply for certain parts. 

A CONVENTIONAL 9in pick up arm 
produces a tracking error of 2.3 degrees 
and hence a distortion figure of more 
than 0.7%. This is for an arm with opti
mum parameters so any discrepancy, 
whether by design of accident, will be 
sure to increase the distortion. The use 
of a longer arm to reduce tracking error 
is not the answer, because of increased 
inertia and, as Randhawa points out*, 
some manufacturers have now ceased 
production of long arms because of 
this. His article also highlights other 
shortcomings of the conventional arm, 
namely delay distortion introduced 
with elliptical styli, and the need for 
anti-skating compensation, plus lateral 
balance as well. These factors combine 
to make the conventional arm some
thing of a dubious compromise, es
pecially in the context of recent deve
lopments in almost every other branch 
of audio. Looking at it another way, the 
distortion introduced at this particular 
programme source make current efforts 
to produce amplifiers for example with 

*Randhawa, T. S. Pickup arm design techni
ques, Wireless World, vol. 84 1978, March & 
April. 

vanishingly small harmonic distortion 
figure seem academic. 

By adoptinp the servo-assisted 
parallel-tracking technique, all the un
desirable effects of the conventional 
arm can be resolved at a stroke. This 
idea has been around for many years, 
but has remained a pipe dream because 
of the difficulties involved in manufac

. turing a reliable control system to keep 
the tracking arm on-station. Pivot-head 
arms as typified by Garrard's Zero 100, 
whilst reducing tracking error, do not 
solve all the problems and introduce 
'some new ones as well. An anti-skating 
device is still needed, and inevitably the 
frictional forces involved in moving the 
arm across the record are increased due 
to the extra linkages. Also, the extra · 
mass of the pivot-head mechanism in
creases the overall inertia of the arm, 
which goes against the principles laid 
down by Randhawa. It is interesting to 
note that the energy required to move 
the arm assembly across the record and 
thus actuate the pivot-head is derived 
from the record surface, whereas in the 
parallel tracking system the record is 
relieved from this duty altogether be
cause the servo-motor supplies the en-

An ~portant benefit enjoyed by 
users of ser ··assisted parallel tracking 
arms is much Jvwer inertia of such arms. 
The tracking arm described has an 
effective length of 7.25in compared to 
9in for a conventional J.rm. Now if 
Ih = MR2 where Ih is the inertia of the 
arm about the pivot point, R the pivot
to-stylus length and M the mass of the 
arm, then substituting the values for R 
given above 

Ih for parallel-tracking arms= ;J;.; ' 1\!l 
Ih for conventional arm = 81M 

If M is equal for the two arms then the 
parallel-tracking arm shows a red~ction 
in inertia of about 35%. In practice M can 
easily be made less despite the slight 
additional mass of the optoelectronics, 
because the arm is shorter to start with. 
Being short, less material can be used in 
its construction without loss of stiff
ness. An overall reduction in inertia of 
around 40% should be feasible. As the 
advantages of low inertia have been 
dealt with in detail in Randhawa's 
article, they are not repeated here. 

Recently, with the advent of 
optoelectronics, a few manufacturers 
.have produced workable parallel"
'tracking arms by using a light-operated 
switch mounted on a fixed reference 
arm alongside the actual tracking arm. 
Tracking errors are detected by the· 
relative movement between the two 
arms and the error signal relayed to a 
servo motor. Unfortunately the pro
duction of an accurate light-beam, the 
alignment with it of an optical switch, 
and the integration of the two on a 
moving platform, usually requires pre
cision mechanical and optical en
gineering far beyond the capability of 
most amateur constructors. These 
mechanisms are also very expensive, 
typically £450. 

In this context, for a constructional 
project to be within the bounds oC 
possibility, a different approach wc.<s 
clearly required, particularly for the 
switching device. The following list of 
requirements was drawn up. The switch 
should not add significantly to the mass 
of the arm, impose little or no loading on. 
the tracking arm, have negligible hys
teresis· between switched states, and be 
fail safe, to prevent damage to records. 
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Several lines of enquiry were tried 
including capacitive and magnetic prox
mity . switches but all suffered one 
drawback or another. However, two 
devices were developed, one an 
optoelectronic proportional control 
which is particularly suited to amateur 
construction as it needs virtually no 
optical engineering. The other device 
was developed after reading an article 
on the unique properties of mercury as 
used in frictionless switchest, and 
although very accurate and quite easy 
to make, is not really suitable as a con
structional project, as it uses p.t.f.e., 
nickel and mercury, but it is described 
nevertheless as it may be of interest in 
other applications requiring a low
hysteresis microswitch. 

Optoelectronic_ system 
Using the two-arm approach, a fixed 
reference arm and movable tracking 
·arm are arranged vertically one above 
the other. The lower arm is the 
reference arm and is fixed to a sliding 
platform pushed along a parallel track · 
-by a lead-screw, details of which appear 
in part 2. The tracking arm is mounted 
on gimbals and holds the opto-switch in 
front of the end of the reference arm 
which is a simple light-guide using a~ 
ordinary T11.4 filament bulb as a light 
source. A slit at the end of the tube 
produces a vertical beam of light 0.06in 
(1.5mm) across and 0.2in high which 
falls directly onto the sensitive face of 
two BPW34 diodes cemented side-by
.side in a small holder attached to the 
tracking arm. Extraneous light is pre-
. vented from reaching the diodes by a 
shroud fitted over the holder. Fig. 1 

·shows the general set up, and it will be 
appreciated from the diagram that the 
small physical size and square shape of 
the BPW34 diode makes it perfect for 
this application. 

The two diodes operate in a push-pull 
mode. When the light slit covers part of 
each diode ·equally, there is no effective 
output. When the slit moves to one side, 
an error current is produced which is 

. fed to a simple current-to-voltage con
verter (the 741 in Fig. 2). The voltage 
OUtput powers the tracking mc)tor -Vla 
an emitter-follower, and this voltage is 
either raised or lowered depending on 
which side of the two diodes the light 
slit moves. Vertical motion of the slit 
due to record warp has no effect. When 
there is no error current, the motor runs 
at a pre-determined speed correspon
ding to the average tracking speed, and 
is pre-set by the 2.2kQ potentiometer 
and Tr6. The 13V Zener diode simply 
limits the maximum voltage applied to 
the motor. 

Besides excellent sensitivity, the ad
vantage of using two diodes connected 
like this is that light falling on the unit 
from outside produces no error signal, 

tLinay, Engel & Gibbs. Mercury as a switch
ing medium, New Electronics, 7 March 1978. 
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Fig. 1. Lower reference arm is fixed to sliding platform pushed along a parallel track 
by motor-driven screw. Motor voltage is raised or lowered according to position of slit 
image on photodiodes. 

----------Control circuit--------- i - Switch circ~uit +20V 
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Fig. 2. Motor runs at average speed set by 2k2 potentiometer. Variable resistor of 47k 
allows for spread in transistor Hfe and different types of relay. Switches S and S are 
, microsw_itches; positions on rotary switch are fast forward I, fast reverse 4 (selec~ R 
on test), play 2 and stop 3. Chokes are motor interference suppressors. 

provided that the light is diffuse, is not 
so intense as to swamp diodes, and the 
diodes are reasonably well matched. In 
practice, this means that switching on 
the living-room light produces no ad
verse effect on the tracking system. 

Transistors Tr 1 to Tr 4 form a fail-safe 
system. \Vhen light from the slit falls on 
both diodes, current flows in Tr 1 and 3, 

holding off Tr 2 and Tr 4 respectively and 
the relay remains de-energized. If the 
slit moves off one diode and on to the 
other, the relay remains de-energized as 
either Tr2 or Tr4 will still be fully turned 
.off. However if the slit moves so far that 
neither diode receives light, then both 
Tr 2 and Tr 4 will turn on and close the 
relay. An alarm can then be triggered or 
the main power supply shut down·, 
whichever is c0nsidered appropriate (L 
chose an audible alarm). The relay will 
only de-energize when the light slit is 
returned to the diode's field of vision. 

Normally the relay would operate 
only if there was a major failure of the 
tracking motor or the drive to the 

sliding platform, or if the filament bulb 
failed, or perhaps if the run-out groove 
at the end of a record is too large for the 
tracking motor to catch up. However, 
even if everything stops working, in
cluding the warning system, the track
ing arm will still track the record as .a 
conventional arm, albeit with rather 
poor design parameters. This should 
give confidence to those who would 
hesitate to trust their records to the 
mercy of a servo-system! 

The system described avoids the us~ 
of lenses, prisms and mirrors, and 
greatly simplifies construction , yet is 
still very sensitive, and can switch the 
tracking motor from full-ahead to full -

. stop within ± 0.2 degrees. The outline of 
the light beam is of course rather blur
red at the edges and the intensity may 
not be uniform, but this does not in 
practice affect accuracy. This is de
termined by the differential action of 
the diodes and the voltage output of the 
741 current-to-voltage converter which 
is Vo =-I in Rf, where Rf is the feedback 
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Practical parallel-tracking 
pickup ann 

Optoelectronic servo control gives low-inerti,a, fai:l safe operation 

Despite the many advantages of the 
parallel-tracking record deck, the high 
cost of owning one is a considerable 
deterrent to all but the well-heeled few. 
This fact prompted the design and 
construction of a pick up arm and control 
system with simplicity of construction 
specifically in mind. By avoiding complex 
engineering it is possible to construct the 
design described with non-specialized 
tools in about 40 hours. Part 2 will give 
detailed drawings, constructional hints 
and a source of supply for certain parts. 

A CONVENTIONAL 9in pick up arm 
produces a tracking error of 2.3 degrees 
and hence a distortion figure of more 
than 0.7%. This is for an arm with opti
mum parameters so any discrepancy, 
whether by design of accident, will be 
sure to increase the distortion. The use 
of a longer arm to reduce tracking error 
is not the answer, because of increased 
inertia and, as Randhawa points out*, 
some manufacturers have now ceased 
production of long arms because of 
this. His article also highlights other 
shortcomings of the conventional arm, 
namely delay distortion introduced 
with elliptical styli, and the need for 
anti-skating compensation, plus lateral 
balance as well. These factors combine 
to make the conventional arm some
thing of a dubious compromise, es
pecially in the context of recent deve
lopments in almost every other branch 
of audio. Looking at it another way, the 
distortion introduced at this particular 
programme source make current efforts 
to produce amplifiers for example with 

*Randhawa, T. S. Pickup arm design techni
ques, Wireless World, vol. 84 1978, March & 
April. 

vanishingly small harmonic distortion 
figure seem academic. 

By adoptinp the servo-assisted 
parallel-tracking technique, all the un
desirable effects of the conventional 
arm can be resolved at a stroke. This 
idea has been around for many years, 
but has remained a pipe dream because 
of the difficulties involved in manufac

. turing a reliable control system to keep 
the tracking arm on-station. Pivot-head 
arms as typified by Garrard's Zero 100, 
whilst reducing tracking error, do not 
solve all the problems and introduce 
'some new ones as well. An anti-skating 
device is still needed, and inevitably the 
frictional forces involved in moving the 
arm across the record are increased due 
to the extra linkages. Also, the extra · 
mass of the pivot-head mechanism in
creases the overall inertia of the arm, 
which goes against the principles laid 
down by Randhawa. It is interesting to 
note that the energy required to move 
the arm assembly across the record and 
thus actuate the pivot-head is derived 
from the record surface, whereas in the 
parallel tracking system the record is 
relieved from this duty altogether be
cause the servo-motor supplies the en-

An ~portant benefit enjoyed by 
users of ser ··assisted parallel tracking 
arms is much Jvwer inertia of such arms. 
The tracking arm described has an 
effective length of 7.25in compared to 
9in for a conventional J.rm. Now if 
Ih = MR2 where Ih is the inertia of the 
arm about the pivot point, R the pivot
to-stylus length and M the mass of the 
arm, then substituting the values for R 
given above 

Ih for parallel-tracking arms= ;J;.; ' 1\!l 
Ih for conventional arm = 81M 

If M is equal for the two arms then the 
parallel-tracking arm shows a red~ction 
in inertia of about 35%. In practice M can 
easily be made less despite the slight 
additional mass of the optoelectronics, 
because the arm is shorter to start with. 
Being short, less material can be used in 
its construction without loss of stiff
ness. An overall reduction in inertia of 
around 40% should be feasible. As the 
advantages of low inertia have been 
dealt with in detail in Randhawa's 
article, they are not repeated here. 

Recently, with the advent of 
optoelectronics, a few manufacturers 
.have produced workable parallel"
'tracking arms by using a light-operated 
switch mounted on a fixed reference 
arm alongside the actual tracking arm. 
Tracking errors are detected by the· 
relative movement between the two 
arms and the error signal relayed to a 
servo motor. Unfortunately the pro
duction of an accurate light-beam, the 
alignment with it of an optical switch, 
and the integration of the two on a 
moving platform, usually requires pre
cision mechanical and optical en
gineering far beyond the capability of 
most amateur constructors. These 
mechanisms are also very expensive, 
typically £450. 

In this context, for a constructional 
project to be within the bounds oC 
possibility, a different approach wc.<s 
clearly required, particularly for the 
switching device. The following list of 
requirements was drawn up. The switch 
should not add significantly to the mass 
of the arm, impose little or no loading on. 
the tracking arm, have negligible hys
teresis· between switched states, and be 
fail safe, to prevent damage to records. 
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Several lines of enquiry were tried 
including capacitive and magnetic prox
mity . switches but all suffered one 
drawback or another. However, two 
devices were developed, one an 
optoelectronic proportional control 
which is particularly suited to amateur 
construction as it needs virtually no 
optical engineering. The other device 
was developed after reading an article 
on the unique properties of mercury as 
used in frictionless switchest, and 
although very accurate and quite easy 
to make, is not really suitable as a con
structional project, as it uses p.t.f.e., 
nickel and mercury, but it is described 
nevertheless as it may be of interest in 
other applications requiring a low
hysteresis microswitch. 

Optoelectronic_ system 
Using the two-arm approach, a fixed 
reference arm and movable tracking 
·arm are arranged vertically one above 
the other. The lower arm is the 
reference arm and is fixed to a sliding 
platform pushed along a parallel track · 
-by a lead-screw, details of which appear 
in part 2. The tracking arm is mounted 
on gimbals and holds the opto-switch in 
front of the end of the reference arm 
which is a simple light-guide using a~ 
ordinary T11.4 filament bulb as a light 
source. A slit at the end of the tube 
produces a vertical beam of light 0.06in 
(1.5mm) across and 0.2in high which 
falls directly onto the sensitive face of 
two BPW34 diodes cemented side-by
.side in a small holder attached to the 
tracking arm. Extraneous light is pre-
. vented from reaching the diodes by a 
shroud fitted over the holder. Fig. 1 

·shows the general set up, and it will be 
appreciated from the diagram that the 
small physical size and square shape of 
the BPW34 diode makes it perfect for 
this application. 

The two diodes operate in a push-pull 
mode. When the light slit covers part of 
each diode ·equally, there is no effective 
output. When the slit moves to one side, 
an error current is produced which is 

. fed to a simple current-to-voltage con
verter (the 741 in Fig. 2). The voltage 
OUtput powers the tracking mc)tor -Vla 
an emitter-follower, and this voltage is 
either raised or lowered depending on 
which side of the two diodes the light 
slit moves. Vertical motion of the slit 
due to record warp has no effect. When 
there is no error current, the motor runs 
at a pre-determined speed correspon
ding to the average tracking speed, and 
is pre-set by the 2.2kQ potentiometer 
and Tr6. The 13V Zener diode simply 
limits the maximum voltage applied to 
the motor. 

Besides excellent sensitivity, the ad
vantage of using two diodes connected 
like this is that light falling on the unit 
from outside produces no error signal, 

tLinay, Engel & Gibbs. Mercury as a switch
ing medium, New Electronics, 7 March 1978. 
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Fig. 1. Lower reference arm is fixed to sliding platform pushed along a parallel track 
by motor-driven screw. Motor voltage is raised or lowered according to position of slit 
image on photodiodes. 

----------Control circuit--------- i - Switch circ~uit +20V 
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Fig. 2. Motor runs at average speed set by 2k2 potentiometer. Variable resistor of 47k 
allows for spread in transistor Hfe and different types of relay. Switches S and S are 
, microsw_itches; positions on rotary switch are fast forward I, fast reverse 4 (selec~ R 
on test), play 2 and stop 3. Chokes are motor interference suppressors. 

provided that the light is diffuse, is not 
so intense as to swamp diodes, and the 
diodes are reasonably well matched. In 
practice, this means that switching on 
the living-room light produces no ad
verse effect on the tracking system. 

Transistors Tr 1 to Tr 4 form a fail-safe 
system. \Vhen light from the slit falls on 
both diodes, current flows in Tr 1 and 3, 

holding off Tr 2 and Tr 4 respectively and 
the relay remains de-energized. If the 
slit moves off one diode and on to the 
other, the relay remains de-energized as 
either Tr2 or Tr4 will still be fully turned 
.off. However if the slit moves so far that 
neither diode receives light, then both 
Tr 2 and Tr 4 will turn on and close the 
relay. An alarm can then be triggered or 
the main power supply shut down·, 
whichever is c0nsidered appropriate (L 
chose an audible alarm). The relay will 
only de-energize when the light slit is 
returned to the diode's field of vision. 

Normally the relay would operate 
only if there was a major failure of the 
tracking motor or the drive to the 

sliding platform, or if the filament bulb 
failed, or perhaps if the run-out groove 
at the end of a record is too large for the 
tracking motor to catch up. However, 
even if everything stops working, in
cluding the warning system, the track
ing arm will still track the record as .a 
conventional arm, albeit with rather 
poor design parameters. This should 
give confidence to those who would 
hesitate to trust their records to the 
mercy of a servo-system! 

The system described avoids the us~ 
of lenses, prisms and mirrors, and 
greatly simplifies construction , yet is 
still very sensitive, and can switch the 
tracking motor from full-ahead to full -

. stop within ± 0.2 degrees. The outline of 
the light beam is of course rather blur
red at the edges and the intensity may 
not be uniform, but this does not in 
practice affect accuracy. This is de
termined by the differential action of 
the diodes and the voltage output of the 
741 current-to-voltage converter which 
is Vo =-I in Rf, where Rf is the feedback 
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resistor in Fig. 2. Thus the basic sen
sitivity can be set by adjusting Rt. 

Much greater accuracy than ± 0.2 
degrees may be obtained, even with this 

. ill-defined light beam, but to a large 
:extent it is pointless as record eccen
tricity begins to make itself felt at about 
this stage. To reduce the tracking error 
below .± 0.2 degrees to cater for record 
eccentricity would mean using a fast
. acting bi-directional servo system with 
no mechanical play in the moving parts, 
rather than the simple uni-directional 
system described, where the; 
mechan{cal dearances are- taken up · 
during forward motion. The law of 
diminishing returns enters here, and the 
cost of a complex servo system would 
not justify itself when a much better 
solution of dealing with eccentri.c 
records exists. The meter included to 
monitor the voltage across the servo
motor will clearly indicate where 
eccentricity lies and it is a simple matter 
to enlarge the centre hole and place the 
disc centrally on the platter. If the 
eccentricity is the same on both sides, 
then with a little p.v.c. cement, a new 
permanent centre hole can be made to 
cure the problem once and for all. 

The servo system consists of a 
motor-driven lead screw pushing a 
sliding platform, on which the two arms 
and the gimbal assembly are carried, 
'along a parallel track via a mechanical 
coupling. At first glance it may appear 
easier to drive the platform directly 
from the lead screw and dispense with 
the track, but in practice it is difficult to 
produce a sufficiently straight and 
accurately threaded lead screw to pre
vent instability in the platform move
ment, for example side-to-side wobble. 
Even a hand-filed parallel track pro-' 
duces better results. · 

The motor originally used was a small 

Rubber mounting 
grommet 

Worm 
gear 

,. 
II 

Motor 

• 

6V motor from a cassette deck and was 
resiliently mounted to avoid noise 
transmission to the tracking arm. Also 
to avoid noise, rubber belt drive was 
used from motor to gears and from 
gears to lead screw, giving an overall 
reduction of 100:1. The gearing used 
Was a nylon worm gear, ideal because 
they require no lubrication, are silent in 
operation, produce the large reduction 
in a single step, and are easily assemb
led. Matched sets of 40:1 are · available . 
together with the associated hardware 
like shafts, bushes from good model 
shops. 

When tracking a record, the motor 

Arm is cued by lowering hinged mounting platform; see part 2 for details. Meter is an 
essential part of design and indicates correct operation of the servo. 

Thrust 
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Underside drive 
mechanism in 
original unit 
provides a 100:1 
speed reduction 
from a 6-volt 
cassette-deck 
moto~i\ssembly 
details are left to 
the constructor and 
will depend on the 
components used. 

drives the platform at a steady speea 
corresponding to the average rate of 
travel of the tra.cking across a typical 
J.p. record - about 3in in 15 minutes, 
say. To achieve this the voltage to the 
motor is pre-set as already explained. 
The opto-switch simply raises the vol
tage to the motor when the tracking 
arm lags behind the record, and reduces 
it to zero when the arm leads. The motor 
obviously has to have good self-starting 
properties for this system to work. 

To return the arm to the starting 
position, the polarity of the s'upply to . 
the motor is reversed and fed via a 
pre-selected resistor which limits motor 
speed to give a reasonable rate of 
return. On the prototype this was set at 
two minutes, which compares favour
ably with rewinding times for a tape 
recorder. For general use this may be 
too long, in which case it would be a 
good idea to incorporate a gear-change 
on the motor to speed things up. The 
prototype was used solely for tran
scribing disc to tape, hence two minutes 
was no problem. 
~ For traversing fast forward, the mo
tor is fed from the same pre-set resistor 
with the correct polarity. A microswitch 
at each end of the parallel track 
switches the motor off automatically at 
precise positions corresponding to the 
run-in groove at the start of the record 
and. the end of the run-out grooye at the 
finish. 

To cue the arm at any point on a 
record, the sliding platform is con
structed as two platforms hinged 
together. The lower platform follows· 
the parallel track, and the upper plat
form carries the gimbals and the two 
arms. Cueing is achieved by tilting the 
upper platform thr:ough about 20° by 

I 
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First constructional methods are not 
necessarily the best. Dual-purpose light 
slit with cue-bar to raise pickup arm 
(above) could be simplified; and author 
found simplifications could be made to 

·the hinged platform, pivot pillars and 
gymbal, shown right and below 
(improvements in part 2). 

means of a small cam underneath, 
operated by the cue lever. In this posi

:tion the tracking arm rests lightly on a 
small bar on top of the reference arm, 
and records ~an be taken off, or put on. 

Some accuracy is needed to make 
such a hinged platform, as the errors 
:introduced by play in the hinge cannot 
be easily compensated for, and even a 
little play at this point can produce 
errors of one degree. A hinge consisting 
of a short rod pinched between two 
screwed pivot points can be designed to 
have no running clearance, but gives 
stiff operation. A compromise can be 
reached by screwing in the pivot points 
until the weight of the upper platform 
can just close the hinge. Such an 
arrangement does not wear very well, 
•put any play can be readily taken up by 
tightening the pivots. 

The MKL15 direct-drive motor and 
integral platter was chosen for the pro
totype as it was very easy to mount on a 
plinth and has excellent performance. d 
With this turntable, the parallel track ~ 
needs to be raised 1/zin or so for the ~ 
tracking arm to be on the same level as ~ 
the record, and a block of wood can be ·» 
incorporate.d in the plinth to provide ~ 

..c: 
this raised platform. ~ 
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Prestel, the Post Office's viewdata system, is 
now available as a full public service to 31/z 
million people in the Greater London area -
to all those whose telephone numbers begin 
with 01 or are able to make local calls to 01 
numbers (except those with shared-service 
or coin-box lines). The Post Office felt suf
ficiently confident to abandon the idea of a 
market trial, which we reported on earlier, 
and passed straight from their test service 
(which began in September 1978) to the full 
public service in October this year. Users can 
now access about 156,000 pages, from over 
170 information providers, which are avail
able at four retrieval centres within the 
London area: Wood Green (code name 
Juniper); Shoe Lane in the City (code name 
Byron); Eating (code name Atlas); and 
Eltham (code name Vigilant). It will be 
noticed that the code names are revivals of 
old London telephone exchange nam'es. 

All these local retrieval centres receive 
their information from a single "update 
centre" at Clerkenwell (code name Duke), 
which was set up to enable the information 
providers to enter their information, and 
update it, at one centre only. This installation 
updates the four local centres automatically 
and almost instantaneously. 

As we go to press the total number of users 
connected to the service is 1606. Of these 1082 
are users who were asked by the Post Office 
to take part in the test service mentioned 
above. So far the total number of accesses 
made by users to the data base amounts to 
about 8,411,000. 

The cost to the user of retrieving an ·infor
mation page is made up of three parts: (1) the 
charge for a telephone call to the local 
retrieval centre; (2) a time based charge for 
the use of the data base at the centre, which 
is 3p per minute between 8 a.m. and 6 p.m. 
Monday to Friday, or a cheap rate of 3p per 
three minutes between 6 p.m. and 8 a.m. 
Monday to Friday and all day Saturday and 
Sunday; and (3) a ' charge for each page 
retrieved on a system of prices ranging from 
Op to 50p a page. In addition there is a £6 
connection charge and 15p quarterly rental 
for the Post Office jack which links the 
telephone line to the viewdata television set. 
Users with a business line have to pay a 
further £12 quarterly charge. · 

Viewdata television sets, adaptors and 
business terminals are now available from 
about 16 manufacturers. As an example of 
the cost to a domestic user, the Decca 26in 
colour set CZ1096, which also includes 
teletext, can be bought through the central 
London dealer Tops TV Ltd for £1225, in
cluding two years' service, or hired from the 
same firm on a three-year lease for £45 per 
~onthplus v.a.t. (and £45 forthe whole of the 
fourth year). According to one commentator, 
Richard Hooper of Mills and Allen Com
munications · Ltd, this equipment side of 
Prestel is at present too expensive. Writing 
in Viewdata and TV User for October, he says 
"Prestel set prices must come down fast to 
ensure a large residential market ... But 
someone somewhere has got to make a 
heavy capital commitment to volume pro
duction for the costs to come down. There is 
no public evidence as yet that such a step has 
been taken." 
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resistor in Fig. 2. Thus the basic sen
sitivity can be set by adjusting Rt. 

Much greater accuracy than ± 0.2 
degrees may be obtained, even with this 

. ill-defined light beam, but to a large 
:extent it is pointless as record eccen
tricity begins to make itself felt at about 
this stage. To reduce the tracking error 
below .± 0.2 degrees to cater for record 
eccentricity would mean using a fast
. acting bi-directional servo system with 
no mechanical play in the moving parts, 
rather than the simple uni-directional 
system described, where the; 
mechan{cal dearances are- taken up · 
during forward motion. The law of 
diminishing returns enters here, and the 
cost of a complex servo system would 
not justify itself when a much better 
solution of dealing with eccentri.c 
records exists. The meter included to 
monitor the voltage across the servo
motor will clearly indicate where 
eccentricity lies and it is a simple matter 
to enlarge the centre hole and place the 
disc centrally on the platter. If the 
eccentricity is the same on both sides, 
then with a little p.v.c. cement, a new 
permanent centre hole can be made to 
cure the problem once and for all. 

The servo system consists of a 
motor-driven lead screw pushing a 
sliding platform, on which the two arms 
and the gimbal assembly are carried, 
'along a parallel track via a mechanical 
coupling. At first glance it may appear 
easier to drive the platform directly 
from the lead screw and dispense with 
the track, but in practice it is difficult to 
produce a sufficiently straight and 
accurately threaded lead screw to pre
vent instability in the platform move
ment, for example side-to-side wobble. 
Even a hand-filed parallel track pro-' 
duces better results. · 

The motor originally used was a small 

Rubber mounting 
grommet 

Worm 
gear 

,. 
II 

Motor 

• 

6V motor from a cassette deck and was 
resiliently mounted to avoid noise 
transmission to the tracking arm. Also 
to avoid noise, rubber belt drive was 
used from motor to gears and from 
gears to lead screw, giving an overall 
reduction of 100:1. The gearing used 
Was a nylon worm gear, ideal because 
they require no lubrication, are silent in 
operation, produce the large reduction 
in a single step, and are easily assemb
led. Matched sets of 40:1 are · available . 
together with the associated hardware 
like shafts, bushes from good model 
shops. 

When tracking a record, the motor 

Arm is cued by lowering hinged mounting platform; see part 2 for details. Meter is an 
essential part of design and indicates correct operation of the servo. 

Thrust 
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Underside drive 
mechanism in 
original unit 
provides a 100:1 
speed reduction 
from a 6-volt 
cassette-deck 
moto~i\ssembly 
details are left to 
the constructor and 
will depend on the 
components used. 

drives the platform at a steady speea 
corresponding to the average rate of 
travel of the tra.cking across a typical 
J.p. record - about 3in in 15 minutes, 
say. To achieve this the voltage to the 
motor is pre-set as already explained. 
The opto-switch simply raises the vol
tage to the motor when the tracking 
arm lags behind the record, and reduces 
it to zero when the arm leads. The motor 
obviously has to have good self-starting 
properties for this system to work. 

To return the arm to the starting 
position, the polarity of the s'upply to . 
the motor is reversed and fed via a 
pre-selected resistor which limits motor 
speed to give a reasonable rate of 
return. On the prototype this was set at 
two minutes, which compares favour
ably with rewinding times for a tape 
recorder. For general use this may be 
too long, in which case it would be a 
good idea to incorporate a gear-change 
on the motor to speed things up. The 
prototype was used solely for tran
scribing disc to tape, hence two minutes 
was no problem. 
~ For traversing fast forward, the mo
tor is fed from the same pre-set resistor 
with the correct polarity. A microswitch 
at each end of the parallel track 
switches the motor off automatically at 
precise positions corresponding to the 
run-in groove at the start of the record 
and. the end of the run-out grooye at the 
finish. 

To cue the arm at any point on a 
record, the sliding platform is con
structed as two platforms hinged 
together. The lower platform follows· 
the parallel track, and the upper plat
form carries the gimbals and the two 
arms. Cueing is achieved by tilting the 
upper platform thr:ough about 20° by 

I 
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First constructional methods are not 
necessarily the best. Dual-purpose light 
slit with cue-bar to raise pickup arm 
(above) could be simplified; and author 
found simplifications could be made to 

·the hinged platform, pivot pillars and 
gymbal, shown right and below 
(improvements in part 2). 

means of a small cam underneath, 
operated by the cue lever. In this posi

:tion the tracking arm rests lightly on a 
small bar on top of the reference arm, 
and records ~an be taken off, or put on. 

Some accuracy is needed to make 
such a hinged platform, as the errors 
:introduced by play in the hinge cannot 
be easily compensated for, and even a 
little play at this point can produce 
errors of one degree. A hinge consisting 
of a short rod pinched between two 
screwed pivot points can be designed to 
have no running clearance, but gives 
stiff operation. A compromise can be 
reached by screwing in the pivot points 
until the weight of the upper platform 
can just close the hinge. Such an 
arrangement does not wear very well, 
•put any play can be readily taken up by 
tightening the pivots. 

The MKL15 direct-drive motor and 
integral platter was chosen for the pro
totype as it was very easy to mount on a 
plinth and has excellent performance. d 
With this turntable, the parallel track ~ 
needs to be raised 1/zin or so for the ~ 
tracking arm to be on the same level as ~ 
the record, and a block of wood can be ·» 
incorporate.d in the plinth to provide ~ 

..c: 
this raised platform. ~ 
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Prestel, the Post Office's viewdata system, is 
now available as a full public service to 31/z 
million people in the Greater London area -
to all those whose telephone numbers begin 
with 01 or are able to make local calls to 01 
numbers (except those with shared-service 
or coin-box lines). The Post Office felt suf
ficiently confident to abandon the idea of a 
market trial, which we reported on earlier, 
and passed straight from their test service 
(which began in September 1978) to the full 
public service in October this year. Users can 
now access about 156,000 pages, from over 
170 information providers, which are avail
able at four retrieval centres within the 
London area: Wood Green (code name 
Juniper); Shoe Lane in the City (code name 
Byron); Eating (code name Atlas); and 
Eltham (code name Vigilant). It will be 
noticed that the code names are revivals of 
old London telephone exchange nam'es. 

All these local retrieval centres receive 
their information from a single "update 
centre" at Clerkenwell (code name Duke), 
which was set up to enable the information 
providers to enter their information, and 
update it, at one centre only. This installation 
updates the four local centres automatically 
and almost instantaneously. 

As we go to press the total number of users 
connected to the service is 1606. Of these 1082 
are users who were asked by the Post Office 
to take part in the test service mentioned 
above. So far the total number of accesses 
made by users to the data base amounts to 
about 8,411,000. 

The cost to the user of retrieving an ·infor
mation page is made up of three parts: (1) the 
charge for a telephone call to the local 
retrieval centre; (2) a time based charge for 
the use of the data base at the centre, which 
is 3p per minute between 8 a.m. and 6 p.m. 
Monday to Friday, or a cheap rate of 3p per 
three minutes between 6 p.m. and 8 a.m. 
Monday to Friday and all day Saturday and 
Sunday; and (3) a ' charge for each page 
retrieved on a system of prices ranging from 
Op to 50p a page. In addition there is a £6 
connection charge and 15p quarterly rental 
for the Post Office jack which links the 
telephone line to the viewdata television set. 
Users with a business line have to pay a 
further £12 quarterly charge. · 

Viewdata television sets, adaptors and 
business terminals are now available from 
about 16 manufacturers. As an example of 
the cost to a domestic user, the Decca 26in 
colour set CZ1096, which also includes 
teletext, can be bought through the central 
London dealer Tops TV Ltd for £1225, in
cluding two years' service, or hired from the 
same firm on a three-year lease for £45 per 
~onthplus v.a.t. (and £45 forthe whole of the 
fourth year). According to one commentator, 
Richard Hooper of Mills and Allen Com
munications · Ltd, this equipment side of 
Prestel is at present too expensive. Writing 
in Viewdata and TV User for October, he says 
"Prestel set prices must come down fast to 
ensure a large residential market ... But 
someone somewhere has got to make a 
heavy capital commitment to volume pro
duction for the costs to come down. There is 
no public evidence as yet that such a step has 
been taken." 
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29M Hz mobiles, 
repeaters and nbfm 
During recent years there has been a 

· considerable increase in amateur · 
mobile operation using narrow-band
frequency-modulation in the 28MHz 
amateur band and a number of 
"repeaters" have been established in the 
USA, permitting long-distance opera
Ilion with low-power mobile· and hand
held equipment when the band is 
"open". According to Sam Voron, 
VK2BVS in the Australian Amateur 
Radio there is now increasing interest in 
this type of operation in many parts of 
the world, including Scandinavia, Japan 
and Australia. Factory-buUt equipment, 
including 80-channel 10-watt mobile 
transceivers, has recently appeared on 
the market although much of the 
activity is with modified c.b. units and 
surplus military v.h.f. sets; 144MHz to 
29MHz "transverters" are under deve
lopment, while several firms now offer 
n.b.f.m. adaptors for h.f. transceivers. 

Activity is normally confined to 
"10kHz channels" between 29.3 and 
29.5MHz. The American repeaters have 
100kHz spacing between input and out
put channels, with the input channel on 
the lower frequency; some of these 
repeaters are "open" and activated by 
any incoming carrier, others use a 
variety of access tones, including some :' 
around 90-llOHz and others around 
1950Hz. A repeater band plan lists four 
channels: Channell, 29.520MHz 'in' and 
29.620MHz 'out'; Channel 2, 29.540MHz 
'in' and 29.640MHz 'out' and so on. The 
frequency 29.6MHz is not used by 
repeaters but is a general calling chan
nel. It should be noted that frequencies 
below 29.5MHz are used by satellites. 
The f.m. deviation should be limited to 
3-5kHz. World-wide operation either 
direct or through the repeaters should 
prove possible for several years during 
the sunspot maximum period. 

Vandals and 
interference 

The problem of deliberate interference· 
to amateur transmissions, including 
although not exclusively those through 
repeater stations, and vandalism of un
attended equipment appears to be in
creasing world-wide (not amateur 
alone, a joint BBC-IBA television relay 
near Glasgow was wrecked by vandals a 
few months ago). The problems that 
have plagued the London GB3LO 
144MHz repeater have been reported on 
previous occasions , but in recent 
months appears to have extended to 
include an element of physical violence. 

Pierce Healy, VK2APQ in Electronics 
Australia reports that "in a completely 
moronic and pointless · act of destruc
tion" vandals destroyed a two-year 
project for the setting up of a repeater 
station on Mount Bindo in the Blue 

Mountains of New South Wales, serving 
a large area of the State and linking 
amateurs in the coastal areas with those 
in the plains west of the mountain 
range. Legs of the metal tower carrying 
the wind generator were sawn through 
at ground level causing the whole 
structure to crash to the ground and 
causing damage to the building housing 
the repeater. Previously, repeaters near 
Canberra and Melbourne have been 
vandalised, and an experimental moon
bounce project damaged. 

Following many complaints and with 
co-operation between a Swedish ama
teur and Irish officials, a transmitter 
located in Eire that has for a consider
able period deliberately interfered with 
14MHz nets has been traced and closed 
down. On the West Coast of the USA 
the aid of congressmen has been en
listed to combat malicious interference. 

Electronics Australia although it long 
campaigned for the introduction of c.b. 
radio in Australia has drawn attention 
to some questions that need to be faced 
if the service is not to become unpopu
lar. The editor writes: "C.b. came to 
Australia a couple of years ago, amidst a 
tremendous barrage of publicity, sup
ported by a whole range of people from 
'progressives' through to businessmen 
who stood to benefit financially ... but 
victory turned rapidly sour. C. b. users 
made headlines for obscenity, 'lar
rikinism', standover tactics and other 
questionable activities: the 'progress
ives' dropped it cold. C.b. ceased to be 
the 'in' thing and importers found 
themselves with huge stocks, which 
they had no hope of shifting in short 
order, even at giveaway prices - a 
problem that is still with us." It is 
recalled how c.b. lost public support as 
a result of a so-called "c. b. murder" and 
the role it played in an unpopular strike 
of lorry drivers. Since Australian c.b. is 
due to be moved from 27MHz to u.h.f. in 
July 1982 it is suggested that "c.b. cer
tainly can't afford a repetition of these 
recent events: what it needs above all 
else is a low profile and improved inter
nal discipline." 
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News from Holland 

The national Dutch amateur radio sta
tion, PAOAA, transmits news bulletins 
and Morse code exercises in Dutch and 
English every Friday evening, with 
simultaneous transmission on 1827kHz, 
3600kHz, 14,100kHz, 144.80MHz and 
433.765MHz ·between 1900-2130GMT. 
An r.t.t.y. bulletin ( 45 baud) is trans
mitted at 2030GMT. The English-text 
news bulletins are at 1915GMT and 
2115MT. Morse code exercises (in Eng
lish and Dutch) are at 1930GMT (be
ginners) and 2000GMT (advanced). 
Code proficiency runs are transmitted 
at various speeds on the last Friday of 
each month at 2130GMT. 

from all quarters 
Italian stations have gained the world's 
lOGHz distance recor~ ina remarkable 
series of contacts that progressively 
raised the record to 550km, 57lkm, 
582km, 589km and then 633km. The 
633km two-way contact was between 
12FZD/2 and 14CHY 17 using lOmW: 
Gunnplexers and 1-metre dishes. 

The station PAOKKZ and a group of 
Dutch amateurs are now active on 
24GHz with equipment including a 
home-built Gunn-diode oscillator with 
an output of 4m Wand equipment made 
for amateurs by Microwave Associates. 

24GHz beacons are likely to be in
stalled soon at GB3IOW on the Isle of 
Wight and at GB3ALD on Alderney. A 
high-power beacon on 1296.83MHz 
which will radiate 400 watts e.r.p. from 
each of two aerials has been licensed 
with the call-sign GB3BPO and will be 
installed near Martlesham Heath. 
10GHz beacons have been established 
atLeicester and Watford. 

Over 80 per cent of the London centre 
' candidates passed the first "multi
choice" Radio Amateurs' Examinations 
last May. The City and Guilds of London 
Institute have explained the long delay 
in announcing the results as being due 
t0 problems with new processing 
equipment and have stated that this will 
not occur again. 

Peter Balestrini, G3BPT, who is to be 
the 1980 president of the RSG B has long 
been associated with the amateur radio 
emergency service, having been 
chairman of the Raynet Committee 
from 1967 to 1978. 

Richard Thurlow, G3WW, of Wim
blington, March, . C~mbridgesh{re, has 
now confirmed two-way slow -s·::an 
television contacts with stations in 101 
countries, representing contacts with 
more than 1300 different amateurs. 

A new 190-page book, ~'Amateur 
Radio Operating Manual" edited by R. J. 
Eckersley, G4FTJ with contributions 
from over 30 British amateurs has been 
published recently by the RSGB. It in
cludes much information, data and 
maps of value to h.f. and v.h.f. operators. 

PATHAWKER,G3VA 

/ 
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NOBODY CAN DO IT LIKE 
SABTRONICS CAN·. NOBODY! 
We pioneered the first benchtop professional quality Digital 
Multimeter at lowest price anywhere. We ~old tens of 
thousands of units around the world and are still selling. 
Nobody has been able to beat our price/performance ratio. 

Now we are making the impossible again. A 3Yz Digit LCD 
handheld professional quality multimeter at an absolute low 
price of only£ 59.95*. But don't get sold yet, wait till you have 
read further. 

QUALITY, PERFORMANCE AND ACCURACY 
The model 2035A offers you long term accuracy with a laser 
trimmed resistor netwo~k, a stable bandgap reference 
element, and single chip LSI circuitry. Expert circuit design 
and board layout have reduced component count to the 
optimum minimltlm. With 32 ranges** and 6 functions, you 
can measure AC or DC volts from 100 ,uV to 1000 V; AC and DC 
current from 0.1 ,uA to 2A; resistance from 0.1 0 to 20 MO. 
Typical DCV accuracy of 0.1% ± 1 digit. 

OVERLOAD PROTECTION FOR GREATER SAFETY 
Input overload is protected to 1000 v_ (DC+ AC peak). Ohm . 
and current ranges are fuse protected: These features, plus a · 
high immunity to voltage transients, protect the 2035A against 
·uncertain input conditions. Input and battery eliminator / 
jacks are recessed to ad to operational safety. I 
Wait don't order it until! you have read further. 

OTHER FEATURES FOR GREATER CONVENIENCE 
AND FLEXIBILITY 
Automatic zero; Automatic polarity(+ implied,- shown); 
large Yz" LCD readout with automatic decimal and low battery 
indicator; uses inexpensive 9 V transistor battery; 200 hours 
battery life; push button switches for easy~ operation; light 
weight (only 11 oz); fits easily into a jacket r: .Jcket; specially 
designed injection moulded rugged plastic case in beautiful 
grey beach colour with matching switch buttons; only 
2 caliberation controls. Whether you are professional or 
amateur, you should check out the Model 2035A for yourself. 

BRIEF SPECIFICATIONS MODEL 2035A & 2037A 

DC Vol ts 5 ranges 100 fLV to 1000 v 
AC Volts 5 ranges 100 fLV to 1000 V rms 
DC Current 5 ranges 0.1 fLA to 2.000A 
AC Current 5 ranges 0.1 fLA to 2.000A rms 
High Ohms 6 ranges 0.1 n to 20 Mn 
Low Ohms 6 ranges 0.1 n to 20 Mn 
Tempera ture** 2 ranges -50°C to +150°C 

0.1% ±1 digit-0.25%±1 digit 
0.5% ± 1 digit-1.0% ± 1 digit 
0.25% ± 1 digit-0.25%± 1 digit 
0.5% ± 1 digit-1.0% ± 1 digit 
0.2% ± 1 digit-0.5% ± 1 digit 
0.2% ± 1 dlgit-0.5%, ± 1 digit 
1 °C - 2.5°C. 

Input impedance 
Burden voltage 

10 M!l- DCV and 10 M!l/10pF- ACV 
100 mV at 1000 display 

Over voltage protection : 
Over current protection : 
Ohm overload protection: 
AC Frequency response : 

'B~ttery I ife (9V) 
Weight 
Accessories supplied 
Temperatu re Co·eff. 
Display 

Case colour 
Case Material 
Optional 

1000 (DC + AC peak) 
2a/250 V fuse 
250V DC or AC peak . 
40 Hz to 5 kHz 
200 Hours typical w1th alkaline battery 
11 Oz. (310 gms) without battery. 
Test leads 
o.1 x rc 
y,·· (13 mm) Character, 3Y> Digit Liquid crystal,display with low battery 
indiscator and «-)) sign . 
Light grey with matching buttons. 
ABS Rugged plastic with texture. 
Touch and hold probes for hard to reacn measuring areas. 

Making Performance Affordable 

sabtronics p,j 
INTERNATIONAL INC. 

ORDER YOURS ·NOW! 

* Model 2035A as shown. 
Model 2037 A with temperature measuring circuitry£ 69.95. 

** Model 2037 A has 34 ranges and 7 functions. 

Send your orders with payment to: 

~,----------, 
TIMWOOD LTD. 

I 14 Albert Street, Cowes lsi~ of Wight England: I 
Telex 86892 · 

I Please send me by parcel post I 
I Model 2035A I 

assembled and tested at£ 59.95 £ I Model 2037 A I 
I 

assembled and tested at£ 69.95 £ 

1 Model THP 20 

I Touch and Hold probe at£ 9.95 £ I 
I Plus VAT at 15% and p.p. £ 3.50 each £ I 
I Total enclosed herewith: £ I 
I Name: I 
I A~dress: I 
LCity: -. - -- - ·- -- --_::~0~- :J 
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29M Hz mobiles, 
repeaters and nbfm 
During recent years there has been a 

· considerable increase in amateur · 
mobile operation using narrow-band
frequency-modulation in the 28MHz 
amateur band and a number of 
"repeaters" have been established in the 
USA, permitting long-distance opera
Ilion with low-power mobile· and hand
held equipment when the band is 
"open". According to Sam Voron, 
VK2BVS in the Australian Amateur 
Radio there is now increasing interest in 
this type of operation in many parts of 
the world, including Scandinavia, Japan 
and Australia. Factory-buUt equipment, 
including 80-channel 10-watt mobile 
transceivers, has recently appeared on 
the market although much of the 
activity is with modified c.b. units and 
surplus military v.h.f. sets; 144MHz to 
29MHz "transverters" are under deve
lopment, while several firms now offer 
n.b.f.m. adaptors for h.f. transceivers. 

Activity is normally confined to 
"10kHz channels" between 29.3 and 
29.5MHz. The American repeaters have 
100kHz spacing between input and out
put channels, with the input channel on 
the lower frequency; some of these 
repeaters are "open" and activated by 
any incoming carrier, others use a 
variety of access tones, including some :' 
around 90-llOHz and others around 
1950Hz. A repeater band plan lists four 
channels: Channell, 29.520MHz 'in' and 
29.620MHz 'out'; Channel 2, 29.540MHz 
'in' and 29.640MHz 'out' and so on. The 
frequency 29.6MHz is not used by 
repeaters but is a general calling chan
nel. It should be noted that frequencies 
below 29.5MHz are used by satellites. 
The f.m. deviation should be limited to 
3-5kHz. World-wide operation either 
direct or through the repeaters should 
prove possible for several years during 
the sunspot maximum period. 

Vandals and 
interference 

The problem of deliberate interference· 
to amateur transmissions, including 
although not exclusively those through 
repeater stations, and vandalism of un
attended equipment appears to be in
creasing world-wide (not amateur 
alone, a joint BBC-IBA television relay 
near Glasgow was wrecked by vandals a 
few months ago). The problems that 
have plagued the London GB3LO 
144MHz repeater have been reported on 
previous occasions , but in recent 
months appears to have extended to 
include an element of physical violence. 

Pierce Healy, VK2APQ in Electronics 
Australia reports that "in a completely 
moronic and pointless · act of destruc
tion" vandals destroyed a two-year 
project for the setting up of a repeater 
station on Mount Bindo in the Blue 

Mountains of New South Wales, serving 
a large area of the State and linking 
amateurs in the coastal areas with those 
in the plains west of the mountain 
range. Legs of the metal tower carrying 
the wind generator were sawn through 
at ground level causing the whole 
structure to crash to the ground and 
causing damage to the building housing 
the repeater. Previously, repeaters near 
Canberra and Melbourne have been 
vandalised, and an experimental moon
bounce project damaged. 

Following many complaints and with 
co-operation between a Swedish ama
teur and Irish officials, a transmitter 
located in Eire that has for a consider
able period deliberately interfered with 
14MHz nets has been traced and closed 
down. On the West Coast of the USA 
the aid of congressmen has been en
listed to combat malicious interference. 

Electronics Australia although it long 
campaigned for the introduction of c.b. 
radio in Australia has drawn attention 
to some questions that need to be faced 
if the service is not to become unpopu
lar. The editor writes: "C.b. came to 
Australia a couple of years ago, amidst a 
tremendous barrage of publicity, sup
ported by a whole range of people from 
'progressives' through to businessmen 
who stood to benefit financially ... but 
victory turned rapidly sour. C. b. users 
made headlines for obscenity, 'lar
rikinism', standover tactics and other 
questionable activities: the 'progress
ives' dropped it cold. C.b. ceased to be 
the 'in' thing and importers found 
themselves with huge stocks, which 
they had no hope of shifting in short 
order, even at giveaway prices - a 
problem that is still with us." It is 
recalled how c.b. lost public support as 
a result of a so-called "c. b. murder" and 
the role it played in an unpopular strike 
of lorry drivers. Since Australian c.b. is 
due to be moved from 27MHz to u.h.f. in 
July 1982 it is suggested that "c.b. cer
tainly can't afford a repetition of these 
recent events: what it needs above all 
else is a low profile and improved inter
nal discipline." 
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News from Holland 

The national Dutch amateur radio sta
tion, PAOAA, transmits news bulletins 
and Morse code exercises in Dutch and 
English every Friday evening, with 
simultaneous transmission on 1827kHz, 
3600kHz, 14,100kHz, 144.80MHz and 
433.765MHz ·between 1900-2130GMT. 
An r.t.t.y. bulletin ( 45 baud) is trans
mitted at 2030GMT. The English-text 
news bulletins are at 1915GMT and 
2115MT. Morse code exercises (in Eng
lish and Dutch) are at 1930GMT (be
ginners) and 2000GMT (advanced). 
Code proficiency runs are transmitted 
at various speeds on the last Friday of 
each month at 2130GMT. 

from all quarters 
Italian stations have gained the world's 
lOGHz distance recor~ ina remarkable 
series of contacts that progressively 
raised the record to 550km, 57lkm, 
582km, 589km and then 633km. The 
633km two-way contact was between 
12FZD/2 and 14CHY 17 using lOmW: 
Gunnplexers and 1-metre dishes. 

The station PAOKKZ and a group of 
Dutch amateurs are now active on 
24GHz with equipment including a 
home-built Gunn-diode oscillator with 
an output of 4m Wand equipment made 
for amateurs by Microwave Associates. 

24GHz beacons are likely to be in
stalled soon at GB3IOW on the Isle of 
Wight and at GB3ALD on Alderney. A 
high-power beacon on 1296.83MHz 
which will radiate 400 watts e.r.p. from 
each of two aerials has been licensed 
with the call-sign GB3BPO and will be 
installed near Martlesham Heath. 
10GHz beacons have been established 
atLeicester and Watford. 

Over 80 per cent of the London centre 
' candidates passed the first "multi
choice" Radio Amateurs' Examinations 
last May. The City and Guilds of London 
Institute have explained the long delay 
in announcing the results as being due 
t0 problems with new processing 
equipment and have stated that this will 
not occur again. 

Peter Balestrini, G3BPT, who is to be 
the 1980 president of the RSG B has long 
been associated with the amateur radio 
emergency service, having been 
chairman of the Raynet Committee 
from 1967 to 1978. 

Richard Thurlow, G3WW, of Wim
blington, March, . C~mbridgesh{re, has 
now confirmed two-way slow -s·::an 
television contacts with stations in 101 
countries, representing contacts with 
more than 1300 different amateurs. 

A new 190-page book, ~'Amateur 
Radio Operating Manual" edited by R. J. 
Eckersley, G4FTJ with contributions 
from over 30 British amateurs has been 
published recently by the RSGB. It in
cludes much information, data and 
maps of value to h.f. and v.h.f. operators. 

PATHAWKER,G3VA 
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NOBODY CAN DO IT LIKE 
SABTRONICS CAN·. NOBODY! 
We pioneered the first benchtop professional quality Digital 
Multimeter at lowest price anywhere. We ~old tens of 
thousands of units around the world and are still selling. 
Nobody has been able to beat our price/performance ratio. 

Now we are making the impossible again. A 3Yz Digit LCD 
handheld professional quality multimeter at an absolute low 
price of only£ 59.95*. But don't get sold yet, wait till you have 
read further. 

QUALITY, PERFORMANCE AND ACCURACY 
The model 2035A offers you long term accuracy with a laser 
trimmed resistor netwo~k, a stable bandgap reference 
element, and single chip LSI circuitry. Expert circuit design 
and board layout have reduced component count to the 
optimum minimltlm. With 32 ranges** and 6 functions, you 
can measure AC or DC volts from 100 ,uV to 1000 V; AC and DC 
current from 0.1 ,uA to 2A; resistance from 0.1 0 to 20 MO. 
Typical DCV accuracy of 0.1% ± 1 digit. 

OVERLOAD PROTECTION FOR GREATER SAFETY 
Input overload is protected to 1000 v_ (DC+ AC peak). Ohm . 
and current ranges are fuse protected: These features, plus a · 
high immunity to voltage transients, protect the 2035A against 
·uncertain input conditions. Input and battery eliminator / 
jacks are recessed to ad to operational safety. I 
Wait don't order it until! you have read further. 

OTHER FEATURES FOR GREATER CONVENIENCE 
AND FLEXIBILITY 
Automatic zero; Automatic polarity(+ implied,- shown); 
large Yz" LCD readout with automatic decimal and low battery 
indicator; uses inexpensive 9 V transistor battery; 200 hours 
battery life; push button switches for easy~ operation; light 
weight (only 11 oz); fits easily into a jacket r: .Jcket; specially 
designed injection moulded rugged plastic case in beautiful 
grey beach colour with matching switch buttons; only 
2 caliberation controls. Whether you are professional or 
amateur, you should check out the Model 2035A for yourself. 

BRIEF SPECIFICATIONS MODEL 2035A & 2037A 

DC Vol ts 5 ranges 100 fLV to 1000 v 
AC Volts 5 ranges 100 fLV to 1000 V rms 
DC Current 5 ranges 0.1 fLA to 2.000A 
AC Current 5 ranges 0.1 fLA to 2.000A rms 
High Ohms 6 ranges 0.1 n to 20 Mn 
Low Ohms 6 ranges 0.1 n to 20 Mn 
Tempera ture** 2 ranges -50°C to +150°C 

0.1% ±1 digit-0.25%±1 digit 
0.5% ± 1 digit-1.0% ± 1 digit 
0.25% ± 1 digit-0.25%± 1 digit 
0.5% ± 1 digit-1.0% ± 1 digit 
0.2% ± 1 digit-0.5% ± 1 digit 
0.2% ± 1 dlgit-0.5%, ± 1 digit 
1 °C - 2.5°C. 

Input impedance 
Burden voltage 

10 M!l- DCV and 10 M!l/10pF- ACV 
100 mV at 1000 display 

Over voltage protection : 
Over current protection : 
Ohm overload protection: 
AC Frequency response : 

'B~ttery I ife (9V) 
Weight 
Accessories supplied 
Temperatu re Co·eff. 
Display 

Case colour 
Case Material 
Optional 

1000 (DC + AC peak) 
2a/250 V fuse 
250V DC or AC peak . 
40 Hz to 5 kHz 
200 Hours typical w1th alkaline battery 
11 Oz. (310 gms) without battery. 
Test leads 
o.1 x rc 
y,·· (13 mm) Character, 3Y> Digit Liquid crystal,display with low battery 
indiscator and «-)) sign . 
Light grey with matching buttons. 
ABS Rugged plastic with texture. 
Touch and hold probes for hard to reacn measuring areas. 

Making Performance Affordable 

sabtronics p,j 
INTERNATIONAL INC. 

ORDER YOURS ·NOW! 

* Model 2035A as shown. 
Model 2037 A with temperature measuring circuitry£ 69.95. 

** Model 2037 A has 34 ranges and 7 functions. 

Send your orders with payment to: 

~,----------, 
TIMWOOD LTD. 

I 14 Albert Street, Cowes lsi~ of Wight England: I 
Telex 86892 · 

I Please send me by parcel post I 
I Model 2035A I 

assembled and tested at£ 59.95 £ I Model 2037 A I 
I 

assembled and tested at£ 69.95 £ 

1 Model THP 20 

I Touch and Hold probe at£ 9.95 £ I 
I Plus VAT at 15% and p.p. £ 3.50 each £ I 
I Total enclosed herewith: £ I 
I Name: I 
I A~dress: I 
LCity: -. - -- - ·- -- --_::~0~- :J 
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CIRCUIT IDEAS 

Triangle-wave generator 
A 30-step staircase approximation to a 
triangle wave can easily be achieved by 
using a c.m.o.s. up/down counter with 
5-bit resolution. If 4-bit resolution is 
adequate, the exclu'sive-OR gate and 
the first flip- flop can be omitted. The 
most significant four bits can be 
asynchronously preset with extra 
gating. The weighted current outputs 
are summed in a Norton op-amp and C 1 
suppresses glitches caused by the 3900' s 
asymmetrical slew rate. Maximum 
operating frequency is limited by the 
20f.lS/V negative slew rate. Note that the 
output period is 60 times that at the 
input and not 64. Accuracy is mainly 
dependent on the weighting resistors 
provided that th~ supply voltage is high 
enough for the 4029 outputs to source 
sufficient current. 
T. \Villiams 
Shoreham· 
Kent 

Analogue memory 
The bilateral multiplexer in diagram (a) 
is connected to an array of capacitors to 
form an analogue memory which func
tions in a similar way to a conventional · 
r.a.m. Each sampling capacitor stores a 
charge which is dependent on the ana
logue input. Storage time is limited by 
the capacitor size, leakage current and 
permissible drift. With lnF capacitors 
the decay time is several hundred 
milliseconds. 

One application of this circuit is for 

Analogue 
input /output 

I 

------, 
I 

-~0~ I 

-· I 

'-T~---T---T'--' • c,s i 

Vss 1 

I 

[_ - -- -- J 

Enable Address 
(a) 

Clock 
input 

/ / 

c, 47p 

~ 
Preset inputs 

Preset 
enable 

variable audio delay as shown in dia
gram (b). With a sampling rate of 50kHz 
'the delay is approximately 320f.LS, but 
this can be changed by altering the 
clock frequency. The memory is-used 

Delayed 
. audio 

Audio 
input 

C lock 
___n__n__ 4017 

in a read before write mode and effec
tively forms a serial shift register. 
G. C. Hammond 
Nuneaton 
Warwickshire 

Analogue ram 

Co.c15f1n 
I 

E Ao A1 i A2 A3 

4024 

(b) 

To other 
channels 
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Band pass filter with high input impedance 

J3y combining tyvo op-amps and an i.e. 
gyrator a high input impedance band
pass filter can be built. The inductance 
simulated by the gyrator is R2

0
C

0 
and 

the design equations are L = R l2'IT{
0 
Q 

and C=Q/2'rrf R where f is the 
resonance frequ~ncy. Bandwidth of the 
filter can be adjusted up to 1OkHz where 
it operates with a low Q and high gain A. 
For {

0
= 1.5kHz, R is 10 kg, A is 100, Lis 

212.2 H and C is 53 pF. If L and C are 
connected in series, the circuit operates 
as a band--stop filter with the same 
design conditions. 
K. Kraus 
Rokycany 
Czechoslovakia 

Digitally controlled attenuator 

This circuit provides attenuation in 
increments of 11/2dB from zero to 461/2dB. 
The first attenuator is a zero to 41/2dB 
version with two digital inputs 
representing 1V2 and 3dB. Logic levels 
applied to the inputs program the 
AD7520 which then provides the correct 

12 

ratio of Vout/Vin· The attenuation in dB 
is 20 log 10(Vin/Vout). The circuit is s~own 
with a 741, but for high frequencies a 
318 or alternative can be used. Accuracy 
is limited by the AD7520, but the error is_ 
about 0.1% · .. · 

A second circuit uses a 7 4LS 138 3-to-8 
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P.w.m. control 
In a p.w.m. power controller it is diffi
cult to achieve smooth control to maxi
mum power with a simple multivibra
tor. A modification to the standard 
op-amp multivibrator provides smooth 
control from about a 15% duty ,cycle to 
full-on with an almost constant oscilla
tion frequency. 

The amplifier switches state when 
the voltage on C reaches the voltage at 
the junction of R3 and R4• Diode D 1 is fed 
from a potentiometer between the op
amp output and the -15 V rail. When 
the output is at -15 V, C discharges 
through R7, R1 and D1• After the output 
has switched to + 15 V, a current flows 

"----~--ov 

'--__,;~--------+--:---15V 

through D2, R2, R7 and D1• The maxi
mum voltage to which C can charge is 
dependant on R6 and R7 and if this is less 
than 7.5 V the op-amp remains in the 
same state. 

With the wiper of R7 at the top, R6 is 
adjusted so that the circuit just stops 
oscillatlng, i.e. 100% duty cycle. If D2 is 
fed from a potentiometer between the 
op-amp output and + 15 V, the duty 
cycle can be varied down to zero. The 
output can be used to drive a switching 
transistor or thyristor. 
D. K. Hamilton 
Oxford University 

line decoder to provide attenuation 
from zero to 42dB, and three digital 
inputs represent 6, 12 and 24dB. A 
potentiometer is provided to adjust the 
circuit for unity gain with the digital 
inputs high. The maximum error of the 
circuit, neglecting those associated with 
the AD7520, is less than 0.5%. 

Connecting the circuits in cascade so 
that vout of the first feeds vin of the 
secohd, creates an attenuator which is 
controlled by five bits. The circuit can 
be turned off by removing the 5V supply 
on pin 6 of the 74LS138 . . 
S. R. Taylor 
Ferranti Ltd 
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L.e.d. display for 8080 
_This circuit provides a low cost display 
for small 8080 based microprocessor 
systems. As all of the characters are 
generated by software, any symbol 
based on seven segments and a decimal 
point can be displayed. The HOLD input 
of the 8080 is used which sends the 
address and data bus outputs into the 
tri-state mode and allows peripherals to 
use the systems memory without inter
ference from the c.p.u. Digit selection is 
dependent on the least significant four 
bits of the memory address generated 
by the circuit and the state of the seg
ments is controlled by the output of the 
memory on the data bus. \Vhile the 
c.p.u. is not being held, the last received 
digit and segment data are stored in 
latches. A display buffer comprising 16 
bytes of r.a.m. is required to store the 
information. However, if information is 
to be displayed in succession it is advis
able to incorporate an incrimental loop 
to allow time for the display to be read. 
lCib IC4 and IC5 divide the clock to 
produce the lowest four bits ··of the 
display buffer (the upper 12 bits are hard 
wired into the circuit) and after de
coding, the HOLD signal. Outputs from 
the dividers are gated to produce a pulse 
every 1ms which sets a flip-flop whose 
output feeds the HOLD input of the 
c.p.u. and remains until cancelled by a 
HOLD acknowledge. IC 1a delays the 
HOLD acknowledge signal because the 
address and data bus outputs from the 
c.p.u. become non-conductive after the 
HOLD acknowledge goes high. Seg
ment data from the data bus is clocked 
into an 8-bit data latch by the HOLD 
acknowledge input and the digit to 
receive this data is selected by decoder 
IC9• 

The segment and digit outputs should · 
be buffered and the clock should be 
derived from the .6'2 (t.t.L) output of the 
8224 clock generator or any t. t.l. com
patable oscillator. The table of possibl~ 
characters shown makes a very pass
able alphabet. 
N. Granger Brown 
Soli hull 
\V. Midlands 
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Band pass filter with high input impedance 

J3y combining tyvo op-amps and an i.e. 
gyrator a high input impedance band
pass filter can be built. The inductance 
simulated by the gyrator is R2
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the design equations are L = R l2'IT{
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as a band--stop filter with the same 
design conditions. 
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is 20 log 10(Vin/Vout). The circuit is s~own 
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318 or alternative can be used. Accuracy 
is limited by the AD7520, but the error is_ 
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WIRELESS WORLD, DECEMBER 1979 

NEWS OF THE MONTH 
WARC and the radio amateur 

In January of this year the UK Home Office 
Radio Regulatory Division published a 300-
page document containing ·the UK' s propo
sals for WARC 79 (see p.57, June 1978 issue 
and p.47, Ju1y 1978 issue). Contained within 
this document were the UK administration's 
proposals for the radio amateur service into 
the 21st century. WARC, as readers may' 
know, is currently in session, but by the time 
this issue is published the .fate of the radio 
amateur may already be decided. -

The portions of the frequency spectrum· 
which are of importance to the radio amateur 
are, for convenience, 150kHz to 4MHz, 4 to 
27.5MHz, 27.5 to 1215MHz, 1215MHz to 
lOGHz and 10 to 275GHz. We will consider 
each of these 'sub-spectrums' in turn. 

150kHz to 4MHz 
At present the radio amateur in the UK; 
enjoys access to 500kHz of the sub-spectrum 
from 150kHz to 4MHz; 200kHz as a secon
dary service, and 300kHz as a primary ser
vice. The secondary allocation in the band 1.8 
to 2MHz, means that the band may only bel 
used for amateur operation under certain 
circumstances, to protect the primary ser
vices · who share the band. This particular 
band does not permit r.t.t.y. operation either. 
In the 3.5 to 3.8MHz band, an amateur service 
may operate on a primary basis, sharing with 
fixed and mobile services. 

It is proposed that the current 1.8 to 2MHz 
amateur band (the popular 160m 'top band') 
be deleted and replaced by an exclusive 
amateur-service allocation, but at the ex
pense of a loss of bandwidth. At present the 
amateur shares this band with fixed and 
mobile services and UK and other administ
rations may allocate up to 200kHz to an 
amateur service within the band 1.715 to 
2MHz, permitting a mean power not ex
ceeding lOW. The new band, from 1.809 to 
1.914MHz, is only 105kHz wide but it is 
intended to provide an exclusive worldwide 
allocation for amateur radio. 

In the case of the 80m, 3.5 to 3.8MHz, 
amateur band the picture is even worse for 
the amateur. It is proposed that the present 
300kHz, which the amateur shares with fixed 
and mobile services, be replaced by an 85kHz, 
3.615 to 3.7MHz, exclusive amateur alloca
tion and a 200kHz, 3.7 to 3.9MHz, secondary 
amateur allocation. The secondary allocation 
will mean that the amateur will not be 
guaranteed access to the band because the 
primary services, which would be fixed and 
mobile, would be protected first. It is pro
posed that the remaining band, 3.5 to 
3.615MHz, be given fo maritime mobile and 
land mobile services. 

4to27.5MHz 
As far as the sub-spectrum from 4 to 27.5MHz 
is concerned, the radio amateur stands to 
gain from the UK proposals. The 40, 20 and 
15m (7 to 7.1MHz, 14 to 14.35MHz* and 21 to 
21.45MHz) bands are expected to be retained, 
permitting amateur and amateur-satellite 

operation as before, but the amateur will 
probably be given new allocations at 30, 17 
and 12m (10.1 to 10.2MHz, 18.568 to 
18.768MHz and 24 to 24.3MHz). It should be 
noted that there is no proposal in the docu
ment to permit an amateur-satellite service 
access to these new bands. At present, the 
bands from 10.1 to 11.175MHz and 18.068 to 
19.9MHz are allocated to the fixed service, 
and the band from 23.35 to 24.99MHz is 
allocated to the fixed and land mobile ser
vices. The new bands were proposed mainly 
to meet the increased demand for frequency 
space for amateur radio, but the 17m band is 
also required to reduce the gap between the 
amateur bands. 

27.5 to 1215MHz 
No major gains are to be made by the radio · 
amateur in the 27.5 to 1215MHz sub-spec
trum proposals. The 10m (28 to 29.7MHz) 
band, which is allocated for amateur and 
amateur-satellite operation, should be un
touched, and although the amateurs were 
hoping for a proposed allocation at 50MHz, 
one was not forthcoming. At the moment the 
6m band from 47 to 68MHz is allocated to 
broadcasting, but the UK proposals suggest a 
reallocation to the broadcasting and land 
mobile services. Some see in this the remote 
possibility that the land mobile permit might 
be a way towards a 6m band for the radio 
amateur, even though this proposal was 
made to meet the growing needs of land 
mobile services in some countries. 

The 4m, 68 to 74.8MHz, fixed and mobile 
band and the 2m, 144 to 146MHz, amateur 
·and amateur-satellite band remain un
touched. At present the 70cm, 430 to 440MHz, 
band is allocated on a primary basis to 
radiolocation and on a secondary basis to 
amateur radio . It is proposed that this 
remains the same, which is a disappointment 
to the UK amateur because in the rest of 
Region 1 the amateur service has primary 
access to this band. The proposal does, how
ever, open up the 432 to 440MHz band to the 
amateur-satellite service, which is good news 
for the amateur because at present this 
service is only permitted in the band 435 to 
438MHz. 

1215MHz to lOGHz 
In the 1215MHz to 10GHz sub-spectrum, the 
amateur service stands to lose a portion of its 
23cm band. At the moment the band from 
1215 to 1300MHz is allocated on a prim(lry 
basis to radiolocation and on a secondary 
basis to amateur radio. It is proposed that the 
band 1240 to 1300MHz should remain on a 
primary basis with radio location but be used 
on a secondary basis by amateur radio, earth 
exploration - satellite, and space research. 
·The Home Office believes that the amateurs' 
loss of 1215 to 1240MHz is acceptable to 
amateur interests in view of the retention of 
the other part of the original band, but this is 
to be regretted by the amateur movement 
because it sees the possible need for more 

spectrum in the future as a result of an 
increase in amateur television. 

If the proposals are carried, the amateur 
service will make a small gain in the 13cm, 
2300 to 2450MHz, band. This band is cur
rently allocated on a primary basis to the 
fixed service and on a secondary basis to 
amateur radio, mobile and radiolocation 
services. The UK proposals suggest that this 
remains the same but with a permit for 
secondary amateur-satellite operation in the 
2300 to 2310MHz band. 

The 9cm band, 3400 to 3475MHz, presently 
allocated on a primary basis to fixed, mobile 
and fixed-satellite services and on a secon
dary basis to radiolocation and amateur 
radio, remains the same, as does the 6cm 
band, 5650 to 5850MHz, presently allocated 
on a primary basis to radiolocation and on a 
secondary basis to amateur radio. 

10to275GHz 
Quite important allocations, as far as the 
amateur is concerned, are proposed in the 10 
to 275GHz sub-spectrum. 

In the 3cm band, from 10 to 10.5GHz, 
radiolocation currently has primary alloca
tion and amateur radio has secondary allo
cation. While these allocations will remain 
the same, an amateur-satellite service will be 
permitted on a secondary basis between 10.35 
and 10.375GHz. 

The 12mm bands, 24 to 24.05GHz, pre
sently allocated on a primary basis to the 
amateur and amateur-satellite services, and 
24.05 to 24.25GHz, presently allocated on a 
primary basis to radiolocation and on a 
secondary basis to amateur radio, are to 
remain the same. 1 

• 

Four new bands are proposed for amateur 
and amateur-satellite services. The 7mm 
band, from 40 to 41GHz, is allocated to the 
fixed-satellite service at present, but it is 
proposed that this be reallocated from 40.5 to 
41GHz for fixed and mobile services on a 
primary basis and for amateur and amateur
satellite services on a secondary basis. The 
other three new allocations would fall in the 
6mm band, 48 to 50GHz, the 4mm band, 71 to 
84GHz, and the 2mm band, 152 to 170GHz, 
which are presently not allocated. It is pro
posed that 49.5 to 50GHz be used for fixed 
and mobile services on a primary basis and, 
for amateur and amateur-satellite services on 
a secondary basis. An allocation for radiolo
cation, on a primary basis, and amateur anu 
amateur-satellite services, on a secondary 
basis, is proposed for the 71 to 76GHz band, 
and an exclusive allocation for amateur and 
amateur-satellite services is proposed for the 

. 160 to 165GHz band. 
No change is proposed in the spectrum 

above 275GHz (lmm), which is not allocated 
at present. 

G8AUU 
*In the UK at present, 14 to 14.25MHz may be 
used for amateur and amateur-satellite 
operation, but 14.25 to 14.35MHz may only be 
used for normal amateur operation. 
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Better radio communications coverage 
needed for 21st century 

New lEE president 
On October 1, 1979, Professor John Brown 
D.Sc(Eng), F.I.E.E., succeeded Sir Jame~ 
Redmond as president of the Institution of 
Electrical Engineers. Professor Brown is 
presently head of the electrical engineering 
department at Imperial College, London. 

Since the radio spectrum is limited, the 
increased communication demands expected 
in the future must be met by improving the 
efficiency of use of the spectrum to a "toler
able saturation level" and by more use of 
wide-band cable for point-to-point transmis
sion. Radio spectrum efficiency can be 
improved by better methods of coverage, 
perhaps using satellites, and by more ad
vanced radio systems involving "co
operation" between receiver and trasmitter. 
These were some of the points made recently 
by Charles Sandbank in a wide-ranging 
lecture "Communications in the 21st cen
tury" which was his inaugural address as 
new chairman of the Electronics Division of 
the lEE. Mr Sandbank is head of the BBC 
Research Department. 

Our present method of allocating frequen
cies, said Mr Sandbank, "on the basis of 
signals decaying along the earth's surface to 
a level giving sufficiently low co-channel 
interference is far from efficient". Leaving 
aside long-distance h.f. transmission , "!.f., 
m.f., and v.h.f. frequencies are allocated on 
the basis of a small service area surrounded 
by a much larger sterilised area where signals 
are too weak for satisfactory reception but 
too strong to allow the frequency to be used 
by other transmitters. If one calculates the 
useful service area as a percentage of the 
area which has to be left unused to keep 
co-channel interference at an acceptable 
level on a particular frequency and polarisa
tion, then one obtains a figure which is 
generally less than 12% for the coverage 
efficiency." 

The main feature of communications 
satellites so far, went on Mr Sandbank, had 
been their ability to provide a platform for 
aerials high enough to avoid the line-of-sight 
limitations for long-distance wideband com
munication. "However, the possibility of 
providing a sharply defined service area may 
become a more important function of satel
lites than providing large area coverage. 
Although no special attempts have been 
made to use antenna aperture to optimise 
coverage efficiency current plans for broad
cast satellites give about 30% coverage 
efficiency per channel compared with 12% for 
the terrestrial stations." He said his compar
ison was not strictly fair because he was 
comparing s.h.f. satellite allocations with 
v.h.f. terrestrial practice, "but in principle the 
efficient space-division multiplex possible 
with satellite-mounted antennas need not be 
restricted to microwave frequencies. Large 
aperture satellite antenna arrays seem a 
cost-effective way of solving future radio
spectrum allocation problems." 

Another way of confining radio transmis
sions to wanted areas in order to improve 
efficiency was the increasing use of directio
nal aerials and radiating cables. An example 
was the allowance made for the directivity of 
receiving aerials in the planning of u.h.f. 
television broadcast transmissions. "This 
would bring the coverage efficiency up to 
about 30% for receiving antennas having a 
discrimination of 15dB, although in practice 
this efficiency is not achieved at u.h.f. be
cause of the effect of topography." But he felt 
that the future lay in "very much greater 
co-operation between the receiver and 
transmitter to reduce the effect of the un-

wanted signals." The BBC's Carfax broadcast 
traffic information system was an example of 
this (see January 1978 issue, p28, for details). 
For mobile communication there were the 
techniques of dynamic frequency sharing, 
which was essential, and spread spectrum 
transmission, which could lead to greater 
efficiency and flexibility in spectrum utilisa
tion when channels were used intermittently 
(see News, October issue p54). There were 
also developments in military radio where 
"highly sophisticated technology is leading 
to a quantum step in the degree of co
operation between receiver and transmitter. 
Array signal processing whereby active an
tenna arrays are use.d in conjunction with the 
fast on-line signal processing will lead to a 
high level of wanted-signal acquisition in the 
face of multipath and jamming. It is only a 
matter of time before these techniques of 
beam switching and null steering can be 
realised in consumer products." 

Professor Brown's research interests are in 
the field of electrical communications -
particularly in the application of antennas 
and guided-wave systems. In addition to 
Proc.-IEE papers, he has published books on 
"Microwave lenses," "Radio surface waves" 
with H. M. Barlow, and "Telecommunica
tions" with the late Dr E. V. Glazier. 

Professor Brown has a particular interest 
in engineering education and during his 
association with the lEE he has been a 
member of the Committees on Education and 
Training, which are associated with the CEI 
and the WFEO. He is chairman of the SRC 
Engineering Board and was chairman of the 
Standing Committee on Broadcasting, a 
small group, independent of the lEE, which 
attempted the task of looking at all aspects of 
the interaction between engineering and 
society. 

.PO-approved ,answering machines 
may now be bought 
The Post Office has announced a change in 
policy which will enable customers, from 
next year, to buy as well as rent telephone 
answering machines from PO-approved sup
pliers . A PO spokeswoman told Wireless 
World that this had been made possible 
because of progressive developments in the 
manufacture of the machines, and had been 
decided before Sir Keith Joseph announced 
moves which might effect an early relaxation 
of the operation of the Post Office's telecom
munications monopoly (see News, Nov. '79 
issue). 

For many years customers have been en
couraged to use answering machines as 
private attachments provided that the units 

. met the corporation's technical requirements 

and that they were used on a rental basis only 
- so that they could easily be traced for 
modification when necessary. Despite this, 
non-approved units are regularly advertised 
and presumably sold by a number of com
panies in the UK through the press medium. 

After January 1, 1980, answering-machine 
suppliers will be able to submit their products 
for Post Office evaluation on the basis of sale 
as well as hire. The machines will still need 
Post Office permission to be used on the 
public network to ensure that they meet the 
requirements for safety and system com
patibility. The Post Office expects that the 
revised arrangements will come fully into 
operation as ~oon as practicable after 
April1, 1980. 

Racal Electronics Gro~~· who .were responsible for supplying communications equipment for · 
the Transglobe Expedtttan whtch set off from London in September to travel the world over 
both poles, recently arranged for one of the expedition team members to be re-united with his 
wife.via a 1500 mile radio link. Rebecca Sheppard, wife of Oliver Sheppard, one of the three 
lea~mg members of t~e team, led by Sir Ranulph Fiennes, spoke to her husband from a Racal 
radto car as he drove m a Landrover through a desert towards Abidjan, West Africa. 
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NEWS OF THE MONTH 
WARC and the radio amateur 

In January of this year the UK Home Office 
Radio Regulatory Division published a 300-
page document containing ·the UK' s propo
sals for WARC 79 (see p.57, June 1978 issue 
and p.47, Ju1y 1978 issue). Contained within 
this document were the UK administration's 
proposals for the radio amateur service into 
the 21st century. WARC, as readers may' 
know, is currently in session, but by the time 
this issue is published the .fate of the radio 
amateur may already be decided. -

The portions of the frequency spectrum· 
which are of importance to the radio amateur 
are, for convenience, 150kHz to 4MHz, 4 to 
27.5MHz, 27.5 to 1215MHz, 1215MHz to 
lOGHz and 10 to 275GHz. We will consider 
each of these 'sub-spectrums' in turn. 

150kHz to 4MHz 
At present the radio amateur in the UK; 
enjoys access to 500kHz of the sub-spectrum 
from 150kHz to 4MHz; 200kHz as a secon
dary service, and 300kHz as a primary ser
vice. The secondary allocation in the band 1.8 
to 2MHz, means that the band may only bel 
used for amateur operation under certain 
circumstances, to protect the primary ser
vices · who share the band. This particular 
band does not permit r.t.t.y. operation either. 
In the 3.5 to 3.8MHz band, an amateur service 
may operate on a primary basis, sharing with 
fixed and mobile services. 

It is proposed that the current 1.8 to 2MHz 
amateur band (the popular 160m 'top band') 
be deleted and replaced by an exclusive 
amateur-service allocation, but at the ex
pense of a loss of bandwidth. At present the 
amateur shares this band with fixed and 
mobile services and UK and other administ
rations may allocate up to 200kHz to an 
amateur service within the band 1.715 to 
2MHz, permitting a mean power not ex
ceeding lOW. The new band, from 1.809 to 
1.914MHz, is only 105kHz wide but it is 
intended to provide an exclusive worldwide 
allocation for amateur radio. 

In the case of the 80m, 3.5 to 3.8MHz, 
amateur band the picture is even worse for 
the amateur. It is proposed that the present 
300kHz, which the amateur shares with fixed 
and mobile services, be replaced by an 85kHz, 
3.615 to 3.7MHz, exclusive amateur alloca
tion and a 200kHz, 3.7 to 3.9MHz, secondary 
amateur allocation. The secondary allocation 
will mean that the amateur will not be 
guaranteed access to the band because the 
primary services, which would be fixed and 
mobile, would be protected first. It is pro
posed that the remaining band, 3.5 to 
3.615MHz, be given fo maritime mobile and 
land mobile services. 

4to27.5MHz 
As far as the sub-spectrum from 4 to 27.5MHz 
is concerned, the radio amateur stands to 
gain from the UK proposals. The 40, 20 and 
15m (7 to 7.1MHz, 14 to 14.35MHz* and 21 to 
21.45MHz) bands are expected to be retained, 
permitting amateur and amateur-satellite 

operation as before, but the amateur will 
probably be given new allocations at 30, 17 
and 12m (10.1 to 10.2MHz, 18.568 to 
18.768MHz and 24 to 24.3MHz). It should be 
noted that there is no proposal in the docu
ment to permit an amateur-satellite service 
access to these new bands. At present, the 
bands from 10.1 to 11.175MHz and 18.068 to 
19.9MHz are allocated to the fixed service, 
and the band from 23.35 to 24.99MHz is 
allocated to the fixed and land mobile ser
vices. The new bands were proposed mainly 
to meet the increased demand for frequency 
space for amateur radio, but the 17m band is 
also required to reduce the gap between the 
amateur bands. 

27.5 to 1215MHz 
No major gains are to be made by the radio · 
amateur in the 27.5 to 1215MHz sub-spec
trum proposals. The 10m (28 to 29.7MHz) 
band, which is allocated for amateur and 
amateur-satellite operation, should be un
touched, and although the amateurs were 
hoping for a proposed allocation at 50MHz, 
one was not forthcoming. At the moment the 
6m band from 47 to 68MHz is allocated to 
broadcasting, but the UK proposals suggest a 
reallocation to the broadcasting and land 
mobile services. Some see in this the remote 
possibility that the land mobile permit might 
be a way towards a 6m band for the radio 
amateur, even though this proposal was 
made to meet the growing needs of land 
mobile services in some countries. 

The 4m, 68 to 74.8MHz, fixed and mobile 
band and the 2m, 144 to 146MHz, amateur 
·and amateur-satellite band remain un
touched. At present the 70cm, 430 to 440MHz, 
band is allocated on a primary basis to 
radiolocation and on a secondary basis to 
amateur radio . It is proposed that this 
remains the same, which is a disappointment 
to the UK amateur because in the rest of 
Region 1 the amateur service has primary 
access to this band. The proposal does, how
ever, open up the 432 to 440MHz band to the 
amateur-satellite service, which is good news 
for the amateur because at present this 
service is only permitted in the band 435 to 
438MHz. 

1215MHz to lOGHz 
In the 1215MHz to 10GHz sub-spectrum, the 
amateur service stands to lose a portion of its 
23cm band. At the moment the band from 
1215 to 1300MHz is allocated on a prim(lry 
basis to radiolocation and on a secondary 
basis to amateur radio. It is proposed that the 
band 1240 to 1300MHz should remain on a 
primary basis with radio location but be used 
on a secondary basis by amateur radio, earth 
exploration - satellite, and space research. 
·The Home Office believes that the amateurs' 
loss of 1215 to 1240MHz is acceptable to 
amateur interests in view of the retention of 
the other part of the original band, but this is 
to be regretted by the amateur movement 
because it sees the possible need for more 

spectrum in the future as a result of an 
increase in amateur television. 

If the proposals are carried, the amateur 
service will make a small gain in the 13cm, 
2300 to 2450MHz, band. This band is cur
rently allocated on a primary basis to the 
fixed service and on a secondary basis to 
amateur radio, mobile and radiolocation 
services. The UK proposals suggest that this 
remains the same but with a permit for 
secondary amateur-satellite operation in the 
2300 to 2310MHz band. 

The 9cm band, 3400 to 3475MHz, presently 
allocated on a primary basis to fixed, mobile 
and fixed-satellite services and on a secon
dary basis to radiolocation and amateur 
radio, remains the same, as does the 6cm 
band, 5650 to 5850MHz, presently allocated 
on a primary basis to radiolocation and on a 
secondary basis to amateur radio. 

10to275GHz 
Quite important allocations, as far as the 
amateur is concerned, are proposed in the 10 
to 275GHz sub-spectrum. 

In the 3cm band, from 10 to 10.5GHz, 
radiolocation currently has primary alloca
tion and amateur radio has secondary allo
cation. While these allocations will remain 
the same, an amateur-satellite service will be 
permitted on a secondary basis between 10.35 
and 10.375GHz. 

The 12mm bands, 24 to 24.05GHz, pre
sently allocated on a primary basis to the 
amateur and amateur-satellite services, and 
24.05 to 24.25GHz, presently allocated on a 
primary basis to radiolocation and on a 
secondary basis to amateur radio, are to 
remain the same. 1 

• 

Four new bands are proposed for amateur 
and amateur-satellite services. The 7mm 
band, from 40 to 41GHz, is allocated to the 
fixed-satellite service at present, but it is 
proposed that this be reallocated from 40.5 to 
41GHz for fixed and mobile services on a 
primary basis and for amateur and amateur
satellite services on a secondary basis. The 
other three new allocations would fall in the 
6mm band, 48 to 50GHz, the 4mm band, 71 to 
84GHz, and the 2mm band, 152 to 170GHz, 
which are presently not allocated. It is pro
posed that 49.5 to 50GHz be used for fixed 
and mobile services on a primary basis and, 
for amateur and amateur-satellite services on 
a secondary basis. An allocation for radiolo
cation, on a primary basis, and amateur anu 
amateur-satellite services, on a secondary 
basis, is proposed for the 71 to 76GHz band, 
and an exclusive allocation for amateur and 
amateur-satellite services is proposed for the 

. 160 to 165GHz band. 
No change is proposed in the spectrum 

above 275GHz (lmm), which is not allocated 
at present. 

G8AUU 
*In the UK at present, 14 to 14.25MHz may be 
used for amateur and amateur-satellite 
operation, but 14.25 to 14.35MHz may only be 
used for normal amateur operation. 
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Better radio communications coverage 
needed for 21st century 

New lEE president 
On October 1, 1979, Professor John Brown 
D.Sc(Eng), F.I.E.E., succeeded Sir Jame~ 
Redmond as president of the Institution of 
Electrical Engineers. Professor Brown is 
presently head of the electrical engineering 
department at Imperial College, London. 

Since the radio spectrum is limited, the 
increased communication demands expected 
in the future must be met by improving the 
efficiency of use of the spectrum to a "toler
able saturation level" and by more use of 
wide-band cable for point-to-point transmis
sion. Radio spectrum efficiency can be 
improved by better methods of coverage, 
perhaps using satellites, and by more ad
vanced radio systems involving "co
operation" between receiver and trasmitter. 
These were some of the points made recently 
by Charles Sandbank in a wide-ranging 
lecture "Communications in the 21st cen
tury" which was his inaugural address as 
new chairman of the Electronics Division of 
the lEE. Mr Sandbank is head of the BBC 
Research Department. 

Our present method of allocating frequen
cies, said Mr Sandbank, "on the basis of 
signals decaying along the earth's surface to 
a level giving sufficiently low co-channel 
interference is far from efficient". Leaving 
aside long-distance h.f. transmission , "!.f., 
m.f., and v.h.f. frequencies are allocated on 
the basis of a small service area surrounded 
by a much larger sterilised area where signals 
are too weak for satisfactory reception but 
too strong to allow the frequency to be used 
by other transmitters. If one calculates the 
useful service area as a percentage of the 
area which has to be left unused to keep 
co-channel interference at an acceptable 
level on a particular frequency and polarisa
tion, then one obtains a figure which is 
generally less than 12% for the coverage 
efficiency." 

The main feature of communications 
satellites so far, went on Mr Sandbank, had 
been their ability to provide a platform for 
aerials high enough to avoid the line-of-sight 
limitations for long-distance wideband com
munication. "However, the possibility of 
providing a sharply defined service area may 
become a more important function of satel
lites than providing large area coverage. 
Although no special attempts have been 
made to use antenna aperture to optimise 
coverage efficiency current plans for broad
cast satellites give about 30% coverage 
efficiency per channel compared with 12% for 
the terrestrial stations." He said his compar
ison was not strictly fair because he was 
comparing s.h.f. satellite allocations with 
v.h.f. terrestrial practice, "but in principle the 
efficient space-division multiplex possible 
with satellite-mounted antennas need not be 
restricted to microwave frequencies. Large 
aperture satellite antenna arrays seem a 
cost-effective way of solving future radio
spectrum allocation problems." 

Another way of confining radio transmis
sions to wanted areas in order to improve 
efficiency was the increasing use of directio
nal aerials and radiating cables. An example 
was the allowance made for the directivity of 
receiving aerials in the planning of u.h.f. 
television broadcast transmissions. "This 
would bring the coverage efficiency up to 
about 30% for receiving antennas having a 
discrimination of 15dB, although in practice 
this efficiency is not achieved at u.h.f. be
cause of the effect of topography." But he felt 
that the future lay in "very much greater 
co-operation between the receiver and 
transmitter to reduce the effect of the un-

wanted signals." The BBC's Carfax broadcast 
traffic information system was an example of 
this (see January 1978 issue, p28, for details). 
For mobile communication there were the 
techniques of dynamic frequency sharing, 
which was essential, and spread spectrum 
transmission, which could lead to greater 
efficiency and flexibility in spectrum utilisa
tion when channels were used intermittently 
(see News, October issue p54). There were 
also developments in military radio where 
"highly sophisticated technology is leading 
to a quantum step in the degree of co
operation between receiver and transmitter. 
Array signal processing whereby active an
tenna arrays are use.d in conjunction with the 
fast on-line signal processing will lead to a 
high level of wanted-signal acquisition in the 
face of multipath and jamming. It is only a 
matter of time before these techniques of 
beam switching and null steering can be 
realised in consumer products." 

Professor Brown's research interests are in 
the field of electrical communications -
particularly in the application of antennas 
and guided-wave systems. In addition to 
Proc.-IEE papers, he has published books on 
"Microwave lenses," "Radio surface waves" 
with H. M. Barlow, and "Telecommunica
tions" with the late Dr E. V. Glazier. 

Professor Brown has a particular interest 
in engineering education and during his 
association with the lEE he has been a 
member of the Committees on Education and 
Training, which are associated with the CEI 
and the WFEO. He is chairman of the SRC 
Engineering Board and was chairman of the 
Standing Committee on Broadcasting, a 
small group, independent of the lEE, which 
attempted the task of looking at all aspects of 
the interaction between engineering and 
society. 

.PO-approved ,answering machines 
may now be bought 
The Post Office has announced a change in 
policy which will enable customers, from 
next year, to buy as well as rent telephone 
answering machines from PO-approved sup
pliers . A PO spokeswoman told Wireless 
World that this had been made possible 
because of progressive developments in the 
manufacture of the machines, and had been 
decided before Sir Keith Joseph announced 
moves which might effect an early relaxation 
of the operation of the Post Office's telecom
munications monopoly (see News, Nov. '79 
issue). 

For many years customers have been en
couraged to use answering machines as 
private attachments provided that the units 

. met the corporation's technical requirements 

and that they were used on a rental basis only 
- so that they could easily be traced for 
modification when necessary. Despite this, 
non-approved units are regularly advertised 
and presumably sold by a number of com
panies in the UK through the press medium. 

After January 1, 1980, answering-machine 
suppliers will be able to submit their products 
for Post Office evaluation on the basis of sale 
as well as hire. The machines will still need 
Post Office permission to be used on the 
public network to ensure that they meet the 
requirements for safety and system com
patibility. The Post Office expects that the 
revised arrangements will come fully into 
operation as ~oon as practicable after 
April1, 1980. 

Racal Electronics Gro~~· who .were responsible for supplying communications equipment for · 
the Transglobe Expedtttan whtch set off from London in September to travel the world over 
both poles, recently arranged for one of the expedition team members to be re-united with his 
wife.via a 1500 mile radio link. Rebecca Sheppard, wife of Oliver Sheppard, one of the three 
lea~mg members of t~e team, led by Sir Ranulph Fiennes, spoke to her husband from a Racal 
radto car as he drove m a Landrover through a desert towards Abidjan, West Africa. 
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Radio paging uses broadcast network 
A nationwide radio paging system, using the 
whole of the country's network of v .h.f./f.m. 
broadcasting transmitters , has now been 
operating in Sweden for over a year. Anyone. 
carrying a paging receiver can be contacted 
anywhere in Sweden by a call from any 
telephone in the country. The telephone call 
transmits a digital code giving both the code 
number of the intended recipient's paging 
receiver and the telephone number of the 
caller. This code goes to a central equipment 
at Orebro and from there to all the 120 v.h.f. 
sound broadcasting stations, which transmit 
it on a 57kHz subcarrier on the frequency 
used for Sweden's third programme (P3). 
When its own coded signal is received the 
paging receiver gives a warning "bleep" to 
the person carrying it. In one variant of the 
system the pager then shows on an l.e.d. 
display the telephone number of the caller; in 
another variant the person paged goes to a 
telephone and rings a special exchange in 
Orebro and from this hears the caller's 

Bicycle battery 
aid tired limbs 
Lucas Industries Ltd, have developed a 
battery-assisted bicycle, affectionately given 
the name Bah, as a feasibility study. The 
bicycle is designed to provide electric 
muscle-assistance for the cyclist, without 
giving speeds greater than those which one 
would normally expect from a push-bike. 
Bab uses a 16Ah MC9 battery, which has a 
range of four miles with constant power
assistance or 13 miles with intermittent 
power-assistance. Alternately, a 30Ah A 7 
battery would give approximately twice 
these figures. The drive comes from a Lucas 
SIBA PM300T motor and a special purpose
designed gear box. With intermittent use the 
motor provides about 0.4h.p. and with con
tinuous use it provides about O.lh.p. A Lucas 
odd-leg charging plug enables the battery to 
be recharged in approxima,tely eight hours, 
which means that .the owner could take 
advantage of overnight off-peak rates. 

Power-assistance is given only when the 
rider is pedalling and pressing a button on the 
handlebar. A switch on the driving chain 
takes advantage of the slack and taut condi
tions of the chain and on!~ actuates the drive 
when it is taut. The normal three-speed gear 
permits the rider to make the greatest pos
sible use of the narrow "maximum-torque" ' 
band of the motor by relating it to the riding 
conditions. 

Bab, which is intended for housewives and 
commuters, was lent to the violinist, Yehudi 
Menuhin, who said it is "like having a 
friendly breeze behind you". 

Lucas does not intend to build or market 
Bab itself, but sees it as a feasibility study 
which may ultimately lead to a demand for 
their components. Because in this country an 
assisted bicycle is classed as a moped, which 
requires tax and insurance to go on the road 
- and a crash helmet for the rider - the 
company is assessing its potential on over
seas markets. 

The power-assistance equipment can be 
fitted to a typical Raleigh shopper bicycle 

number spoken by an automatic announcing 
machine. 

Using as it does an already established 
broadcasting network, the system, called 
MBS, runs economically and the Swedish· 
Telecommunications Administration, which 
set it up, claims that the calls, at 0.34 Swedish 
Kroner each, are cheap. It has a capacity of 
300,000 subscribers, and the paging number 
of each subscriber can be entered in the 
telephone directory alongside his/her or
dinary telephone number. At present the 
pocket-sized paging receivers .used are ones 
made by the Japanese firm Mitsubishi but 
lai:.e·r they may be manufactured in Sweden. 
A whole group of pagers ·can be alerted by 
one telephone call. 

The subcarrier system on the f.m. broad
casting transmitters is the same as that 
developed in Sweden for programme label
ling (see News, December 1978, p.50). The 
1200 baud binary code signal is first made to 
phase modulate a 1187.5Hz square wave 

to 

· with no structural alteration other than the 
removal of the tyre-pump brackets to make 
room for the motor beneath the saddle. To 
give a low centre-of-gravity, the battery case 
is slung beneath the cross-bar. 

· Mr Yehudi Menuhin, the violinist, is seen 
here riding Lucas's new battery-assisted 
bicycle, which was. designed to provide elec
tric muscle-assistance for the cyclist, but not 
to give speeds greater than those which can 
be achieved with a normal push-bike. 

(1116 of the broadcast pilot tone frequency)· 
and in order to minimise interference with 
the normal stereo broadcast signal a sym
metrical code is used. A binary "1" causes a 
180° phase shift and a binary "0" produces no 
phase change. After filtering, this phase 
modulated square wave is used to product
modulate a 57kHz subcarrier, which is locked 
in phase (with a 90° shift) to the third har
monic of.the 19kHz pilot tone -this phase 
relationship being adopted again to reduce 
interference. The two sidebands generated in 
the modulation process are added to the 
multiplex stereo signal, which then 
frequency modulates the transmitter's car
rier. The paging/programme-labelling code 
signal accounts for ±3kHz of the total de
viation in the transmitted signal. 

The binary code system used is an error
correcting type which is able to correct 
bursts with up to 5 bit faults per block. 
Further reliability is provided by a system to 
cope with faulty transmitters. If a fault 
occurs in a transmitter the MBS signal is 
automatically switched to another one. The 
coding system of the paging calls is arranged 
so that the caller dials three sets of decimal 
·numbers: first, a four-digit decimal number 
which gives access to the whole paging 
system; second, five digits forming the 
number of the particular paging receiver to 
be called; and third, seven digits which are 
the caller's. own telephone number. 

New course for broadcast 
engineers 

A post graduate course for broadcast trans
mitter engineers has been launched at New
castle upon Tyne Polytechnic for the Inde
pendent Broadcasting Authority. The course 
is part of an eighteen month training scheme, 
developed by the IBA, which will lead to the 
first-ever nationally-recognised diploma in 
broadcast engineering. It is designed to meet 
the broadcasting demands of the 1980s and 
includes the introduction of the fourth 
television channel and the expansion of 
Independent Local Radio (ILR). 

Newcastle Polytechnic, which W!lS 
selected by the IBA from polytechnics 
throughout England and Wales, is providing 
an intensive six-months study in .the theory 
of advanced broadcasting technology. The 
students, and there are eighteen of them on 
this years course, which started at the end of 
September, also receive specialist training at 
the IBA's own training college, the Harman 
Engineering Training College at Seaton, 
Devon. Here they gain first hand practical 
experience in the IBA's transmitter stations. 
If everything goes according to the IBA's 
plan, about twenty students will benefit from 
the scheme each year. The Authority also 
hopes that overseas students will be admitted 
in the future. 

This year's students, when they complete 
their training at the end of 1980, will be 
qualified to take up positions as IBA mainte
nance engineers. In this capacity they will be 
responsible for helping to keep over 480 
television and radio transmitters in England, 
Scotland, Wales and Northern Ireland on
the-air. 
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Teletext goes ahead New Ceefax Computer System 

A boost for the chances of selling the UK 
teletext system abroad is announced by the 
BBC. Esmeralda, the computer · originally 
used for the BBC Ceefax facility, has been 
replaced by a system developed by Logica in 
collaboration with the BBC, and named 
Selene. 

This second generation of text-handling 
equipment is composed of three PDP11/34s, 
one of which (A) will cope with sixteen in: put 
v.d.us. The second computer (B) inserts the 
Ceefax data into the trans~·ssion chain, 
while the third. is a standby. In reased speed 
of access to the computer by jo nalists will 
be one advantage of the new equipment, 
since the v.d.us and computer communicate 
at 9600 b/s and, as blank lines in the teletext 
'page' are not to be transmitted, waiting time 
at the receiver will be less. Logica are to 
market the system throughout th~ world. 

A further benefit is the extensioh of the old 
set of 96 characters by 165 new ones, which 
include those used in most European langu
ages. This is the result of a compromise, in 
that the parity bit is to be used to call up the 
additional characters instead of protecting 
the data. It has been found, say BBC engin
eers, that the teletext signal can manage 
without the protection. If parity is left . at 
'odd', as at present, the old set of characters 
will be seen: changing it to 'even' will pro
duce the new set in lower case when a 
graphics control bit is introduced, while an 
alphanumeric control will give capitals. 
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The slow progress of teletext in the UK has 
given cause for concern to broadcasters, but 
Colin Mcintyre, Ceefax editor, points out 
that there are now 32000 sets in use, and that 
the number is increasing at the rate of about 
3000 per month. The rate has improved since 
22in teletext sets became available. 

BBC Ceefax now employs twenty journal
ists and puts out around 400 pages on the two 
channels. It seems possible, says Mcintyre, 
that a further two pages in the vertical 
flyback interval will be made available, to 
increase the number of pages or reduce 
access time. 

Cosmos extends European space agreement 
The members of the International Satellite 
Consortium, Cosmos, have agreed to co
operate in the European space programme 
for a further three years. The agreement was 
signed by senior executives of each of the 
consortium's members, one being Marconi 

Nobel Prize awarded for 
services to tomography 
The Nobel Prize for Physiology and Medicine 
has been awarded to Godfrey Newbold 
Hounsfield and Allan M. Cormack for their 
:services to computer-assisted tomography ---.,. 
a technique for constructing three-

• dimensional X-ray im~ges of opaque solids. 
Godfrey Hounsfield is a credit to the en

gineering profession, if only because he is one 
,of the very few Nobel Prize winners who does 
not possess a degree qualification. His inter
est in electrical engineering started when he 
was a schoolboy and worked on his own 
projects in a laboratory at his home. His 
formal training probably began just after the 
Second World War at the Radar School of the 
Royal Air Force College, Cranwell, where he 
obtained a City & Guilds Certificate in Radio 
Communication, and later took up a post as 
lecturer. After obtaining a diploma at 
Faraday House Electrical Engineering Col
lege in London, Hounsfield joined EMI as a, 
radar systems engineer. He later specialized[ 
in computers and became distinguished as: 
the project engineer for -the EMIDEC 1100, 
one of the UKs first large solid-state com
puters. 

In the late 1960's, when he was working on 
pattern recognition by computer, Hounsfield 
came upon his idea for computer-assisted 
tomography, which eventually resulted in 
the development of the EMI scanner. 

Cormack, who was working in the US 
independently and in mutual ignorance of 
Hounsfield, first came up with the idea of 
X-ray tomography in the late 1950's. He 
published papers in 1963 and 1964 describing 
the mathematics of the technique · and the 
results of an experiment which he carried out 
using gamma rays on perspex and aluminium 
models) to back it up, but being a theorist and 
probably lacking Hounsfield's thirst to put 
his ideas into practice, his ideas were soon 
forgotten. ft was not until 1971, when Houns~ 
field's prototype brain scanner was installed 
at Atkinson Morley Hospital, Wimbledon, 
that Cormack heard that Hounsfield had 
independently developed the idea and had 
built a working machine. Cormack, who in 
fact was born in Johannesburg of Scottish 
parents, politely wrote Hounsfield a letter of 
congratulation. 

Space and Defence Systems Ltd, at a meeting 
in Paris recently. 

The first Cosmos agreement was esta
blished in 1971 and during its lifetime the 
most celebrated success is probably the 
weather satellite, Meteosat. Current activ
ities include ESA's Exosat, which is due for 
launch in 1981, and ESA's and Ford 
Aeronautics Communications Corporation's 
provision of the first eight spacecraft so far 
ordered for the global Intelsat V programme. 

Marconi to develop 
tactical scatter system 

Marconi Communication Systems Ltd has 
been awarded a contract by the British 
Government to develop a new tropospheric 
scatter communication system to provide 
long-distance multichannel tactical com
munications links of the kind which are 
necessary on the modern battlefield. The 
system, designated as the H7450, will have a 
single antenna option which will make it 
particularly suitable for, military applica
tions. It will require only a small crew and, 
could be deployed in the field with minimum 
effort, either from a fixed base or from a 
transportable tactical system_ The equip
ment, which is to be designed to the rigorous 
environmental standards set by the British 
Ministry of Defence, will be suitable for 
either digital or analogue transmission and 
will carry up to .300 frequency-division mul
tiplex voice channels. 
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Radio paging uses broadcast network 
A nationwide radio paging system, using the 
whole of the country's network of v .h.f./f.m. 
broadcasting transmitters , has now been 
operating in Sweden for over a year. Anyone. 
carrying a paging receiver can be contacted 
anywhere in Sweden by a call from any 
telephone in the country. The telephone call 
transmits a digital code giving both the code 
number of the intended recipient's paging 
receiver and the telephone number of the 
caller. This code goes to a central equipment 
at Orebro and from there to all the 120 v.h.f. 
sound broadcasting stations, which transmit 
it on a 57kHz subcarrier on the frequency 
used for Sweden's third programme (P3). 
When its own coded signal is received the 
paging receiver gives a warning "bleep" to 
the person carrying it. In one variant of the 
system the pager then shows on an l.e.d. 
display the telephone number of the caller; in 
another variant the person paged goes to a 
telephone and rings a special exchange in 
Orebro and from this hears the caller's 

Bicycle battery 
aid tired limbs 
Lucas Industries Ltd, have developed a 
battery-assisted bicycle, affectionately given 
the name Bah, as a feasibility study. The 
bicycle is designed to provide electric 
muscle-assistance for the cyclist, without 
giving speeds greater than those which one 
would normally expect from a push-bike. 
Bab uses a 16Ah MC9 battery, which has a 
range of four miles with constant power
assistance or 13 miles with intermittent 
power-assistance. Alternately, a 30Ah A 7 
battery would give approximately twice 
these figures. The drive comes from a Lucas 
SIBA PM300T motor and a special purpose
designed gear box. With intermittent use the 
motor provides about 0.4h.p. and with con
tinuous use it provides about O.lh.p. A Lucas 
odd-leg charging plug enables the battery to 
be recharged in approxima,tely eight hours, 
which means that .the owner could take 
advantage of overnight off-peak rates. 

Power-assistance is given only when the 
rider is pedalling and pressing a button on the 
handlebar. A switch on the driving chain 
takes advantage of the slack and taut condi
tions of the chain and on!~ actuates the drive 
when it is taut. The normal three-speed gear 
permits the rider to make the greatest pos
sible use of the narrow "maximum-torque" ' 
band of the motor by relating it to the riding 
conditions. 

Bab, which is intended for housewives and 
commuters, was lent to the violinist, Yehudi 
Menuhin, who said it is "like having a 
friendly breeze behind you". 

Lucas does not intend to build or market 
Bab itself, but sees it as a feasibility study 
which may ultimately lead to a demand for 
their components. Because in this country an 
assisted bicycle is classed as a moped, which 
requires tax and insurance to go on the road 
- and a crash helmet for the rider - the 
company is assessing its potential on over
seas markets. 

The power-assistance equipment can be 
fitted to a typical Raleigh shopper bicycle 

number spoken by an automatic announcing 
machine. 

Using as it does an already established 
broadcasting network, the system, called 
MBS, runs economically and the Swedish· 
Telecommunications Administration, which 
set it up, claims that the calls, at 0.34 Swedish 
Kroner each, are cheap. It has a capacity of 
300,000 subscribers, and the paging number 
of each subscriber can be entered in the 
telephone directory alongside his/her or
dinary telephone number. At present the 
pocket-sized paging receivers .used are ones 
made by the Japanese firm Mitsubishi but 
lai:.e·r they may be manufactured in Sweden. 
A whole group of pagers ·can be alerted by 
one telephone call. 

The subcarrier system on the f.m. broad
casting transmitters is the same as that 
developed in Sweden for programme label
ling (see News, December 1978, p.50). The 
1200 baud binary code signal is first made to 
phase modulate a 1187.5Hz square wave 

to 

· with no structural alteration other than the 
removal of the tyre-pump brackets to make 
room for the motor beneath the saddle. To 
give a low centre-of-gravity, the battery case 
is slung beneath the cross-bar. 

· Mr Yehudi Menuhin, the violinist, is seen 
here riding Lucas's new battery-assisted 
bicycle, which was. designed to provide elec
tric muscle-assistance for the cyclist, but not 
to give speeds greater than those which can 
be achieved with a normal push-bike. 

(1116 of the broadcast pilot tone frequency)· 
and in order to minimise interference with 
the normal stereo broadcast signal a sym
metrical code is used. A binary "1" causes a 
180° phase shift and a binary "0" produces no 
phase change. After filtering, this phase 
modulated square wave is used to product
modulate a 57kHz subcarrier, which is locked 
in phase (with a 90° shift) to the third har
monic of.the 19kHz pilot tone -this phase 
relationship being adopted again to reduce 
interference. The two sidebands generated in 
the modulation process are added to the 
multiplex stereo signal, which then 
frequency modulates the transmitter's car
rier. The paging/programme-labelling code 
signal accounts for ±3kHz of the total de
viation in the transmitted signal. 

The binary code system used is an error
correcting type which is able to correct 
bursts with up to 5 bit faults per block. 
Further reliability is provided by a system to 
cope with faulty transmitters. If a fault 
occurs in a transmitter the MBS signal is 
automatically switched to another one. The 
coding system of the paging calls is arranged 
so that the caller dials three sets of decimal 
·numbers: first, a four-digit decimal number 
which gives access to the whole paging 
system; second, five digits forming the 
number of the particular paging receiver to 
be called; and third, seven digits which are 
the caller's. own telephone number. 

New course for broadcast 
engineers 

A post graduate course for broadcast trans
mitter engineers has been launched at New
castle upon Tyne Polytechnic for the Inde
pendent Broadcasting Authority. The course 
is part of an eighteen month training scheme, 
developed by the IBA, which will lead to the 
first-ever nationally-recognised diploma in 
broadcast engineering. It is designed to meet 
the broadcasting demands of the 1980s and 
includes the introduction of the fourth 
television channel and the expansion of 
Independent Local Radio (ILR). 

Newcastle Polytechnic, which W!lS 
selected by the IBA from polytechnics 
throughout England and Wales, is providing 
an intensive six-months study in .the theory 
of advanced broadcasting technology. The 
students, and there are eighteen of them on 
this years course, which started at the end of 
September, also receive specialist training at 
the IBA's own training college, the Harman 
Engineering Training College at Seaton, 
Devon. Here they gain first hand practical 
experience in the IBA's transmitter stations. 
If everything goes according to the IBA's 
plan, about twenty students will benefit from 
the scheme each year. The Authority also 
hopes that overseas students will be admitted 
in the future. 

This year's students, when they complete 
their training at the end of 1980, will be 
qualified to take up positions as IBA mainte
nance engineers. In this capacity they will be 
responsible for helping to keep over 480 
television and radio transmitters in England, 
Scotland, Wales and Northern Ireland on
the-air. 
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Teletext goes ahead New Ceefax Computer System 

A boost for the chances of selling the UK 
teletext system abroad is announced by the 
BBC. Esmeralda, the computer · originally 
used for the BBC Ceefax facility, has been 
replaced by a system developed by Logica in 
collaboration with the BBC, and named 
Selene. 

This second generation of text-handling 
equipment is composed of three PDP11/34s, 
one of which (A) will cope with sixteen in: put 
v.d.us. The second computer (B) inserts the 
Ceefax data into the trans~·ssion chain, 
while the third. is a standby. In reased speed 
of access to the computer by jo nalists will 
be one advantage of the new equipment, 
since the v.d.us and computer communicate 
at 9600 b/s and, as blank lines in the teletext 
'page' are not to be transmitted, waiting time 
at the receiver will be less. Logica are to 
market the system throughout th~ world. 

A further benefit is the extensioh of the old 
set of 96 characters by 165 new ones, which 
include those used in most European langu
ages. This is the result of a compromise, in 
that the parity bit is to be used to call up the 
additional characters instead of protecting 
the data. It has been found, say BBC engin
eers, that the teletext signal can manage 
without the protection. If parity is left . at 
'odd', as at present, the old set of characters 
will be seen: changing it to 'even' will pro
duce the new set in lower case when a 
graphics control bit is introduced, while an 
alphanumeric control will give capitals. 
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The slow progress of teletext in the UK has 
given cause for concern to broadcasters, but 
Colin Mcintyre, Ceefax editor, points out 
that there are now 32000 sets in use, and that 
the number is increasing at the rate of about 
3000 per month. The rate has improved since 
22in teletext sets became available. 

BBC Ceefax now employs twenty journal
ists and puts out around 400 pages on the two 
channels. It seems possible, says Mcintyre, 
that a further two pages in the vertical 
flyback interval will be made available, to 
increase the number of pages or reduce 
access time. 

Cosmos extends European space agreement 
The members of the International Satellite 
Consortium, Cosmos, have agreed to co
operate in the European space programme 
for a further three years. The agreement was 
signed by senior executives of each of the 
consortium's members, one being Marconi 

Nobel Prize awarded for 
services to tomography 
The Nobel Prize for Physiology and Medicine 
has been awarded to Godfrey Newbold 
Hounsfield and Allan M. Cormack for their 
:services to computer-assisted tomography ---.,. 
a technique for constructing three-

• dimensional X-ray im~ges of opaque solids. 
Godfrey Hounsfield is a credit to the en

gineering profession, if only because he is one 
,of the very few Nobel Prize winners who does 
not possess a degree qualification. His inter
est in electrical engineering started when he 
was a schoolboy and worked on his own 
projects in a laboratory at his home. His 
formal training probably began just after the 
Second World War at the Radar School of the 
Royal Air Force College, Cranwell, where he 
obtained a City & Guilds Certificate in Radio 
Communication, and later took up a post as 
lecturer. After obtaining a diploma at 
Faraday House Electrical Engineering Col
lege in London, Hounsfield joined EMI as a, 
radar systems engineer. He later specialized[ 
in computers and became distinguished as: 
the project engineer for -the EMIDEC 1100, 
one of the UKs first large solid-state com
puters. 

In the late 1960's, when he was working on 
pattern recognition by computer, Hounsfield 
came upon his idea for computer-assisted 
tomography, which eventually resulted in 
the development of the EMI scanner. 

Cormack, who was working in the US 
independently and in mutual ignorance of 
Hounsfield, first came up with the idea of 
X-ray tomography in the late 1950's. He 
published papers in 1963 and 1964 describing 
the mathematics of the technique · and the 
results of an experiment which he carried out 
using gamma rays on perspex and aluminium 
models) to back it up, but being a theorist and 
probably lacking Hounsfield's thirst to put 
his ideas into practice, his ideas were soon 
forgotten. ft was not until 1971, when Houns~ 
field's prototype brain scanner was installed 
at Atkinson Morley Hospital, Wimbledon, 
that Cormack heard that Hounsfield had 
independently developed the idea and had 
built a working machine. Cormack, who in 
fact was born in Johannesburg of Scottish 
parents, politely wrote Hounsfield a letter of 
congratulation. 

Space and Defence Systems Ltd, at a meeting 
in Paris recently. 

The first Cosmos agreement was esta
blished in 1971 and during its lifetime the 
most celebrated success is probably the 
weather satellite, Meteosat. Current activ
ities include ESA's Exosat, which is due for 
launch in 1981, and ESA's and Ford 
Aeronautics Communications Corporation's 
provision of the first eight spacecraft so far 
ordered for the global Intelsat V programme. 

Marconi to develop 
tactical scatter system 

Marconi Communication Systems Ltd has 
been awarded a contract by the British 
Government to develop a new tropospheric 
scatter communication system to provide 
long-distance multichannel tactical com
munications links of the kind which are 
necessary on the modern battlefield. The 
system, designated as the H7450, will have a 
single antenna option which will make it 
particularly suitable for, military applica
tions. It will require only a small crew and, 
could be deployed in the field with minimum 
effort, either from a fixed base or from a 
transportable tactical system_ The equip
ment, which is to be designed to the rigorous 
environmental standards set by the British 
Ministry of Defence, will be suitable for 
either digital or analogue transmission and 
will carry up to .300 frequency-division mul
tiplex voice channels. 
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There are four distinct realizations of the single null or astable usir:~g an operational amplifier: 
the capacitor rnay be grounded or not and may be connected to either the inverting or the 

non-inverting input. Two of these will switch permanently into a latched-up state because in one . 

case there is positive but no negative direct feedback, while in the other the positive feedback . 

exceeds the negative feedback . The remaining two are both capable though the first type 1 is. 
by far the most common. In each the overall negative feedback ensures that the circuit can 
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. never be permanently latched up. On reaching the self-biased state, however, the capacitance 

ensures that the loop gain to alternating signals produces regenerative switching - in the first 

form by inhibiting a.c. negative feedback and in the second by increasing the a.c . positive 

feedback. Type I is often interpreted as a Schmitt trigger circuit with the amplifier ant potential 

divider treated as a unit and producing a square wave - the RC section then appears as an 

integrator providing a near-triangular wave if the amplitude is small . 

When an amplifier of very high gain forms part of a feedback system, the input voltage and 

=c__ Rz~ 
< 

< ? ~~ < 

. current both tend. to zero while the output voltage and current can take up arbitrary values 
depending on the signal source and the load. The nullator is a oiie-port defined as having v=o, 

i =o and the norator a one-port with v, i arbitrary. A nullator combined with a norator is called a 

nullor and may replace any infinite gain amplifier in feedback systems . Practical amplifiers with 

finite gain modify the resulting equations and behaviour but retain the basic nature of each 
circuit subject to the gain being high enough. The two circuits shown contain only one 

reactance with three resistors defining the characteristics. The bridge is activated by either one 
or two nullors, the constraint with operational amplifiers being that one side of each norator has 

to be grounded- op. amps with fully floating outputs not being generally available. As shown 
the nullors give no information on the phasing of the amplifiers ard this has to be determined by 

I .II 

DuAL OP-AMP AsTABL£5 

considering each of the possible implementati~ms in turn. · · 

With two amplifiers there are eight distinct configurations corresponding to two different 
capacitor locations, coupling or feedback, with four different combinations of amplifier phasing 

for each location. Five of these configurations suffer from latch up with the remaining three 

either having overall direct negative feedback or with direct negative feedback over each stage 

separately and with capacitance coupling to isolate the stages. The first of these is type Ill, 

closely related to type I. The first stage is a standard .inverting integrator which guarantees a 

triangular output for a square-wave input. The inversion requires the following circuit to be a 
non-inverting Schmitt circuit to restore the same phasing as in type 1 . The triangular wave 

levels at which switching occurs are defined by the square-wave amplitude and the ratio R 1 I R2 . 

Assume the Schmitt output is negative . The integrator output increases until it drives current 

through R, sufficient to neutralize that fed back through R2 . This drives the Schmitt amplifier 

briefly into its linear region when the positive feedback reinforces the charge sweeping the 

output into its saturated positive state. The integrator output now ramps negatively until the 
second switching level is reached. Then the negative current through R1 cancels the positive 

current through R2 and the Schmitt output is restored to ;ts original state, restarting the cycle. 

Type IV is the two-amplifier astable corresponding to the single amplifier form of type II . In 

the last case the potential divider can be considered as setting the voltage gain to some fixed 

positive value while the CR network transfers any output step back to the input; via the non
inverting gain the regenerative action forces any such step to saturate the output. The 

conducting path to ground restores the non-inverting terminal towards zero as a decaying 

exponential. At a voltage again controlled by R2 I R1 and the saturation levels the amplifier 

enters its linear region briefly, only to be swept on to the other saturation level when the second 

and similar part of the cycle commences. For the two-amplifier form, the inverting differentiator 
then requires to be cascaded with an inverting amplifier of fixed gain to restore the overall phase 

relationship. The step voltage applied to the following input by the capacitor not only saturates 
the amplifier in each case but may bring any protective input circuitry into conduction 

modifying the time constants . In extreme cases damage might result if the amplifier inp·ut is not 

capable of withstanding large differential voltages . 

This last type cannot be directly related to the other two. It has overall d .c . negative feedback 

and cannot therefore latch into a permanently saturated state . The heavy local regenerative 
feedback across the second amplifier ensures that the system will oscillate as an astable but 

during the transitions between one quasistable state and the next high-frequency oscillation 

may be superimposed . This particular astable has received little or no attention in its op. amp 

form though as will be seen later a similar form is known using logic gates . The importance of 

the approach adopted here is that it allows new circuits to be derived from known versions, 

uinfamiliar circuits to be recognized and classified and for the complete membership of a class 
to be established . Each of these examples has severe frequency limitations because based on 

high gain low frequency amplifiers. A convenient alternative at high frequencies is to use 
standard logic gates as the amplifiers . 
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Astables': basic configurations 
I : 
I d , 

THEORY I 

TYPE I . The output is assumed to switch between V l nd V where 
v >V A I B A B 

VAR, 
upper threshold V u = --- • 

R2 +R; 

V R 
lower threshold V L =--8 -

1 
_ 

R2 +R 1 

Time for C to change from V L ~vu 

[ V-~l A R +R 
t -t = ·rlog 1 2 

2 1 e V R 
VA- _ _ A_ ,_ 

R1 +R 2 

For a symmetrical bipolar OL!tput VA= + V, V 
6 
=-V 

~nd t -t =7log [ 

1 +~2] 
2 1 e R . 
. 1---1- · ' 

R, +R 2 

[
. R2 +2R, J 

=7log • 
R2 

= Tl~ge [ 1 + 2 : ~ J . 
I 

By symmetry the time taken for C to change from V ~v must be 
identical and the period of the waveform is u, L 

T=2Tiog. [ 1 +; :~ J 
TYPE II . Under the same assumption , the thr~shold voltages are the . 

same if referred to the amplifier output instead of to ground i.e . the 
passive bridge is subjected to identical waveforms and hence 
frequency . This ·is true provided the voltage steps transmitted to the 
non-inverting input via the capacitor do not drive the input or any 

associated protective network into cbnduction . A similar prob lem 
arises with type IV. With high Z in amplifiers a large resistor in series 
w ith the non-inverting input protects without disturbing the frequency. 
TYPE Ill. This is the well-known square-triangle generator . Let the 
input and feedback resistors of the Schmitt trigger be R 1 , R 2 and for 
simplicity assume that the saturated output levels are :!: V . The 
thresholds are then :!: R 1 VI R2 . 

For the transition between these thresholds the integ rator output has to 
change by :!: 2R 1 VI R2 when the input current is :!: V 1 R. 

Hence ~=I= qQ = CdVc =-CdVo 
R dt dt dt 

where V0 is the output voltage of the integrator. 

2R 1T 
t=--for T=RC . 

4R 1T 
The period of the waveform is T = --

R2 

R2 

R2 
f=1 IT=--

4R17 

The triangular wave amplitude is equal to the separation between the 
upper and lower thresholds. 

and Vo ex 1 If for,. constant . 

THEORY / EX AM PLE-S 
I 

TYPE IV. Assume the saturated output levels of the differentiator 
when overdriven are ±V. For R2 <R, the corresponding inverter 
outputs are ± R2 VI R1 . This is the step size transferred to the 
differentiator inverting input with the transition initiated .as the input 
passes through zero . Let the voltages across Rat beginning and end of 
a half cycle be V,, V 2 as usual. 

[

V(1 +: 1
) 

=7log 2 

e V 

=7log8 (1 +R, /R 2) 

Period of the waveform is T= 27log.(1 + R, /R
2

) 

1 
TYPE V. Frequency turns out to be identical to that.for type IV . Inverter 
output is:!: VR 2 I R 1 corresponding to ±Vas the saturated output of the 

other amplifiers . I . 
R2 R2 . 

HenceV, =V+V-, V2 =V-
R1 R, 

V, R, 
- =1+
v2 R2 

1. Ali operational amplifier has output saturated voltages ~f + 14 and 
-12V. It is used with R1 22k0, R2 4 7k0 in a type I astable with C 
0 .1 J.LF, R 1 OOkO . Find the frequency of oscillation, the output 
mark-space ratio and the amplitude at the inverting input. 

R 
upper threshold Vu=--1- · VA 

R2 +R, 

14X22 

(22+47) 

R, -12X22 
lower threshold VL =---V8 ~----

R1+R2 1 (22+47) 

17.8 
Time from VL to Vu=Tiog --,=0.6257. 

e 9 .53 

. . . 16.5 
S1m1larly t1me from Vu to VL=7Iog - - = 0 . 7027 

e 8 . 17 

. ·. Mark-space ratio= 1 . 12 . 

Period=1 .3277 . 

0 .889 0 .889 
88 .9Hz 

I T 105 . 10- 7 
I 

Peak-peak ampl itude at inverting input=Vu~VL 

26X22 
----

69 

=8 .29V 

· The frequency is not far removed from the value for symmetrical 
thresholds i .e. for 

T~2Tiog.( +2:: ) 
= 1.3217 

This allows the simpler relation to be used in most practical cases. 

87 
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. never be permanently latched up. On reaching the self-biased state, however, the capacitance 

ensures that the loop gain to alternating signals produces regenerative switching - in the first 

form by inhibiting a.c. negative feedback and in the second by increasing the a.c . positive 

feedback. Type I is often interpreted as a Schmitt trigger circuit with the amplifier ant potential 

divider treated as a unit and producing a square wave - the RC section then appears as an 

integrator providing a near-triangular wave if the amplitude is small . 

When an amplifier of very high gain forms part of a feedback system, the input voltage and 

=c__ Rz~ 
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< ? ~~ < 

. current both tend. to zero while the output voltage and current can take up arbitrary values 
depending on the signal source and the load. The nullator is a oiie-port defined as having v=o, 

i =o and the norator a one-port with v, i arbitrary. A nullator combined with a norator is called a 

nullor and may replace any infinite gain amplifier in feedback systems . Practical amplifiers with 

finite gain modify the resulting equations and behaviour but retain the basic nature of each 
circuit subject to the gain being high enough. The two circuits shown contain only one 

reactance with three resistors defining the characteristics. The bridge is activated by either one 
or two nullors, the constraint with operational amplifiers being that one side of each norator has 

to be grounded- op. amps with fully floating outputs not being generally available. As shown 
the nullors give no information on the phasing of the amplifiers ard this has to be determined by 
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considering each of the possible implementati~ms in turn. · · 

With two amplifiers there are eight distinct configurations corresponding to two different 
capacitor locations, coupling or feedback, with four different combinations of amplifier phasing 

for each location. Five of these configurations suffer from latch up with the remaining three 

either having overall direct negative feedback or with direct negative feedback over each stage 

separately and with capacitance coupling to isolate the stages. The first of these is type Ill, 

closely related to type I. The first stage is a standard .inverting integrator which guarantees a 

triangular output for a square-wave input. The inversion requires the following circuit to be a 
non-inverting Schmitt circuit to restore the same phasing as in type 1 . The triangular wave 

levels at which switching occurs are defined by the square-wave amplitude and the ratio R 1 I R2 . 

Assume the Schmitt output is negative . The integrator output increases until it drives current 

through R, sufficient to neutralize that fed back through R2 . This drives the Schmitt amplifier 

briefly into its linear region when the positive feedback reinforces the charge sweeping the 

output into its saturated positive state. The integrator output now ramps negatively until the 
second switching level is reached. Then the negative current through R1 cancels the positive 

current through R2 and the Schmitt output is restored to ;ts original state, restarting the cycle. 

Type IV is the two-amplifier astable corresponding to the single amplifier form of type II . In 

the last case the potential divider can be considered as setting the voltage gain to some fixed 

positive value while the CR network transfers any output step back to the input; via the non
inverting gain the regenerative action forces any such step to saturate the output. The 

conducting path to ground restores the non-inverting terminal towards zero as a decaying 

exponential. At a voltage again controlled by R2 I R1 and the saturation levels the amplifier 

enters its linear region briefly, only to be swept on to the other saturation level when the second 

and similar part of the cycle commences. For the two-amplifier form, the inverting differentiator 
then requires to be cascaded with an inverting amplifier of fixed gain to restore the overall phase 

relationship. The step voltage applied to the following input by the capacitor not only saturates 
the amplifier in each case but may bring any protective input circuitry into conduction 

modifying the time constants . In extreme cases damage might result if the amplifier inp·ut is not 

capable of withstanding large differential voltages . 

This last type cannot be directly related to the other two. It has overall d .c . negative feedback 

and cannot therefore latch into a permanently saturated state . The heavy local regenerative 
feedback across the second amplifier ensures that the system will oscillate as an astable but 

during the transitions between one quasistable state and the next high-frequency oscillation 

may be superimposed . This particular astable has received little or no attention in its op. amp 

form though as will be seen later a similar form is known using logic gates . The importance of 

the approach adopted here is that it allows new circuits to be derived from known versions, 

uinfamiliar circuits to be recognized and classified and for the complete membership of a class 
to be established . Each of these examples has severe frequency limitations because based on 

high gain low frequency amplifiers. A convenient alternative at high frequencies is to use 
standard logic gates as the amplifiers . 
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1. Ali operational amplifier has output saturated voltages ~f + 14 and 
-12V. It is used with R1 22k0, R2 4 7k0 in a type I astable with C 
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This allows the simpler relation to be used in most practical cases. 
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What's so o.atural about e? 
A 'maths-made-easy' investigation of a mysterious number 

The author presents a study of Euler's 

number, the key to universal laws of 

change, that avoids pedestrian 

mathematics and brings out its value by 

·various graphical methods. These include 

.curve sketching for dy I dx = y; slope 

measurement on y=ax curves and · 

finding the one of slope =y; building a 

series for ex and hence e (for more 

accurate calculation) from small steps 

along the y=ex curve, and comparing 

this with the compound interest law and 

a simple scheme for any pocket 

,calculator; slope measurement on 

y= log 8 x curves and finding the one of 

slope= 11x; and finding x for unit~ area 

under the rectangular hyperbola y = 1 I x. 

In Part 2 Napier's invention of logarithms 

will be discussed. 

THAT mysterious number e, which 
rules so many of the laws of change in 
the universe, not only in the inanimate 
parts of science and technology but also 

in the living world of plants and animals 
and in business, social and even political 
affairs, is obviously important to tech
nical people. It is said (by mathemati
cians, at any rate) to be a 'natural' 
number, but the engineer's traditional 
mistrust of mathematicians seems to be 
immediately confirmed when he finds 
that e is 2.7182 ... . ... Natural? 
Shouldn't we use that word only for ' 
things that we can count on our fingers, 
like numbers between 1 and 10 (or per
haps up to 20 if we bring in our toes as 
well)? At any rate we can then look 
smugly at the SI system, whose quant
ities are all reckoned in neat piles of ten. 

. But hold on for a moment! Isn't there 
another 'natu: ···number which we first 
met in our schooldays, that baffling 
symbol 'TT? At one time you had to be an 
earnest student of algebra before being 
introduced to it, but such is the spate of 

educational progress that now, every 

day, all over the country, thousands of 

indust~ious infants are patiently rolling 

coins · along pencilled lines or stripping 
string off tin cans to reveal that hidden 
number. Then, of course, there is that 
almost magicar quantity, practical!x. 
worshipped by electrical engineers, y'2! 

Of course, e isn't as submissive, as 
eagerly ready to give up its secrets, as 
are its humbler brethren 'TT and y2, and 
none of them can be expressed in simple 
nor even exact fractions . Just how were 
you first introduced to e? Did your 

by John C. Finlay 

maths teacher excite your interest by 
referring to the FA Cup knockout, or 

kindle your imagination by talking of 
population explosions or the shape of a 

grand piano, a cluster of organ pipes or 
a nautilus shelP? Maybe he appealed to 
your innate cupidity by calculating the 
dire effects (on the borrower!) of. 
making loans at compound interest, but 
I'll bet you 2.7182 to 1 that he simply 
wrote down a series of queer-looking 
fractions, made you work them out and 
add them up and then said triumphantly 

· "that's e!;'. 
Now I must admit that the bald idea 

of a regular series of numbers stirs no . 
emotion in my breast, especially when I 
am asked to do some work on them, so 
that I felt no compulsion, like 
Archimedes emerging from his bath, to 
shout 'Eureka!'. No doubt I .should be 
ashamed to find that those same inde
fatigable infants, having conq·uered · 'TT 

are pressing ori with series and have 
arranged themselves in arithmetical 

progression of age and geometrical 

progression of size or ability, thus get
ting dangerously near to discovering e! 
However, I can console myself with the 
thought that I might have got interested 
in series if I ha<;l been shown the really 
useful ones, su<;:h as those that enable 

you to calculat1logarithms or sines (or 
even 'TT itself!) nd thus check out or 
even improve 

1 
pon the work of the 

clever fellows who prepared those 
tablets known as log tables (like many 
graven images they have now fallen, 
thanks to pocket calculators). But that 
was not to be, and so, for the same 
reason that I gave up learning to play 

the piano because I wasn't allowed to 
play any piece that I liked, I took a 
dislike to series. I also became disen
chanted with logs for a Hme, after 
finding that a certain physics master 
traded on my ability to use them by 
devising a hysteresis experiment in

volving a tremendous number of dia
bolical calculations, generously loaded 
with the 'ITS and colossal powers of 10 
which were all the rage before SI system 
took over, which took hours to work 
out. 

Both e and 'TT are transcendental 
numbers, which sounds very trendy, }?ut 
is in fact a description of their un
earthly, extraordinary nature. As the 
Shorter Oxford English Dictionary in
forms us, such numbers cannot be 'pro-

1duced by a finite number of ordinary 

algebraic operations of addition, multi-. 

plication, involution or their inverse 
operations' and can only be expressed 
'in the form of an infinite series'. So 
there's no escape if you want a fairly 
accurate value! But at least the series 

for e can be built up on a commensense 
basis, as we will see later, instead of 
being just flung at you. In the meantime 
let's try another approach, a graphical 
one, which might just appeal to practi
cal people like engineers. · 

Natural growth and decay 
There is a vast group of changing 
quantities in the world around and 
within us whose numbers grow or decay 

quickly or slowly, but always in strict 
proportion to their values at any parti
cular moment. I have already men
tioned some of them and would like to 
include many more examples before the 
end of these articles. Mathematicians, in· 
their usual succinct way, express all this 

in the bald statement 

dy 
dx = ky 

so that y is the changing quantity and x 
the yardstick by which the change is 

gauged. x may represent time or just a 
series of numbers and k controls the 
proportion, Now every engineer knows 
that dyldx" represents the slope of a 
graph where y is plotted against x , so 
let's see if we can build up the shape of 
the curve for our equation above. Just 
to keep it simple we'll make k = 1 so that 
it reduces to · 

dy 
dx =y 

Then if y = 0, the graph slope is zero; for 
y = l, the slope is 1; for y = 2, the slope is 
2 and so on. If we sketch out these 
slopes alongside a pair of equal-length 
axes for x andy and to the same scale 

(Fig.1) and then roughly piece them 
together (Fig.2) we get some idea of the 
upward sweeping curve that represents 
dy!dx=y. By going to the trouble of 
making a lot more slope. measurements 
at very fine intervals, we find a nice 
smooth curve as in Fig.3. 

Next we place the curve between the 
waiting axes of x andy, but immediately 
hit a snag. Just where do we put it? Is it 
a b c d or e in Fig.4? To our dismay we 
suddenly realise that it doesn't seem to 

WIRELESS WORLD, DECEMBER 1979 

~=Y 

Fig.1 

matter. As long as we move the curve 

sideways there are any number of ,posi
tions where the slopes will be the same 

for any given value of y. Curve c might 
appear to be the favourite because the 
curve should go through the origin, but 
I am afraid I have deceived you here. 
The curve in fact never drops to zero 
be~ause it keeps on diminishing in slope 
as It moves to the left and never quite 
flattens out. 

The pure mathematician is of course 
by now laughing up his sleeve, if not 

openly. "That's what comes of mon
keying about with graph slopes," he 

says. "You should have stuck to series!" 
Bruised, but not yet defeated, we try 
another tack, and even take a hint from 

his advice. If a quantity grows at a rate 
proportional to its own value, then 
surely it literally multiplies itself at 
regular intervals of time or reference 
nu~ber? Let's look then at a simple 
senes_ of numbers which does just that, · 
doublmg each time: 

1 2 4 8 16 
and for good measure we'll look b~ck
wards, too, halving the numbers: 

Ys ..1. 
16 

· Examining the first set closely, you'll 
notice that the numbers are all mul
tiples of 2 and can be set down, then, as 
powers of 2: 

l 2 4 8 16 

Similarly the second set are also powers 
of 2, but negative: 

..1. 
16 

You will see that the whole series can be 

described as 2x where x is ariy whole 
number, positive, negative or zero. 

Now that was for numbers which 
double or halve themselves. In the same 
way you can convince yourself that 3x 

would represent numbers that treble 
themselves or that 4x corresponds to a 
fourfold increase each time. The x in all 
such numbers is called an exponent 
(from the Latin ex= out of, ponere =to 
place), being literally then a figure 

placed out of its normal position to 

Fig.2 Fig.J 

Fig. 1. Slope increases with y for 
dyldx=y. 

Fig. 2. Rough build-up of curve for 
y=dyldx from Fig. 1. 

Fig. 3. Smooth curve built up from a 
large number of slope samples. 

-2 -1 0 

a b d e 

2 3 4 5 6 7 
X 

Fig. 4. Spot-the-curve for y=dyldx.. 

show how many times a number is to be 
multiplied by itself. 

Let's collect together a list of some of 
these exponential numbers for various 
whole-number multiplications: 

X . -4 -3 -2 -1 0 J. 2 3 4 

I 

16 

2 4 8 16 

3 9 27 81 

.4 16 64 256 

·One thing we can see straightaway 
about these exponentials is that they 
:all pass through a unity value when 

x = 0 (which will come as no surprise to 
a!lyone who knows his basic algebra, 
smce any number raised to the power of 
.zero becomes 1). If we now plot them in 
the form y=ax where a= 1, 2, 3, ·4, we 

get the exponential curves shown in 
Fig.5. All these curves are of the same 
shape if sufficiently stretched or 
.squashed in the x direction, a point 
emphasized by Sawyer in his 'lazy 
tongs' modeF. You· can now test the 
slopes of these curves to see whether in 
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fact they do grow at a rate proportional 
to their values at all points, by the 
time-honoured engineer's method of 
setting his ruler at a tangent to the point 
on the curve required, and marking off . 
on the graph paper from this tangent 
line an 'x' coordinate of a length easy to 
divide by, and finding the correspon
ding 'y' coordinate. A couple of samples 
for 2x are shown on Fig .5. 

Now in our original statem ~nt 
dyldx =ky, the constant of proportio
nality 

k=dyldx 
y 

slope of curve at any point· 
or 

value of y at that point 

so that for 2x and y = 2, 

. k= 1.4/1 =~=07 
2 2 . 

k 

and for y=5, 

1.4/0.4 
5 

3.5 
5 

0.7 

' ' 

so that the idea of k as a constant is 
borne out. In the same way you will 
discover that k = 1.1 for 3x and 1.4 for 4x. 

Should you, like our pure mathe
matician, despise and distrust such a 
purely graphical method, then have a go 
at a fairly simple calculation instead. 

Let x increase by some tiny amount 
from a given value, say from 1 to 1.001 
and calculate how much y changes 
con:espondingly. Then for y = 2x, 

when x changes from 1 to 1.001 

y changes from 21 to 21.001. 

"That last figure looks a bit awkward, 

and if you, like me, are too impecunious 
to enjoy the benefits of the latest 
microcomputer scientific pocket calcu

lator then it's back to dear old logs: 

-3__, -2 

log2 = 0.30103 + 
X .001 = 0.00030 

log2L001 = 0.30133 

Antilog =2.0014 

Fig. 5. Which exponential curve has a 
slope always equal to its y value? 
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What's so o.atural about e? 
A 'maths-made-easy' investigation of a mysterious number 

The author presents a study of Euler's 

number, the key to universal laws of 

change, that avoids pedestrian 

mathematics and brings out its value by 

·various graphical methods. These include 

.curve sketching for dy I dx = y; slope 

measurement on y=ax curves and · 

finding the one of slope =y; building a 

series for ex and hence e (for more 

accurate calculation) from small steps 

along the y=ex curve, and comparing 

this with the compound interest law and 

a simple scheme for any pocket 

,calculator; slope measurement on 

y= log 8 x curves and finding the one of 

slope= 11x; and finding x for unit~ area 

under the rectangular hyperbola y = 1 I x. 

In Part 2 Napier's invention of logarithms 

will be discussed. 

THAT mysterious number e, which 
rules so many of the laws of change in 
the universe, not only in the inanimate 
parts of science and technology but also 

in the living world of plants and animals 
and in business, social and even political 
affairs, is obviously important to tech
nical people. It is said (by mathemati
cians, at any rate) to be a 'natural' 
number, but the engineer's traditional 
mistrust of mathematicians seems to be 
immediately confirmed when he finds 
that e is 2.7182 ... . ... Natural? 
Shouldn't we use that word only for ' 
things that we can count on our fingers, 
like numbers between 1 and 10 (or per
haps up to 20 if we bring in our toes as 
well)? At any rate we can then look 
smugly at the SI system, whose quant
ities are all reckoned in neat piles of ten. 

. But hold on for a moment! Isn't there 
another 'natu: ···number which we first 
met in our schooldays, that baffling 
symbol 'TT? At one time you had to be an 
earnest student of algebra before being 
introduced to it, but such is the spate of 

educational progress that now, every 

day, all over the country, thousands of 

indust~ious infants are patiently rolling 

coins · along pencilled lines or stripping 
string off tin cans to reveal that hidden 
number. Then, of course, there is that 
almost magicar quantity, practical!x. 
worshipped by electrical engineers, y'2! 

Of course, e isn't as submissive, as 
eagerly ready to give up its secrets, as 
are its humbler brethren 'TT and y2, and 
none of them can be expressed in simple 
nor even exact fractions . Just how were 
you first introduced to e? Did your 

by John C. Finlay 

maths teacher excite your interest by 
referring to the FA Cup knockout, or 

kindle your imagination by talking of 
population explosions or the shape of a 

grand piano, a cluster of organ pipes or 
a nautilus shelP? Maybe he appealed to 
your innate cupidity by calculating the 
dire effects (on the borrower!) of. 
making loans at compound interest, but 
I'll bet you 2.7182 to 1 that he simply 
wrote down a series of queer-looking 
fractions, made you work them out and 
add them up and then said triumphantly 

· "that's e!;'. 
Now I must admit that the bald idea 

of a regular series of numbers stirs no . 
emotion in my breast, especially when I 
am asked to do some work on them, so 
that I felt no compulsion, like 
Archimedes emerging from his bath, to 
shout 'Eureka!'. No doubt I .should be 
ashamed to find that those same inde
fatigable infants, having conq·uered · 'TT 

are pressing ori with series and have 
arranged themselves in arithmetical 

progression of age and geometrical 

progression of size or ability, thus get
ting dangerously near to discovering e! 
However, I can console myself with the 
thought that I might have got interested 
in series if I ha<;l been shown the really 
useful ones, su<;:h as those that enable 

you to calculat1logarithms or sines (or 
even 'TT itself!) nd thus check out or 
even improve 

1 
pon the work of the 

clever fellows who prepared those 
tablets known as log tables (like many 
graven images they have now fallen, 
thanks to pocket calculators). But that 
was not to be, and so, for the same 
reason that I gave up learning to play 

the piano because I wasn't allowed to 
play any piece that I liked, I took a 
dislike to series. I also became disen
chanted with logs for a Hme, after 
finding that a certain physics master 
traded on my ability to use them by 
devising a hysteresis experiment in

volving a tremendous number of dia
bolical calculations, generously loaded 
with the 'ITS and colossal powers of 10 
which were all the rage before SI system 
took over, which took hours to work 
out. 

Both e and 'TT are transcendental 
numbers, which sounds very trendy, }?ut 
is in fact a description of their un
earthly, extraordinary nature. As the 
Shorter Oxford English Dictionary in
forms us, such numbers cannot be 'pro-

1duced by a finite number of ordinary 

algebraic operations of addition, multi-. 

plication, involution or their inverse 
operations' and can only be expressed 
'in the form of an infinite series'. So 
there's no escape if you want a fairly 
accurate value! But at least the series 

for e can be built up on a commensense 
basis, as we will see later, instead of 
being just flung at you. In the meantime 
let's try another approach, a graphical 
one, which might just appeal to practi
cal people like engineers. · 

Natural growth and decay 
There is a vast group of changing 
quantities in the world around and 
within us whose numbers grow or decay 

quickly or slowly, but always in strict 
proportion to their values at any parti
cular moment. I have already men
tioned some of them and would like to 
include many more examples before the 
end of these articles. Mathematicians, in· 
their usual succinct way, express all this 

in the bald statement 

dy 
dx = ky 

so that y is the changing quantity and x 
the yardstick by which the change is 

gauged. x may represent time or just a 
series of numbers and k controls the 
proportion, Now every engineer knows 
that dyldx" represents the slope of a 
graph where y is plotted against x , so 
let's see if we can build up the shape of 
the curve for our equation above. Just 
to keep it simple we'll make k = 1 so that 
it reduces to · 

dy 
dx =y 

Then if y = 0, the graph slope is zero; for 
y = l, the slope is 1; for y = 2, the slope is 
2 and so on. If we sketch out these 
slopes alongside a pair of equal-length 
axes for x andy and to the same scale 

(Fig.1) and then roughly piece them 
together (Fig.2) we get some idea of the 
upward sweeping curve that represents 
dy!dx=y. By going to the trouble of 
making a lot more slope. measurements 
at very fine intervals, we find a nice 
smooth curve as in Fig.3. 

Next we place the curve between the 
waiting axes of x andy, but immediately 
hit a snag. Just where do we put it? Is it 
a b c d or e in Fig.4? To our dismay we 
suddenly realise that it doesn't seem to 
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matter. As long as we move the curve 

sideways there are any number of ,posi
tions where the slopes will be the same 

for any given value of y. Curve c might 
appear to be the favourite because the 
curve should go through the origin, but 
I am afraid I have deceived you here. 
The curve in fact never drops to zero 
be~ause it keeps on diminishing in slope 
as It moves to the left and never quite 
flattens out. 

The pure mathematician is of course 
by now laughing up his sleeve, if not 

openly. "That's what comes of mon
keying about with graph slopes," he 

says. "You should have stuck to series!" 
Bruised, but not yet defeated, we try 
another tack, and even take a hint from 

his advice. If a quantity grows at a rate 
proportional to its own value, then 
surely it literally multiplies itself at 
regular intervals of time or reference 
nu~ber? Let's look then at a simple 
senes_ of numbers which does just that, · 
doublmg each time: 

1 2 4 8 16 
and for good measure we'll look b~ck
wards, too, halving the numbers: 

Ys ..1. 
16 

· Examining the first set closely, you'll 
notice that the numbers are all mul
tiples of 2 and can be set down, then, as 
powers of 2: 

l 2 4 8 16 

Similarly the second set are also powers 
of 2, but negative: 

..1. 
16 

You will see that the whole series can be 

described as 2x where x is ariy whole 
number, positive, negative or zero. 

Now that was for numbers which 
double or halve themselves. In the same 
way you can convince yourself that 3x 

would represent numbers that treble 
themselves or that 4x corresponds to a 
fourfold increase each time. The x in all 
such numbers is called an exponent 
(from the Latin ex= out of, ponere =to 
place), being literally then a figure 

placed out of its normal position to 

Fig.2 Fig.J 

Fig. 1. Slope increases with y for 
dyldx=y. 

Fig. 2. Rough build-up of curve for 
y=dyldx from Fig. 1. 

Fig. 3. Smooth curve built up from a 
large number of slope samples. 

-2 -1 0 

a b d e 
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X 

Fig. 4. Spot-the-curve for y=dyldx.. 

show how many times a number is to be 
multiplied by itself. 

Let's collect together a list of some of 
these exponential numbers for various 
whole-number multiplications: 

X . -4 -3 -2 -1 0 J. 2 3 4 

I 

16 

2 4 8 16 

3 9 27 81 

.4 16 64 256 

·One thing we can see straightaway 
about these exponentials is that they 
:all pass through a unity value when 

x = 0 (which will come as no surprise to 
a!lyone who knows his basic algebra, 
smce any number raised to the power of 
.zero becomes 1). If we now plot them in 
the form y=ax where a= 1, 2, 3, ·4, we 

get the exponential curves shown in 
Fig.5. All these curves are of the same 
shape if sufficiently stretched or 
.squashed in the x direction, a point 
emphasized by Sawyer in his 'lazy 
tongs' modeF. You· can now test the 
slopes of these curves to see whether in 
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fact they do grow at a rate proportional 
to their values at all points, by the 
time-honoured engineer's method of 
setting his ruler at a tangent to the point 
on the curve required, and marking off . 
on the graph paper from this tangent 
line an 'x' coordinate of a length easy to 
divide by, and finding the correspon
ding 'y' coordinate. A couple of samples 
for 2x are shown on Fig .5. 

Now in our original statem ~nt 
dyldx =ky, the constant of proportio
nality 

k=dyldx 
y 

slope of curve at any point· 
or 

value of y at that point 

so that for 2x and y = 2, 

. k= 1.4/1 =~=07 
2 2 . 

k 

and for y=5, 

1.4/0.4 
5 

3.5 
5 

0.7 

' ' 

so that the idea of k as a constant is 
borne out. In the same way you will 
discover that k = 1.1 for 3x and 1.4 for 4x. 

Should you, like our pure mathe
matician, despise and distrust such a 
purely graphical method, then have a go 
at a fairly simple calculation instead. 

Let x increase by some tiny amount 
from a given value, say from 1 to 1.001 
and calculate how much y changes 
con:espondingly. Then for y = 2x, 

when x changes from 1 to 1.001 

y changes from 21 to 21.001. 

"That last figure looks a bit awkward, 

and if you, like me, are too impecunious 
to enjoy the benefits of the latest 
microcomputer scientific pocket calcu

lator then it's back to dear old logs: 

-3__, -2 

log2 = 0.30103 + 
X .001 = 0.00030 

log2L001 = 0.30133 

Antilog =2.0014 

Fig. 5. Which exponential curve has a 
slope always equal to its y value? 
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(Incidentally, if you twist my arm, I will 
reveal that you can use even the simpl
est pocket calculator to work out fig
ures like 21.001 from an endless (but 
steadily diminishing) series of numbers, 
assuming that you can find the natural 
logarithm of 2 or whatever. Should the 
idea tum you off, then just skip the rest 
of this bracket. The series is 

and it is easily obtained from the series ' 
for ex which we will discover late~3. 
That could be a good reason for your 
looking· back at this section after we 
have discussed e and natural 
logarithms! 

Then for zuxn, xlogea = 1.001(0.69315) 
= 0.69384 
or 21.om = 1 + 0.69384 + 0.24071 + 
0.05567 + 0.00966 + 0.00134 + 0.000155 
= 2.0014 to four decimal places. 

\Vasn't that hard going compared with 
our original calculation, using 'or-· 
dinary' logs? Still, it may satisfy the 
sticklers for accuracy, especially when 
they can control it!) · 

So then, using the symbol ~ to stand 
for a small but definite change, for y = 2x 
and when x = 1, y = 2, ~Y = 0.0014 for 
~=0.001 and ~yl~x= 1.4. Then ~yl 
~xly=1.412=0.7, which is the same 
result we obtained anywhere on the 
curve by measuring its slope. 

(The P.M. shudders and rolls his eyes 
heavenwards. "You can't say that ~Y 1 
~is the slope," he hisses. "You know 
damn well that it ought to be dy I dx, and 
k's value, which is loge2, should be 0.693 
not 0.7, at least to the sort of accuracy 
you fellows are prepared to put up 
with." "So what?" I rudely reply, "it's 
only the order of k that I'm interested in, 
and I can work out the value of e as 
accurately as I like when I'm good and 
ready. \Vhat's more, I can look up my 
tables of natural logs too and see that, 
for 3x, k = loge3 = 1.099 and for 4x is 
loge4 = L386!" But that would be 
cheating, because w~ haven't got to logs 
yet!) 

After all that, let's discover what we 
can from Fig.5. All the curves have a 
constant k factor, and if this is 0. 7 for 2x, 
1.1 for 3x and 1.4 for 4X, it stands to 
reason that there must be a curve bet
ween the first two for which k = 1. \Vhat 
is its equation? If we call it y =eX, then it 
is crystal dear that e lies between 2 and 
3, so we have made our first great dis
covery. But just where between these 
limits is e? Now we might just recruit a 
few teams of our infants, who, having 
measured and calculated everything 
within reach, are driving their teachers 
up their respective walls. \Ve'd press 
into each hot eager little hand a sci en
tific calculator, with the instruction "Go 
and work out a lot of values for 2.00F 
Up to 2.999X at One thOU Spacir{gS and 

2 - k= dy/dx: 
y 

2 

Y=OX. 

0 

e 3 
= 2·7 

4 

. Fig. 6. e finally emerges for k = 1 on the 
kla curve. 

Natural decoy curves 
(y=o-:c) 

e-:c 

-6 -5 -4 -3 -2 
X 

Natural grcwth curves 
(y=a:c) 

ex 

3 4 5 6 

Fig. 7. Graphs of various exponential 
functions. 

draw the graphs. Find but which one 
has a k of unity!" 

But despite the gratitude we would 
earn from the exhausted teachers, we as 
engineers would prefer to select one of 
o_ur oldest and most cunning work
saving methods - interpolation -
which to many a hard-pressed 
laboratory student means getting the 
most information out of the fewest (or 
less) possible results. Suppose we plot 
the k-values we have found against a (in 
y =ax) in Fig. 6. Then, from the curve, 
when k = 1, e comes out as around 2.7! 
(if you want to draw as nice a curve as 
possible, you can always cheat by 
looking up values for k = logea, but it 
does rather spoil the thrill of discovery, 
especially if you go straight for k = 1 !). 

Next you might wish to fit in the true 
e curve on Fig.5 (which in fact I have 
already done for you with the queried 
value) and check that its slope is every
where equal toy. This is the exponential 
function, when so described. Now at · 
last we have located the unique func
tion whose differential is equal to itself! 
Incidentally if x = 1, y = e1 = e, so that 
the value of e is identified on the y scale 
for x = 1. This will be better shown on 
Fig.8later. . 

So far we have dealt with natural or 
exponential growth. Exponential decay 
is evinced by similar curves; formed 
with negative exponents, of the general 
type y=a-x. Fig.7 shows these for the 
same a values as in Fig.5, and over 
slightly wider x and y ranges. Note how 
the a-x curves are the mirror images 
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(about the y axis) of the corresponding 
ax curves. \Ve can expect the slopes, 
then, to have the same numerical values 
for any given value of y but now to be 
negative instead of positive. The curve, 
then, for which the differential or slope 
is the negative of the y value at all 
points is y=e-x. 

The compound interest law 
I hope that you have now seen, from 
one viewpoint at any rate, that e is a 
natural number. Having got a rough 
idea of its value, we ought now to find 
~out how to obtain a more accurate 
result, in fact as precisely as we might 
ever want. It's got to be a· series, since 
nobody can defy the S.O.E.D., so let's 
try a couple of natural ways of building 
up the series. 

It could be profitable to look again at 
the y=ex curve which we have discov
ered, and examine how y . gradually 
increases with x. \Ve'll divide up the 
space under the curve in to a large 
number n of vertical strips (Fig.8), the 
side lengths of which represent various 
values of y against the corresponding x 
values. If these strips are narrow en
ough we can consider the e curve to be 
'virtually a straight line of constant 
slope across the top of any strip (like a 
much finer version of the Fig.2 build
up). Then if x" stands for the x value at 
the outer edge of the nth strip (the 
corresponding y value being Yn), the 
width of each strip is xnl n. Taking a 
sample strip between x 10 and x 11 you 

· will see from the corresponding in
_crease in y value that 
y 10 = gradient at y10 (by definition) 

or Yu~Y1o . ( 1 + ~n) 
Any other consecutive pair of numbers 
could replace 10 and 11, so that the very 
start of the curve 

. Y1~Yo(1+~") 

but y0 = 1 .so that y 1 ~ (1 + ~") 

similarly y 2~y 1 ( 1 + ~" ) 

and y 3~y2 (1 + ~n } 

from which you will realize that 

Yn~Yn-1 ( 1•+ X; ) = (1 + ~n }"~eX 
Now although this answer is only 
approximate it becomes exact if we 
allow n to become so large ' as to 
approach infinity, and we can replace x" 
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Fig. 8. Building a series for ex from 
small steps along the y =ex curve. 

simply by x. then in the usual mathe
matical language 

eX=~im (1 + _:_ )" 
n-->oo . n 

As yet the formula can hardly be 
described as practical - can you divide 
x by 00 and multiply ( 1 +xI n) an infinite 
number of times? Even if you restrict 
yourself to a dozen for n, the calculation 
is still both tedious and inaccurate. 
\Vhat we need is to multiply out the 
expr ~ssion into a number of terms 
which can be simply added, i.e. a series. 

Anybody who has done a bit of simple 
algebra can work out that 

(a+ b)2 =a2 + 2ab + b2 

or, more to the point, that 

( 
x) 2 2x x 2 

1+- =1+-+-
n n n2 

This is where the Binomial ('two
termed') Theorem comes in handy, as it 
saves a lot of work by neatly organizing 
the way in which we multiply out the 

. two added terms. 

•·., ( X) X Then 1 +n "=1+nn+ · 

n(n-1) (x)2 . n(n-1) (n-2) (x)3 

-----+ + · · ·· ·· 
2. 1 (n) 3 . 2 .1 (n) 

(Note, by the way, how this confirms 
· the (1+xln) 2 result above, for n=2, in 

its first three terms, lopping off all 
further terrris which each becomes 
zero.) 

Continuing with the general case for 
n, we can rearrange the result as 

{1+~)"=1+x+ 
n(n-1)x2 n(n-1) (n-2)x3 

n2 2! + n3 3! + ... ..... . 

(3!=3X2X 1, etc.) 

As n approaches infinite value, all parts 
of the above terms containing n 
approach unity value, 

. n2 n3 
t.e . 2 , 3 , etc. so that 

n n 

. ( x ) x 2 x 3 x4 eX=.ft!.l!b 1 +- "=1+x+ -+-+---+:-
. n 2! 3! 4! 

Now we have got a calculation for ex 
which is reasonable to handle and pro
duces a figure of good accuracy from 
reasonably few terms. Let's check it by 
putting x = 0. Anything raised to the 
power of 0 is unity, including e0, and 
sure enough it is, as all the x terms 
vanish. More important, though, if you 
put x = 1, you will at last get the famous 
series 

1 1 1 1 
e=1+1+-+-+-+-+ · · · · · · · 

2! 3! 4! 5! 

(which is where I, at any rate, first came 
into the scene) . It was introduced in 
1731 by the brilliant and prolific Swiss 
'mathematician Leonhard Euler. Accor
ding to one writer, Euler had already 
used 'a' for the general base of any 
system of logarithms, as we did in plot
ting y =ax, and apparently took 'e', as 
the next available vowel, for the natural 
base4, which we will talk about later. A 
more obvious suggestion for the origin 
of 'e' is that it is taken from the first 

· letter of 'exponentiaJ'5 (Euler also in
troduced a record number of other dur
able mathematical symbols5•6, including 
'TT, i ( = v=D. f(x) for function of x, ~for 
summation and the schoolboy 
favourites(?) of a, b, c for the thr~e sides 
of a triangle and A, B, C for the opposite 
angles7• He also related e,'TT and i by the 
remarkable equation e'JTi + 1 = 0, s which 
we will meet again). e is known as 
Euler's number, and nowadays both the 
Engiish 'e' and the Greek '(' (epsilon) 
are used for the same purpose. · 

I won't spoil your fun in working out 
the value of e with your pocket calcula
tor, but since everybody likes to be able 
to check his figuring I will reveal that 
the first eight terms are enough to 
confirm a practical working figure of 
2.7183. Even so, unless your calculator 
has a memory capability, there is plenty 
of scribbling on paper to do in summing! 
the series. \Vhat may not be so well 
known is an ingenious series that en
ables e to be calculated, without writing 
down anything at all, on an ordinary 
four-function calculator ( +- x + ). 
This is described by Jon M. Smith in his 
book Scientific Analysis on the Pocket 
Calculator9 (which everyone should 
have a look at). The author's stratagem 
is to use what he calls 'nested paren
thetical forms' (or brackets , to us 
humbler brethren) and dramatically 
reduce both the number of data entries 
and the time required to make it a 
power-series-type calculation. In this 

· form 

1 1 1 1 1 
e~1+1(1+~2 1+~3 1+-(1+~1+-))))) 4 5 6 
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Fig. 9. Increase of repayment by 
compound interest with frequency of 
interest additions. 
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n (No. of terms token) .. 
Fig. 10. Which is the easiest way of 
calculating e? · 

giving an answer of 2.718 (to 4 sig.figs). 
To calculate, you start at the right-hand 
side and work steadily to the left: 

1+6+1+5+1+4+1+3+1+2+1+1 

\Vhat could be simpler? The unity mul
tiplier outside all the brackets is redun
dant, but came in because I took e 1 as a · 
specic;tl case from the general series for 
eX, which is what Mr Smith actually 
quotes: 

x · 2x 6x 
eX~1 +x(1 +jl + 6 (1 + zil + 

24x 120x_ 
120(1 + 720-J)))) 

Have a try ·at ·that one in-the same 
way as for e.(you can extend the series 
as far as you like to get any accuracy 
you wish for, but you have of course 
decided the number of terms and thus 
the accuracy as soon as you have ent
ered your first quotient). You can then 
make up your own tables of natural 
(hyperbolic) logarithms or check those 
you may have, remembering that if you 
·put ex equal to the number concerned x 
·is the natural logarithm of that numb~r. 
·(Actually , the energetic Mr Smith 
,quotes nested parenthetical forms for 
the direct calculation of these 
logarithms as well as all the common 
trig. functions, and gives much more 
.advice on evaluating scientific func
tions in general. All the incentives that I 
was looking for years ago!). 

Later in his book, Mr Smith also de
scribes two tricks for setting the value 
of e on a calculator that doesn't have a 
button for it . One of them, due to Texas 
Instruments Corporation, is simply to 
divide 193 by 71 = 2.7183098. As he 
points out, this is accurate only to the 
fourth digit (i.e . 2.718) and one might as 
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(Incidentally, if you twist my arm, I will 
reveal that you can use even the simpl
est pocket calculator to work out fig
ures like 21.001 from an endless (but 
steadily diminishing) series of numbers, 
assuming that you can find the natural 
logarithm of 2 or whatever. Should the 
idea tum you off, then just skip the rest 
of this bracket. The series is 

and it is easily obtained from the series ' 
for ex which we will discover late~3. 
That could be a good reason for your 
looking· back at this section after we 
have discussed e and natural 
logarithms! 

Then for zuxn, xlogea = 1.001(0.69315) 
= 0.69384 
or 21.om = 1 + 0.69384 + 0.24071 + 
0.05567 + 0.00966 + 0.00134 + 0.000155 
= 2.0014 to four decimal places. 

\Vasn't that hard going compared with 
our original calculation, using 'or-· 
dinary' logs? Still, it may satisfy the 
sticklers for accuracy, especially when 
they can control it!) · 

So then, using the symbol ~ to stand 
for a small but definite change, for y = 2x 
and when x = 1, y = 2, ~Y = 0.0014 for 
~=0.001 and ~yl~x= 1.4. Then ~yl 
~xly=1.412=0.7, which is the same 
result we obtained anywhere on the 
curve by measuring its slope. 

(The P.M. shudders and rolls his eyes 
heavenwards. "You can't say that ~Y 1 
~is the slope," he hisses. "You know 
damn well that it ought to be dy I dx, and 
k's value, which is loge2, should be 0.693 
not 0.7, at least to the sort of accuracy 
you fellows are prepared to put up 
with." "So what?" I rudely reply, "it's 
only the order of k that I'm interested in, 
and I can work out the value of e as 
accurately as I like when I'm good and 
ready. \Vhat's more, I can look up my 
tables of natural logs too and see that, 
for 3x, k = loge3 = 1.099 and for 4x is 
loge4 = L386!" But that would be 
cheating, because w~ haven't got to logs 
yet!) 

After all that, let's discover what we 
can from Fig.5. All the curves have a 
constant k factor, and if this is 0. 7 for 2x, 
1.1 for 3x and 1.4 for 4X, it stands to 
reason that there must be a curve bet
ween the first two for which k = 1. \Vhat 
is its equation? If we call it y =eX, then it 
is crystal dear that e lies between 2 and 
3, so we have made our first great dis
covery. But just where between these 
limits is e? Now we might just recruit a 
few teams of our infants, who, having 
measured and calculated everything 
within reach, are driving their teachers 
up their respective walls. \Ve'd press 
into each hot eager little hand a sci en
tific calculator, with the instruction "Go 
and work out a lot of values for 2.00F 
Up to 2.999X at One thOU Spacir{gS and 

2 - k= dy/dx: 
y 

2 

Y=OX. 

0 

e 3 
= 2·7 

4 

. Fig. 6. e finally emerges for k = 1 on the 
kla curve. 

Natural decoy curves 
(y=o-:c) 

e-:c 

-6 -5 -4 -3 -2 
X 

Natural grcwth curves 
(y=a:c) 

ex 

3 4 5 6 

Fig. 7. Graphs of various exponential 
functions. 

draw the graphs. Find but which one 
has a k of unity!" 

But despite the gratitude we would 
earn from the exhausted teachers, we as 
engineers would prefer to select one of 
o_ur oldest and most cunning work
saving methods - interpolation -
which to many a hard-pressed 
laboratory student means getting the 
most information out of the fewest (or 
less) possible results. Suppose we plot 
the k-values we have found against a (in 
y =ax) in Fig. 6. Then, from the curve, 
when k = 1, e comes out as around 2.7! 
(if you want to draw as nice a curve as 
possible, you can always cheat by 
looking up values for k = logea, but it 
does rather spoil the thrill of discovery, 
especially if you go straight for k = 1 !). 

Next you might wish to fit in the true 
e curve on Fig.5 (which in fact I have 
already done for you with the queried 
value) and check that its slope is every
where equal toy. This is the exponential 
function, when so described. Now at · 
last we have located the unique func
tion whose differential is equal to itself! 
Incidentally if x = 1, y = e1 = e, so that 
the value of e is identified on the y scale 
for x = 1. This will be better shown on 
Fig.8later. . 

So far we have dealt with natural or 
exponential growth. Exponential decay 
is evinced by similar curves; formed 
with negative exponents, of the general 
type y=a-x. Fig.7 shows these for the 
same a values as in Fig.5, and over 
slightly wider x and y ranges. Note how 
the a-x curves are the mirror images 
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(about the y axis) of the corresponding 
ax curves. \Ve can expect the slopes, 
then, to have the same numerical values 
for any given value of y but now to be 
negative instead of positive. The curve, 
then, for which the differential or slope 
is the negative of the y value at all 
points is y=e-x. 

The compound interest law 
I hope that you have now seen, from 
one viewpoint at any rate, that e is a 
natural number. Having got a rough 
idea of its value, we ought now to find 
~out how to obtain a more accurate 
result, in fact as precisely as we might 
ever want. It's got to be a· series, since 
nobody can defy the S.O.E.D., so let's 
try a couple of natural ways of building 
up the series. 

It could be profitable to look again at 
the y=ex curve which we have discov
ered, and examine how y . gradually 
increases with x. \Ve'll divide up the 
space under the curve in to a large 
number n of vertical strips (Fig.8), the 
side lengths of which represent various 
values of y against the corresponding x 
values. If these strips are narrow en
ough we can consider the e curve to be 
'virtually a straight line of constant 
slope across the top of any strip (like a 
much finer version of the Fig.2 build
up). Then if x" stands for the x value at 
the outer edge of the nth strip (the 
corresponding y value being Yn), the 
width of each strip is xnl n. Taking a 
sample strip between x 10 and x 11 you 

· will see from the corresponding in
_crease in y value that 
y 10 = gradient at y10 (by definition) 

or Yu~Y1o . ( 1 + ~n) 
Any other consecutive pair of numbers 
could replace 10 and 11, so that the very 
start of the curve 

. Y1~Yo(1+~") 

but y0 = 1 .so that y 1 ~ (1 + ~") 

similarly y 2~y 1 ( 1 + ~" ) 

and y 3~y2 (1 + ~n } 

from which you will realize that 

Yn~Yn-1 ( 1•+ X; ) = (1 + ~n }"~eX 
Now although this answer is only 
approximate it becomes exact if we 
allow n to become so large ' as to 
approach infinity, and we can replace x" 
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Fig. 8. Building a series for ex from 
small steps along the y =ex curve. 

simply by x. then in the usual mathe
matical language 

eX=~im (1 + _:_ )" 
n-->oo . n 

As yet the formula can hardly be 
described as practical - can you divide 
x by 00 and multiply ( 1 +xI n) an infinite 
number of times? Even if you restrict 
yourself to a dozen for n, the calculation 
is still both tedious and inaccurate. 
\Vhat we need is to multiply out the 
expr ~ssion into a number of terms 
which can be simply added, i.e. a series. 

Anybody who has done a bit of simple 
algebra can work out that 

(a+ b)2 =a2 + 2ab + b2 

or, more to the point, that 

( 
x) 2 2x x 2 

1+- =1+-+-
n n n2 

This is where the Binomial ('two
termed') Theorem comes in handy, as it 
saves a lot of work by neatly organizing 
the way in which we multiply out the 

. two added terms. 

•·., ( X) X Then 1 +n "=1+nn+ · 

n(n-1) (x)2 . n(n-1) (n-2) (x)3 

-----+ + · · ·· ·· 
2. 1 (n) 3 . 2 .1 (n) 

(Note, by the way, how this confirms 
· the (1+xln) 2 result above, for n=2, in 

its first three terms, lopping off all 
further terrris which each becomes 
zero.) 

Continuing with the general case for 
n, we can rearrange the result as 

{1+~)"=1+x+ 
n(n-1)x2 n(n-1) (n-2)x3 

n2 2! + n3 3! + ... ..... . 

(3!=3X2X 1, etc.) 

As n approaches infinite value, all parts 
of the above terms containing n 
approach unity value, 

. n2 n3 
t.e . 2 , 3 , etc. so that 

n n 

. ( x ) x 2 x 3 x4 eX=.ft!.l!b 1 +- "=1+x+ -+-+---+:-
. n 2! 3! 4! 

Now we have got a calculation for ex 
which is reasonable to handle and pro
duces a figure of good accuracy from 
reasonably few terms. Let's check it by 
putting x = 0. Anything raised to the 
power of 0 is unity, including e0, and 
sure enough it is, as all the x terms 
vanish. More important, though, if you 
put x = 1, you will at last get the famous 
series 

1 1 1 1 
e=1+1+-+-+-+-+ · · · · · · · 

2! 3! 4! 5! 

(which is where I, at any rate, first came 
into the scene) . It was introduced in 
1731 by the brilliant and prolific Swiss 
'mathematician Leonhard Euler. Accor
ding to one writer, Euler had already 
used 'a' for the general base of any 
system of logarithms, as we did in plot
ting y =ax, and apparently took 'e', as 
the next available vowel, for the natural 
base4, which we will talk about later. A 
more obvious suggestion for the origin 
of 'e' is that it is taken from the first 

· letter of 'exponentiaJ'5 (Euler also in
troduced a record number of other dur
able mathematical symbols5•6, including 
'TT, i ( = v=D. f(x) for function of x, ~for 
summation and the schoolboy 
favourites(?) of a, b, c for the thr~e sides 
of a triangle and A, B, C for the opposite 
angles7• He also related e,'TT and i by the 
remarkable equation e'JTi + 1 = 0, s which 
we will meet again). e is known as 
Euler's number, and nowadays both the 
Engiish 'e' and the Greek '(' (epsilon) 
are used for the same purpose. · 

I won't spoil your fun in working out 
the value of e with your pocket calcula
tor, but since everybody likes to be able 
to check his figuring I will reveal that 
the first eight terms are enough to 
confirm a practical working figure of 
2.7183. Even so, unless your calculator 
has a memory capability, there is plenty 
of scribbling on paper to do in summing! 
the series. \Vhat may not be so well 
known is an ingenious series that en
ables e to be calculated, without writing 
down anything at all, on an ordinary 
four-function calculator ( +- x + ). 
This is described by Jon M. Smith in his 
book Scientific Analysis on the Pocket 
Calculator9 (which everyone should 
have a look at). The author's stratagem 
is to use what he calls 'nested paren
thetical forms' (or brackets , to us 
humbler brethren) and dramatically 
reduce both the number of data entries 
and the time required to make it a 
power-series-type calculation. In this 

· form 

1 1 1 1 1 
e~1+1(1+~2 1+~3 1+-(1+~1+-))))) 4 5 6 
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Fig. 9. Increase of repayment by 
compound interest with frequency of 
interest additions. 
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Fig. 10. Which is the easiest way of 
calculating e? · 

giving an answer of 2.718 (to 4 sig.figs). 
To calculate, you start at the right-hand 
side and work steadily to the left: 

1+6+1+5+1+4+1+3+1+2+1+1 

\Vhat could be simpler? The unity mul
tiplier outside all the brackets is redun
dant, but came in because I took e 1 as a · 
specic;tl case from the general series for 
eX, which is what Mr Smith actually 
quotes: 

x · 2x 6x 
eX~1 +x(1 +jl + 6 (1 + zil + 

24x 120x_ 
120(1 + 720-J)))) 

Have a try ·at ·that one in-the same 
way as for e.(you can extend the series 
as far as you like to get any accuracy 
you wish for, but you have of course 
decided the number of terms and thus 
the accuracy as soon as you have ent
ered your first quotient). You can then 
make up your own tables of natural 
(hyperbolic) logarithms or check those 
you may have, remembering that if you 
·put ex equal to the number concerned x 
·is the natural logarithm of that numb~r. 
·(Actually , the energetic Mr Smith 
,quotes nested parenthetical forms for 
the direct calculation of these 
logarithms as well as all the common 
trig. functions, and gives much more 
.advice on evaluating scientific func
tions in general. All the incentives that I 
was looking for years ago!). 

Later in his book, Mr Smith also de
scribes two tricks for setting the value 
of e on a calculator that doesn't have a 
button for it . One of them, due to Texas 
Instruments Corporation, is simply to 
divide 193 by 71 = 2.7183098. As he 
points out, this is accurate only to the 
fourth digit (i.e . 2.718) and one might as 
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well memorize e itself to five places 
(e=2.71828). He then describes an in
genious method of his own which he: 
claims to be simpler, more accurate and' 
more easily remembered. He starts with 
a sequence of pairs of numbers: 

00 11 33 55 77 99 
(zero and all the odd numbers) 

Then he cuts out the 11 and 77 pairs (a 
symmetrical operation). Next he inserts 
a decimal point after the first zero and a 
bracket before the last 9 (another sym
metrical operation) to give: 

. (0.0 33 55)9 

This product has to be multiplied by 
another 9 to give the setting for e: 

e~(O.O 33 55 9)9X9=2.718279 

and when rounded off to 6 sig.figs gives 
2.71828. The relative error here is less 
than 7.10-fl%! After all that, isn't it nice 
of some calculator manufacturers to 
actually print the value of e on the front 
of their instruments? 

Another method of finding the series 
for e, and probably the most familiar; 
one, is from the calculation of com
pound interest, a fearful object lesson to 
those would-be borrowers who haven't 
read their consumer reports. A certain 
moneylender, having noticed a poten
tial sucker nervously pacing up and 
down outside his office, finds out that 
he wants to borrow £1,000 'only for a 
year' and offers him a choice from the; 
following tariffs: 

(a) 100% interest, added at the end of 
the year, 

(b) 50% interest, added two times 
during the year, 

(c) 33113% interest, added three times 
during the year, 

(d) 25% interest, added four times 
during the year, 

(e) 1% interest, added 100 times 
during the year. 

The mug (which he certainly is) thinks 
these are all much the same, but likes 
the look of the 1% interest and plumps 
for (e). We'll find out just how stupid he 
was by calculating the different costs: 

So the grand total wn1cn our long
suffering debtor has to pay is very 
nearly e times his £1000, whereas it 
might have been only twice. Obviously 
the smaller the rate of interest (1/n), 
and the more frequently it is charged 
(n), the nearer the debt multiplies to 
exactly e, as can be clearly seen in Fig.9 
(the steadily-moving tortoise in Aesop's . 
fable obviously knew what he was · 
about when he dared to compete with 
the erratic whizz-kid hare). All the cal
culations above are examples of a debt 
multiplication of (1 +lin)", which 
evidently approaches e as n approaches 
infinity. It should do so, if we look back 
to our original formula for 

ex= Lim ( 1 + ~ . . ) n 
n--+00 n 

because, if we substitute x =I, ex= e, or 

. e=Lim (1 +~ )" 
n--+00 n 

On expansion, th1s leads to the same 
series again fore which we have already 
found. Small wonder, then, that Lord 
Kelvin, that eminent engineer and 
mathematician, pioneer of electrical 
and other scientific measurements and 
of refrigeration, absolute temperature, . 
metric units and much else, described 
the exponential growth relation, in 
which he had good reason to be inter
ested scientifically, as the Compound 
Interest Law. · 

Having shown the way in which 
(1 + 1/n)" approaches e in Fig.9, this 
could be a good moment to take stock of 
the buiid-up iri general and show how
the rate of approach varies between the 
different ways we now have for calcu~ 
lating e. If we plot the sum of the terms 
against the number (n) of terms taken 
(Fig.10) for (1 + 1/n)" and for the two 
series 

I+ 1 +V2+ 1~ + 1/24 + .... and 
1 + 1 + %(1 + 1h (1 + ¥4( .... ))) ... ) 

we can immediately see that the series, 
although starting at a lower value, con
verge on e ·much faster than the multi
plied terms as n increases, which doubly 
justifies using them (easier to calculate 
and fewer terms required).' You'll note 
also that for the same number of terms 

(a) Total = £1000 + £1000 = £2000 
(b) After 1st 1/z year, debt = £1000 + £500 = £1500 

After 2nd 1h year, debt = £1500 + £750 = £2250 ( = £1000(1 + V2)(1 + 112) ) 
(c) After 1st 1/3 year, debt = £1000 + £333 = £1333 

After 2nd 1/3 year, debt = £1333 + £444 = £1777 
After 3rd 1/3 year, debt = £1777 + £593 =£2370 ( =£1000(1 + Y3)(1 + 1/3)(1 +VJ)) 

(d) After 1st 1/4 year, debt = £1000 + £250 = £1250 
After 2nd 1/4 year, debt = £1250 + £313 = £1563 
After 3rd 1/4 year, debt = £1563 + £390 = £1953 
After 4th '14 year, debt = £1953 + , £488 = £2441 ( = £1000(1 + 114)(1 + 1/4)(1 + 1/4) 

(e) After 1stl/100yr,debt =£1000+ £1=£1001 (1+'14)) 
After 2nd 1/100 yr, debt · ~£1001 + £1 = £1002 
After 3rd 11100 yr, debt .~£1002 + £1 = £1003 
After 1 OOth l/100 yr, debt = £2704 ( = £1 000( 1.01) 100) 
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the two series have identical values, as 
they should, justifying Jon Smith's 

'bracket formula.' 

To be continued-
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Conferences and : · 
exhibitions. 
Electronics '79, the Electronic Components 
Industry Fair, is to be held at Olympia, 
London, from November 20 to 23, 1979. See 
page 51 for more details. 

Switchex '79, the second conference and 
exhibition to be arranged by ERA Ltd's 
Marketing Action Group, will be held at the 
Wembley Conference Centre, London, from 
December 5 to .7, 1979. The conference will 
have five seSsions, each concentrating on a 
particular aspect of switching technology, 
and will cover devices, applications, 
materials and components. 

Automatic Testing '79, an exhibition and 
conference covering all aspects of automatic 
testing in the electronic and elec
tromechanical fields, is to be held at the 
Metropole, Brighton, England, from De
,cember 11 to 13, 1979. 

Microsystems '80 conference and exhibition 
will be held at the Werhbley Conference 
Centre, London, from January 30 to February 
1, 1980. The conference format has been 
improved upon that of previous events. 

IEA-Electrex '80, the international instru
ments, electronics and automation exhibi
tion, will be held at the National Exhibition 
Centre, Birmingham, England, from Febru
ary 25 to 29, 1980. Iphex '80 (International 
Pneumatics and Hydraulics Exhibition in
corporating Compressors and Power Trans
mission Equipment) will be staged simult
aneously and one registration will obtain 
admission to both events. 
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STUDY THE H ISTORY OF 
OU R SU BJECT 
It was very interesting to read the fasc'inating -
article in the September issue on Victorian 
Microwaves by an old acquaintance, Dr Ken 
Smith. I believe it was James Clerk Maxwell 
himself who said that every student · of 
science should be an antiquary of the subject. 
It would be an excellent thing if courses on 
electronics, physics etc. had a greater com
ponent of historical coverage, especially of 
the standard and content of Dr Smith's 
~icle. The usual excuse of 'there is hardly 
time even for the modern stuff would not 
apply, because the real reason is that the. 
frenetic busywork in much of modern life is 
often a cover for shallowness and lack of 
culture. The main explanation for a lack of 
balance in much that passes for modern 
'advanced' study is that the lecturers them
selves do not know much beyond their 
specialised noses. 

Much of the other work of Oliver Lodge is 
of great interest. It is well known that he 
foresaw the vital use of tuning or resonance 
in radio communication. He in fact patented 
systems of tuning, calling the mechanism 
'syntony'. It is less well known that his 
interest in resonance led him to experiment 
with Leyden jars discharged through such a 
large inductance that the resultant 
oscillatory discharge resulted in the emission 
of a musical note - in other words the 
·frequency of oscillation was lowered int~ the 
audio band. 

It is quite surprising to realise that Lord 
Kelvin had derived the differential equation 
for the discharge of a capacitor through a 
resistive self-inductor and had shown all the 
types of oscillation that would be produced. 
This was published in Philosophical 
Magazine, 4, 5, p.393, 1853. And this was only 
ten years after Joseph· Henry had noted that 
the discharge of Leyden jars appeared to be, 
" ... several reflex actions backward and for
ward .. . " 

This note of the remarkably early under
standing of tuning and resonance, although 
not directly relevant to Dr Smith's micro
waves article, nevertheless does show how 
versatile some of the early workers were, and 
shows that Lodge especially probably quite 
deliberately set up tuned cavities of the type 
shown in the diagrams reproduced in the 
artiCle. 
R. T. Marchant 
Ley ton 
London ElO 

AUDITORY CU ES IN 
STEREO PHONY 
I was fascinated by Philip Vanderlyn's article 
"Auditory cues in stereophony" (September 
1979 issue), not least because of his descrip
tion of the almost insuperable obstacles 
which face the designers of stereophonic 
systems. This being so, I was puzzled as to 
why he omitted a couple of practical points: 
the ability of the brain to construct a sound 
image when certain cues are missing, and the 
use of headphones in overcoming nearly all 
the problems that loudspeaker systems raise .. 

Mr Vanderlyn dismissed headphones as 
being unnatural and unaesthetic, yet they are 
not necessarily so. Agreed, the head cannot 
move in relation to the source - but how 
much does one move one's head when lis
tening to loudspeakers? Agreed, with un-

modified headphones the ~ource does appear 
to be "in the head" - but the addition of a 
simple cross-field connection between the 
channels moves the source forwards (even 
though there is no front/back information 
for the brain to use), removes any discomfort 
caused by components present only in one 
channel, and even makes ambient noises (e.g. 
reverberations, or sounds from an audience) 
seem to come from around or behind the 
head. In addition, once can sit anywhere in 
one's living room, without worrying about' 
either its acoustic properties or the neigh..: 
bours. -

Some years ago I purchased a pair of 
inexpensive headphones (Toshiba HR-50) 
which happened to be fitted with a cross-field 
connection and also with extraordinarily 
comfortable ear-pieces. They proved to be 
more satisfying to listen to than any loud
speaker system (or any other headphones) I 
have encountered, and I cannot , understand! 
why.the value of these two particular fea
tures is ~pparently not widely appreciated or 
publicised by manufacturers. 

Could the reason be that there is more 
1money to he made out of expensive loud
speakers and high-quality power amplifiers? 
P. B. Soul - · · - -

Earley 
Berks 

The author replies : 
Mr Soul has raised the question of the 

ability of the brain to form a sound image in. 
the absence of certain cues (unspecified). The 
brain. is often presented with incomplete 
sensory information from which to build up a 
picture of its acoustic surroundings: I hope I 
have not given the impression that it cannot 
do so unless it is given a full set of all possible 
cues. This was not my intention and I agree 
that an observer continually makes judg
ments based on incomplete information. 

He also takes issue with me on the subject 
of headphone listening. We are, fortunately, 
still a free country and if anyone cares to 
listen to stereo programmes on headphones 
he can enjoy the advantages Mr Soul men
tions, of acoustic isolation and freedom to sit 
anywhere in his living room. But the fact is 
1that stereo transmissions generally are 
!tailored to the . use of loudspeakers (pace 
"dummy head" arrangements) and I think 
one can presume that most listeners are 
unwilling to wear headphones and to be 
joined umbilically to their reproducing 
equipments. If the "crossfield;' connection 
means what I think it does it presents the 
headphones listener's ears with 
approximately the same signals as they 
would normally get from a pair of loud
]Speakers. I would need to be convinced that it 
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does anything towarcl'l getting the sound 
,images "outside the head". Nevertheless, 
;much of what the brain makes of its sensory 
;input . is subjective, and observers differ 
widely · in the way they describe their ex
periences. 

I find Mr Soul's comment on the economics 
of loudspeakers versus headphones unrealis
tic . Surely it costs every bit as much to 
provide a group of listeners with several good 
quality headsets and something to drive 
them as to give them a conventional 
amplifier and pair of loudspeakers. 
Philip Vanderlyn 

ACOUSTIC BREAK
THROUGH IN RECORD 
PLAYERS 
My friends Poul Ladegaard, Martin Colloms, 
and James Moir deserve the thanks of us all 
for their work on measuring and exposing 
turntable isolation characteristics. We at 
International Audio Review have been ex
perimenting in this area for some time (see 
discussion in JAR 112), but with impluse 
excitation instead of sine waves or noise (for 
-several reasons, one of which is given below). 
I'm not happy with the calibration of our 
instrumentation yet, so we have qualitative, 
generalized comparisons so fa r in our lab; I 
hope a computer will soon change this situa
tion, and we'll then have some quantitative 
evaluations to offer. 

Meanwhile, there are some points I'd like 
to suggest regarding Mr Moir's article in 
Wireless World (May-June 1979). First, I'm 
:not sympathetic to the popular choice of the 
word "breakthrough". The term "acoustic 
breakthrough" implies that there are no 
deleterious effects until some unwanted 
phenomenon breaks through some barrier. 
Some people could easily take that barrier to 
be the 0 dB reference level of the acoustic 

. feedback loop, which the feedback breaks 
through at some frequency, thus causing 
oscillation. But, as Moir himself correctly 
points out, the deleterious sonic effects begin 
many dB below this level. 

Furthermore, these effects both commence 
and increase gradually, both as a function of 
tighter fee<;lback coupling and as a function 
of the temporal passage of a music signal 
(which continually changes in both 
amplitude and spectral content). They do not 
suddenly break through in any of these four 
senses, with some quantum jump- only full 
fledged oscillation does that (at a much 
higher level). 

So far, I'm inclined to think that the old 
fashioned term "acoustic feedback" is pref
erable to "acoustic breakthrough". If any 
word needs alteration, it is "acoustic". Some 
of the feedback travels a path that entirely 
excludes air, and travel.s more via transverse 
waves than v!acompressionl\laves; the study 
of this mechanical coupling belongs more to 
structural mechanics than to acoustics . And 
note that virtually none of the feedback 
travels only through the air via compression 
waves, from loudspeaker directly to stylus. 

Second, I suspect the deleterious effects of 
feedback, coupling might in fact be audible 
far below the -15dB level Mr Moir heard in 
his basically well conceived aural experiment 
(part 2 of article). Let us assume that foreign 
signals, such.as disc surface noise and ticks, 
can easily be heard on either side of a musical 
peak even if that foreign signal is 50 dB down 
from that peak (else why should we be 
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well memorize e itself to five places 
(e=2.71828). He then describes an in
genious method of his own which he: 
claims to be simpler, more accurate and' 
more easily remembered. He starts with 
a sequence of pairs of numbers: 

00 11 33 55 77 99 
(zero and all the odd numbers) 

Then he cuts out the 11 and 77 pairs (a 
symmetrical operation). Next he inserts 
a decimal point after the first zero and a 
bracket before the last 9 (another sym
metrical operation) to give: 

. (0.0 33 55)9 

This product has to be multiplied by 
another 9 to give the setting for e: 

e~(O.O 33 55 9)9X9=2.718279 

and when rounded off to 6 sig.figs gives 
2.71828. The relative error here is less 
than 7.10-fl%! After all that, isn't it nice 
of some calculator manufacturers to 
actually print the value of e on the front 
of their instruments? 

Another method of finding the series 
for e, and probably the most familiar; 
one, is from the calculation of com
pound interest, a fearful object lesson to 
those would-be borrowers who haven't 
read their consumer reports. A certain 
moneylender, having noticed a poten
tial sucker nervously pacing up and 
down outside his office, finds out that 
he wants to borrow £1,000 'only for a 
year' and offers him a choice from the; 
following tariffs: 

(a) 100% interest, added at the end of 
the year, 

(b) 50% interest, added two times 
during the year, 

(c) 33113% interest, added three times 
during the year, 

(d) 25% interest, added four times 
during the year, 

(e) 1% interest, added 100 times 
during the year. 

The mug (which he certainly is) thinks 
these are all much the same, but likes 
the look of the 1% interest and plumps 
for (e). We'll find out just how stupid he 
was by calculating the different costs: 

So the grand total wn1cn our long
suffering debtor has to pay is very 
nearly e times his £1000, whereas it 
might have been only twice. Obviously 
the smaller the rate of interest (1/n), 
and the more frequently it is charged 
(n), the nearer the debt multiplies to 
exactly e, as can be clearly seen in Fig.9 
(the steadily-moving tortoise in Aesop's . 
fable obviously knew what he was · 
about when he dared to compete with 
the erratic whizz-kid hare). All the cal
culations above are examples of a debt 
multiplication of (1 +lin)", which 
evidently approaches e as n approaches 
infinity. It should do so, if we look back 
to our original formula for 

ex= Lim ( 1 + ~ . . ) n 
n--+00 n 

because, if we substitute x =I, ex= e, or 

. e=Lim (1 +~ )" 
n--+00 n 

On expansion, th1s leads to the same 
series again fore which we have already 
found. Small wonder, then, that Lord 
Kelvin, that eminent engineer and 
mathematician, pioneer of electrical 
and other scientific measurements and 
of refrigeration, absolute temperature, . 
metric units and much else, described 
the exponential growth relation, in 
which he had good reason to be inter
ested scientifically, as the Compound 
Interest Law. · 

Having shown the way in which 
(1 + 1/n)" approaches e in Fig.9, this 
could be a good moment to take stock of 
the buiid-up iri general and show how
the rate of approach varies between the 
different ways we now have for calcu~ 
lating e. If we plot the sum of the terms 
against the number (n) of terms taken 
(Fig.10) for (1 + 1/n)" and for the two 
series 

I+ 1 +V2+ 1~ + 1/24 + .... and 
1 + 1 + %(1 + 1h (1 + ¥4( .... ))) ... ) 

we can immediately see that the series, 
although starting at a lower value, con
verge on e ·much faster than the multi
plied terms as n increases, which doubly 
justifies using them (easier to calculate 
and fewer terms required).' You'll note 
also that for the same number of terms 

(a) Total = £1000 + £1000 = £2000 
(b) After 1st 1/z year, debt = £1000 + £500 = £1500 

After 2nd 1h year, debt = £1500 + £750 = £2250 ( = £1000(1 + V2)(1 + 112) ) 
(c) After 1st 1/3 year, debt = £1000 + £333 = £1333 

After 2nd 1/3 year, debt = £1333 + £444 = £1777 
After 3rd 1/3 year, debt = £1777 + £593 =£2370 ( =£1000(1 + Y3)(1 + 1/3)(1 +VJ)) 

(d) After 1st 1/4 year, debt = £1000 + £250 = £1250 
After 2nd 1/4 year, debt = £1250 + £313 = £1563 
After 3rd 1/4 year, debt = £1563 + £390 = £1953 
After 4th '14 year, debt = £1953 + , £488 = £2441 ( = £1000(1 + 114)(1 + 1/4)(1 + 1/4) 

(e) After 1stl/100yr,debt =£1000+ £1=£1001 (1+'14)) 
After 2nd 1/100 yr, debt · ~£1001 + £1 = £1002 
After 3rd 11100 yr, debt .~£1002 + £1 = £1003 
After 1 OOth l/100 yr, debt = £2704 ( = £1 000( 1.01) 100) 
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the two series have identical values, as 
they should, justifying Jon Smith's 

'bracket formula.' 

To be continued-
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Conferences and : · 
exhibitions. 
Electronics '79, the Electronic Components 
Industry Fair, is to be held at Olympia, 
London, from November 20 to 23, 1979. See 
page 51 for more details. 

Switchex '79, the second conference and 
exhibition to be arranged by ERA Ltd's 
Marketing Action Group, will be held at the 
Wembley Conference Centre, London, from 
December 5 to .7, 1979. The conference will 
have five seSsions, each concentrating on a 
particular aspect of switching technology, 
and will cover devices, applications, 
materials and components. 

Automatic Testing '79, an exhibition and 
conference covering all aspects of automatic 
testing in the electronic and elec
tromechanical fields, is to be held at the 
Metropole, Brighton, England, from De
,cember 11 to 13, 1979. 

Microsystems '80 conference and exhibition 
will be held at the Werhbley Conference 
Centre, London, from January 30 to February 
1, 1980. The conference format has been 
improved upon that of previous events. 

IEA-Electrex '80, the international instru
ments, electronics and automation exhibi
tion, will be held at the National Exhibition 
Centre, Birmingham, England, from Febru
ary 25 to 29, 1980. Iphex '80 (International 
Pneumatics and Hydraulics Exhibition in
corporating Compressors and Power Trans
mission Equipment) will be staged simult
aneously and one registration will obtain 
admission to both events. 
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STUDY THE H ISTORY OF 
OU R SU BJECT 
It was very interesting to read the fasc'inating -
article in the September issue on Victorian 
Microwaves by an old acquaintance, Dr Ken 
Smith. I believe it was James Clerk Maxwell 
himself who said that every student · of 
science should be an antiquary of the subject. 
It would be an excellent thing if courses on 
electronics, physics etc. had a greater com
ponent of historical coverage, especially of 
the standard and content of Dr Smith's 
~icle. The usual excuse of 'there is hardly 
time even for the modern stuff would not 
apply, because the real reason is that the. 
frenetic busywork in much of modern life is 
often a cover for shallowness and lack of 
culture. The main explanation for a lack of 
balance in much that passes for modern 
'advanced' study is that the lecturers them
selves do not know much beyond their 
specialised noses. 

Much of the other work of Oliver Lodge is 
of great interest. It is well known that he 
foresaw the vital use of tuning or resonance 
in radio communication. He in fact patented 
systems of tuning, calling the mechanism 
'syntony'. It is less well known that his 
interest in resonance led him to experiment 
with Leyden jars discharged through such a 
large inductance that the resultant 
oscillatory discharge resulted in the emission 
of a musical note - in other words the 
·frequency of oscillation was lowered int~ the 
audio band. 

It is quite surprising to realise that Lord 
Kelvin had derived the differential equation 
for the discharge of a capacitor through a 
resistive self-inductor and had shown all the 
types of oscillation that would be produced. 
This was published in Philosophical 
Magazine, 4, 5, p.393, 1853. And this was only 
ten years after Joseph· Henry had noted that 
the discharge of Leyden jars appeared to be, 
" ... several reflex actions backward and for
ward .. . " 

This note of the remarkably early under
standing of tuning and resonance, although 
not directly relevant to Dr Smith's micro
waves article, nevertheless does show how 
versatile some of the early workers were, and 
shows that Lodge especially probably quite 
deliberately set up tuned cavities of the type 
shown in the diagrams reproduced in the 
artiCle. 
R. T. Marchant 
Ley ton 
London ElO 

AUDITORY CU ES IN 
STEREO PHONY 
I was fascinated by Philip Vanderlyn's article 
"Auditory cues in stereophony" (September 
1979 issue), not least because of his descrip
tion of the almost insuperable obstacles 
which face the designers of stereophonic 
systems. This being so, I was puzzled as to 
why he omitted a couple of practical points: 
the ability of the brain to construct a sound 
image when certain cues are missing, and the 
use of headphones in overcoming nearly all 
the problems that loudspeaker systems raise .. 

Mr Vanderlyn dismissed headphones as 
being unnatural and unaesthetic, yet they are 
not necessarily so. Agreed, the head cannot 
move in relation to the source - but how 
much does one move one's head when lis
tening to loudspeakers? Agreed, with un-

modified headphones the ~ource does appear 
to be "in the head" - but the addition of a 
simple cross-field connection between the 
channels moves the source forwards (even 
though there is no front/back information 
for the brain to use), removes any discomfort 
caused by components present only in one 
channel, and even makes ambient noises (e.g. 
reverberations, or sounds from an audience) 
seem to come from around or behind the 
head. In addition, once can sit anywhere in 
one's living room, without worrying about' 
either its acoustic properties or the neigh..: 
bours. -

Some years ago I purchased a pair of 
inexpensive headphones (Toshiba HR-50) 
which happened to be fitted with a cross-field 
connection and also with extraordinarily 
comfortable ear-pieces. They proved to be 
more satisfying to listen to than any loud
speaker system (or any other headphones) I 
have encountered, and I cannot , understand! 
why.the value of these two particular fea
tures is ~pparently not widely appreciated or 
publicised by manufacturers. 

Could the reason be that there is more 
1money to he made out of expensive loud
speakers and high-quality power amplifiers? 
P. B. Soul - · · - -

Earley 
Berks 

The author replies : 
Mr Soul has raised the question of the 

ability of the brain to form a sound image in. 
the absence of certain cues (unspecified). The 
brain. is often presented with incomplete 
sensory information from which to build up a 
picture of its acoustic surroundings: I hope I 
have not given the impression that it cannot 
do so unless it is given a full set of all possible 
cues. This was not my intention and I agree 
that an observer continually makes judg
ments based on incomplete information. 

He also takes issue with me on the subject 
of headphone listening. We are, fortunately, 
still a free country and if anyone cares to 
listen to stereo programmes on headphones 
he can enjoy the advantages Mr Soul men
tions, of acoustic isolation and freedom to sit 
anywhere in his living room. But the fact is 
1that stereo transmissions generally are 
!tailored to the . use of loudspeakers (pace 
"dummy head" arrangements) and I think 
one can presume that most listeners are 
unwilling to wear headphones and to be 
joined umbilically to their reproducing 
equipments. If the "crossfield;' connection 
means what I think it does it presents the 
headphones listener's ears with 
approximately the same signals as they 
would normally get from a pair of loud
]Speakers. I would need to be convinced that it 
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does anything towarcl'l getting the sound 
,images "outside the head". Nevertheless, 
;much of what the brain makes of its sensory 
;input . is subjective, and observers differ 
widely · in the way they describe their ex
periences. 

I find Mr Soul's comment on the economics 
of loudspeakers versus headphones unrealis
tic . Surely it costs every bit as much to 
provide a group of listeners with several good 
quality headsets and something to drive 
them as to give them a conventional 
amplifier and pair of loudspeakers. 
Philip Vanderlyn 

ACOUSTIC BREAK
THROUGH IN RECORD 
PLAYERS 
My friends Poul Ladegaard, Martin Colloms, 
and James Moir deserve the thanks of us all 
for their work on measuring and exposing 
turntable isolation characteristics. We at 
International Audio Review have been ex
perimenting in this area for some time (see 
discussion in JAR 112), but with impluse 
excitation instead of sine waves or noise (for 
-several reasons, one of which is given below). 
I'm not happy with the calibration of our 
instrumentation yet, so we have qualitative, 
generalized comparisons so fa r in our lab; I 
hope a computer will soon change this situa
tion, and we'll then have some quantitative 
evaluations to offer. 

Meanwhile, there are some points I'd like 
to suggest regarding Mr Moir's article in 
Wireless World (May-June 1979). First, I'm 
:not sympathetic to the popular choice of the 
word "breakthrough". The term "acoustic 
breakthrough" implies that there are no 
deleterious effects until some unwanted 
phenomenon breaks through some barrier. 
Some people could easily take that barrier to 
be the 0 dB reference level of the acoustic 

. feedback loop, which the feedback breaks 
through at some frequency, thus causing 
oscillation. But, as Moir himself correctly 
points out, the deleterious sonic effects begin 
many dB below this level. 

Furthermore, these effects both commence 
and increase gradually, both as a function of 
tighter fee<;lback coupling and as a function 
of the temporal passage of a music signal 
(which continually changes in both 
amplitude and spectral content). They do not 
suddenly break through in any of these four 
senses, with some quantum jump- only full 
fledged oscillation does that (at a much 
higher level). 

So far, I'm inclined to think that the old 
fashioned term "acoustic feedback" is pref
erable to "acoustic breakthrough". If any 
word needs alteration, it is "acoustic". Some 
of the feedback travels a path that entirely 
excludes air, and travel.s more via transverse 
waves than v!acompressionl\laves; the study 
of this mechanical coupling belongs more to 
structural mechanics than to acoustics . And 
note that virtually none of the feedback 
travels only through the air via compression 
waves, from loudspeaker directly to stylus. 

Second, I suspect the deleterious effects of 
feedback, coupling might in fact be audible 
far below the -15dB level Mr Moir heard in 
his basically well conceived aural experiment 
(part 2 of article). Let us assume that foreign 
signals, such.as disc surface noise and ticks, 
can easily be heard on either side of a musical 
peak even if that foreign signal is 50 dB down 
from that peak (else why should we be 
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unhappy with today's disc surfaces?) Let's 
assume the same reasoning for tape print 
through and groove echo. Then the same 
should be true of time delayed positive feed~ 
back as a foreign signal, with the following 
provisos. (a) The original recording is suf
ficiently anechoic so the listener doesn't 
confuse the feedback induced artificial 
hangover with natural room reverberation 
on the recording. (b) The loudspeaker used 
for listening has small enough energy storage 
so its own hangover does not mask feedback 
induced hangover. (c) The listener is well 
trained in hearing minute differences in 
hangover I reverberation (e.g. an expert at 
concert hall microphone placement). I might 
suggest that Mr Moir uses dry or special 
anech'oic recordings, and electrostatic 
speakers (or headphones) for listening. 

Third, there's a question of experimental 
design. Many listening evaluations, correla
tions, or studies of what can or can't be heard 
are nowadays invalid, thanks to methodo
logically ill conceived or sloppily executed 
experimental design. If Moir's experimental 
]J)rocedure in part 2 was to tum up the volume 
in the feedback inducing loudspeaker until 
the listener detected an 'objectionable' 
quality, then the experimental results would 
be misleading, as well as unreliable and 
:subje~tive. Instead, focusing on an instant
' aneous difference might relevantly improve a 
:listener's sensitivity. A special A-B switch 
; should be used, which would supposedly tum 
·the feedback inducing loudspeaker instantly 
·on and off (but sometimes in fact would not). 
; The subject listener would be asked _if he 
.heard a difference with each flick of the 
switch. The correctness of his answers in 
detecting whether or not the A-B switch was 
truly functioning would be correlated ·with 
the volume level of the feedback inducing 
loudspeaker, to give a true indication of what 
levels of foreign signal audibly intrude upon 
accurate high fidelity. That's an example of 
difference testing methodology, which can 
yield scientifically valid, objective (not sub
jective) conclusions, even using a human 
ear/listener as a data collection device (see 
IAR5 for further discussion of this). 

Fourth, Moir's graphs (and Colloms's in Hi 
Fi Choice) repeat audio engineering's 
historical preoccupation with amplitude 
steady state response as a virtually sole 
criterion for design and evaluation. We at 
JAR are trying to reform the audio com
munity's attitude about this, and we've been. 
introducing new instantaneous audio res
ponse criteria and tests. We also seem to be 
finding in our psychoacoustic research that 
the human ear /brain detects (and subjec
tively interprets as amplitude response de~
viations) not only literal amplitude response 
deviations (in surprisingly minute degree), 
but also linear phase deviations and transient 
ringing (not to mention frequency dependent 
non-linearities). Investigation of the pattern, 
degree, and duration of the transient ringing,, 
or overhang, is therefore germane to evalu-. 
-ating any system with sharp slopes in its 
amplitude response (see IAR3). It's even 
more germane to a resonant system, with its 
energy storage. And even more germane to a 
sharp sloped, resonant system with time 
delayed feedback coupling. That's one reason r 
we've been working with impulse excitation, 
and have been looking at the system behavi
our in both frequency and time domains, for 
evaluating devices including turntables and 
tonearms (n.b. the eigenmode behaviour is 

sonically relevant even with ideal isolation 
·from loudspeakers - see IARl I 2). 

Moir's amplitude graphs (and those of. 
Colloms and Ladegaard) would imply, for 
example, that two resonant peaks of equal 
height (amplitude) would be equally audible 
and objectionable (disregarding frequency 
differences). But this would not in fact be so if 
one of the peaks were narrow with sharp 
slopes while the other were broad with shal
low slopes. The former would ring longer and 
be more aurally intrusive on music than the 
latter (assuming the music's spectral energy 
could fully charge the sharp, high Q 
resonance most of the time). An evaluator's 
comparison of the time domain response of' 
these two peaks to transient excitation 
would make obvious the sonic differences to 
be expected. Alternatively, a graph of the 
differential (slope), in addition to the 
amplitude graph, would be useful. 

And now the fifth point. I think there's a 
minor practical error in Mr Moir's measure
ment procedure that may reflect a grave 
fundamental misconception. No RIAA net
work should be used. I think I see his motive 
in using it: he wanted to measure the amount 
of vibration output from the record player 
that would typically, in the real world of 
music listening, arrive at the loudspeaker -
and the amount of this output from the 
record player is typically modified by two ' 
elements, a veloC'ity. cartridge and--a pre- ' -
amp's RIAA de-emphasis. But the record 
player's vibration output from the vinyl 
groove (constituting music), which 
represents the 0 dB reference level in that real 
world typical listening situation, is also 
spectrally modified by those two elements. 
The reference level in Moir's measurement 
setup is not. 

The concept underlying this slip is more 
important. One cannot characterize any 
device's iri.strinsic behaviour (e.g. measure its 
transfer function) by observing only its 
output. One must also observe its input. The 
device's behaviour is the relationship bet
ween its input and output (see "'{he I? R..'\Jle", 
IAR4). The amplitude transfer function Moir 
seeks, to characterize record players, relates 
(i) how much external vibration is put into a 
record player, to (ii) how much vibration 
arrives at its output, which is the stylus (the 
input port to the electrical system). . 

The drive system of Moir's measurement 
setup _ (<m.d Lade~aard's) does an admirable 
job of supplying a swept sine vibration input 
with flat amplitude response (at.least up to 
1000Hz or so). But then he obviously should 
design the sensors, for measuring the record 
player's vibration output, to observe 
amplitude through the same curve as the 
input (in his case a flat amplitude' curve). 
Hence he should use an amplitude sensing 
cartridge (or impose a 6 dB per octave slope 
on a velocity cartridge). 

Conceptually, the nature of the curve
(velocity + RIAA, or otherwise) through 
which the music listener typically hears the 
record player's total vibration output is 
utterly irrelevant to measuring the intrinsic 
performance of the record player. Of course, 
if Moir's measured curves were to vary with 
absolute volume level (which he says they 
don't), then he'd want to shape his driving 
signal and 0 dB reference level with a non-flat 
curve to typify music, etc. And I'm sym
pathetic to his suggestion that the observed 
curve be weighted by some spectral 
audibility (Stevens) curve. 

In practice, his measurements aren't far 
off, since a velocity + RIAA curve is close to 
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a flat amplitude sensor curve, except below 
50Hz and where the arm/cartridge low 
frequency resonance skews the results (see 
Ladegaard's worl\ on this). But in principle 
the observation part of Moir's measurement 
setup is wrong, and may reinforce some 
fundamentally erroneous concepts, already 
prevalent throughout the audio community, 
about how one legitimately evaluates device 
performance (for example, most people try to 
'evaluate' a device's sanies by lfstening oniy 

to that device's output and not to its input as 
well). 
J. Peter Moncrief{ 
International Audio Review 
2449 Dwight Way 
Berkeley, CA 94704, USA 

The author replies: 
Mr Moncrieff's letter raises a number of 
points of interest to the audio engineer and I 
will comment on these, omitting discussion 
of the semantic aspects in an endeavour to 
economize .on space. 

Mr Moncrieff suspects that the audio 
effects of acoustic feedback should have 
been more obvious than we found, on the 
assumption that beeause disk surface noise 
can be heard when it is 50dB down on the 
peak music signal, the acoustic feedback 
effects should also be audible at similar 
relative levels. I think that he has overlooked 
the effect of the frequency spectrum on the 
audibility of an interference signal. Ticks; 
surface noise, tape noise etc., have a 
frequency spectrum that is radically different 
to that of music or speech, whereas the signal 
produced by acoustic feedback has a smilar 
spectrum to that of the recorded signal. It 
should also be remembered that the signal 

-induced by acoustic feedback does not have a 
constant level. Instead it remains a constant 
number of dB below the recorded music. This 
and the difference in spectrum shape makes 
surface noise much more obvious than the 
acoustic feedback effects. 

The listening tests were by no means a 
series of careful comparisons beyond any 
possible . statistical criticism; they were 
simple separate checks by two engineers to 
obtain some approxjm~te idea of how severe 
the feedback effects had to be before they 
were audible. It came as a minor surprise to 
find that the acoustic feedback was thought 
to improve the sound quality from some 
records. We were trying to decide when the 
effects were detectable, not when they were 
objectionable. There can be no precise indi
cation of the 'just detectable' or 'just objec
tionable' point, for this is a function of the 
type of music and the quality of the record
ing. 

Our analysis of the data from very many 
panel tests and the comments of panel 
members suggests that a comparison of 

· sound quality of two signals should be made 
with relatively short excerpts of programme 
material. We find that long sections of the 
programme confuse the issue, for the lis
teners only compare the quality of these 
sections of the test material just before and 
just after changeover~ Any intermediate 
material only serves to confuse the listener 
by making it more difficult to remember the 
quality of the fjrst sample. 

Audio engineers' preoccupation with 
steady state response as a criterion is soundly 
based, though I do not think that it has ever 
been suggested that it is the sole criterion. 
The use of pulse, square waves or similar 
techniques has a peculiar attraction for critics 
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of the traditional approach but I would . 
suggest that the criticism cannot be justified. 
It finds favour because it is claimed that pulse 
signals are more accurately representative of 
music or speech signals and it is assumed that 
we need to reproduce waveshapes to ensure 
the best sound quality. Any deterioration in 
the waveshape of the test pulse is assumed to 
indicate some loss of quality because a 
waveform change that can be seen should 
also be audible. 

This superficially attractive assumption is 
ill-founded. Information about the 
waveshape of a short pulse is carried by the 
amplitude/frequency response . arid by the 
phase/frequency response of the equipment. 
Any departure from linearity of either cha
racteristic affects the shape of the repro
duced pulse. However, the hearing system 
does not recognise those effects due to non
linearity of . the phase/frequency character
istic provided that the consequent differen
tial time delays do not exceed those specified 
by CCIR. In phase shift tel'Il1s this is tens of 
thousands of degrees. . 

I can outline some of our experiments now' 
three or four years old that readers will find 
interesting. We developed some sub-circuits 
for insertion into a high quality amplifier 
chain. These allowed us to: 
l. Vary the amplitude/linearity of the sys
tem. In simple words we would change the 
harmonic and intermodulation content 
without significantly changing the amplitude 
of the signal. 
2. Vary the phase/frequency characteristics 
of the system without change in the 
amplitude/frequency response. 

The test signals were music, square waves 
or sine waves, all of the same peak-to-peak 
amplitude monitored by an oscilloscope. The 
results were significant. 

A waveshape distortion produced by 
changing the circuit linearity produced 
obvious audible distortion Of the music when 
the waveshape distortion on sine or square 
waves was so small that it required an ex
perienced investigator to detect the change. 

A waveshape distortion produced by 
manipulating the phase shift/frequency res
ponse had an undetectable effect on the 
quality of the music when the wave shape 
distortion on sinusoidal or square wave 
signals was so drastic that the output 
waveform appeared to have no relation to 
the input waveform. 
. If Mr Moncrieff has any evidence to sup

port his statement that linear phase devia
tions are detectable as an audible distortion 
then it will be well received by the en
gineering community, for many workers, 
apart from my group, have sought this proof 
without finding any evidence. The engineers 
who have tried to find evidence of this 
include the engineering and scientific staff of 
most of the world's telecommunication or
ganizations. The effect, or lack of effect, on 
sound quality of the phase shift in a monaural· 
channel were discussed in more detail in a 
contribution to Wireless World dated March 
76. Perhaps Mr Moncrieff is describing the 
results he expects to obtain from experi-

. ments he has not yet carried out. 
Mr Mot1crieff;s comments about the 

audibility of resonant peaks of equal height 
but differing Q are attra~tive but suspect. 
More than fifteen years ago I thought, like 
Mr Moncrieff, that there should be an 
obvious difference, but our experiments 
failed to confirm this, or at least appeared to 
show that to be audible there must be very 
large differences in Q. I doubted this and we 

did not publish the results. Since that time 
others have investigated the problem and 
have come up with the general conclusion 
that the Q of a resonance has no great effect 
on the Sound qvality. An increase in Q ap
pears to be largely compensated by the de
crease in bandwidth that is the automatic 
result of increased Q. 

Finally, the question of measurement 
procedure when assessing the effect of 
acoustic breakthrough. We were comparing 
the relative sensitivity of different types of 
record player to the vibration to which they 
were exposed. Thus the only requirement of 
the system used for applying the vibration is 
that it should treat all the record players in 
the same way. It is of little consequen'ce 
whether the feedback control system holds 
the amplitude velocity or acceleration con~ 
stant over the frequency range, or whether 
an RIAA network is, or is not, included in the 
amplifier. The input quantity was held con
stant for all the players so the output/ 
frequency relation is a true indication of the 
relative performance of each system and 
there is no need to know the transfer func
tion. 

These are rather brief observations on Mr. 
Moncrieff's letter for he raises so many 
points that it would require an issue of 
Wireless World to deal with them all in detail. 
JamesMoir 

AS CHRISTMAS 
APPROACHES . . 
Your editorial in the January issue is un
necessarily ,unkind to the electronics in
dustry. The problem starts before the elec
tronics industry becomes involved. What 
about the manufacturers of toys, who seem 
to produce nothing but warlike action men, 
tanks, guns and even field hospitals! Visiting 
the average tC?Y department of a multiple 
store before Christmas, one would be led to 
believe that our main aim ih life is to teach 
children to kill ~nd maimeach other. Nothing 
is more disturbing than to see children of 
tender years firing extremely realistic 
machine-guns! at each other and playing 
"dead". Perhaps it would pay to put real 
bullets in somt of the guns. It might bring 
some parents to their senses. · 

Th'e .electronics industry may produce 
some devilish devices, but usually and 
promptly p~uces a cancelling device in 
each case. The inl:lustry supplying children's 
toys has a lot more to answer for. It produces 
year after year more and more realistic 
soldiery and weapons. Let's call a halt to this 
first. 
W. H. Jarvis 
Coleford 

SCIENTIFIC COMPUTER 
May I first congratulate John Adams on his 
design recently published in your pages. It is 
rarely acknowledged that standard c.p.us 
are far from efficient when applied to 
mathematical tasks. However, this is clearly 
true and it is totally logical to utilise "number 
orientated" technology which has been de
veloped as- part of the consumer "pocket 
calculator explosion." 

Having constructed a unit based on this 
design, I would like the opportunity to make 
a number of comments which might be 
helpful to present or prospective construc
tors of this or similar designs: 
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l. For constructors who do not wish to 
interfere with their television sets, perfectly ; 
acceptable v.d.u. definition can be obtained 
by using a cheap u.h.f. modulator. I ha\- c used 
a commercially available one-transistor 
modulator with single fixed resistors froin 
the video and sync outputs of the computer 
to the input of the modulator. 
2. · Provided that memory expansion beyond 
32K is not contemplated, the limited de
coding of the v.d.u . memory addresses 
represents a useful and novel technique. This 
enables a single program to output page aft~r 
page of data to the v.d.u. without any ad
ditional management routines. However, it is 
worth pointing out to those who might get 
"carried away" with this freedom that there 
are limits and hazards which should be 
remembered. The !?YStem allows for 16 pages 
of output; successive 2K blocks from 8000 to 
FFFF are decoded as -S000-8800, the address 
of the v.d.u. r.a.m. Attempts to go beyond 16 
pages will result in disaster. After FFFF the 
program will start outputting data to 
memory starting from 0000; after an initial 
period when nothing happens, as the pro
gram attempts to write data into the r.o.m. 
(0000-0BFF), the controlling program will be 
destroyed as it _starts outputting to OC001 
onwards. The technique is therefore useful so. 
long as its limitations are recognised. . 

'3. In order to save some r.a.nL space and 
result in some increased speed of operation it 
is possible to use abbreviated BURP com
mands and statements. Only the first and last ~ 
letters of the word are necessary for program 
operation. If this is done, the MOD command 
cannot be used unless the firmware is 
modified, since it would result in an attempt ' 
to substitute the complete words "WRITE" 
or ·"PRlNt'' in the program space pre
viously C?CCupied by the abbreviated version. 
Such a minor restriction might not be a 
problem to someone needing every available 
byte of r.a.m. 

Following these general comments, I 
would also like to make a few observations . 
regarding the firmware. It is, of course, only 
too easy to be critical of someone else's · 
"magnum opus" and I must stress that I have . 
every admiration for the achieve~ents of Mr · 
Adams. 
4. Reverse Polish Notation is undoubtedly • 
ideal in this situation. Some would argue 
that BASIC is not the ideal language for a ' 
mathematically orientated machine but the : 
wide popularity of BASIC is undoubtedly an 
important consideration. 
·s. Users might be shocked by the slowness of 
BURP. Attempts to apply standard "bench
mark tests" require patience, rather than a 
stopwatch. When it comes to complicated 
mathematical operations, the MM57109 is 
probably at least as fast as the equivalent 
lengthy Z80 routine, but the MM57109 is 
relatively much slower than the Z80 when it 
comes to simple arithmetical or logical 
operations. In BURP, the MM57109 is used to 
control FOR .' . . NEXT loops (normally the 
basis of "benchmarks") with the result that. 
each loop can take as long as 200ms to 
implement. Even those lucky enough to have 
a MM57109 which will operate at 800kHz will 
still be aware of this lack of speed, if they are 
used to other forms of BASIC. 
6. The monitor programme lacks many of the 
facilities (single step, breakpoints, register; 
examination etc.) that would be useful in 
program development. I think it is fair to say 
that developing programs is not very easy 
with this monitor. It is a brave man who uses ; 
the COR command; one has to study the 
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unhappy with today's disc surfaces?) Let's 
assume the same reasoning for tape print 
through and groove echo. Then the same 
should be true of time delayed positive feed~ 
back as a foreign signal, with the following 
provisos. (a) The original recording is suf
ficiently anechoic so the listener doesn't 
confuse the feedback induced artificial 
hangover with natural room reverberation 
on the recording. (b) The loudspeaker used 
for listening has small enough energy storage 
so its own hangover does not mask feedback 
induced hangover. (c) The listener is well 
trained in hearing minute differences in 
hangover I reverberation (e.g. an expert at 
concert hall microphone placement). I might 
suggest that Mr Moir uses dry or special 
anech'oic recordings, and electrostatic 
speakers (or headphones) for listening. 

Third, there's a question of experimental 
design. Many listening evaluations, correla
tions, or studies of what can or can't be heard 
are nowadays invalid, thanks to methodo
logically ill conceived or sloppily executed 
experimental design. If Moir's experimental 
]J)rocedure in part 2 was to tum up the volume 
in the feedback inducing loudspeaker until 
the listener detected an 'objectionable' 
quality, then the experimental results would 
be misleading, as well as unreliable and 
:subje~tive. Instead, focusing on an instant
' aneous difference might relevantly improve a 
:listener's sensitivity. A special A-B switch 
; should be used, which would supposedly tum 
·the feedback inducing loudspeaker instantly 
·on and off (but sometimes in fact would not). 
; The subject listener would be asked _if he 
.heard a difference with each flick of the 
switch. The correctness of his answers in 
detecting whether or not the A-B switch was 
truly functioning would be correlated ·with 
the volume level of the feedback inducing 
loudspeaker, to give a true indication of what 
levels of foreign signal audibly intrude upon 
accurate high fidelity. That's an example of 
difference testing methodology, which can 
yield scientifically valid, objective (not sub
jective) conclusions, even using a human 
ear/listener as a data collection device (see 
IAR5 for further discussion of this). 

Fourth, Moir's graphs (and Colloms's in Hi 
Fi Choice) repeat audio engineering's 
historical preoccupation with amplitude 
steady state response as a virtually sole 
criterion for design and evaluation. We at 
JAR are trying to reform the audio com
munity's attitude about this, and we've been. 
introducing new instantaneous audio res
ponse criteria and tests. We also seem to be 
finding in our psychoacoustic research that 
the human ear /brain detects (and subjec
tively interprets as amplitude response de~
viations) not only literal amplitude response 
deviations (in surprisingly minute degree), 
but also linear phase deviations and transient 
ringing (not to mention frequency dependent 
non-linearities). Investigation of the pattern, 
degree, and duration of the transient ringing,, 
or overhang, is therefore germane to evalu-. 
-ating any system with sharp slopes in its 
amplitude response (see IAR3). It's even 
more germane to a resonant system, with its 
energy storage. And even more germane to a 
sharp sloped, resonant system with time 
delayed feedback coupling. That's one reason r 
we've been working with impulse excitation, 
and have been looking at the system behavi
our in both frequency and time domains, for 
evaluating devices including turntables and 
tonearms (n.b. the eigenmode behaviour is 

sonically relevant even with ideal isolation 
·from loudspeakers - see IARl I 2). 

Moir's amplitude graphs (and those of. 
Colloms and Ladegaard) would imply, for 
example, that two resonant peaks of equal 
height (amplitude) would be equally audible 
and objectionable (disregarding frequency 
differences). But this would not in fact be so if 
one of the peaks were narrow with sharp 
slopes while the other were broad with shal
low slopes. The former would ring longer and 
be more aurally intrusive on music than the 
latter (assuming the music's spectral energy 
could fully charge the sharp, high Q 
resonance most of the time). An evaluator's 
comparison of the time domain response of' 
these two peaks to transient excitation 
would make obvious the sonic differences to 
be expected. Alternatively, a graph of the 
differential (slope), in addition to the 
amplitude graph, would be useful. 

And now the fifth point. I think there's a 
minor practical error in Mr Moir's measure
ment procedure that may reflect a grave 
fundamental misconception. No RIAA net
work should be used. I think I see his motive 
in using it: he wanted to measure the amount 
of vibration output from the record player 
that would typically, in the real world of 
music listening, arrive at the loudspeaker -
and the amount of this output from the 
record player is typically modified by two ' 
elements, a veloC'ity. cartridge and--a pre- ' -
amp's RIAA de-emphasis. But the record 
player's vibration output from the vinyl 
groove (constituting music), which 
represents the 0 dB reference level in that real 
world typical listening situation, is also 
spectrally modified by those two elements. 
The reference level in Moir's measurement 
setup is not. 

The concept underlying this slip is more 
important. One cannot characterize any 
device's iri.strinsic behaviour (e.g. measure its 
transfer function) by observing only its 
output. One must also observe its input. The 
device's behaviour is the relationship bet
ween its input and output (see "'{he I? R..'\Jle", 
IAR4). The amplitude transfer function Moir 
seeks, to characterize record players, relates 
(i) how much external vibration is put into a 
record player, to (ii) how much vibration 
arrives at its output, which is the stylus (the 
input port to the electrical system). . 

The drive system of Moir's measurement 
setup _ (<m.d Lade~aard's) does an admirable 
job of supplying a swept sine vibration input 
with flat amplitude response (at.least up to 
1000Hz or so). But then he obviously should 
design the sensors, for measuring the record 
player's vibration output, to observe 
amplitude through the same curve as the 
input (in his case a flat amplitude' curve). 
Hence he should use an amplitude sensing 
cartridge (or impose a 6 dB per octave slope 
on a velocity cartridge). 

Conceptually, the nature of the curve
(velocity + RIAA, or otherwise) through 
which the music listener typically hears the 
record player's total vibration output is 
utterly irrelevant to measuring the intrinsic 
performance of the record player. Of course, 
if Moir's measured curves were to vary with 
absolute volume level (which he says they 
don't), then he'd want to shape his driving 
signal and 0 dB reference level with a non-flat 
curve to typify music, etc. And I'm sym
pathetic to his suggestion that the observed 
curve be weighted by some spectral 
audibility (Stevens) curve. 

In practice, his measurements aren't far 
off, since a velocity + RIAA curve is close to 
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a flat amplitude sensor curve, except below 
50Hz and where the arm/cartridge low 
frequency resonance skews the results (see 
Ladegaard's worl\ on this). But in principle 
the observation part of Moir's measurement 
setup is wrong, and may reinforce some 
fundamentally erroneous concepts, already 
prevalent throughout the audio community, 
about how one legitimately evaluates device 
performance (for example, most people try to 
'evaluate' a device's sanies by lfstening oniy 

to that device's output and not to its input as 
well). 
J. Peter Moncrief{ 
International Audio Review 
2449 Dwight Way 
Berkeley, CA 94704, USA 

The author replies: 
Mr Moncrieff's letter raises a number of 
points of interest to the audio engineer and I 
will comment on these, omitting discussion 
of the semantic aspects in an endeavour to 
economize .on space. 

Mr Moncrieff suspects that the audio 
effects of acoustic feedback should have 
been more obvious than we found, on the 
assumption that beeause disk surface noise 
can be heard when it is 50dB down on the 
peak music signal, the acoustic feedback 
effects should also be audible at similar 
relative levels. I think that he has overlooked 
the effect of the frequency spectrum on the 
audibility of an interference signal. Ticks; 
surface noise, tape noise etc., have a 
frequency spectrum that is radically different 
to that of music or speech, whereas the signal 
produced by acoustic feedback has a smilar 
spectrum to that of the recorded signal. It 
should also be remembered that the signal 

-induced by acoustic feedback does not have a 
constant level. Instead it remains a constant 
number of dB below the recorded music. This 
and the difference in spectrum shape makes 
surface noise much more obvious than the 
acoustic feedback effects. 

The listening tests were by no means a 
series of careful comparisons beyond any 
possible . statistical criticism; they were 
simple separate checks by two engineers to 
obtain some approxjm~te idea of how severe 
the feedback effects had to be before they 
were audible. It came as a minor surprise to 
find that the acoustic feedback was thought 
to improve the sound quality from some 
records. We were trying to decide when the 
effects were detectable, not when they were 
objectionable. There can be no precise indi
cation of the 'just detectable' or 'just objec
tionable' point, for this is a function of the 
type of music and the quality of the record
ing. 

Our analysis of the data from very many 
panel tests and the comments of panel 
members suggests that a comparison of 

· sound quality of two signals should be made 
with relatively short excerpts of programme 
material. We find that long sections of the 
programme confuse the issue, for the lis
teners only compare the quality of these 
sections of the test material just before and 
just after changeover~ Any intermediate 
material only serves to confuse the listener 
by making it more difficult to remember the 
quality of the fjrst sample. 

Audio engineers' preoccupation with 
steady state response as a criterion is soundly 
based, though I do not think that it has ever 
been suggested that it is the sole criterion. 
The use of pulse, square waves or similar 
techniques has a peculiar attraction for critics 
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of the traditional approach but I would . 
suggest that the criticism cannot be justified. 
It finds favour because it is claimed that pulse 
signals are more accurately representative of 
music or speech signals and it is assumed that 
we need to reproduce waveshapes to ensure 
the best sound quality. Any deterioration in 
the waveshape of the test pulse is assumed to 
indicate some loss of quality because a 
waveform change that can be seen should 
also be audible. 

This superficially attractive assumption is 
ill-founded. Information about the 
waveshape of a short pulse is carried by the 
amplitude/frequency response . arid by the 
phase/frequency response of the equipment. 
Any departure from linearity of either cha
racteristic affects the shape of the repro
duced pulse. However, the hearing system 
does not recognise those effects due to non
linearity of . the phase/frequency character
istic provided that the consequent differen
tial time delays do not exceed those specified 
by CCIR. In phase shift tel'Il1s this is tens of 
thousands of degrees. . 

I can outline some of our experiments now' 
three or four years old that readers will find 
interesting. We developed some sub-circuits 
for insertion into a high quality amplifier 
chain. These allowed us to: 
l. Vary the amplitude/linearity of the sys
tem. In simple words we would change the 
harmonic and intermodulation content 
without significantly changing the amplitude 
of the signal. 
2. Vary the phase/frequency characteristics 
of the system without change in the 
amplitude/frequency response. 

The test signals were music, square waves 
or sine waves, all of the same peak-to-peak 
amplitude monitored by an oscilloscope. The 
results were significant. 

A waveshape distortion produced by 
changing the circuit linearity produced 
obvious audible distortion Of the music when 
the waveshape distortion on sine or square 
waves was so small that it required an ex
perienced investigator to detect the change. 

A waveshape distortion produced by 
manipulating the phase shift/frequency res
ponse had an undetectable effect on the 
quality of the music when the wave shape 
distortion on sinusoidal or square wave 
signals was so drastic that the output 
waveform appeared to have no relation to 
the input waveform. 
. If Mr Moncrieff has any evidence to sup

port his statement that linear phase devia
tions are detectable as an audible distortion 
then it will be well received by the en
gineering community, for many workers, 
apart from my group, have sought this proof 
without finding any evidence. The engineers 
who have tried to find evidence of this 
include the engineering and scientific staff of 
most of the world's telecommunication or
ganizations. The effect, or lack of effect, on 
sound quality of the phase shift in a monaural· 
channel were discussed in more detail in a 
contribution to Wireless World dated March 
76. Perhaps Mr Moncrieff is describing the 
results he expects to obtain from experi-

. ments he has not yet carried out. 
Mr Mot1crieff;s comments about the 

audibility of resonant peaks of equal height 
but differing Q are attra~tive but suspect. 
More than fifteen years ago I thought, like 
Mr Moncrieff, that there should be an 
obvious difference, but our experiments 
failed to confirm this, or at least appeared to 
show that to be audible there must be very 
large differences in Q. I doubted this and we 

did not publish the results. Since that time 
others have investigated the problem and 
have come up with the general conclusion 
that the Q of a resonance has no great effect 
on the Sound qvality. An increase in Q ap
pears to be largely compensated by the de
crease in bandwidth that is the automatic 
result of increased Q. 

Finally, the question of measurement 
procedure when assessing the effect of 
acoustic breakthrough. We were comparing 
the relative sensitivity of different types of 
record player to the vibration to which they 
were exposed. Thus the only requirement of 
the system used for applying the vibration is 
that it should treat all the record players in 
the same way. It is of little consequen'ce 
whether the feedback control system holds 
the amplitude velocity or acceleration con~ 
stant over the frequency range, or whether 
an RIAA network is, or is not, included in the 
amplifier. The input quantity was held con
stant for all the players so the output/ 
frequency relation is a true indication of the 
relative performance of each system and 
there is no need to know the transfer func
tion. 

These are rather brief observations on Mr. 
Moncrieff's letter for he raises so many 
points that it would require an issue of 
Wireless World to deal with them all in detail. 
JamesMoir 

AS CHRISTMAS 
APPROACHES . . 
Your editorial in the January issue is un
necessarily ,unkind to the electronics in
dustry. The problem starts before the elec
tronics industry becomes involved. What 
about the manufacturers of toys, who seem 
to produce nothing but warlike action men, 
tanks, guns and even field hospitals! Visiting 
the average tC?Y department of a multiple 
store before Christmas, one would be led to 
believe that our main aim ih life is to teach 
children to kill ~nd maimeach other. Nothing 
is more disturbing than to see children of 
tender years firing extremely realistic 
machine-guns! at each other and playing 
"dead". Perhaps it would pay to put real 
bullets in somt of the guns. It might bring 
some parents to their senses. · 

Th'e .electronics industry may produce 
some devilish devices, but usually and 
promptly p~uces a cancelling device in 
each case. The inl:lustry supplying children's 
toys has a lot more to answer for. It produces 
year after year more and more realistic 
soldiery and weapons. Let's call a halt to this 
first. 
W. H. Jarvis 
Coleford 

SCIENTIFIC COMPUTER 
May I first congratulate John Adams on his 
design recently published in your pages. It is 
rarely acknowledged that standard c.p.us 
are far from efficient when applied to 
mathematical tasks. However, this is clearly 
true and it is totally logical to utilise "number 
orientated" technology which has been de
veloped as- part of the consumer "pocket 
calculator explosion." 

Having constructed a unit based on this 
design, I would like the opportunity to make 
a number of comments which might be 
helpful to present or prospective construc
tors of this or similar designs: 
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l. For constructors who do not wish to 
interfere with their television sets, perfectly ; 
acceptable v.d.u. definition can be obtained 
by using a cheap u.h.f. modulator. I ha\- c used 
a commercially available one-transistor 
modulator with single fixed resistors froin 
the video and sync outputs of the computer 
to the input of the modulator. 
2. · Provided that memory expansion beyond 
32K is not contemplated, the limited de
coding of the v.d.u . memory addresses 
represents a useful and novel technique. This 
enables a single program to output page aft~r 
page of data to the v.d.u. without any ad
ditional management routines. However, it is 
worth pointing out to those who might get 
"carried away" with this freedom that there 
are limits and hazards which should be 
remembered. The !?YStem allows for 16 pages 
of output; successive 2K blocks from 8000 to 
FFFF are decoded as -S000-8800, the address 
of the v.d.u. r.a.m. Attempts to go beyond 16 
pages will result in disaster. After FFFF the 
program will start outputting data to 
memory starting from 0000; after an initial 
period when nothing happens, as the pro
gram attempts to write data into the r.o.m. 
(0000-0BFF), the controlling program will be 
destroyed as it _starts outputting to OC001 
onwards. The technique is therefore useful so. 
long as its limitations are recognised. . 

'3. In order to save some r.a.nL space and 
result in some increased speed of operation it 
is possible to use abbreviated BURP com
mands and statements. Only the first and last ~ 
letters of the word are necessary for program 
operation. If this is done, the MOD command 
cannot be used unless the firmware is 
modified, since it would result in an attempt ' 
to substitute the complete words "WRITE" 
or ·"PRlNt'' in the program space pre
viously C?CCupied by the abbreviated version. 
Such a minor restriction might not be a 
problem to someone needing every available 
byte of r.a.m. 

Following these general comments, I 
would also like to make a few observations . 
regarding the firmware. It is, of course, only 
too easy to be critical of someone else's · 
"magnum opus" and I must stress that I have . 
every admiration for the achieve~ents of Mr · 
Adams. 
4. Reverse Polish Notation is undoubtedly • 
ideal in this situation. Some would argue 
that BASIC is not the ideal language for a ' 
mathematically orientated machine but the : 
wide popularity of BASIC is undoubtedly an 
important consideration. 
·s. Users might be shocked by the slowness of 
BURP. Attempts to apply standard "bench
mark tests" require patience, rather than a 
stopwatch. When it comes to complicated 
mathematical operations, the MM57109 is 
probably at least as fast as the equivalent 
lengthy Z80 routine, but the MM57109 is 
relatively much slower than the Z80 when it 
comes to simple arithmetical or logical 
operations. In BURP, the MM57109 is used to 
control FOR .' . . NEXT loops (normally the 
basis of "benchmarks") with the result that. 
each loop can take as long as 200ms to 
implement. Even those lucky enough to have 
a MM57109 which will operate at 800kHz will 
still be aware of this lack of speed, if they are 
used to other forms of BASIC. 
6. The monitor programme lacks many of the 
facilities (single step, breakpoints, register; 
examination etc.) that would be useful in 
program development. I think it is fair to say 
that developing programs is not very easy 
with this monitor. It is a brave man who uses ; 
the COR command; one has to study the 
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software very carefully in order to ensure 
that no unwanted changes will be made. In 
practice it would be just as quick to alter the 
program one item at a time using ALT. 
7. Both the monitor and BURP are very 
particular about the format of entries, in 
particular the placing of "spaces". A v.d.u. 
cursor would be helpful, since without it one 
can often be uncertain as to whether or not a 
space has -been typed after the last character, 
although it would probably be less frust
rating if there was a little more flexibility of 
input data. 
8. From my personal point of view, the 
greatest limitations of the firmware relate to 
the BASIC facilities available. In order to be 
appropriate for complex scientific purposes, 
a more sophisticated version of BASIC would 
be highly desirable. BURP is very limited in 
terms of number. of program lines, number 
and format of variables and flexibility of 
statements. To keep the situation In per
spective, it must be realised that the use of 
the MM57109 has enabled a 2K BASIC inter
preter to be written which would put any Z80 
2K BASIC to shame. I am merely suggesting 
that the addition of an extra IK or 2K of 
interpreter could result in a BASIC far more 
powerful than many 8K versions available. 
Q. Finally, I am sure that Mr Adams would be 
the first to agree that prospective construc
tors must realise that his design is specifically 
orientated towards scientific usage. A person 
whose main interests were in games, busi
ness use or control applications would be far 
better advised to look to one of the many 
straightforward Z80 designs available. 

Having been critical, may I finish on a 
·constructive note. I am at present engaged in 
writing a somewhat extended interpreter for 
this design, in order to overcome some of the 
limitations outlined above. Assuming that 
this comes up to expectations I hope to be 
able to make it available to constructors of 
this design in the foreseeable future. 

John R. Whittington 
North Harrow 
Middlesex · 

WHAT'S WRON G 
WITH TELETEXT 
The attitude taken by BREMA towards the 
future of teletext is an excellent example of 
the lack of initiative that contributes to the 
present malaise of the UK radio and televi
sion industry (news, July issue, p. 61). 

It is very easy to snipe at the general public 
for ignoring teletext without really looking 
into the reasons why the service has never 
captured the interest of the so-called 'man in 
the street'. The reason is, in a word, igno
rance. I mean that not in a derogatory sense, 
but simply that where technical innovations 
in the electronics field are concerned few 
people outside the industry can grasp just 
what is happening. 

It was clearly shown last year when the 
radio wavelength changes took place that 
few people had any idea what the v .h.f. radio 
service was, or that it even existed. This was 
after the service had been in existence for 
over 20years. It is also a fact that "stereo" is a 
misunderstood word. A "stereo" has come to 
mean almost anything that plays 
gramophone records whilst a "cassette" is a 
system which plays tapes, either stereo or 
mono. Against this background we are now 
expecting the public to accept that their 
television sets can be made to produce pages 

of information which they can select at will 
and see in colour. It is beyond the bounds of 
comprehension of most people, who prob
~bl.y think it is something from "Star Wars". 

The UK broadcasting organisations were 
the first in the world to initiate this service, 
on a limited budget. Here was an opportunity 
for BREMA to lead the world, but what 
happened? Virtually nothing; the publicity · 
behind the teletext sets was almost non
existent. It was left to an American company 
to provide the electronics for the decoder 
circuits. 

The second generation of decoders is lar
gely due to the financial resources of a Dutch 
company and yet BREMA, which held almost 
all the cards in the beginning, is now com
plaining that nobody wants to know, and 
uses the general public as a scapegoat. 

·Almost every home in Britain has 
the apparatus for demonstrating teletext, so 
why don't the BBC and IBA show teletext 
pages during the course of normal service to 
create interest* . A few sample pages of 
sports information shown during Grand
stand would be great publicity. From the 
manufacturers' point of view perhaps they 
are asking too much to expect people to buy . 
new sets when only a short while ago they 
may have purchased a new colour set. A 
teletext conversion unit that plugs into the 
aerial socket may have some technical 
hang-ups but it might be a more interesting 
alternative to up-date the existing set rather 
than go to the expense of a new one. A design 
of set could be produced whereby a teletext 
module can be plugged in at some future date 
when the viewer can afford it, thus splitting 
the financial outlay. 

The potential is still there and so are the 
customers, so now is the time for the broad
casting organisations and the manufacturers 
to get together and discuss how, for their 
mutual benefit, they can expand and pro- . 
mote the service. Just give someone a 
teletext set to play with and you will find that 
he will soon realise its potential. 

Now about Prestel .... 
Mike Hutchinson 
King's Lynn 
Norfolk 

• They have done occasionally.- Ed 

CITIZENS' BAND FOR THE 
INFIRM ON LY? 
Much has been said for and against c. b. radio, 
in the UK, for a long time now. I have studied 
the question and find more facts in favour 
than against. As a paid up member of the 
RSGB, may I say I am not one of the short
sighted members that can't see the vast good 
that c.b. radio could do in the UK, but it must 
be in the hands of those who really do need it, 
i.e. the infir~ and disabled only. 

Many of these people cannot take the 
Radio Amateurs Examination, for many 
reasons, and some, given a test paper to do, 
would just break down. I go along with J . 
Berry of Bristol (June letters)when he says 
that far too many of the radio amateurs in the 
RSG B are feeling far too high and mighty just 
because they have a licence. Many amateurs 
look down on the S.W.L. or on those that 
can't for some reason pass the examination. 
As for pirates, there are many in clubs under 
the umbrella of the RSG B, I'm sorry to say. 
Alf Brimming 
Lawrence Weston 
Bristol 
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VICTORI AN 
M ICROWAVES 
The article "Victorian microwaves" in the 
September issue illustrates a point I am 
repeatedly making to our more youthful 
engineers and which is very aptly covered in 
the second paragraph of the article. 

In my case I have frequently used as an 
illustration of the point that "there is nothing 
new under the sun" an incident which I 
experienced as a lecturer at RAF Radar 
School, Yatesbury, during the War (at a time 
when microwaves were regarded as the new 
magic). On one occasion I idly picked up a 
book in the instructors' common room in 
which was reported demonstrations of Hert
zian waves showing their analogous behavi
our with visible radiation. The demonstra

. tions were such that the Hertzian waves had 
to be in the very short wave region - e.g. 
microwaves. 

The book turned out to be a record of one 
of the annual children's Christmas lectures 
given by the Royal Society in 1894 and 
published in 1896. So much for microwaves 
being "invented" just before the last war! 
L. Taylor 
Dartford 
Kent 

CONSULTATI ON FO.R 
SPECTRUM USE 
I refer to the very interesting letter by Mr Bob 
Eldridge in the December 1978 issue about 
the activities of the Canadian Radio Tech
nical Planning Board. 

In Australia, commercial television and 
other int~rests were invited to partici
pate in discussions leading to the prepara
tion of the Australian brief for W ARC 79 
and the Federation of Australian Commercial 
Television Stations (FACTS) has been an 
active participant. Our represep.tatipn on the 
Australian preparatory group and its sub
committees handling matters of concern to 
the television industry has been through 
members of the FACTS engineering com
mittee. FACTS is a booy which parallels the 
National Association of Broadcasters in the 
United States as a secretariat maintained by 
commercial television stations to further the 
interests of members in areas of concern to 
the industry as a whole. 

Whilst we seem to have had some success 
in our representations concerning the prepa
ration of the Australian draft for WARC 7f!., 
we have on the other hand been endea
vouring, without much success, to foster the 
creation of an industry consultative commit
tee which would be "the working interface 
representing all users of the radio spectrum 
and suppliers of radio equipment" in exactly 
the manner achieved with the Canadian 
Radio Technical Planning Board. 

It would therefore be most helpful to us if 
Mr Eldridge could supply further information 
concerning the guidelines/constitution/or 
terms of reference under which the Canadian 
Radio Technical Planning Board operates. 
This would be most useful in furthering our 
efforts to set up what we have called the 
Broadcasting Industry Consultative Com
mittee as an interface between users and the 
government departments, as regulating aut
horities in the radio and television field. 
Murray Stevenson 
Secretary, FACTS Engineering Committee 
Sydney 
Australia 

in 
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Two-metre s.s.b. and f .m. 
transceiver-3 

Transmitter amplifier, control ci rcuits and ~onstructi o n a l details 

SO FAR THIS article has described the 
generation units for s.s.b. and f.m., the 
squelch unit, and the converters for the 
transmitter and receiver sections of the 
two-metre transceiver. This third part 
completes the design with the trans
mitter power amplifier, s.s .b . filter 
switching circuit and the control. 
circuits. The author's constructional 
details are also given. 

Transmitter power amplifier 
Figure 11 shows the circuit of the out
put power amplifier. This is constructed 
on a copper clad board measuring 7 x 
4in with all components hard wired, and 
power and bias r.f.cs. and associated 
components supported on 1 ,OOOpF 
soldered-in feed-through capacitors. 
Because of the s.s.b. requirement, all 
stages must operate in a linear manner 
in Class AB, and the necessary forward 

· bias for each transistor is supplied by 
the base "bleed" chains R226, R227, R228• 

R229, R231 and R232• Additional thermal 
stabilization of the base voltages of Tr 58 

+12/ 

by G. R. B. Thornley, G2DAF 

and Tr59 is provided by the clamp diodes 
D33 and D34• 

Any semiconductor r .f. power 
. amplifier operating in a linear manner is 

much more prone to instability than an 
equivalent Class C amplifier. This par
ticularly applies where there is a high 
power gain. Instability may occur for a 
number of reasons. Parasitic oscilla
tions may appear near the signal 
frequency, or parametric oscillations 
may arise due to the varactor action of 
the collector-base or emitter- base 
diodes of the transistor. Both of these 
oscillations generally occur at frequen
cies between 1 and 1 OMHz. Oscillation 
could also be caused by external or 
internal feedback. As an additional pre
caution to ensure the maximum 
stability of the amplifier, all sensitive 
points are triple-by-passed to v.h.f., h.f. 
and audio frequencies. The extra cost 
of these components is of small import
ance, compared with the replacement 
cost due to premature failure of an r.f. 
power transistor. 

The collector voltage for Tr 58 and Tr 59 
may be connected to the common + 12V 
rail and this would be convenient where 
the power source was a 12V accumula
tor. This would give an output power 

from Tr59 of approximately 12W p.e.p. 
However, if a higher voltage power 
supply is available this will give a 
greater power output, together with 
improved linearity. Advantage can be 
taken of the Motorola 2N5641 and 
2N5642 ratings of V cEo 35V and V cs 
65V. These transistors will give reliable 
service for s.s.b. and f.m. modulation 
with a · collector supply of 28V, and 
under these conditions the 2N5642 is 
rated at 20W power output. 

In practice the limit of power output 
is determined by the temperature rise of 
Tr 58 and Tr 59 and this in tum is effected 
by the efficiency of the heat sinking. 
The output amplifier as constructed 
relies on the 7% x 43.4 x 2in aluminium 
die-cast screening box for heat sinking 
and this has proved to be effective, with 
a collector supply of 20V, during con
tinued operation over an 18 nionth 
period. However, for continuous opera-

Fig. 11. Circuit diagram for the 
transmitter power amplifier. Nominal 
values R227, R 229 and R 232 may require 
adjustment. 
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software very carefully in order to ensure 
that no unwanted changes will be made. In 
practice it would be just as quick to alter the 
program one item at a time using ALT. 
7. Both the monitor and BURP are very 
particular about the format of entries, in 
particular the placing of "spaces". A v.d.u. 
cursor would be helpful, since without it one 
can often be uncertain as to whether or not a 
space has -been typed after the last character, 
although it would probably be less frust
rating if there was a little more flexibility of 
input data. 
8. From my personal point of view, the 
greatest limitations of the firmware relate to 
the BASIC facilities available. In order to be 
appropriate for complex scientific purposes, 
a more sophisticated version of BASIC would 
be highly desirable. BURP is very limited in 
terms of number. of program lines, number 
and format of variables and flexibility of 
statements. To keep the situation In per
spective, it must be realised that the use of 
the MM57109 has enabled a 2K BASIC inter
preter to be written which would put any Z80 
2K BASIC to shame. I am merely suggesting 
that the addition of an extra IK or 2K of 
interpreter could result in a BASIC far more 
powerful than many 8K versions available. 
Q. Finally, I am sure that Mr Adams would be 
the first to agree that prospective construc
tors must realise that his design is specifically 
orientated towards scientific usage. A person 
whose main interests were in games, busi
ness use or control applications would be far 
better advised to look to one of the many 
straightforward Z80 designs available. 

Having been critical, may I finish on a 
·constructive note. I am at present engaged in 
writing a somewhat extended interpreter for 
this design, in order to overcome some of the 
limitations outlined above. Assuming that 
this comes up to expectations I hope to be 
able to make it available to constructors of 
this design in the foreseeable future. 

John R. Whittington 
North Harrow 
Middlesex · 

WHAT'S WRON G 
WITH TELETEXT 
The attitude taken by BREMA towards the 
future of teletext is an excellent example of 
the lack of initiative that contributes to the 
present malaise of the UK radio and televi
sion industry (news, July issue, p. 61). 

It is very easy to snipe at the general public 
for ignoring teletext without really looking 
into the reasons why the service has never 
captured the interest of the so-called 'man in 
the street'. The reason is, in a word, igno
rance. I mean that not in a derogatory sense, 
but simply that where technical innovations 
in the electronics field are concerned few 
people outside the industry can grasp just 
what is happening. 

It was clearly shown last year when the 
radio wavelength changes took place that 
few people had any idea what the v .h.f. radio 
service was, or that it even existed. This was 
after the service had been in existence for 
over 20years. It is also a fact that "stereo" is a 
misunderstood word. A "stereo" has come to 
mean almost anything that plays 
gramophone records whilst a "cassette" is a 
system which plays tapes, either stereo or 
mono. Against this background we are now 
expecting the public to accept that their 
television sets can be made to produce pages 

of information which they can select at will 
and see in colour. It is beyond the bounds of 
comprehension of most people, who prob
~bl.y think it is something from "Star Wars". 

The UK broadcasting organisations were 
the first in the world to initiate this service, 
on a limited budget. Here was an opportunity 
for BREMA to lead the world, but what 
happened? Virtually nothing; the publicity · 
behind the teletext sets was almost non
existent. It was left to an American company 
to provide the electronics for the decoder 
circuits. 

The second generation of decoders is lar
gely due to the financial resources of a Dutch 
company and yet BREMA, which held almost 
all the cards in the beginning, is now com
plaining that nobody wants to know, and 
uses the general public as a scapegoat. 

·Almost every home in Britain has 
the apparatus for demonstrating teletext, so 
why don't the BBC and IBA show teletext 
pages during the course of normal service to 
create interest* . A few sample pages of 
sports information shown during Grand
stand would be great publicity. From the 
manufacturers' point of view perhaps they 
are asking too much to expect people to buy . 
new sets when only a short while ago they 
may have purchased a new colour set. A 
teletext conversion unit that plugs into the 
aerial socket may have some technical 
hang-ups but it might be a more interesting 
alternative to up-date the existing set rather 
than go to the expense of a new one. A design 
of set could be produced whereby a teletext 
module can be plugged in at some future date 
when the viewer can afford it, thus splitting 
the financial outlay. 

The potential is still there and so are the 
customers, so now is the time for the broad
casting organisations and the manufacturers 
to get together and discuss how, for their 
mutual benefit, they can expand and pro- . 
mote the service. Just give someone a 
teletext set to play with and you will find that 
he will soon realise its potential. 

Now about Prestel .... 
Mike Hutchinson 
King's Lynn 
Norfolk 

• They have done occasionally.- Ed 

CITIZENS' BAND FOR THE 
INFIRM ON LY? 
Much has been said for and against c. b. radio, 
in the UK, for a long time now. I have studied 
the question and find more facts in favour 
than against. As a paid up member of the 
RSGB, may I say I am not one of the short
sighted members that can't see the vast good 
that c.b. radio could do in the UK, but it must 
be in the hands of those who really do need it, 
i.e. the infir~ and disabled only. 

Many of these people cannot take the 
Radio Amateurs Examination, for many 
reasons, and some, given a test paper to do, 
would just break down. I go along with J . 
Berry of Bristol (June letters)when he says 
that far too many of the radio amateurs in the 
RSG B are feeling far too high and mighty just 
because they have a licence. Many amateurs 
look down on the S.W.L. or on those that 
can't for some reason pass the examination. 
As for pirates, there are many in clubs under 
the umbrella of the RSG B, I'm sorry to say. 
Alf Brimming 
Lawrence Weston 
Bristol 
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VICTORI AN 
M ICROWAVES 
The article "Victorian microwaves" in the 
September issue illustrates a point I am 
repeatedly making to our more youthful 
engineers and which is very aptly covered in 
the second paragraph of the article. 

In my case I have frequently used as an 
illustration of the point that "there is nothing 
new under the sun" an incident which I 
experienced as a lecturer at RAF Radar 
School, Yatesbury, during the War (at a time 
when microwaves were regarded as the new 
magic). On one occasion I idly picked up a 
book in the instructors' common room in 
which was reported demonstrations of Hert
zian waves showing their analogous behavi
our with visible radiation. The demonstra

. tions were such that the Hertzian waves had 
to be in the very short wave region - e.g. 
microwaves. 

The book turned out to be a record of one 
of the annual children's Christmas lectures 
given by the Royal Society in 1894 and 
published in 1896. So much for microwaves 
being "invented" just before the last war! 
L. Taylor 
Dartford 
Kent 

CONSULTATI ON FO.R 
SPECTRUM USE 
I refer to the very interesting letter by Mr Bob 
Eldridge in the December 1978 issue about 
the activities of the Canadian Radio Tech
nical Planning Board. 

In Australia, commercial television and 
other int~rests were invited to partici
pate in discussions leading to the prepara
tion of the Australian brief for W ARC 79 
and the Federation of Australian Commercial 
Television Stations (FACTS) has been an 
active participant. Our represep.tatipn on the 
Australian preparatory group and its sub
committees handling matters of concern to 
the television industry has been through 
members of the FACTS engineering com
mittee. FACTS is a booy which parallels the 
National Association of Broadcasters in the 
United States as a secretariat maintained by 
commercial television stations to further the 
interests of members in areas of concern to 
the industry as a whole. 

Whilst we seem to have had some success 
in our representations concerning the prepa
ration of the Australian draft for WARC 7f!., 
we have on the other hand been endea
vouring, without much success, to foster the 
creation of an industry consultative commit
tee which would be "the working interface 
representing all users of the radio spectrum 
and suppliers of radio equipment" in exactly 
the manner achieved with the Canadian 
Radio Technical Planning Board. 

It would therefore be most helpful to us if 
Mr Eldridge could supply further information 
concerning the guidelines/constitution/or 
terms of reference under which the Canadian 
Radio Technical Planning Board operates. 
This would be most useful in furthering our 
efforts to set up what we have called the 
Broadcasting Industry Consultative Com
mittee as an interface between users and the 
government departments, as regulating aut
horities in the radio and television field. 
Murray Stevenson 
Secretary, FACTS Engineering Committee 
Sydney 
Australia 
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Two-metre s.s.b. and f .m. 
transceiver-3 

Transmitter amplifier, control ci rcuits and ~onstructi o n a l details 

SO FAR THIS article has described the 
generation units for s.s.b. and f.m., the 
squelch unit, and the converters for the 
transmitter and receiver sections of the 
two-metre transceiver. This third part 
completes the design with the trans
mitter power amplifier, s.s .b . filter 
switching circuit and the control. 
circuits. The author's constructional 
details are also given. 

Transmitter power amplifier 
Figure 11 shows the circuit of the out
put power amplifier. This is constructed 
on a copper clad board measuring 7 x 
4in with all components hard wired, and 
power and bias r.f.cs. and associated 
components supported on 1 ,OOOpF 
soldered-in feed-through capacitors. 
Because of the s.s.b. requirement, all 
stages must operate in a linear manner 
in Class AB, and the necessary forward 

· bias for each transistor is supplied by 
the base "bleed" chains R226, R227, R228• 

R229, R231 and R232• Additional thermal 
stabilization of the base voltages of Tr 58 
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and Tr59 is provided by the clamp diodes 
D33 and D34• 

Any semiconductor r .f. power 
. amplifier operating in a linear manner is 

much more prone to instability than an 
equivalent Class C amplifier. This par
ticularly applies where there is a high 
power gain. Instability may occur for a 
number of reasons. Parasitic oscilla
tions may appear near the signal 
frequency, or parametric oscillations 
may arise due to the varactor action of 
the collector-base or emitter- base 
diodes of the transistor. Both of these 
oscillations generally occur at frequen
cies between 1 and 1 OMHz. Oscillation 
could also be caused by external or 
internal feedback. As an additional pre
caution to ensure the maximum 
stability of the amplifier, all sensitive 
points are triple-by-passed to v.h.f., h.f. 
and audio frequencies. The extra cost 
of these components is of small import
ance, compared with the replacement 
cost due to premature failure of an r.f. 
power transistor. 

The collector voltage for Tr 58 and Tr 59 
may be connected to the common + 12V 
rail and this would be convenient where 
the power source was a 12V accumula
tor. This would give an output power 

from Tr59 of approximately 12W p.e.p. 
However, if a higher voltage power 
supply is available this will give a 
greater power output, together with 
improved linearity. Advantage can be 
taken of the Motorola 2N5641 and 
2N5642 ratings of V cEo 35V and V cs 
65V. These transistors will give reliable 
service for s.s.b. and f.m. modulation 
with a · collector supply of 28V, and 
under these conditions the 2N5642 is 
rated at 20W power output. 

In practice the limit of power output 
is determined by the temperature rise of 
Tr 58 and Tr 59 and this in tum is effected 
by the efficiency of the heat sinking. 
The output amplifier as constructed 
relies on the 7% x 43.4 x 2in aluminium 
die-cast screening box for heat sinking 
and this has proved to be effective, with 
a collector supply of 20V, during con
tinued operation over an 18 nionth 
period. However, for continuous opera-

Fig. 11. Circuit diagram for the 
transmitter power amplifier. Nominal 
values R227, R 229 and R 232 may require 
adjustment. 
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Fig. 12. Circuit diagram showing the 
method of filter switching. 

tion with a 28V supply the heat sinking 
would have to be improved. 

The wired links between the feed
through capacitors c228• c289• c303 and 
C314 are removed to allow a milliam
meter to be connected in circuit. It is 
necessary to be able to measure the · 
collector current of each stage 
separately, while adjusting the final 
value of R227, R229 and R232 to obtairi the 
specified zero signal collector current 
for each transistor. 

L53 , L57 and L61 are tuned by air
spaced pre-set capacitors and due to the 
low Q of the resonant circuit will hold 
setting across the required 144 to 
146MHz band. However the output 
circuits are effected by the impedance 
and reactance of the aerial load, and to 
allow necessary adjustment c310 "power 
amplifier" and C3iz "loading" are air 
spaced variable capacitors brought out 
to panel operated control knobs. 

It is quite easy when using a trimming 
. tool to momentarily short circuit the 
pre-set capacitors associated wi~h the 
collector circuits. This would be disast
rous to the following transistors, and as 
a safety precaution blocking capacitors 
c292 ahd c302 are included in the circuit. 

S.s.b. filter switching 

Figure 12 is a simplified circuit diagram 
showing the method of filter switching. 
The transmit-receive function of the· 
s.s.b. generator unit (Fig. 2) is controlled 
by switching the + 12V supply to the 
appropriate audio and i.f. stages. 

On receive, the 12V supply through L6 
and L11 causes the switchinz di':>~es D10 
and 0 15 to conduct and prud:lc .1 l0w 
impedance path for the incoming 
10.7MHz signal from the receive con
verter unit. Diodes D 1 and D 14 in a 
non-conducting state offer a high 
impedance barrier to the transmit units. 

On transmit the 12V supply through 
L1 and L10 causes the switching diodes 
0 1 and D14 to conduct, and provide a 
low impedance path for the outgoing 
10.7MHz signal from the transmitter i.f. 
section. Diodes D10 and D15 in a non
conducting state offer a high impedance 
barrier to the receive units. 

Capacitors C44 and C45 isolate the 
filter from the d.c. switching potential 
while R30 and R31 provide the manufac
turers specified input and output resis
tive load. R3 and R32 provide a d.c. path 
for the diode forward current flow. 

The control circuits 
Figure 13 shows the circuit connections 
to the control relays. Both relays have 
energising coils suitable for a 12V sup
ply and are controlled by a single pole 
press-to-talk switch - in the authors 
case, a bell-push screwed to a wood base 
8 x 4 x lhin and operated by foot 
pressure. The two-pole change-over 
relay switches the 12V power supply to 
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either the receiver or transmitter units. 
The four-pole change-over relay con
trols the aerial switching and connects 
the transceiver coaxial AE input socket 
to either the receiver converter Unit, or 
the transmitter power amplifier and 
converter unit. To reduce the contact 
resistance and increase the current car
rying capability, poles 9 and 15 and the 
associated contacts are wired in paral-

. lei. Pole 6 and contact 7 short circuit the 
receive converter input when the relay 

~ @ ~ 0 

'----v---1 '----v--J 
Foot switch Loudspeaker 

Fig. 13. Control relay and terminal 
block connections. 

ts m the transmit position. This is a 
worthwhile precaution to protect the 
m.o~s.f.e.t. r.f. amplifier from stray in
duced r.f. 

All necessary external connections 
(other than the aerial) are taken to an 
eight-way terminal block mounted on 
the chassis rear apron, as shown. 
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Fig. 15. Power amplifier layout, 
showing double-sided copper clad 
board supported on stand-off pillars in. 
7~ X 4% in die-cast screening box. All 
components not shown are wired on 
the underside of the board. c310 and 
C312 ·are supported by an aluminium 
bracket bolted to the board. 

Construction 
All units are constructed on double
sided epoxy-glass copper clad board and 
with the exception of the r.f. power 
amplifier all component assembly is on 
printed circuit boards. 

It is necessary to fully screen the 
phase-lock unit, transmit converter 
unit, transmit power amplifier and the 
v.f.o. unit but the p.c.bs. for all other 
units need only to be mounted on %in 
high 6BA stand-off pillars. While the 
transceiver will operate from a 12V 
battery in a car, it was designed pri
marily for main station use so no 
attempt was made at miniaturization 
The overall size of the cabinet is largely 
a matter for individual choice but in 
practice it will be determined partly by 
the size of the reduction gear box and 
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the tuning dial to be used. In the authors 
case the cabinet was made larger than is 
strictly necessary_ to leave space for 
future 70cm Band transmit and receive 
converter units. 

The complete transceiver, which 
neasures 153.4 X 71ft X 11in deep, has 
front and back panels constructed from 
10 s.w.g. aluminium. These are con
nected by four horizon tal bars of Vzin 
square section aluminium 103Ain long 
with the ends drilled and tapped 2BA. 

. The . panels are fixed to the bars by 
countersunk-head lfzin by 2BA nickle
plated machine screws. The L-section 
support rails of% x %in by 16 s.w.g. 
aluminium 15%in long are bolted to the 
front and back panel so as to support a 
platform 15% x 103Ain of 14 s.w.g. 
aluminium 2in above the bottom edge. 
The platform is further stiffened by two 
L-section edges with 6BA machine 
screws and nuts. To form a complete 
caoinet, top, bottom and side panels of 
16 s.w.g. aluminium are fitted to the 
chassis with 4BA screws tapped into the 
square section bars. . 

It was considered of importance to 
have all units, wherever possible, 
accessible for voltage checks, final 
alignment and adjustment. Accor-
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~ Fig. 14. V.f.o. layout showing the 
die-cast box bolted to the side of the 
worm-drive gearbox and supporting 
C222• L32> C21g, C220 and the low pass 
filter components are in the 18 s.w.g. 
box underneath. The hole above C 220 is 
clearance for a trimming tool. 

Threequarter view of the .transceiver 
showing the chassis assembly 

dingly, "layer" or "side-by-side" layout 
has been avoided. The s.s.b. generator 
p.c.b. and transmit power amplifier in its 
die-cast box are mounted vertically on 
the rear panel. All other units are 
mounted horizontally, with the trans
mit converter in its screening box and 
the v.f.o. unit on top of the platform. 
The phase-lock loop in its screening 
box, together with the v.c.o amplifier 
p.c.b., f.m. generator p.c.b., receive con
verter p.c.b. and the two change-over 
relays are mounted under the platform. 
The general method of assembly can 
clearly be seen from the photographs. 

With all double-sided p.c.bs., the top 
side of the board is used as a ground 
plane, the underside being etched to 
form the circuit ·interconnections. De
soldering and removal of faulty com
ponents can present problems where 
certain pin connections are through the 
board, and other connections are 
directly to the ground plane, so all two 
pin components - such as resistors and 
capacitors - have the chassis earth 
connection soldered directly to the top 
copper foil ground plane. With multi
pin components all connecting pins go 
through the board, and where necessary 
into an etched earthing lug in the bot
tom copper foil. This is electrically con
nected to the ground plane by a 24 s. w .g. 
tinned copper-wire link. 

All component mounting holes must 
have the copper of the top ground plane 
removed by lightly countersinking the 
hole with a 4BA twist drill. This is best 
undertaken by hand. This also applies to 
the unused pins of IC3 and IC4 because 
these will be internally connected and 
"live". 

For the power amplifier, where nor
mal point-to-point wiring is adopted, 
and both sides are used as chassis earth 
returns, the top ground plane is con
nected to the underside copper plate by . 
soldering 24 s.w.g. tinned copper-wire U · 
links, spaced approximately l 1hin apart, 
along each edge. 
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Fig. 12. Circuit diagram showing the 
method of filter switching. 

tion with a 28V supply the heat sinking 
would have to be improved. 

The wired links between the feed
through capacitors c228• c289• c303 and 
C314 are removed to allow a milliam
meter to be connected in circuit. It is 
necessary to be able to measure the · 
collector current of each stage 
separately, while adjusting the final 
value of R227, R229 and R232 to obtairi the 
specified zero signal collector current 
for each transistor. 

L53 , L57 and L61 are tuned by air
spaced pre-set capacitors and due to the 
low Q of the resonant circuit will hold 
setting across the required 144 to 
146MHz band. However the output 
circuits are effected by the impedance 
and reactance of the aerial load, and to 
allow necessary adjustment c310 "power 
amplifier" and C3iz "loading" are air 
spaced variable capacitors brought out 
to panel operated control knobs. 

It is quite easy when using a trimming 
. tool to momentarily short circuit the 
pre-set capacitors associated wi~h the 
collector circuits. This would be disast
rous to the following transistors, and as 
a safety precaution blocking capacitors 
c292 ahd c302 are included in the circuit. 

S.s.b. filter switching 

Figure 12 is a simplified circuit diagram 
showing the method of filter switching. 
The transmit-receive function of the· 
s.s.b. generator unit (Fig. 2) is controlled 
by switching the + 12V supply to the 
appropriate audio and i.f. stages. 

On receive, the 12V supply through L6 
and L11 causes the switchinz di':>~es D10 
and 0 15 to conduct and prud:lc .1 l0w 
impedance path for the incoming 
10.7MHz signal from the receive con
verter unit. Diodes D 1 and D 14 in a 
non-conducting state offer a high 
impedance barrier to the transmit units. 

On transmit the 12V supply through 
L1 and L10 causes the switching diodes 
0 1 and D14 to conduct, and provide a 
low impedance path for the outgoing 
10.7MHz signal from the transmitter i.f. 
section. Diodes D10 and D15 in a non
conducting state offer a high impedance 
barrier to the receive units. 

Capacitors C44 and C45 isolate the 
filter from the d.c. switching potential 
while R30 and R31 provide the manufac
turers specified input and output resis
tive load. R3 and R32 provide a d.c. path 
for the diode forward current flow. 

The control circuits 
Figure 13 shows the circuit connections 
to the control relays. Both relays have 
energising coils suitable for a 12V sup
ply and are controlled by a single pole 
press-to-talk switch - in the authors 
case, a bell-push screwed to a wood base 
8 x 4 x lhin and operated by foot 
pressure. The two-pole change-over 
relay switches the 12V power supply to 
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either the receiver or transmitter units. 
The four-pole change-over relay con
trols the aerial switching and connects 
the transceiver coaxial AE input socket 
to either the receiver converter Unit, or 
the transmitter power amplifier and 
converter unit. To reduce the contact 
resistance and increase the current car
rying capability, poles 9 and 15 and the 
associated contacts are wired in paral-

. lei. Pole 6 and contact 7 short circuit the 
receive converter input when the relay 

~ @ ~ 0 

'----v---1 '----v--J 
Foot switch Loudspeaker 

Fig. 13. Control relay and terminal 
block connections. 

ts m the transmit position. This is a 
worthwhile precaution to protect the 
m.o~s.f.e.t. r.f. amplifier from stray in
duced r.f. 

All necessary external connections 
(other than the aerial) are taken to an 
eight-way terminal block mounted on 
the chassis rear apron, as shown. 
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Fig. 15. Power amplifier layout, 
showing double-sided copper clad 
board supported on stand-off pillars in. 
7~ X 4% in die-cast screening box. All 
components not shown are wired on 
the underside of the board. c310 and 
C312 ·are supported by an aluminium 
bracket bolted to the board. 

Construction 
All units are constructed on double
sided epoxy-glass copper clad board and 
with the exception of the r.f. power 
amplifier all component assembly is on 
printed circuit boards. 

It is necessary to fully screen the 
phase-lock unit, transmit converter 
unit, transmit power amplifier and the 
v.f.o. unit but the p.c.bs. for all other 
units need only to be mounted on %in 
high 6BA stand-off pillars. While the 
transceiver will operate from a 12V 
battery in a car, it was designed pri
marily for main station use so no 
attempt was made at miniaturization 
The overall size of the cabinet is largely 
a matter for individual choice but in 
practice it will be determined partly by 
the size of the reduction gear box and 
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the tuning dial to be used. In the authors 
case the cabinet was made larger than is 
strictly necessary_ to leave space for 
future 70cm Band transmit and receive 
converter units. 

The complete transceiver, which 
neasures 153.4 X 71ft X 11in deep, has 
front and back panels constructed from 
10 s.w.g. aluminium. These are con
nected by four horizon tal bars of Vzin 
square section aluminium 103Ain long 
with the ends drilled and tapped 2BA. 

. The . panels are fixed to the bars by 
countersunk-head lfzin by 2BA nickle
plated machine screws. The L-section 
support rails of% x %in by 16 s.w.g. 
aluminium 15%in long are bolted to the 
front and back panel so as to support a 
platform 15% x 103Ain of 14 s.w.g. 
aluminium 2in above the bottom edge. 
The platform is further stiffened by two 
L-section edges with 6BA machine 
screws and nuts. To form a complete 
caoinet, top, bottom and side panels of 
16 s.w.g. aluminium are fitted to the 
chassis with 4BA screws tapped into the 
square section bars. . 

It was considered of importance to 
have all units, wherever possible, 
accessible for voltage checks, final 
alignment and adjustment. Accor-
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~ Fig. 14. V.f.o. layout showing the 
die-cast box bolted to the side of the 
worm-drive gearbox and supporting 
C222• L32> C21g, C220 and the low pass 
filter components are in the 18 s.w.g. 
box underneath. The hole above C 220 is 
clearance for a trimming tool. 

Threequarter view of the .transceiver 
showing the chassis assembly 

dingly, "layer" or "side-by-side" layout 
has been avoided. The s.s.b. generator 
p.c.b. and transmit power amplifier in its 
die-cast box are mounted vertically on 
the rear panel. All other units are 
mounted horizontally, with the trans
mit converter in its screening box and 
the v.f.o. unit on top of the platform. 
The phase-lock loop in its screening 
box, together with the v.c.o amplifier 
p.c.b., f.m. generator p.c.b., receive con
verter p.c.b. and the two change-over 
relays are mounted under the platform. 
The general method of assembly can 
clearly be seen from the photographs. 

With all double-sided p.c.bs., the top 
side of the board is used as a ground 
plane, the underside being etched to 
form the circuit ·interconnections. De
soldering and removal of faulty com
ponents can present problems where 
certain pin connections are through the 
board, and other connections are 
directly to the ground plane, so all two 
pin components - such as resistors and 
capacitors - have the chassis earth 
connection soldered directly to the top 
copper foil ground plane. With multi
pin components all connecting pins go 
through the board, and where necessary 
into an etched earthing lug in the bot
tom copper foil. This is electrically con
nected to the ground plane by a 24 s. w .g. 
tinned copper-wire link. 

All component mounting holes must 
have the copper of the top ground plane 
removed by lightly countersinking the 
hole with a 4BA twist drill. This is best 
undertaken by hand. This also applies to 
the unused pins of IC3 and IC4 because 
these will be internally connected and 
"live". 

For the power amplifier, where nor
mal point-to-point wiring is adopted, 
and both sides are used as chassis earth 
returns, the top ground plane is con
nected to the underside copper plate by . 
soldering 24 s.w.g. tinned copper-wire U · 
links, spaced approximately l 1hin apart, 
along each edge. 
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The perlormance of the v.f.o. is de
pendent not only on the electrical 
stability but also on the mechanical 
stability of the unit. A recommended 
method of supporting the tuning 
capacitor C222 is to use a 31.4 x 3% x 2in 
by 10 s.w.g. rigid die-cast aluminium 
box, with the end bolted directly to the 
reduction drive gear assembly. A 
second box of 18 s.w.g. aluminium or 
tinned steel plate 5%, X 31/2 X 11/lin can 
be bolted to the die-cast box with the 
two bottoms adjacent. The variable 
tuning capacitor should be the two 
bearing type and this can be supported 
in the top box. The remaining com
ponents L 32, .C219, C220 and the p.c.b., 
together with the low-pass filter in a 
screened-off section, can be supported 
in the bottom box. A suitable layout, as 
used by the author, is shown in Fig. 14. 

For good v.f.o. stability it is most 
important that the coil L 32 can be ad
justed initially to the precise inductance 
value required and that it will hold its 
setting over a long period of time. The 
dust core should be held in position by a 
screwed brass rod, running through the 
mounting bush of the coil former, and 
capable of being locked in position by 
either a spring-loaded clutch, or altern
atively a locking nut, so that there is 
neither end or side float of the core 
within the winding. The former used by 
the Author is a baked paper type 2Vsin 
long by %in diameter. (As used in the 
coil pack of the surplus Marconi CR100 
receiver). Winding should be put on 
under tension, and then thoroughly 
doped with coil cement (polystyrene rC?d 
dissolved in Benzene). 

Temperature compensation is pro
vided by C219• This is a tubular ceramic 
with a specification of N750M (negative 
750 parts per million) supported by the 
coil connecting tags, and positioned so 
that its length is pressing against the 
winding. Although a nominal value of 
27pF has been specified, in practice the 
actual value needed for full compensa
tion will have to be determined by ex
periment. 

Power amplifier unit and drive shafts 
to the panel tuning and loading 
controls 

Copper-clad board 

Die-cast screening box 

Section drawing showing assembly detail 

A - Tapped 6 BA 

B- 24 drill diameter (1g.t) 
Material: aluminium Quantity: 2off 

Fig. 16. The power amplifier heat-sink 
spacers. If Tr

227 
and Tr

228 
have 4 BA 

studs, a size 25 drill is recommended. 

One advantage of a Colpitts parallel
tuned v.f.o. is that a tuning capacitor · 
With semi-circular rotor plates will give 
a roughly linear dial calibration. The 
actual departure from linearity is a 
small progressive reduction of angular 
rotation per 100kHz as the circuit is 
tuned higher in frequency. In the aut
hors transceiver the linearity has been 
improved so that the dial calibration is 
correct within ± 1kHz right across the 
tuning range, by slightly re-shaping the 
rotor by judicious use of a hand file. 

The calibrated timing dial can be seen 
clearly in the cha,ssis photographs. This 
is made in a simple manner by cut
ting a piece of 20 s.w.g. aluminium 9 X 

1 Vzin, and cementing it with Araldite to 
the rim of a standard 4Vzin diameter 
cord drive drum (Jackson Part No. 4029 
or similar). The calibrated scale is hand 
printed with Indian ink on a piece of 
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glazed drawing paper 8% X 1 %:in held in 
position by self-adhesive tape along 
either end. This enables the calibration 
points to be initially marked up in pencil 
and the paper scale removed for final 
hand printing, without upsetting the 
alignment by removing the drum from 
the gear box drive shaft. 

Layout of the Power Amplifier is 
shown in Fig. 15. All components are 
assembled on a double-sided copper
clad epoxy glass board 7 X 4in. As both 
top and bottom surfaces are used as 
ground planes they are electrically con
nected together by twelve 24 s.w.g. 
tinned copper-wire u links, as pre
viously described - four along each 
long edge, and two along each short 
edge. Three cross screens 4 X 1 V.in cut 
from copper clad board are soldered to 
the top ground plane to provide inter
stage screening. Each screen has a small 
slot cut into the bottom edge with a 
square section file before soldering into 
position. This is necessary to clear the 
transistor base connection. 

Tr57 is bolted directly to the copper 
clad board and this provides adequate 
heat sinking. Tr 58 and Tr 59 are bolted 
through the board and through the 
aluminium heat sink spacer. Each 
spacer is held in firm contact with the 
7% x 4% x 2in die cast screening box by 
6BA machine screws through clearance 
holes previously drilled in the appro
priate position. 

The aim is to effect the maxim urn 
heat transfer from the shank of the 
transistor to the die cast box, and it is 
important to ensure that all contact 
surfaces are free from burs and are 
perlectly flat. For heat sink spacer de
tails, see Fig. 16. 

The screening box is mounted verti
cally and bolted to the chassis platform 
with four6BA machine screws and nuts. 
To avoid circulating r.f. currents, the 
top rear end of the box is electrica:Ily 
"bonded" to the chassis rear panel with 
an aluminium strip 2% x 2in bent up 90 
degrees for 1.4in at the narrow end, and 
held in position with four 6BA machine 
screws and nuts. Drive shafts from the 
panel control knobs to C310 and C312 are · 
coupled by Eddystone type 893 insu
lated shaft coupler, or similar. 

Figure 17 shows the layout of the 
phase-lock unit. All d.c. connections are 
taken through l,OOOpF nut fixing feed
through capacitors mounted through 
the walls and the internal screen of the 
7¥2 x 5% x IVzin aluminium screening 
box. These are C200 , C206, C203, C204 and 
C193 in the circuit diagram. The l.e.d. 
indicator is mounted externally and 
supported on c203 artd c2()4' If a position 
external to the chassis is preferred, 
suitable panel mounting l.e.ds are 
available. The MC7805 regulator for the 
5V supply to the phase detector and 
loop filter p.c.b. is mounted ort a small 
aluminium bracket, held in position by 
the 6BA support pillars at the IC4 end of• 
the p.c.b. 

The "S" meter zero setting potert-
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Fig. 17. Layout of the phase-lock v.c.o. 
unit, showing the 18 s. w.g. aluminium 
screening box with internal screen and 
position of the feed-through capacitors. 
Heat sink for the MC7805 regulator is 
provided by the 2 X 1 ~ X * in 
L-shaped support bracket. The p.c.bs 
are mounted on %in 6BA pillars. 

tiometer R63 and the + 12V feed resistor 
R62 are assembled on a small paxolin 
panel 114in by lin -supported by the 
square section aluminium rail - bet
ween the front panel and the end of the 

Power amplifier 
Resistors 
(all ± 1 0% V2W unless otherwise stated) 
226,228,231 
227 
229 
232 
230 
.233 

Capacitors 
283. 284, 290, 
291,300,301 
310,312 
285, 288, 289, 
293, 294, 298, 
303, 304, 308, 
314 

286, 295, 299. 
305, 309 
287, 296 
292,302 
297,307,313 
306 
311 

Transistors 
57 
58 
59 

. Diodes 
33,34 

22 
150 + 150 1W 

150 + 100 + 10 1 w 
150 + 100 1W 

100 
27 

25p air-spaced trimmer 
30p air-spaced variable 

1, OOOp solder-in feed 
through 

1 DOn polyester 20% 
3 2J.& 18V electrolytic 
1 On polyester 20% 
321-' 50V electrolytic 
1 001-1 1 8V electrolytic 
33p silvered mica · 

PT4176B or 2N5641 
2N5641 Motorola 
2N5642 Motorola 

1N914 

·s.s.b. generator p.c.b. Terminal posts 
and test points can be provided by using 
the usual p.c.b. tapered wiring pins. 
However, because of the danger -
when making the top connections - of 
solder running down the pin and shor
ting across to the ground plane, the 
author prefers to use Oxley "Barb" 
insulators Type 093/20P. These have a 
p.t.f.e. lipped bush which ensures firm 
mounting in the p.c.b., and also affords 
an effective barrier to molten solder. 
The connecting post of the bush is 
soldered to the underside p.c. b. track 
with a wire link. 

Components list 
Inductors 
53, 57, 61,64 

66 

54,56,58,60 
62, 65 

55, 59, 63 

2t 18 s.w.g. enamel 1/.lin 
inside diameter, spaced 
wire diameter 
3t 18 s.w .g. enamel 1/.lin 
inside diameter, spaced to 
V2in long 

2V2t 24 s.w.g. enamel on 
FX1115 bead 
5t 20 s.w.g. enamel 1.4in 
inside diameter, close 
wound, self supporting 

Main chassis .:..... miscellaneous 

2 

2 pole cha_ngeover, 185 
ohm coil, .type G2 I 18 
M.D. Ltd (alternative 
Radio Spares type 40) 
4 pole changeover. 185 
ohm coil, Radio Spares 
type 44 

Terminal block, feed-through type, Belling-Lee 
L1409 - . 
1 in diameter control knobs, ?off 
Chassis mounttng sockets, Belling-Lee L604/ 
S. 2 off 
Aluminium screening boxes:-
7V2 X 5V2 X 1 V2in, 18 s.w.g . 
514 X 23.4 X 1 V2in, 18 s.w.g. 
73/s X 4% X 2in, die-cast 
V.f.o. screening boxes as required 

V.f.o. Unit- miscellaneous . 
Chassis mounting socket. Belling-Lee 
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Corrections to Part I. 
The second terminal (bottom left corner 
of Fig. 2, p44) should read "Signal input 
to FM generator unit," not from. C121 in 
Fig. 3, p46, is not an electrolytic, as the 
drawing wrongly shows. The label for 

~ transistor, Tr24, in Fig. 3, should be 
2N3819 as the symbol indicates, not 
BC108. A misalignment in the com
ponents list, p56, leaves doubt as to the 
value of capacitors, c73• cl25• cl27 and 
C143• These should be IOOpF polystyrene 
5%. The wiper on S1a is shown incor
rectly connected to + 12V TX. This 
should be connected to + 12V COM
MON. 

Corrections to Part 2. 
Capacitor C219 should be type N750M 
not N750K as shown in the Parts list. 
Caption with Fig. 6 should read ..... 
133.3 to 135.3MHz (not 134.3MHz). End 
of caption with Fig. 10 should read ..... 
Tr56 to be fitted with T0-5 clip-on heat 
sink . . ... (not Tr~). Resistors R223 and 
R~in this figure are ~hown in. correctly
as c~ and C2~ Parts hst - Resistors R

208 
and ~200 are 'Ilk and not 4k7 as s.hown; 
C251 IS a 5.6pF tubular ceramic; L

41 
sliould have a centre tap on the primary. 

This concludes the constructional de- · 
tails for the transceiver. The fourth and 
final part of this article will describe the 
alignment procedure for the finished 
equipment. 

Shaft coupler 
100: 1 ratio worm gear reduction drive unit 
4V2in diameter drum Jackson Cat. No . 4029 

Transmit converter unit - • 
miscellaneous · 
Heatsink, T0-5, clip-on type 

Further coil details 

The following component boards can be 
obtai ned from : 

Neosid Small Orders, · 
PO Box 86, Welwyn Garden City, 
Herts AL 7 1 AS. 

Screening can 
Base plate ,~ 

Coil former 
Screw core F29 

Printed circuit boards 

Cat. No. 622 
Cat. No . 610 
Cat. No. 240 
Cat. No. 504 

A set of ten double-sided glass fibre p .c.bs is 
available for £35.00 (inclusive of v.a .t. and 
UK post) from M. R. Sagin at 23 Keyes 
Road, London NW2. The boards are sup
plied roller tinned and drilled, and have all 
clearance areas etched in the ground plane. 
The ten boards accommodate a s.s .b. 
generator, f.m. generator, ·Rx converter, tx 
converter, crystal oscillator and mixer, 
phase detector and loop filter, squelch unit, 
v .f.o. circuit, v .c.o . circuit and v.c.o . 
amplifier. 
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The perlormance of the v.f.o. is de
pendent not only on the electrical 
stability but also on the mechanical 
stability of the unit. A recommended 
method of supporting the tuning 
capacitor C222 is to use a 31.4 x 3% x 2in 
by 10 s.w.g. rigid die-cast aluminium 
box, with the end bolted directly to the 
reduction drive gear assembly. A 
second box of 18 s.w.g. aluminium or 
tinned steel plate 5%, X 31/2 X 11/lin can 
be bolted to the die-cast box with the 
two bottoms adjacent. The variable 
tuning capacitor should be the two 
bearing type and this can be supported 
in the top box. The remaining com
ponents L 32, .C219, C220 and the p.c.b., 
together with the low-pass filter in a 
screened-off section, can be supported 
in the bottom box. A suitable layout, as 
used by the author, is shown in Fig. 14. 

For good v.f.o. stability it is most 
important that the coil L 32 can be ad
justed initially to the precise inductance 
value required and that it will hold its 
setting over a long period of time. The 
dust core should be held in position by a 
screwed brass rod, running through the 
mounting bush of the coil former, and 
capable of being locked in position by 
either a spring-loaded clutch, or altern
atively a locking nut, so that there is 
neither end or side float of the core 
within the winding. The former used by 
the Author is a baked paper type 2Vsin 
long by %in diameter. (As used in the 
coil pack of the surplus Marconi CR100 
receiver). Winding should be put on 
under tension, and then thoroughly 
doped with coil cement (polystyrene rC?d 
dissolved in Benzene). 

Temperature compensation is pro
vided by C219• This is a tubular ceramic 
with a specification of N750M (negative 
750 parts per million) supported by the 
coil connecting tags, and positioned so 
that its length is pressing against the 
winding. Although a nominal value of 
27pF has been specified, in practice the 
actual value needed for full compensa
tion will have to be determined by ex
periment. 

Power amplifier unit and drive shafts 
to the panel tuning and loading 
controls 

Copper-clad board 

Die-cast screening box 

Section drawing showing assembly detail 

A - Tapped 6 BA 

B- 24 drill diameter (1g.t) 
Material: aluminium Quantity: 2off 

Fig. 16. The power amplifier heat-sink 
spacers. If Tr

227 
and Tr

228 
have 4 BA 

studs, a size 25 drill is recommended. 

One advantage of a Colpitts parallel
tuned v.f.o. is that a tuning capacitor · 
With semi-circular rotor plates will give 
a roughly linear dial calibration. The 
actual departure from linearity is a 
small progressive reduction of angular 
rotation per 100kHz as the circuit is 
tuned higher in frequency. In the aut
hors transceiver the linearity has been 
improved so that the dial calibration is 
correct within ± 1kHz right across the 
tuning range, by slightly re-shaping the 
rotor by judicious use of a hand file. 

The calibrated timing dial can be seen 
clearly in the cha,ssis photographs. This 
is made in a simple manner by cut
ting a piece of 20 s.w.g. aluminium 9 X 

1 Vzin, and cementing it with Araldite to 
the rim of a standard 4Vzin diameter 
cord drive drum (Jackson Part No. 4029 
or similar). The calibrated scale is hand 
printed with Indian ink on a piece of 
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glazed drawing paper 8% X 1 %:in held in 
position by self-adhesive tape along 
either end. This enables the calibration 
points to be initially marked up in pencil 
and the paper scale removed for final 
hand printing, without upsetting the 
alignment by removing the drum from 
the gear box drive shaft. 

Layout of the Power Amplifier is 
shown in Fig. 15. All components are 
assembled on a double-sided copper
clad epoxy glass board 7 X 4in. As both 
top and bottom surfaces are used as 
ground planes they are electrically con
nected together by twelve 24 s.w.g. 
tinned copper-wire u links, as pre
viously described - four along each 
long edge, and two along each short 
edge. Three cross screens 4 X 1 V.in cut 
from copper clad board are soldered to 
the top ground plane to provide inter
stage screening. Each screen has a small 
slot cut into the bottom edge with a 
square section file before soldering into 
position. This is necessary to clear the 
transistor base connection. 

Tr57 is bolted directly to the copper 
clad board and this provides adequate 
heat sinking. Tr 58 and Tr 59 are bolted 
through the board and through the 
aluminium heat sink spacer. Each 
spacer is held in firm contact with the 
7% x 4% x 2in die cast screening box by 
6BA machine screws through clearance 
holes previously drilled in the appro
priate position. 

The aim is to effect the maxim urn 
heat transfer from the shank of the 
transistor to the die cast box, and it is 
important to ensure that all contact 
surfaces are free from burs and are 
perlectly flat. For heat sink spacer de
tails, see Fig. 16. 

The screening box is mounted verti
cally and bolted to the chassis platform 
with four6BA machine screws and nuts. 
To avoid circulating r.f. currents, the 
top rear end of the box is electrica:Ily 
"bonded" to the chassis rear panel with 
an aluminium strip 2% x 2in bent up 90 
degrees for 1.4in at the narrow end, and 
held in position with four 6BA machine 
screws and nuts. Drive shafts from the 
panel control knobs to C310 and C312 are · 
coupled by Eddystone type 893 insu
lated shaft coupler, or similar. 

Figure 17 shows the layout of the 
phase-lock unit. All d.c. connections are 
taken through l,OOOpF nut fixing feed
through capacitors mounted through 
the walls and the internal screen of the 
7¥2 x 5% x IVzin aluminium screening 
box. These are C200 , C206, C203, C204 and 
C193 in the circuit diagram. The l.e.d. 
indicator is mounted externally and 
supported on c203 artd c2()4' If a position 
external to the chassis is preferred, 
suitable panel mounting l.e.ds are 
available. The MC7805 regulator for the 
5V supply to the phase detector and 
loop filter p.c.b. is mounted ort a small 
aluminium bracket, held in position by 
the 6BA support pillars at the IC4 end of• 
the p.c.b. 

The "S" meter zero setting potert-
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D~-r<J:IIlJ+
LED--<:J::H:l:::H-

Output 

X switch 
RF' 
out 0 

~---63-5 -----1 .. ~1 
mm 

Switching lines 
to s2 

Scale: Half size 

Fig. 17. Layout of the phase-lock v.c.o. 
unit, showing the 18 s. w.g. aluminium 
screening box with internal screen and 
position of the feed-through capacitors. 
Heat sink for the MC7805 regulator is 
provided by the 2 X 1 ~ X * in 
L-shaped support bracket. The p.c.bs 
are mounted on %in 6BA pillars. 

tiometer R63 and the + 12V feed resistor 
R62 are assembled on a small paxolin 
panel 114in by lin -supported by the 
square section aluminium rail - bet
ween the front panel and the end of the 

Power amplifier 
Resistors 
(all ± 1 0% V2W unless otherwise stated) 
226,228,231 
227 
229 
232 
230 
.233 

Capacitors 
283. 284, 290, 
291,300,301 
310,312 
285, 288, 289, 
293, 294, 298, 
303, 304, 308, 
314 

286, 295, 299. 
305, 309 
287, 296 
292,302 
297,307,313 
306 
311 

Transistors 
57 
58 
59 

. Diodes 
33,34 

22 
150 + 150 1W 

150 + 100 + 10 1 w 
150 + 100 1W 

100 
27 

25p air-spaced trimmer 
30p air-spaced variable 

1, OOOp solder-in feed 
through 

1 DOn polyester 20% 
3 2J.& 18V electrolytic 
1 On polyester 20% 
321-' 50V electrolytic 
1 001-1 1 8V electrolytic 
33p silvered mica · 

PT4176B or 2N5641 
2N5641 Motorola 
2N5642 Motorola 

1N914 

·s.s.b. generator p.c.b. Terminal posts 
and test points can be provided by using 
the usual p.c.b. tapered wiring pins. 
However, because of the danger -
when making the top connections - of 
solder running down the pin and shor
ting across to the ground plane, the 
author prefers to use Oxley "Barb" 
insulators Type 093/20P. These have a 
p.t.f.e. lipped bush which ensures firm 
mounting in the p.c.b., and also affords 
an effective barrier to molten solder. 
The connecting post of the bush is 
soldered to the underside p.c. b. track 
with a wire link. 

Components list 
Inductors 
53, 57, 61,64 

66 

54,56,58,60 
62, 65 

55, 59, 63 

2t 18 s.w.g. enamel 1/.lin 
inside diameter, spaced 
wire diameter 
3t 18 s.w .g. enamel 1/.lin 
inside diameter, spaced to 
V2in long 

2V2t 24 s.w.g. enamel on 
FX1115 bead 
5t 20 s.w.g. enamel 1.4in 
inside diameter, close 
wound, self supporting 

Main chassis .:..... miscellaneous 

2 

2 pole cha_ngeover, 185 
ohm coil, .type G2 I 18 
M.D. Ltd (alternative 
Radio Spares type 40) 
4 pole changeover. 185 
ohm coil, Radio Spares 
type 44 

Terminal block, feed-through type, Belling-Lee 
L1409 - . 
1 in diameter control knobs, ?off 
Chassis mounttng sockets, Belling-Lee L604/ 
S. 2 off 
Aluminium screening boxes:-
7V2 X 5V2 X 1 V2in, 18 s.w.g . 
514 X 23.4 X 1 V2in, 18 s.w.g. 
73/s X 4% X 2in, die-cast 
V.f.o. screening boxes as required 

V.f.o. Unit- miscellaneous . 
Chassis mounting socket. Belling-Lee 
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Corrections to Part I. 
The second terminal (bottom left corner 
of Fig. 2, p44) should read "Signal input 
to FM generator unit," not from. C121 in 
Fig. 3, p46, is not an electrolytic, as the 
drawing wrongly shows. The label for 

~ transistor, Tr24, in Fig. 3, should be 
2N3819 as the symbol indicates, not 
BC108. A misalignment in the com
ponents list, p56, leaves doubt as to the 
value of capacitors, c73• cl25• cl27 and 
C143• These should be IOOpF polystyrene 
5%. The wiper on S1a is shown incor
rectly connected to + 12V TX. This 
should be connected to + 12V COM
MON. 

Corrections to Part 2. 
Capacitor C219 should be type N750M 
not N750K as shown in the Parts list. 
Caption with Fig. 6 should read ..... 
133.3 to 135.3MHz (not 134.3MHz). End 
of caption with Fig. 10 should read ..... 
Tr56 to be fitted with T0-5 clip-on heat 
sink . . ... (not Tr~). Resistors R223 and 
R~in this figure are ~hown in. correctly
as c~ and C2~ Parts hst - Resistors R

208 
and ~200 are 'Ilk and not 4k7 as s.hown; 
C251 IS a 5.6pF tubular ceramic; L

41 
sliould have a centre tap on the primary. 

This concludes the constructional de- · 
tails for the transceiver. The fourth and 
final part of this article will describe the 
alignment procedure for the finished 
equipment. 

Shaft coupler 
100: 1 ratio worm gear reduction drive unit 
4V2in diameter drum Jackson Cat. No . 4029 

Transmit converter unit - • 
miscellaneous · 
Heatsink, T0-5, clip-on type 

Further coil details 

The following component boards can be 
obtai ned from : 

Neosid Small Orders, · 
PO Box 86, Welwyn Garden City, 
Herts AL 7 1 AS. 

Screening can 
Base plate ,~ 

Coil former 
Screw core F29 

Printed circuit boards 

Cat. No. 622 
Cat. No . 610 
Cat. No. 240 
Cat. No. 504 

A set of ten double-sided glass fibre p .c.bs is 
available for £35.00 (inclusive of v.a .t. and 
UK post) from M. R. Sagin at 23 Keyes 
Road, London NW2. The boards are sup
plied roller tinned and drilled, and have all 
clearance areas etched in the ground plane. 
The ten boards accommodate a s.s .b. 
generator, f.m. generator, ·Rx converter, tx 
converter, crystal oscillator and mixer, 
phase detector and loop filter, squelch unit, 
v .f.o. circuit, v .c.o . circuit and v.c.o . 
amplifier. 
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Seven-segment I b.c.d. encoder 
Design procedure for a clock/ ca lculator chi p add-on unit 

.j. " 

'Calculator and clock chips are now so 
cheap that with the correct interfacing 
·they can become useful additions'to a 
microprocessor system, saving 
considerable programming and, indeed, 
processing time. It is this interfacing that . 
can be a problem because most l.s. i. 
calculator and clock chips are designed to 
directly drive seven-segment displays. 
This article, therefore, describes the 
1design of a practical 
seven-segment-to-b.c.d. encoder, which 
can be added to the output of a calculator 
or clock chip to provide a direct b .c.d. 
output. The design procedure is of 
interest because of its potential 
instructional vafue. 

CONSIDER the normal seven-segment 
display shown in Fig. 1, with a view to 
designing a seven-segment-to-b.c.d. en
coder. Most, but not all, calculators 
output segment A on the 6 and segment 
D on the 9, and while the decoder to be 
described here has beeh designed to 
accept this more usual format, it will be 
shown later that the final design 
actually handles both styles of 6 and 9. 

A casual glance at the seven-segment 

by David D. Clegg 

display will reveal a certain redundancy 
in the segments and it might, therefore, 
prove useful to investigate this in case it 
is unnecessary to use all of the segments 
as inputs to the encoder. To do this, the 
display group for the numbers 0 to 9 is 
drawn out seven times, omitting one 
segment at a time, and the end results 
are inspected to see if two or more of the 
ten numbers in any display group can be 
confused. Ifthe omission of a segment 
results in ten different patterns for the 
ten numbers, that segment is redundant 
and need not be used as an input to the 
encoder. 
· Figure 2 shows the display group 

when the segment A is omitted. It can 
be seen that confusion arises between 
the numbers 1 and 7, so segment A is 
therefore essential and cannot be omit- · 
ted. 

Similarly, when segment B is omitted, 
confusion arises between 6 and 8 and 
between 5 and 9, so segment B must also 
be retained. When segment C is omit
ted, however, ten quite d.istinct patterns 
result. This segment is therefore red'!ln
dant and need not be used as an input to 
the encoder. It is also interesting to note 

that a 6 without segment A and a 9 
withoutsegment :D do not alter the· 
r esult. Omitting segment D also results 
in ten different patterns, so it too is 
redundant and need not be used as an 
input to the encoder. Even if segment A 
on the 6 is omitted, there are still ten. 
distinguishable patterns, and since seg
ment D has already been eliminated, 
either style of 9 is obviously acceptable. 

Further investigation shows that 
omitting segment E confuses numbers 5 
and 6 and 8 and 9, omitting segment F 
confuses 3 and 9 and omitting segment 
G confuses 0 and 8. These segments are 
therefore essential and must be 
retained. 

Omission· of segments C and D in
dividually does not result in confusion 
but it is not obvious that omission of 
both C and D together also does not 
cause confusion. This is shown to be 
true in Fig. 3. It can be seen that there 
are ten distinct patterns and that seg
ments C and D in combination are in
deed redundant. As before, both styles 
of 6 and 9 are acceptable. At this stage in 
the design it can be stated categorically · 
that an encoder where the redundant 

Segment a 
identification ~ 

II I I I l I l- r·· I ll ll . fl g Jb 
4-1 , I ~ ~ ~ ~ Q 

7 
/ Q .-;J . el lc 

d 

Fig. 1. Seven-segment displays of the decimals 0 to 9. Segment A on decimal6 and segment Don decimal9 are normally 
included. 

II I_I_ILILL /L/Ll 
-L/ I L _1 1 _1 Ll I Ll _1 · 

0 1 2 · 3 4 5 6 7 8 9 ' 

Fig. 2. Displays of the decimals 0 to 9 with the segment A omitted. Decimal~ 1 and 7 can be confused. 

. ' 
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II I . ::1 ::1 Ll C C I 
1
0 0 

I I · I 
.. 

0 1 2 3 4 5 ' 6 7 8 9 

:Fig. 3. Displays of the decimals 0 to 9 with both the C and D segments omitted: There are still ten d'istinct patterns and no : 
confusion between the decimals. · 

0 
E Seven-segment B.C.D. -
·c; input output <II 
0 

A B c D E F G 2 3 12 2 1 0 
2 2 

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

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

2 1 1 0 1 1 0 1 0 0 1 0 

3 1 1 1< 1 0 0 J 0 0 1 1 

4 0 1 1 0 0 1 1 0 1 0 0 

5 1 0 1 1 0 1 1 0 1 0 1 

6 1 0 1 1 1 1 1 0 1 I 0 

7 1 1 1 0 0 0 0 0 1 1 1 

8 1 1 1 1 1 1 1 1 () 0 0 

9 1 1 1 1 0 1 1 1 0 0 1 

Table 1. Truth table for the seven-
segment-to-b.c.d. encoder.·. 

·segments · C and D are not used would 
only accept the two styles of 9 but care 
will have to be taken later on in the 
design to ensure that both styles of 6 are 
also accepted. 

Table 1 ·is a truth table for the en~ 

coder. For clarity, it has been drawn as if 
it was for a b.c .d.-to-seven-segment 
decoder, and the very numerous "don't 
care" conditions have not been 
tabulated. From this table the following 
expressions for the b.c.d. output of the 
encoder can be obtained: 

-2° =_A~EFG + ABEFG + ABEFG 
+ ABEFG + ABEFG 

21 = ABEFG + ABEFG 
+ ABEFG + ABEFG 

22~ABEFG+ABEFG 
+ ABEFG + ABEFG 

23 = ABEFG. + ABEFG 

These expressions can now be taken 
one at a time and minimised using five
variable Karnaugh maps from which 
the logic circuit can be obtained. The 
Karnaugh Maps for the 2° expression 
are shown in Fig. 4, and from these we · 
get: 

-2°=AE+EG=E(A+G) 

=(E+(A+G)) ...... (de Morgan) 

A logic circuit can now be obtained 
from this reduced expression, as shown 
in Fig. 5. 

Now consider the Karnaugh maps for 
21, as shown in Fig. 6. From these we 
get: 

G 

AS 

EF 
A A 

F' X X I~ 0 F 
E 

X ~ y 
F F . 

X X X X X 
E E 

X X X X F X X X F' 

8 B 6 L 8 B 8 

X = 'Don't core' 

Fig. 4. Karnaugh maps for the expression 2° derived in the text. 

E~--------------------J 

Fig. 5. Logic circuit for expression 2°. 

G G 
AB AB 

EF A A EF A A 

X ~ y F' 
'E 

X X ~ y F 
'E 

X X X X X 

- ' 
F 

~\ X /x 
' ' 

F 

~\ X I 
/ 

I 
E 

1/x \?\ X I X F 
/ 

/ -
E 

I 

X I X !/( '<~\ F' 
' 

/ , _ 

8 B 8 8 8 B 

X = 'Don 't care· 

Fig. 6. Kamaugh maps for the expression 21 derived in the text. 

Fig. 7. Logic circuit for expression 2 1
• _· 
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Seven-segment I b.c.d. encoder 
Design procedure for a clock/ ca lculator chi p add-on unit 

.j. " 

'Calculator and clock chips are now so 
cheap that with the correct interfacing 
·they can become useful additions'to a 
microprocessor system, saving 
considerable programming and, indeed, 
processing time. It is this interfacing that . 
can be a problem because most l.s. i. 
calculator and clock chips are designed to 
directly drive seven-segment displays. 
This article, therefore, describes the 
1design of a practical 
seven-segment-to-b.c.d. encoder, which 
can be added to the output of a calculator 
or clock chip to provide a direct b .c.d. 
output. The design procedure is of 
interest because of its potential 
instructional vafue. 

CONSIDER the normal seven-segment 
display shown in Fig. 1, with a view to 
designing a seven-segment-to-b.c.d. en
coder. Most, but not all, calculators 
output segment A on the 6 and segment 
D on the 9, and while the decoder to be 
described here has beeh designed to 
accept this more usual format, it will be 
shown later that the final design 
actually handles both styles of 6 and 9. 

A casual glance at the seven-segment 

by David D. Clegg 

display will reveal a certain redundancy 
in the segments and it might, therefore, 
prove useful to investigate this in case it 
is unnecessary to use all of the segments 
as inputs to the encoder. To do this, the 
display group for the numbers 0 to 9 is 
drawn out seven times, omitting one 
segment at a time, and the end results 
are inspected to see if two or more of the 
ten numbers in any display group can be 
confused. Ifthe omission of a segment 
results in ten different patterns for the 
ten numbers, that segment is redundant 
and need not be used as an input to the 
encoder. 
· Figure 2 shows the display group 

when the segment A is omitted. It can 
be seen that confusion arises between 
the numbers 1 and 7, so segment A is 
therefore essential and cannot be omit- · 
ted. 

Similarly, when segment B is omitted, 
confusion arises between 6 and 8 and 
between 5 and 9, so segment B must also 
be retained. When segment C is omit
ted, however, ten quite d.istinct patterns 
result. This segment is therefore red'!ln
dant and need not be used as an input to 
the encoder. It is also interesting to note 

that a 6 without segment A and a 9 
withoutsegment :D do not alter the· 
r esult. Omitting segment D also results 
in ten different patterns, so it too is 
redundant and need not be used as an 
input to the encoder. Even if segment A 
on the 6 is omitted, there are still ten. 
distinguishable patterns, and since seg
ment D has already been eliminated, 
either style of 9 is obviously acceptable. 

Further investigation shows that 
omitting segment E confuses numbers 5 
and 6 and 8 and 9, omitting segment F 
confuses 3 and 9 and omitting segment 
G confuses 0 and 8. These segments are 
therefore essential and must be 
retained. 

Omission· of segments C and D in
dividually does not result in confusion 
but it is not obvious that omission of 
both C and D together also does not 
cause confusion. This is shown to be 
true in Fig. 3. It can be seen that there 
are ten distinct patterns and that seg
ments C and D in combination are in
deed redundant. As before, both styles 
of 6 and 9 are acceptable. At this stage in 
the design it can be stated categorically · 
that an encoder where the redundant 

Segment a 
identification ~ 

II I I I l I l- r·· I ll ll . fl g Jb 
4-1 , I ~ ~ ~ ~ Q 

7 
/ Q .-;J . el lc 

d 

Fig. 1. Seven-segment displays of the decimals 0 to 9. Segment A on decimal6 and segment Don decimal9 are normally 
included. 

II I_I_ILILL /L/Ll 
-L/ I L _1 1 _1 Ll I Ll _1 · 

0 1 2 · 3 4 5 6 7 8 9 ' 

Fig. 2. Displays of the decimals 0 to 9 with the segment A omitted. Decimal~ 1 and 7 can be confused. 

. ' 
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II I . ::1 ::1 Ll C C I 
1
0 0 

I I · I 
.. 

0 1 2 3 4 5 ' 6 7 8 9 

:Fig. 3. Displays of the decimals 0 to 9 with both the C and D segments omitted: There are still ten d'istinct patterns and no : 
confusion between the decimals. · 

0 
E Seven-segment B.C.D. -
·c; input output <II 
0 

A B c D E F G 2 3 12 2 1 0 
2 2 

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

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

2 1 1 0 1 1 0 1 0 0 1 0 

3 1 1 1< 1 0 0 J 0 0 1 1 

4 0 1 1 0 0 1 1 0 1 0 0 

5 1 0 1 1 0 1 1 0 1 0 1 

6 1 0 1 1 1 1 1 0 1 I 0 

7 1 1 1 0 0 0 0 0 1 1 1 

8 1 1 1 1 1 1 1 1 () 0 0 

9 1 1 1 1 0 1 1 1 0 0 1 

Table 1. Truth table for the seven-
segment-to-b.c.d. encoder.·. 

·segments · C and D are not used would 
only accept the two styles of 9 but care 
will have to be taken later on in the 
design to ensure that both styles of 6 are 
also accepted. 

Table 1 ·is a truth table for the en~ 

coder. For clarity, it has been drawn as if 
it was for a b.c .d.-to-seven-segment 
decoder, and the very numerous "don't 
care" conditions have not been 
tabulated. From this table the following 
expressions for the b.c.d. output of the 
encoder can be obtained: 

-2° =_A~EFG + ABEFG + ABEFG 
+ ABEFG + ABEFG 

21 = ABEFG + ABEFG 
+ ABEFG + ABEFG 

22~ABEFG+ABEFG 
+ ABEFG + ABEFG 

23 = ABEFG. + ABEFG 

These expressions can now be taken 
one at a time and minimised using five
variable Karnaugh maps from which 
the logic circuit can be obtained. The 
Karnaugh Maps for the 2° expression 
are shown in Fig. 4, and from these we · 
get: 

-2°=AE+EG=E(A+G) 

=(E+(A+G)) ...... (de Morgan) 

A logic circuit can now be obtained 
from this reduced expression, as shown 
in Fig. 5. 

Now consider the Karnaugh maps for 
21, as shown in Fig. 6. From these we 
get: 

G 

AS 

EF 
A A 

F' X X I~ 0 F 
E 

X ~ y 
F F . 

X X X X X 
E E 

X X X X F X X X F' 

8 B 6 L 8 B 8 

X = 'Don't core' 

Fig. 4. Karnaugh maps for the expression 2° derived in the text. 

E~--------------------J 

Fig. 5. Logic circuit for expression 2°. 

G G 
AB AB 

EF A A EF A A 

X ~ y F' 
'E 

X X ~ y F 
'E 

X X X X X 

- ' 
F 

~\ X /x 
' ' 

F 

~\ X I 
/ 

I 
E 

1/x \?\ X I X F 
/ 

/ -
E 

I 

X I X !/( '<~\ F' 
' 

/ , _ 

8 B 8 8 8 B 

X = 'Don 't care· 

Fig. 6. Kamaugh maps for the expression 21 derived in the text. 

Fig. 7. Logic circuit for expression 2 1
• _· 
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21 =Af+BE 

=((Af)(~)) ...... . (de Morgan) 

:The logic circuit for the 21 output is 
therefore as shown in Fig. 7. 

The Karnaugh Maps shown in Fig. 8 
·give the following: 

22=B+AG+AFG 

---- ---=----=B+(A+G)+((AF)+G) ..... (de M.) 

=B((MG)+((AF)+G)) . . : .. (deM.) 

This rather complex looking expression 
is not quite as difficult to apply to a 
circuit as it would at first appear. The 
term (A+ G) has already been obtained 
for the tJ expression, and the (AF) term 
is available from the 21 circuit. The 
resulting circuit can be seen in Fig. 9. 

Figure 10 gives the Karnaugh maps, 
for the 23 expression, which gives the 
output: 

23=ABFG 

This has the straightforward circuit 
shown in Fig. 11. 

A careful inspection of the truth table 
shows that the 23 output is '1' for de
cimals 8 and 9 only. It may, therefore, be 
possible to simplify the encoding for the 
23 output using the previously encoded 
22, 21 or 2° terms. The outputs 22 and 21 

are both 'O' on 0/fan-d 8/9 only and it is · 
therefore necessary to use another in
put to distinguish between decimals 0/1 
and decimals 8/9. Investigation of the 
segment inputs shows that segment G is 

·suitable for this as it is at '0' for decimals . 
0 and 1 and at '1' for decimals 8 and 9. 
From this argument the 23output ex
pression can be simplified to 

=(21 +22 +G) ....... (de Morgan) 

The term G has already been obtained 
for the 2° expression (see Fig. 5), and 
hence we have a simplified circuit-for 

~ the 2~ output encoder, as shown 
~!! _Fig. 12. 

The truth of this intuitive design for 
the 23 encoder can be verified by 
applying a little basic Boolean algebra, 
as follows: 

Let Z = (21 + 22 +G) 
Therefore Z = 21 + 22 + G 

=(AF+BE)+(B+AG 
+AFG)+G 

duplicating (AFG) and rearranging we 
get: _ _ _ _ _ 

Z=(B+BE)+(G+AFG) 
+(A F +AFG)+AG 

=B(1 +E)+G(1 +AF)+AF(1 +G)+AG 

and since (1 +X)= 1 we have: 
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Fig. 8. Kamaugh maps for the expression 22 derived in the text. 

[AFl-----~ 
.. from 21 cct. 

(Fig.7) 

G-------' 
[A+Gl 
from 20 cct. 
(Fig_5) 

s------j-----------,_.J -- ---· 
Fig. 9.-LOgic circuit for the expression 22• The inputs (AF) and (A+ G) are 
taken from the circuits in Figs 7 and 5 respectively. 

G 

AB AB 
Ef A A 

EF A A 

X X F X X 
E E 

X X X X 
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X X x . 

X 01 
~ X X 

E E 
X X X X F X X 

- 8 B 8 8 B 

X - 'Don't care' 

Fig. 10. Kamaugh maps for the .. expression 2l derived in the text. · 

. Fig~ 11. Logic circuit for expression 23. 

~-----J 
From 2°cct . 
(Fig. 5) 

X F 

F 

X F 

8 

Fig. 12. Simplified circuit for the expression 23. This makes use of the circuit 
derived for G in Fig~ 5. 
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duplicating G and multiplying by 
1 =(A+ A) gives: 

Z=B+G + AF + AG +G(A +A) 
=B+G+AF+AG+AG+AG 

and rearranging: 

Z=B+AF+A(G+G)+G(A+ 1) 
Now, since (G+G)= 1 and (A+-1) = 1 

Z=B+AF+A+G . 
and repeating the above steps with AF: 

Z = ~ + Q +A~+~+ ~(F + }2 
=B + G + AF +A+ AF + AF 
=~+Q+~(F_:r 1)+F(A+A) 
=!!+G+A+F=(BGAF) 
=23 

Therefore Z = (21 + 22 +G)= 23 

The simplifi~d encoder circuit shown in 
Fig. 12 is therefore a valid means of 
arriving at the 23 output. 

The four parts of the design can now 
be brought together, as shown in Fig. 
13, to make up the complete seven
segment-to-b.c.d. encoder. As already 
stated, this design will accept both 
styles of 9 but it has not yet been shown 
that it will accept both styles of 6. 
Figures 6 and 8 show that in both the 21 

and 22 expressions, the 'don't care' term 

David Clegg was educated at Dollar 
Academy, Clackmannanshire in S~otland. 
In 1967 he joined the BBC, initially as a 
transmitter maintainence eng·meer and 
later as a technical author . Before emig
rating to Alberta, Canada, in AP-ril 1978, 
he held the post of teievision-~tudio de
sign and installation engineer with the 
BBC's studio capital projects department 
in London. David is now a senior design 
engineer and technical author with Atha
basca Research Corporation Ltd , which is 
a small Edmonton-based company 
manufacturing a wide range of meteoro
logical and environmental pollution 
monitoring equipment. Many of the com
pany's products are microprocessor-based 
and are design~d to withstand the harsh 
Canadian winters . David is particularly 
interested in digital electronics, espeCially 
in the area of timekeeping eleetronics and 
microprocessors. 

A 

B 
+-' 
:J · a. 

-~ 
+-' c E dl 
E 
Ol 
dl 
Vl 

F 

G 

85 

:J 

s-
:J 
0 

0 

b-111....4----·i ~ 

.Fig. 13'. The com-plete logic circuit for the seven-segment-to-b-.c.d. encoder. 

(ABEFG) has been included in the 
reduction, thus effectively_ eliminating 
the variable 'A' from the (ABEFG) term. 
The result of eliminating segment A 
from this term in the 21 and 22 _ expres
sions which describes decimal 6, is that 
a '6 either with or without segment A 
will be correctly encoded. 

The actual logic family used to con
struct a practical circuit will, obviously, 
depend on individual requirements, but 

Random frequency 
Military radio communication is of course 
subject to jamming and ·interception of 
messages. One way of trying to avoid these 
unwelcome attentions is "frequency ho_p
ping". The transmitted band of frequencies 
carrying, say, voice information, is made to 
hop about from channel to channel in a 
random sequence of channels. Obviously the 
receiver tuning must be arranged to hop 
about in a corresponding sequence for com
munication to be achieved. What was 
claimed to be the first public demonstration 
of frequency hopping was put on by Racal at 
their own exhibition, Racalex, in London 
recently. It was a prototype system deve
loped for a portable military transceiver 
called JagUar-V (an acronym from J'amming 
Guarded Radio-V.h.f.) which operates in the 
30 to 88MHz frequency range using 25kHz 
channels. The transmitter's frequency syn
thesizer is controlled by a quasi-random 
sequence generator, the random numbers in 
the sequence being determined by a code 
selected by the operator. The output from the 
synthesizer is modulated by the baseband 
signal, amplified and then radiated. At the 
receiver the frequency synthesizer is con
trolled by an identical quasi-random 
sequence generator which is synchronized 
with that at the transmitter. A truly random 
sequertce would go on for an infinite time, 
but in this case the time taken for the quasi
random sequence to complete itself exceeds 
24 hours. 

Synchronization between transmitter and 
receiver is achieved by transmitting a 
periodical sync signal in the form of a digital 
data stream along with the voice infotma
tion. But since this digital data would stand 

for many applications c.m.o.s. will _ be 
quite fast enough_ However, the propa
gation delay through to the 23 output 
may be too long for some systems and 
t.t.l. or Schottky t.t.l. may be required. 

The final circuit shown in Fig. 13 is 
not a unique solution to this encoder 
problem, as a close inspection of the 
Karmiugh Maps will show, but the 
author believes that it is one of the 
simples~ solutions. 

communication 
out clearly against an analogue voice signal 
and so make the sync information available 
to an enemy, the voice signal is in fact also 
transmitted digitally. The audio signal is 
converted to a l6kbit/s digital form in a delta 
modulator. The digital signals are then com
pressed into short packages and transmitted 
at a slightly higher rate than normal to make 
time for channel changing and the sync 
signals. At the receiver, the sync signals are 
extracted and the remaining information 
packages are "stretched" into a continuous 
digital stream ready for demodulation. 

The rate at which the system hops between 
channels is a matter for careful decision. If it 
is too slow, a conventional sweep receiver 
can find the signal and lock on a jammer. If it 
is too fast, the cost becomes excessive. Also 
the ratio of time occupied by useful informa
tion to that for changing frequency becomes 
too small. As rapid frequency changes in
evitably generate spurious signals, the faster 
the hop, the more spurious signals are 
generated. Pollution of the whole v.h.f. spec
trum by fast hopping is, therefore, a serious 
risk. Furthermore fast hopping can only send 
a small amount of information during each 
hop period and the synchronizing sequence 
must be spread over a number of hop periods. 
This makes it tnore vulnerable to jamming 
and slower to synchronise. In fact Racal have 
chosen a medium hopping rate df several 
hundreds per second. This operates among 
256 channels to give a total bandwidth for the 
system of 6.4MHz, which is selectable within 
the 30-88MHz range. 

Incidentally, Racal make jammers too, so 
they can get in on both sides of electronic 
warfare. 
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21 =Af+BE 

=((Af)(~)) ...... . (de Morgan) 

:The logic circuit for the 21 output is 
therefore as shown in Fig. 7. 

The Karnaugh Maps shown in Fig. 8 
·give the following: 

22=B+AG+AFG 

---- ---=----=B+(A+G)+((AF)+G) ..... (de M.) 

=B((MG)+((AF)+G)) . . : .. (deM.) 

This rather complex looking expression 
is not quite as difficult to apply to a 
circuit as it would at first appear. The 
term (A+ G) has already been obtained 
for the tJ expression, and the (AF) term 
is available from the 21 circuit. The 
resulting circuit can be seen in Fig. 9. 

Figure 10 gives the Karnaugh maps, 
for the 23 expression, which gives the 
output: 

23=ABFG 

This has the straightforward circuit 
shown in Fig. 11. 

A careful inspection of the truth table 
shows that the 23 output is '1' for de
cimals 8 and 9 only. It may, therefore, be 
possible to simplify the encoding for the 
23 output using the previously encoded 
22, 21 or 2° terms. The outputs 22 and 21 

are both 'O' on 0/fan-d 8/9 only and it is · 
therefore necessary to use another in
put to distinguish between decimals 0/1 
and decimals 8/9. Investigation of the 
segment inputs shows that segment G is 

·suitable for this as it is at '0' for decimals . 
0 and 1 and at '1' for decimals 8 and 9. 
From this argument the 23output ex
pression can be simplified to 

=(21 +22 +G) ....... (de Morgan) 

The term G has already been obtained 
for the 2° expression (see Fig. 5), and 
hence we have a simplified circuit-for 

~ the 2~ output encoder, as shown 
~!! _Fig. 12. 

The truth of this intuitive design for 
the 23 encoder can be verified by 
applying a little basic Boolean algebra, 
as follows: 

Let Z = (21 + 22 +G) 
Therefore Z = 21 + 22 + G 

=(AF+BE)+(B+AG 
+AFG)+G 

duplicating (AFG) and rearranging we 
get: _ _ _ _ _ 

Z=(B+BE)+(G+AFG) 
+(A F +AFG)+AG 

=B(1 +E)+G(1 +AF)+AF(1 +G)+AG 

and since (1 +X)= 1 we have: 
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[AFl-----~ 
.. from 21 cct. 

(Fig.7) 

G-------' 
[A+Gl 
from 20 cct. 
(Fig_5) 

s------j-----------,_.J -- ---· 
Fig. 9.-LOgic circuit for the expression 22• The inputs (AF) and (A+ G) are 
taken from the circuits in Figs 7 and 5 respectively. 

G 

AB AB 
Ef A A 

EF A A 

X X F X X 
E E 

X X X X 
F 

X X x . 

X 01 
~ X X 

E E 
X X X X F X X 

- 8 B 8 8 B 

X - 'Don't care' 

Fig. 10. Kamaugh maps for the .. expression 2l derived in the text. · 

. Fig~ 11. Logic circuit for expression 23. 

~-----J 
From 2°cct . 
(Fig. 5) 

X F 

F 

X F 

8 

Fig. 12. Simplified circuit for the expression 23. This makes use of the circuit 
derived for G in Fig~ 5. 
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duplicating G and multiplying by 
1 =(A+ A) gives: 

Z=B+G + AF + AG +G(A +A) 
=B+G+AF+AG+AG+AG 

and rearranging: 

Z=B+AF+A(G+G)+G(A+ 1) 
Now, since (G+G)= 1 and (A+-1) = 1 

Z=B+AF+A+G . 
and repeating the above steps with AF: 

Z = ~ + Q +A~+~+ ~(F + }2 
=B + G + AF +A+ AF + AF 
=~+Q+~(F_:r 1)+F(A+A) 
=!!+G+A+F=(BGAF) 
=23 

Therefore Z = (21 + 22 +G)= 23 

The simplifi~d encoder circuit shown in 
Fig. 12 is therefore a valid means of 
arriving at the 23 output. 

The four parts of the design can now 
be brought together, as shown in Fig. 
13, to make up the complete seven
segment-to-b.c.d. encoder. As already 
stated, this design will accept both 
styles of 9 but it has not yet been shown 
that it will accept both styles of 6. 
Figures 6 and 8 show that in both the 21 

and 22 expressions, the 'don't care' term 

David Clegg was educated at Dollar 
Academy, Clackmannanshire in S~otland. 
In 1967 he joined the BBC, initially as a 
transmitter maintainence eng·meer and 
later as a technical author . Before emig
rating to Alberta, Canada, in AP-ril 1978, 
he held the post of teievision-~tudio de
sign and installation engineer with the 
BBC's studio capital projects department 
in London. David is now a senior design 
engineer and technical author with Atha
basca Research Corporation Ltd , which is 
a small Edmonton-based company 
manufacturing a wide range of meteoro
logical and environmental pollution 
monitoring equipment. Many of the com
pany's products are microprocessor-based 
and are design~d to withstand the harsh 
Canadian winters . David is particularly 
interested in digital electronics, espeCially 
in the area of timekeeping eleetronics and 
microprocessors. 
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.Fig. 13'. The com-plete logic circuit for the seven-segment-to-b-.c.d. encoder. 

(ABEFG) has been included in the 
reduction, thus effectively_ eliminating 
the variable 'A' from the (ABEFG) term. 
The result of eliminating segment A 
from this term in the 21 and 22 _ expres
sions which describes decimal 6, is that 
a '6 either with or without segment A 
will be correctly encoded. 

The actual logic family used to con
struct a practical circuit will, obviously, 
depend on individual requirements, but 

Random frequency 
Military radio communication is of course 
subject to jamming and ·interception of 
messages. One way of trying to avoid these 
unwelcome attentions is "frequency ho_p
ping". The transmitted band of frequencies 
carrying, say, voice information, is made to 
hop about from channel to channel in a 
random sequence of channels. Obviously the 
receiver tuning must be arranged to hop 
about in a corresponding sequence for com
munication to be achieved. What was 
claimed to be the first public demonstration 
of frequency hopping was put on by Racal at 
their own exhibition, Racalex, in London 
recently. It was a prototype system deve
loped for a portable military transceiver 
called JagUar-V (an acronym from J'amming 
Guarded Radio-V.h.f.) which operates in the 
30 to 88MHz frequency range using 25kHz 
channels. The transmitter's frequency syn
thesizer is controlled by a quasi-random 
sequence generator, the random numbers in 
the sequence being determined by a code 
selected by the operator. The output from the 
synthesizer is modulated by the baseband 
signal, amplified and then radiated. At the 
receiver the frequency synthesizer is con
trolled by an identical quasi-random 
sequence generator which is synchronized 
with that at the transmitter. A truly random 
sequertce would go on for an infinite time, 
but in this case the time taken for the quasi
random sequence to complete itself exceeds 
24 hours. 

Synchronization between transmitter and 
receiver is achieved by transmitting a 
periodical sync signal in the form of a digital 
data stream along with the voice infotma
tion. But since this digital data would stand 

for many applications c.m.o.s. will _ be 
quite fast enough_ However, the propa
gation delay through to the 23 output 
may be too long for some systems and 
t.t.l. or Schottky t.t.l. may be required. 

The final circuit shown in Fig. 13 is 
not a unique solution to this encoder 
problem, as a close inspection of the 
Karmiugh Maps will show, but the 
author believes that it is one of the 
simples~ solutions. 

communication 
out clearly against an analogue voice signal 
and so make the sync information available 
to an enemy, the voice signal is in fact also 
transmitted digitally. The audio signal is 
converted to a l6kbit/s digital form in a delta 
modulator. The digital signals are then com
pressed into short packages and transmitted 
at a slightly higher rate than normal to make 
time for channel changing and the sync 
signals. At the receiver, the sync signals are 
extracted and the remaining information 
packages are "stretched" into a continuous 
digital stream ready for demodulation. 

The rate at which the system hops between 
channels is a matter for careful decision. If it 
is too slow, a conventional sweep receiver 
can find the signal and lock on a jammer. If it 
is too fast, the cost becomes excessive. Also 
the ratio of time occupied by useful informa
tion to that for changing frequency becomes 
too small. As rapid frequency changes in
evitably generate spurious signals, the faster 
the hop, the more spurious signals are 
generated. Pollution of the whole v.h.f. spec
trum by fast hopping is, therefore, a serious 
risk. Furthermore fast hopping can only send 
a small amount of information during each 
hop period and the synchronizing sequence 
must be spread over a number of hop periods. 
This makes it tnore vulnerable to jamming 
and slower to synchronise. In fact Racal have 
chosen a medium hopping rate df several 
hundreds per second. This operates among 
256 channels to give a total bandwidth for the 
system of 6.4MHz, which is selectable within 
the 30-88MHz range. 

Incidentally, Racal make jammers too, so 
they can get in on both sides of electronic 
warfare. 
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Counting the phases 
Circuits for multi-phase generation 

I 

[ I 

'i 

I 

In many logic systems and some linear 
applications it- is necessary to generate a 
multi-phase signal with accurate angular 
relationships . This article describes 
several circuits which provide such 
signals and outlines several short cuts 
that can be made. 

A VARIABLE FREQUENCY multi
phase signal with accurate angular 
relationships can only be generated 
digitally because a linear system 
only has the correct phase relationship 
at a single frequency. 

In a true multi -phase logic signal each 
phase has an equal mark-to-space ratio, 
see Fig. l(a), and the leading edges of 
successive phases are 360/n degrees 
apart, where n is the total number o( 
phases. Alternatively, pulses 360/n de
grees long can be generated sequen
tially as in Fig. l(b) and (c). 

A simple method of implementing a 
multi-phase reference signal is to use a 
recirculating shift regis1ter as shown in 
Fig. 2(a). Initially the flip-flops can be in 
any state and after the first few clock 
pulses the outputs are either all at 1 or 0. 
The register then alternately fills and 
empties and the truth table in Fig. 2(b) 
shows that the filling action occurs 
sequentially. The 2n phases can be 
generated from n flip-flops, or n phases 
can be obtained by selecting every other 
output from the shift register, i.e. <j> 1, <j> 3, 

<1>5 etc. Selecting every mth output gives 
2nlm phases separated by an angle of 
180m/n degrees. Both m and n are in
tegers and m must be a factor of n. 
Except in the case where 2n phases are 
derived from. n flip-flops, a minimal 
logic circuit is not: obtained. However, it 
may be advantageous for practical 
circuits to choose a more complex de-
sign. 1 

\Vhen the required number of phases 
is odd, n bistables are required for n 
phases, but an even number of phases 
can be generated with n/2 bistables. 

Circuit operation 
\Vhen all of the flip-flops are in the zero 
state, except for FF 1, all J inputs will be 0 
and all K inputs at 1. Therefore, a clock 
pulse will have no effect on FF 2 to FF n. 

Because FF 1 has its K input at 0 and its J 
input at 1, the first clock pulse will set Q1 

to 1 which puts FF 2 into a receptive 
state for the second clock pulse. A line 
of ones will propagate down the chain 

by D. Price, B.Sc., M.Sc., Ph.D., M r E.E. 

(a) 

(b) 

(c) 

Fig. 1 (a) Three-phase signal, (b) first 
five phases of an eight-phase signal 
and (c) first six phases of a ten~phase 
pulsed signal. 
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to obtain one phase. This complexity is 
only justified when operating close to 
the maximum speed of the logic system. 
Because flip-flops are usually packaged 
in pairs, it is advantageous to use a 

.design which requires only two circuits 
as shown in Fig. 7. The flip-flops are 
used as counters with a reset after three 
clock pulses. If the small reset spike can 
be tolerated, for example when the 
signal is subsequently filtered, <j> 2 can be 
obtained directly from Q1 and two gates 

N.B. These spurious pulses af'e less likely to occur 

if the faster TTL logic system is used 

Fig. · 5 Spurious pulses from a high 
frequency three-phase generator. 
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Counting the phases 
Circuits for multi-phase generation 
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relationships . This article describes 
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to obtain one phase. This complexity is 
only justified when operating close to 
the maximum speed of the logic system. 
Because flip-flops are usually packaged 
in pairs, it is advantageous to use a 

.design which requires only two circuits 
as shown in Fig. 7. The flip-flops are 
used as counters with a reset after three 
clock pulses. If the small reset spike can 
be tolerated, for example when the 
signal is subsequently filtered, <j> 2 can be 
obtained directly from Q1 and two gates 

N.B. These spurious pulses af'e less likely to occur 

if the faster TTL logic system is used 

Fig. · 5 Spurious pulses from a high 
frequency three-phase generator. 
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Addition of gates to obtain pulse waveform 

Fig. 9 (a) Four-phase generator using 
two flip- flops, (b) true four-phase 
waveforms, (c) pulsed waveforms.and 
(d) variation to give separated pulses. 

can be omitted. This system cannot be 
extended to more than three · phases 
without complicated decoding. 

A simple circuit for uncritical 
applications is shown in Fig. 8. The 
width of each pulse is determined by its 
associated RC network and the time 
constants must be carefully matched to 
obtain equivalent waveforms for each 
of the phases. This circuit is only suit
able for an odd number of outputs. The 
values in square brackets give a 
frequency of about 1kHz with t.t.l. and 
the values below are applicable to 
c.m.o.s. 

Two flip-flops and a quad two
input NAND can be used to derive four 
pulsed phases, see Fig. 9. Care must be 
taken to combine the correct signals 
otherwise spurious spikes may occur as 
shown in Fig. 9(c). Symmetrical signals 
can be taken from the flip-flop outputs. 
A variation applicable only to c.m.o.s., 
designed by M. Burn of Motorola, en
sures that the pulses are well separated,· 
see Fig. 9(d). 

variable multi-phase 
\Vhen pulses with the correct phase 
relationship are required for applica
tions such as oscilloscope beam split
ting, one 4017 i.e. can be used as shown 
in Fig. 10. A pulse equal in length to a 
clock cycle appears on each line every 
ten counts and the counter can be reset 
at any stage by connecting the relevant 
output to the reset. Thus, any number of 
phases from two to ten can be produced. 
A similar t.t.l. circuit can be constructed 
4sing a 7493 counter and 7442 decoder. 

If separation of the pulses is required, 
signals should be taken from every 
other output. A three-phase source 
should be wired as a six-phase genera
tor and only half of the outputs used as 
shown in Fig. lO(c). D 
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VVhy your loudspeaker 
is full of. foam 

Calculating the effects and properties of acoustic damping 

by Desmond Thackeray. M.Sc., Ph.D., F. R. P .S. Music Dept ., University of Surrey 

·For many years loudspeakers have 
contained acoustic damping material, 

made necessary by peaks in drive unit 

response or cabinet resonance . With a 
compute.r as a calculating colleague in 
the measurement of the various ef{ects 
and their influence upon each other, the 

author of this article ·presents a- method 
of assessment of the damping required 
by the complete loudspeaker. The results 
are given as "transconductance"* versus 

frequency curves and also on a log scale 

showing the related mass, frequency and 

compliance factors. 

·The task of a loudspeaker seems agree
ably simple on the face of it. All one asks 
of it is that it should drive plenty of air 
molecules forward and backward at 
velocities proportional to the voltages 
applied and at all frequencies the ear 
can detect. An electromagnetic coil 
driving a massless diaphragm carried by 
a suspension of infinite compliance 
would itself have a constant velocity 
characteristic. As soon as the diaph
ragm is allotted a realistic mass how
ever, the characteristic becomes con
stant amplitude. Alternatively, if a real
istic spring is used for the suspension, 
the characteristic becomes constant 
acceleration. 

With both of these mechanical fea
tures present we have a genuine moving 
coil loudspeaker unit, with an embar
rassing low-frequency resonance of 
considerable Q. Below this frequency is 
a 'constant amplitude' region and above 
this frequency a 'constant acceleration' 
region, both presenting severe droop in 
the characteristic. Fortunately, as long 
as the cone diameter is less than a 
wavelength, the rise in acoustic radia
tion resistance with frequency compen
sates for the constant acceleration 
droop of the cone motion: The radiated 
sound intensity therefore tends in 
theory to a constant value above the 
resonant frequency and falls at a rate of 
12dB per octave below the resonant, 
frequency. Not surprisingly, if t_he 
mechanical resonance is damped by 
acoustic losses, the situation improves. 

The serious listener has always had 
an inch or two of felt inside his loud
speaker cabinet. However, measure-

* "Transconductance" = ratio of cone velocity to the 
speech coil voltage producing it. 

ments . by Small indicate that the most 
significant damping contribution in 
many cases may have heen air leakage· 
by-passing the bass driving unit. 

In the last decade particularly, this 
damping has been augmented by 
foamed materials, occupying in many 
cases just about all the remaining air 
volume of the cabinet and the cabinet is 
now an 'enclosure'. The increase in 
acoustic losses has been easily met by 
driving the loudspeaker with more 
power and the cone of the unit itself is 
more robustly built to cope with the 
extra mechanical labour imposed on it. 
Undeniably the sound has changed and 
there are devotees of both the old and 
the new. Empirical adjustments to 
loudspeaker systems, aimed at pro
viding a useful measured frequency 
response and at the .same time a toler-

. able sound to the ear, have been fairly 
successful. One would expect therefore, 
'to find good underlying theoretical 
reasons for specific features of con
temporary designs and predictable 

optimum damping for the loudspeaker 
and cabinet system as a whole. R. H. 
Small 1•2•3 has provided an extensive an
alysis of the behaviour of three different 

A 

Fig. 1. Electrical analogue of a mov(ng . 
coil loudspeaker unit in vented cabinet. 
L is analogous to mass, and C 
analogous to compliance. Component 
values for uncoupled resonant 
frequencies of about 150kHz are : L 
about 2mH; C = 470 pF; R zero to 
4k7Q. Voltage inputs are either a swept 
radio frequency to B or a voltage step 
(from (say) the c.r.o. timebase) to A. 
Substitution of a small inductance 
(50fJH~ for the 270Q monitoring 
resistor will provide a simulation of the 
'lift' contributed by radiation 
resistance. 

loudspeaker systems, together with 
charts and graphs for use by intending 
designers. Although this is certainly. 
obligatory reading for the serious in
vestigator, there is much to be said for 

'learning by doing'. 
--Mounting a loudspeaker unit in a . 

closed cabinet raises the frequency of · 
the mechanical resonance~ To avoid 
this, a venting aperture can be cut in the 
cabinet. This has the extra advantage of 
supplementing the effective radiating 
area. The mass of air moving in the vent 
is often increased by building in a throat, 
or is substituted by a piston or 'drone
cone' acting as an auxiliary bass 
resonator (a.b.r.). Traditionally, and 
often mistakenly, this mass tunes the 
compliance of the air volume in the 
cabinet to the same frequency as the 
mechanical resonance of the loud
speaker unit itself. These two strongly
coupled resonators then evince a 
double-humped characteristic with the 
two peaks in the response situated 
above and below the original common 
frequency of resonance. • 

Adding these further degrees of free
dom to the design extends the system 
designer's problem of optimising his 
system experimentally, there now being 
the damping of two resonances to 
optimise. It is presumably helpful to 
know what should happen theoretically 
in such a system, but the arithmetical 
labour involved in the calculations must 
have been a severe discouragement 
before the digital computer came along. 
Even with a computer there is still 
opportunity for human errors in pro
gramming. For this reason it is 
reassuring to have an entirely indepen
dent method for providing some check 
on the results. 

If one adopts a fairly simple model of 
the loudspeaker in a vented cabinet, ari. 
equivalent electrical circuit is not diffi
cult to deduce. One such is given in 
Figure 1 and you are asked to suppose 
that the input voltage Vis proportional 
to the voltage applied to the voice-coil 
of the loudspeaker and the currents in 
the three arms are proportional to the 
velocities of the loudspeaker cone, the 
air in the cabinet and at the vent. Dam
ping is controlled by the adjust~ent of 
the three variable resistors . I have, 
however, omitted any damping due to. 
driver leakage. Use of an a.b.r.-requires . 
the introquction of an additional 
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Addition of gates to obtain pulse waveform 

Fig. 9 (a) Four-phase generator using 
two flip- flops, (b) true four-phase 
waveforms, (c) pulsed waveforms.and 
(d) variation to give separated pulses. 

can be omitted. This system cannot be 
extended to more than three · phases 
without complicated decoding. 

A simple circuit for uncritical 
applications is shown in Fig. 8. The 
width of each pulse is determined by its 
associated RC network and the time 
constants must be carefully matched to 
obtain equivalent waveforms for each 
of the phases. This circuit is only suit
able for an odd number of outputs. The 
values in square brackets give a 
frequency of about 1kHz with t.t.l. and 
the values below are applicable to 
c.m.o.s. 

Two flip-flops and a quad two
input NAND can be used to derive four 
pulsed phases, see Fig. 9. Care must be 
taken to combine the correct signals 
otherwise spurious spikes may occur as 
shown in Fig. 9(c). Symmetrical signals 
can be taken from the flip-flop outputs. 
A variation applicable only to c.m.o.s., 
designed by M. Burn of Motorola, en
sures that the pulses are well separated,· 
see Fig. 9(d). 

variable multi-phase 
\Vhen pulses with the correct phase 
relationship are required for applica
tions such as oscilloscope beam split
ting, one 4017 i.e. can be used as shown 
in Fig. 10. A pulse equal in length to a 
clock cycle appears on each line every 
ten counts and the counter can be reset 
at any stage by connecting the relevant 
output to the reset. Thus, any number of 
phases from two to ten can be produced. 
A similar t.t.l. circuit can be constructed 
4sing a 7493 counter and 7442 decoder. 

If separation of the pulses is required, 
signals should be taken from every 
other output. A three-phase source 
should be wired as a six-phase genera
tor and only half of the outputs used as 
shown in Fig. lO(c). D 
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the new. Empirical adjustments to 
loudspeaker systems, aimed at pro
viding a useful measured frequency 
response and at the .same time a toler-

. able sound to the ear, have been fairly 
successful. One would expect therefore, 
'to find good underlying theoretical 
reasons for specific features of con
temporary designs and predictable 

optimum damping for the loudspeaker 
and cabinet system as a whole. R. H. 
Small 1•2•3 has provided an extensive an
alysis of the behaviour of three different 

A 

Fig. 1. Electrical analogue of a mov(ng . 
coil loudspeaker unit in vented cabinet. 
L is analogous to mass, and C 
analogous to compliance. Component 
values for uncoupled resonant 
frequencies of about 150kHz are : L 
about 2mH; C = 470 pF; R zero to 
4k7Q. Voltage inputs are either a swept 
radio frequency to B or a voltage step 
(from (say) the c.r.o. timebase) to A. 
Substitution of a small inductance 
(50fJH~ for the 270Q monitoring 
resistor will provide a simulation of the 
'lift' contributed by radiation 
resistance. 

loudspeaker systems, together with 
charts and graphs for use by intending 
designers. Although this is certainly. 
obligatory reading for the serious in
vestigator, there is much to be said for 

'learning by doing'. 
--Mounting a loudspeaker unit in a . 

closed cabinet raises the frequency of · 
the mechanical resonance~ To avoid 
this, a venting aperture can be cut in the 
cabinet. This has the extra advantage of 
supplementing the effective radiating 
area. The mass of air moving in the vent 
is often increased by building in a throat, 
or is substituted by a piston or 'drone
cone' acting as an auxiliary bass 
resonator (a.b.r.). Traditionally, and 
often mistakenly, this mass tunes the 
compliance of the air volume in the 
cabinet to the same frequency as the 
mechanical resonance of the loud
speaker unit itself. These two strongly
coupled resonators then evince a 
double-humped characteristic with the 
two peaks in the response situated 
above and below the original common 
frequency of resonance. • 

Adding these further degrees of free
dom to the design extends the system 
designer's problem of optimising his 
system experimentally, there now being 
the damping of two resonances to 
optimise. It is presumably helpful to 
know what should happen theoretically 
in such a system, but the arithmetical 
labour involved in the calculations must 
have been a severe discouragement 
before the digital computer came along. 
Even with a computer there is still 
opportunity for human errors in pro
gramming. For this reason it is 
reassuring to have an entirely indepen
dent method for providing some check 
on the results. 

If one adopts a fairly simple model of 
the loudspeaker in a vented cabinet, ari. 
equivalent electrical circuit is not diffi
cult to deduce. One such is given in 
Figure 1 and you are asked to suppose 
that the input voltage Vis proportional 
to the voltage applied to the voice-coil 
of the loudspeaker and the currents in 
the three arms are proportional to the 
velocities of the loudspeaker cone, the 
air in the cabinet and at the vent. Dam
ping is controlled by the adjust~ent of 
the three variable resistors . I have, 
however, omitted any damping due to. 
driver leakage. Use of an a.b.r.-requires . 
the introquction of an additional 
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'capacitance to represent the compli
ance of the a.b.r. suspension, in the 
manner shown by Roger Driscoll4• His 
analogue circuit shows no cabinet 
damping - a touch of reality! 

Frequency response 
1 assembled such . a circuit for use in· 
demonstrations several years ago and 
with the values approximately as given, 
the resonant frequencies were in the 
region of 150kHz. Then with the driving 
voltage V supplied to 'B' from a wobbu
lator, and the 'cabinet current' I 3 dis
played on an oscilloscope, the 
frequency response of the whole system 
could be seen at a glance and the effect 
.of adjustments visualised instantly. 
Twiddling ·the three damping knobs 
immediately showed that the height of 
the higher frequency peak was control
led principally by adjusting the cabinet 
damping. Either. of the other two dam
ping contributions served to controlthe 
height of the lower frequency peak or 
they could be used together to produce 
an optimum flattening of this part of the 
response. Neither of these conclusions 
was known to me previously, but I hope 
that knowledgeable readers will tell me 
where in the literature they are to be 
found. I think that the explanation is 
that air is cyclically compressed into the 
cabinet at the higher frequency res
ponse. At the lower frequency 
resonance the air is cyclically displaced 
between driver and vent. The other. 
striking revelatio11 was that the r~s.istor 
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:settings, for an optimum knee-shaped 
1response, conferred very lew 'Q' values 
on the two coupled tuned circuits, 
namely w0 CR of the order of unity. 
Reference to Small shows that in many . 
of his graphs the optimum overall Q lies 
between 0.1 and 0.6. That our cabinets 
are full of foam arises therefore because 
the manufacturers are trying to produce 
experimentally the heavy cabinet dam
ping that seems to be required theoreti
cally. 

It was a task for the computer to 

Fig. 2. Calculated "transconductance" 
vs. frequency response curves for the 
analogue circuit of Fig. 1 with zero 
'vent' damping. In (a) the loudspeaker 
and cabinet are both underdamped; in 
(b) the cabinet has been suitably 
damped, but not the loudspeaker. In (c) 
the loudspeaker has been suitably 
damped but the cabinet is . 
under-damped, while in (d) they are 
both suitably damped. The frequency 
scale is logarithmic, is centred about a 
value of unity, and is ratioed to the 
resonant frequency, F O> of the 
loudspeaker unit. The response at each 
frequency has been rounded off to the 
nearest decibel before plotting. It can 
be seen in (d) that slopes of 20 dB per 
octave and - 3 dB per octave are 
obtained, the response being about 2 
dB down for each octave of bandwidth, 
more than half an octave of which is 
below Fo-
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provide me with confirmation of these 
results in the form of some relevant 
numbers, together with more flexibility 
·in varying the component values. The 
programme was arranged to plot the 
results of its complex arithmetic on 
log-log scales, thus resembling the usual 
frequency response. Some of the log 
"transconductance" vs. · lqg frequency 
curves are shown in Figure 2. As was 
experienced with the electrical analo
gue, the higher frequency peak requires 
a cabinet 'A' of 0.5 to tame it (strictly w0 
CR = 2), while the lower frequency 
peak is smoothed out by a loudspeaker 
'Q' of 1.4 (w0 CR = 0.7). The result is a 
response with a nicely shaped knee, 
extending ( -3dB points) over a 
frequency range of 0.6 to 1.6 of the 
original loudspeaker and cabinet plus 
vent resonant frequencies (both equal 
to w0 when uncoupled). The phase res
ponse listed (not shown here) for the 

· underdamped condition showed 180° of 
phase shift as the frequency moved 
from one peak to the other. \Vill this 
distress readers who may. be conscious 
of low frequency phase errors? \Vhat it 
can do to waveforms is depicted on page 
79 of the November 1977 issue of Wire
less World.** The steepness of the lo~ 
frequency cut-off is markedly sensitive 
to the way in which the damping is split 
amongst the three variables. 

The 'best' response of such a simple 
model is unlikely to tally with what is 
achievable with loudspeakers in prac
tice. As far as damping is concerned 
"not too little, not too much", applies to 
both cabinet and loudspeaker (and/or 
vent, drone cone or a.b.r.). As the veloc
ities are at their highest (and therefore· 
most easily damped) at the loudspeaker 
and the vent, little material is required 
at these points. Conversely, farther 
back in the cabinet, where the velocities 
are lower, much more material is 

·needed. 
As the frequency range in the damped 

condition differed only a little from the ;
spacing of the two undamped peaks, I 
investigated the peak positions as the 
other variables were changed in mag
nitude. The computer program permit
:ted changes in both cabinet air compli
ance and vent air mass and by altering 
both together I could change the 
cabinet plus vent resonant frequency. 
The results are shown in diagrammatic 
form in Fig. 3, where the end of each 
plotted line indicates the positions of 
the resonant peaks in the system cha
racteristic. The cabinet plus vent 
resonance is indicated by a dot. The 
frequency scale is again logarithmic, 
centred about a frequency of unity for 
the loudspeaker unit itself. It can be 
seen from the top group of three lines 
that if the cabinet plus vent resonant 
frequency is kept equal to the loud
speaker resonant frequency, then the 
extent of the response remains symme
trical about this frequency, but the 
limits change. A large cabinet compli
ance and small vent air mass brings the 
"" "A check on Fourier", by M.G. Scroggie. 
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peaks together; a large vent air mass 
a:nd small cabinet compliance moves 
them apart. Does this explain why it is 
possible to squeeze some low frequency 
radiation from 'bookshelf' cabinets? 

In the remaining sets of three lines, 
the whole range is pulled upwards or 
downwards by changes in the cabinet 
plus vent resonant frequency. There is 
however, a choice of frequency spread 
and if an extended frequency range is 
required it can either be pulled upwards' 
by reducing the cabinet ~ir complian~e 
or downwards by increasmg the vent air 
mass. Doing both simultaneously 
,spreads the frequency response without 
displacing it as observed in the first set 
of lines. This explains how it is possible 
·to 'tune' a vented system for optimum 
response by altering the length of the 
vent throat or the mass of the piston in 
the case of an a.b.r. \Vith the _peaks 
widespread, a cabinet Q value of about 
·o.5 is again required to flatten the upper 
frequency peak and the lower peak now 
.requires a similar Q, i.e. smaller than 
that noted before. The' frequency range 
is about 3 octaves, i.e. nearly a decade. 
The peaks differ in their tolerance of 
mis-Q-ing. For the cabinet damping, 
near enough might be good enough but 
the loudspeaker or vent Q needs careful 
adjustment. This is a possible area for 
home experiment by any readers 
.conscious of undesirable low-frequency 
humps in their system's response. 

Transient response 
Another way of examining the (sa~e) 
information available from electncal 
analogue or from computer arithmetic 
is to present it not as a freque~cy res
ponse but in the form of an Imp~lse 
response. The impulse resp~ns~ IS a 
function of time, following exCitatiOn by 
either a voltage impulse of short dura
tion or a steep-fronted voltage step. A 
ste~ is available on many oscilloscopes 
as the flyback or the sweep_ ga~mg . 
signal from the time-bas~ ci~cut~. I 
checked with my analogue circUit usmg 
two different oscilloscopes that one 
oscilloscope alone is sufficient to 
stimulate and display the impulse . res
ponse. The timebase connection IS to 
'A' in Fig. 1. A sweep time of about 40!J.S 
was convenient with the component 
values given, and the Y a~plifi~r was 
used up to its maximum gam. \VIth the 
analogue adjusted for miniJ?um dam
ping, the circuit rings splendidly, as one 
might expect. The ringing disappears at 

. values of w
0 

CR for 'cabinet' and 'loud
speaker' of about 1.4. The time for the 
response to droop to 1/E: of its _maxim~m 
value can then be doubled by mcreasmg 
the 'vent' damping to a similar value. 

The relative influence of the three 
damping controls differed a little from 
that found when exploring the 
frequency response. It seems i~portant 
in shaping the transient to provide both 

· cabinet and vent damping and the vent 
damping was not really interchangeable 
with the loudspeaker damping. Control 

F0 /2 Fo 2Fo 
Frequency Compl_iance 

I I I Mass 
ratio ratio rat10 
1/2 1 2 _....,_ 

_.......,_ 
2 1/2 

1/4 2 

1/2 4 

2 114 

2 1/2 

4 1/2 1 

Fig. 3. Extent of frequency respo~s_e for · 
the analogue circuit of Fig. 1. T~1s ts 
shown for various tabulated ratws of 
vent mass to cone mass, cabinet pl~.-Ls 
vent resonant frequency to 
loudspeaker resonant frequency and 
cabinet compliance to loudspeaker . 
suspension compliance. The frequency 
ratio is also shown as a dot on the 
diagram, which has a log frequency 
scale centred on the loudspeaker 
resonant frequency F o· 

I u . over all three seemed preferable. smg 
this 'poor man's transien~ tester'. is 
probably the simplest expenment With 
such networks that interested readers 
might easily try for themselves. !t p~o
vides rapidly the kind of quahtative 
information that is not easily deduced 
from algebra or arithmetic . Neverthe
less knowledge of the experimental 
res~lt often enables one to guide the 
mathematics to the same end-point. 

For the benefit of readers who may 
like·. to try some simple arithmetic. on 
their own 'enclosures', the followmg 
formulae provide some of the 
parameters: The adia~atic complian~e 
K of an air voiume V at atmosphenc 
pressure P, and vented by an apert~re 
ofareaA,isgivenbyK = V/PyA 2 (umts 
are metres per newton if wor~mg ~n 
m.k.s.). The mass of air M of density D m 
a vent pipe of throat length X is given by 
M = DAX. The resonant.frequency F of 
the vented volume is then given by 
4'1T2 F2 MK = 1 
or 
4 '!T2 F2 = (yP/D) (A IX) (1/V) 

· The constants required here are suf
ficiently accurate for such a crude 
model: 

Vel. of sound (yPID)'I·= 340m/sec 
atmospheric pressure P = 105 new

tons per metre 2 

atmospheric density D 1.2 kilo-
grams per metre3 

. 
spec. heat ratio y = 1.4 . _ 
The very simple analogue cir~uit of 

Fig. 1 in the text above i$ only directly 
applicable where the masses and_ com
pliances have been scaled accordmg to 
the relative areas of the loudspeaker 
cone and the venting aperture. If, for 
example, the cone area is <t> times the 
area of the venting aperture, then one 
·can multiply M by <1:> 2 and divide K by <l> 2 

before they are compared with (or 

91 

ratioed to) the cone mass and compli
ance. This is equivalent to interposing a 
transformer of ratio <t>: 1 between the 
loudspeaker series LCR section and ~he 
cabinet plus vent parallel LCR sect10.n 
of the circuit, to represent the acoustic 
transformer factor introduced between 
two apertures in a cabinet. It can be 
seen that the remaining step is to gather 
some information on loudspeaker 
resonant frequency F 0, cone mass Mo 
and suspension compliance K0. Sinc_e 
we are not looking for great accuracy, It 
may be satisfactory to take th_e 
manufacturer's estimate of F 0, but th1s 
·at least is not difficult to measure non
destructively. I can think of no way _of 
measuring cone mass that does not m
volve destruction of the unit, but if the 
compliance is measured then the mass 
can be calculated from 4 'TT

2 F 2
0 Mo Ko = 

1. Measuring the compliance involves 
resting weights on the cone (buffered by 
a disc of card and a felt pad) and mea
suring its displacement. A millimetre or 
two is not likely to damage a rugged 
woofer if the load is well spread, but 
'nevertheless there is still some element 
of risk. The force produced by one kilo
gram is 9.81 newtons: 
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; Hi-fi amplifier standard 
An . international standard giving minimum 
performance requirements for high fidelity 
amplifiers is announced by the International 
Electrotechnical Commission. It is the latest m a 
series being produced by the IEC for high 
fidelity audio equipment and systems. Called 
Part 6 of the Publication 581 series, it prov1des 
minimum performance requirements for linear 
and equalizing pre-amplifiers. power ampl1f1ers 
and integrated amplifiers primarily intended for 
domestic high quality reproducing systems. A 
first section , on minimum requirements for 
characteristics directly related to sound quality, 
covers, for example, effective frequency range, 
gain alignment, total harmonic distortion , and 
rated output power. Other characteriStiCS men
tioned in this section include those related to 
crosstalk attenuation (between stereo channels 
as well as inputs). wideband signal-to-no1se 
ratio , and weighted signal-to-noise rat1o._ A 
second section deals with other characteriStiCS . 
and requirements and includes items on 
balance control, loudness control, the markmg 
of controls, mechanical and electrical intercon
nections and characteristics to bf spec1f1ed m 
manufacturers' manuals . 

Publication 581-6, comprising 19 pages, 
can be obtained from the IEC at 1 Rue de 
Varembe, 1211 Geneva, Switzerland. at a pr~ce 
of 25 Swiss francs. 
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'capacitance to represent the compli
ance of the a.b.r. suspension, in the 
manner shown by Roger Driscoll4• His 
analogue circuit shows no cabinet 
damping - a touch of reality! 

Frequency response 
1 assembled such . a circuit for use in· 
demonstrations several years ago and 
with the values approximately as given, 
the resonant frequencies were in the 
region of 150kHz. Then with the driving 
voltage V supplied to 'B' from a wobbu
lator, and the 'cabinet current' I 3 dis
played on an oscilloscope, the 
frequency response of the whole system 
could be seen at a glance and the effect 
.of adjustments visualised instantly. 
Twiddling ·the three damping knobs 
immediately showed that the height of 
the higher frequency peak was control
led principally by adjusting the cabinet 
damping. Either. of the other two dam
ping contributions served to controlthe 
height of the lower frequency peak or 
they could be used together to produce 
an optimum flattening of this part of the 
response. Neither of these conclusions 
was known to me previously, but I hope 
that knowledgeable readers will tell me 
where in the literature they are to be 
found. I think that the explanation is 
that air is cyclically compressed into the 
cabinet at the higher frequency res
ponse. At the lower frequency 
resonance the air is cyclically displaced 
between driver and vent. The other. 
striking revelatio11 was that the r~s.istor 
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:settings, for an optimum knee-shaped 
1response, conferred very lew 'Q' values 
on the two coupled tuned circuits, 
namely w0 CR of the order of unity. 
Reference to Small shows that in many . 
of his graphs the optimum overall Q lies 
between 0.1 and 0.6. That our cabinets 
are full of foam arises therefore because 
the manufacturers are trying to produce 
experimentally the heavy cabinet dam
ping that seems to be required theoreti
cally. 

It was a task for the computer to 

Fig. 2. Calculated "transconductance" 
vs. frequency response curves for the 
analogue circuit of Fig. 1 with zero 
'vent' damping. In (a) the loudspeaker 
and cabinet are both underdamped; in 
(b) the cabinet has been suitably 
damped, but not the loudspeaker. In (c) 
the loudspeaker has been suitably 
damped but the cabinet is . 
under-damped, while in (d) they are 
both suitably damped. The frequency 
scale is logarithmic, is centred about a 
value of unity, and is ratioed to the 
resonant frequency, F O> of the 
loudspeaker unit. The response at each 
frequency has been rounded off to the 
nearest decibel before plotting. It can 
be seen in (d) that slopes of 20 dB per 
octave and - 3 dB per octave are 
obtained, the response being about 2 
dB down for each octave of bandwidth, 
more than half an octave of which is 
below Fo-
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provide me with confirmation of these 
results in the form of some relevant 
numbers, together with more flexibility 
·in varying the component values. The 
programme was arranged to plot the 
results of its complex arithmetic on 
log-log scales, thus resembling the usual 
frequency response. Some of the log 
"transconductance" vs. · lqg frequency 
curves are shown in Figure 2. As was 
experienced with the electrical analo
gue, the higher frequency peak requires 
a cabinet 'A' of 0.5 to tame it (strictly w0 
CR = 2), while the lower frequency 
peak is smoothed out by a loudspeaker 
'Q' of 1.4 (w0 CR = 0.7). The result is a 
response with a nicely shaped knee, 
extending ( -3dB points) over a 
frequency range of 0.6 to 1.6 of the 
original loudspeaker and cabinet plus 
vent resonant frequencies (both equal 
to w0 when uncoupled). The phase res
ponse listed (not shown here) for the 

· underdamped condition showed 180° of 
phase shift as the frequency moved 
from one peak to the other. \Vill this 
distress readers who may. be conscious 
of low frequency phase errors? \Vhat it 
can do to waveforms is depicted on page 
79 of the November 1977 issue of Wire
less World.** The steepness of the lo~ 
frequency cut-off is markedly sensitive 
to the way in which the damping is split 
amongst the three variables. 

The 'best' response of such a simple 
model is unlikely to tally with what is 
achievable with loudspeakers in prac
tice. As far as damping is concerned 
"not too little, not too much", applies to 
both cabinet and loudspeaker (and/or 
vent, drone cone or a.b.r.). As the veloc
ities are at their highest (and therefore· 
most easily damped) at the loudspeaker 
and the vent, little material is required 
at these points. Conversely, farther 
back in the cabinet, where the velocities 
are lower, much more material is 

·needed. 
As the frequency range in the damped 

condition differed only a little from the ;
spacing of the two undamped peaks, I 
investigated the peak positions as the 
other variables were changed in mag
nitude. The computer program permit
:ted changes in both cabinet air compli
ance and vent air mass and by altering 
both together I could change the 
cabinet plus vent resonant frequency. 
The results are shown in diagrammatic 
form in Fig. 3, where the end of each 
plotted line indicates the positions of 
the resonant peaks in the system cha
racteristic. The cabinet plus vent 
resonance is indicated by a dot. The 
frequency scale is again logarithmic, 
centred about a frequency of unity for 
the loudspeaker unit itself. It can be 
seen from the top group of three lines 
that if the cabinet plus vent resonant 
frequency is kept equal to the loud
speaker resonant frequency, then the 
extent of the response remains symme
trical about this frequency, but the 
limits change. A large cabinet compli
ance and small vent air mass brings the 
"" "A check on Fourier", by M.G. Scroggie. 

WIRELESS WORLD, DECEMBER 1979 

peaks together; a large vent air mass 
a:nd small cabinet compliance moves 
them apart. Does this explain why it is 
possible to squeeze some low frequency 
radiation from 'bookshelf' cabinets? 

In the remaining sets of three lines, 
the whole range is pulled upwards or 
downwards by changes in the cabinet 
plus vent resonant frequency. There is 
however, a choice of frequency spread 
and if an extended frequency range is 
required it can either be pulled upwards' 
by reducing the cabinet ~ir complian~e 
or downwards by increasmg the vent air 
mass. Doing both simultaneously 
,spreads the frequency response without 
displacing it as observed in the first set 
of lines. This explains how it is possible 
·to 'tune' a vented system for optimum 
response by altering the length of the 
vent throat or the mass of the piston in 
the case of an a.b.r. \Vith the _peaks 
widespread, a cabinet Q value of about 
·o.5 is again required to flatten the upper 
frequency peak and the lower peak now 
.requires a similar Q, i.e. smaller than 
that noted before. The' frequency range 
is about 3 octaves, i.e. nearly a decade. 
The peaks differ in their tolerance of 
mis-Q-ing. For the cabinet damping, 
near enough might be good enough but 
the loudspeaker or vent Q needs careful 
adjustment. This is a possible area for 
home experiment by any readers 
.conscious of undesirable low-frequency 
humps in their system's response. 

Transient response 
Another way of examining the (sa~e) 
information available from electncal 
analogue or from computer arithmetic 
is to present it not as a freque~cy res
ponse but in the form of an Imp~lse 
response. The impulse resp~ns~ IS a 
function of time, following exCitatiOn by 
either a voltage impulse of short dura
tion or a steep-fronted voltage step. A 
ste~ is available on many oscilloscopes 
as the flyback or the sweep_ ga~mg . 
signal from the time-bas~ ci~cut~. I 
checked with my analogue circUit usmg 
two different oscilloscopes that one 
oscilloscope alone is sufficient to 
stimulate and display the impulse . res
ponse. The timebase connection IS to 
'A' in Fig. 1. A sweep time of about 40!J.S 
was convenient with the component 
values given, and the Y a~plifi~r was 
used up to its maximum gam. \VIth the 
analogue adjusted for miniJ?um dam
ping, the circuit rings splendidly, as one 
might expect. The ringing disappears at 

. values of w
0 

CR for 'cabinet' and 'loud
speaker' of about 1.4. The time for the 
response to droop to 1/E: of its _maxim~m 
value can then be doubled by mcreasmg 
the 'vent' damping to a similar value. 

The relative influence of the three 
damping controls differed a little from 
that found when exploring the 
frequency response. It seems i~portant 
in shaping the transient to provide both 

· cabinet and vent damping and the vent 
damping was not really interchangeable 
with the loudspeaker damping. Control 

F0 /2 Fo 2Fo 
Frequency Compl_iance 

I I I Mass 
ratio ratio rat10 
1/2 1 2 _....,_ 

_.......,_ 
2 1/2 

1/4 2 

1/2 4 

2 114 

2 1/2 

4 1/2 1 

Fig. 3. Extent of frequency respo~s_e for · 
the analogue circuit of Fig. 1. T~1s ts 
shown for various tabulated ratws of 
vent mass to cone mass, cabinet pl~.-Ls 
vent resonant frequency to 
loudspeaker resonant frequency and 
cabinet compliance to loudspeaker . 
suspension compliance. The frequency 
ratio is also shown as a dot on the 
diagram, which has a log frequency 
scale centred on the loudspeaker 
resonant frequency F o· 

I u . over all three seemed preferable. smg 
this 'poor man's transien~ tester'. is 
probably the simplest expenment With 
such networks that interested readers 
might easily try for themselves. !t p~o
vides rapidly the kind of quahtative 
information that is not easily deduced 
from algebra or arithmetic . Neverthe
less knowledge of the experimental 
res~lt often enables one to guide the 
mathematics to the same end-point. 

For the benefit of readers who may 
like·. to try some simple arithmetic. on 
their own 'enclosures', the followmg 
formulae provide some of the 
parameters: The adia~atic complian~e 
K of an air voiume V at atmosphenc 
pressure P, and vented by an apert~re 
ofareaA,isgivenbyK = V/PyA 2 (umts 
are metres per newton if wor~mg ~n 
m.k.s.). The mass of air M of density D m 
a vent pipe of throat length X is given by 
M = DAX. The resonant.frequency F of 
the vented volume is then given by 
4'1T2 F2 MK = 1 
or 
4 '!T2 F2 = (yP/D) (A IX) (1/V) 

· The constants required here are suf
ficiently accurate for such a crude 
model: 

Vel. of sound (yPID)'I·= 340m/sec 
atmospheric pressure P = 105 new

tons per metre 2 

atmospheric density D 1.2 kilo-
grams per metre3 

. 
spec. heat ratio y = 1.4 . _ 
The very simple analogue cir~uit of 

Fig. 1 in the text above i$ only directly 
applicable where the masses and_ com
pliances have been scaled accordmg to 
the relative areas of the loudspeaker 
cone and the venting aperture. If, for 
example, the cone area is <t> times the 
area of the venting aperture, then one 
·can multiply M by <1:> 2 and divide K by <l> 2 

before they are compared with (or 
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ratioed to) the cone mass and compli
ance. This is equivalent to interposing a 
transformer of ratio <t>: 1 between the 
loudspeaker series LCR section and ~he 
cabinet plus vent parallel LCR sect10.n 
of the circuit, to represent the acoustic 
transformer factor introduced between 
two apertures in a cabinet. It can be 
seen that the remaining step is to gather 
some information on loudspeaker 
resonant frequency F 0, cone mass Mo 
and suspension compliance K0. Sinc_e 
we are not looking for great accuracy, It 
may be satisfactory to take th_e 
manufacturer's estimate of F 0, but th1s 
·at least is not difficult to measure non
destructively. I can think of no way _of 
measuring cone mass that does not m
volve destruction of the unit, but if the 
compliance is measured then the mass 
can be calculated from 4 'TT

2 F 2
0 Mo Ko = 

1. Measuring the compliance involves 
resting weights on the cone (buffered by 
a disc of card and a felt pad) and mea
suring its displacement. A millimetre or 
two is not likely to damage a rugged 
woofer if the load is well spread, but 
'nevertheless there is still some element 
of risk. The force produced by one kilo
gram is 9.81 newtons: 
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; Hi-fi amplifier standard 
An . international standard giving minimum 
performance requirements for high fidelity 
amplifiers is announced by the International 
Electrotechnical Commission. It is the latest m a 
series being produced by the IEC for high 
fidelity audio equipment and systems. Called 
Part 6 of the Publication 581 series, it prov1des 
minimum performance requirements for linear 
and equalizing pre-amplifiers. power ampl1f1ers 
and integrated amplifiers primarily intended for 
domestic high quality reproducing systems. A 
first section , on minimum requirements for 
characteristics directly related to sound quality, 
covers, for example, effective frequency range, 
gain alignment, total harmonic distortion , and 
rated output power. Other characteriStiCS men
tioned in this section include those related to 
crosstalk attenuation (between stereo channels 
as well as inputs). wideband signal-to-no1se 
ratio , and weighted signal-to-noise rat1o._ A 
second section deals with other characteriStiCS . 
and requirements and includes items on 
balance control, loudness control, the markmg 
of controls, mechanical and electrical intercon
nections and characteristics to bf spec1f1ed m 
manufacturers' manuals . 

Publication 581-6, comprising 19 pages, 
can be obtained from the IEC at 1 Rue de 
Varembe, 1211 Geneva, Switzerland. at a pr~ce 
of 25 Swiss francs. 
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Sequential interrogation 
of push switch arrays 

Simple circuit prevents multiple switching : 

by H. A. Cole, M.I.E .R.E. Atomic Energy Research Establishment, Harwell 

A method is described in which an array 
of push switches is· electronically scanned 
to simulate the action of a 
make-before:break rotary switch . The 
method ensures that no matter how 
many switches are.closed at any given 
time, or in what order, only one will be · 
effective . 
The selection of an event or facility by 
operation of a push switch is an attrac
tively simple method and easy to 
operate. It is ergonomically efficient 
and lends itself to clear and unam
biguous legending. However, when an 
array of such switches is provided pre
cautions are sometimes necessary to 
prevent abnormal operation of the 
circuits being controlled, due to the 
accidental or deliberate operation of 

Vee 

more than one switch at the same time. 
This problem is particularly important 
in vending machines where, for the 
minimum outlay, an enthusiastic entre
preneur may attempt to obtain a cock
tail composed of tea, coffee, orange 
juice and soup, with milk and sugar, all 
in one small cup! 

Complicated electro-mechanical in
terlocks are sometimes used which pre
vent operation of the entire array 
should an attempt be made to operate 
more than one switch simultaneously. 
Purely electronic precautionary 
methods1·4 usually rely upon rapid
action latches which greatly reduce the 
likelihood of chance coincidences. 
Nevertheless, neither method is com
pletely foolproof and the possibility of a 
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jammed mechanism or abnormal circuit 
operation is always present. 

The circuit described here was de
signed to simulate the foolproof action 
of a break-before-make rotary switch. 
In the circuit a push switch array is 
·electronically scanned and the condi
tion of each switch is interrogated, one 
after the other by a sequence of short
duration pulses. As soon as an interro
gation pulse intercepts a switch which 
is closed, the function associated with 
that switch is automatically selected by 
a latch and the source of the interroga
tion pulses is inhibited. No further in
terrogation occurs and the circuit 
remains locked in the selected state 
until a reset is applied. Thus, no matter 
how many switches are closed, or in 
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Fig. I. Full circuit of the "sequential 
interrogator." 
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what order, only one of them will be 
effective and this vv:ill be the one first 
recognised by the interrogation pulses. 

It is arranged that the interrogation 
pulses are each of more than ade~uate 
duration for the latch to be estabhshed 
and the "inhibit" to be applied and that 
they recur at a rate which ensures a 
complete scan of the array well within 
the expected dwell time of the 
operator's finger on the switch. 

The circuit diagram of an arrange
ment suitable for a 4-station push 
switch array is shown in Fig. 1. In th! 
quiescent (reset) condition the Q and ,Q 
output levels of the four latches formed 
by IC

3 
and IC1are at logic O(n~ar-earth) 

and iogic 1 (near-V cc), respectively. The 
transistor switches formed by Tr 1 to 
Tr are not conducting and the l.e.d. 
indicators are unlit; in a practical circuit 
these indicators would be replaced, or 
supplemented by, function-controlling 
switches. 

The reset terminals of IC3 and IC 4 are . 
normally held at a logic 0 level, via the 
normally-closed contacts of the reset 
switch S5• During the reset operation 
these terminals are taken to a logic 1 
level through the resistor R 7• For con
venience the reset switch has been 
shown as a manually-operated push 
switch. In a practical circuit, however. 
the reset potential would probably be 
applied automatically at the termina
tion of a specific sequence of events. A 
square wave oscillator formed from 
gates 1 and 2 of IC5 produces a ~?n
tinuous output waveform at a repetttlon 
rate of 1kHz. This is connected to the 
input terminal of IC 2, a decade counter 
producing 10 decoded output pulses at 
separate output terminals. These are 
the interrogation pulses (IPs) and are 
positive-going. They occur one after 
another at 100Hz, and each has a dura
tion equal to one period (lms) of the 
input waveform. The operating condi
tion of IC2 is controlled by the voltage 
levels applied to its clock-enable (CE) 
and reset (R) terminals. \Vhen these 
terminals are both held at a logic 0 level 
IC

2 
is enabled, providing a continuous 

sequence of interrogation pulses. W~en 
these terminals are both held at a log1c 1 
level IC2 is inhibited and no interroga
tion pulses are produced. The control
ling level for IC2 is derived from the 
4-input NAND gate IC6. When IC 3 and 
IC are in the reset state all inputs to ICs 

4 . 0 are at a logic 1, its output is at a logtc 
and IC2 is enabled. Since only four 
switches (S1-S4) are employed in the 
circuit shown in Fig. 1, only four of the 
interrogation pulses (1Pc1P4) from IC2 
are used. These are individually con
nected to the four AND-gates com
prising rcl and for convenience are 
arranged so that their order of occur
rence corresponds to the numbers allo
cated to the push switches. When push 
switches S1-S4 are in the normally-open 
state the interrogation pulses have no 
effect on the gates comprising IC 1, due 
to the logic 0 levels present on the other 

input terminals. The outputs from these 
gates therefore remain at a logic 0 and 
the circuit is quiescent. 

Consider now the case where 
switches S3 and 54 are simultaneously 
closed. This places a logic 1 on gates 3 
and 4 of IC1, which become enabled. 
Interrogation pulses scan the gates of 
IC1 in numerical order and, depending 
upon the point in time when the 
switches were operated, the first gate to 
experience a logic 1 on both its inputs 
terminals will be gate 3. The interroga
tion pulse present at this gate is there
fore able to pass through and reach the 
input terminal of the latch feed~ng T~ 3 

(upper section of IC 4 ) whtch ts 
immediately triggered to the "set" state. 

When this happens, its Q-output rises 
-to a logic 1, transistor Tr3 is turned on 
and the l.e.d. in its collector line is 
illuminated; at the same time, the Q
output falls to a logic 0. This is 
immediately recognised by IC6 , the out
put of which causes an inhibit to be 
placed on the clock enable and reset 
terminals of IC2• No further interroga
tion pulses are therefore produced and 
the circuit remains latched to the con
nection selected by 53• A similar opera
tion results if one or all of the switches 
are depressed, or if the reset switch is 
operated whilst all the switches are 
depressed. 

The time taken for a latch to be estab
lished and the interrogation pulses to 
be inhibited is determined by the res
ponse times of the i.cs·. These are 
typically less than 200ns for t~e c.m.~.s. 
types specified in Fig. 1, a penod. wh1ch 
is negligible when compared wtth the 
lms duration of an interrogation pulse. 
The time taken by the interrogation 
pulses in making one complete s~an of 
up to 10 push switches (the maxtm~m 
possible using IC2) is lOms; a penod 
which. is very small when compared 
with the expected dwell time of the 
operator's finger on the switch and ~ith 
the mechanical inertia of the sw1tch 
mechanism. 

This circuit can be expanded to 
operate with up to 10 push switches by 
the addition of .latches using i.cs and 
connections similar to those given for 
IC

3 
and IC4 and by replacing IC 6 with an 

equivalent 10-input gate. 
Simplification of the circuit may be 

achieved by the use of quad-type 
latches in place of IC3 and IC4 (e.g. 
CD4042/4) and possibly by using tran
sistor arrays (e.g. CA3081/2) in place of 
Tr1 to Tr4• 
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of push switch arrays 

Simple circuit prevents multiple switching : 

by H. A. Cole, M.I.E .R.E. Atomic Energy Research Establishment, Harwell 

A method is described in which an array 
of push switches is· electronically scanned 
to simulate the action of a 
make-before:break rotary switch . The 
method ensures that no matter how 
many switches are.closed at any given 
time, or in what order, only one will be · 
effective . 
The selection of an event or facility by 
operation of a push switch is an attrac
tively simple method and easy to 
operate. It is ergonomically efficient 
and lends itself to clear and unam
biguous legending. However, when an 
array of such switches is provided pre
cautions are sometimes necessary to 
prevent abnormal operation of the 
circuits being controlled, due to the 
accidental or deliberate operation of 
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more than one switch at the same time. 
This problem is particularly important 
in vending machines where, for the 
minimum outlay, an enthusiastic entre
preneur may attempt to obtain a cock
tail composed of tea, coffee, orange 
juice and soup, with milk and sugar, all 
in one small cup! 

Complicated electro-mechanical in
terlocks are sometimes used which pre
vent operation of the entire array 
should an attempt be made to operate 
more than one switch simultaneously. 
Purely electronic precautionary 
methods1·4 usually rely upon rapid
action latches which greatly reduce the 
likelihood of chance coincidences. 
Nevertheless, neither method is com
pletely foolproof and the possibility of a 

14 r- - -, r--
I 

I 

~----~------------~----~~~1 I 
I 2 & 3 I 

~~--------.-~~ 
0~1P1 

5 

rc1 
CD4081 

1 •• 
I 

I 

I 3 CLK 
I 

K 
11 

I /': I L __________ .J 

Vee ,----------., 

jammed mechanism or abnormal circuit 
operation is always present. 

The circuit described here was de
signed to simulate the foolproof action 
of a break-before-make rotary switch. 
In the circuit a push switch array is 
·electronically scanned and the condi
tion of each switch is interrogated, one 
after the other by a sequence of short
duration pulses. As soon as an interro
gation pulse intercepts a switch which 
is closed, the function associated with 
that switch is automatically selected by 
a latch and the source of the interroga
tion pulses is inhibited. No further in
terrogation occurs and the circuit 
remains locked in the selected state 
until a reset is applied. Thus, no matter 
how many switches are closed, or in 
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what order, only one of them will be 
effective and this vv:ill be the one first 
recognised by the interrogation pulses. 

It is arranged that the interrogation 
pulses are each of more than ade~uate 
duration for the latch to be estabhshed 
and the "inhibit" to be applied and that 
they recur at a rate which ensures a 
complete scan of the array well within 
the expected dwell time of the 
operator's finger on the switch. 

The circuit diagram of an arrange
ment suitable for a 4-station push 
switch array is shown in Fig. 1. In th! 
quiescent (reset) condition the Q and ,Q 
output levels of the four latches formed 
by IC

3 
and IC1are at logic O(n~ar-earth) 

and iogic 1 (near-V cc), respectively. The 
transistor switches formed by Tr 1 to 
Tr are not conducting and the l.e.d. 
indicators are unlit; in a practical circuit 
these indicators would be replaced, or 
supplemented by, function-controlling 
switches. 

The reset terminals of IC3 and IC 4 are . 
normally held at a logic 0 level, via the 
normally-closed contacts of the reset 
switch S5• During the reset operation 
these terminals are taken to a logic 1 
level through the resistor R 7• For con
venience the reset switch has been 
shown as a manually-operated push 
switch. In a practical circuit, however. 
the reset potential would probably be 
applied automatically at the termina
tion of a specific sequence of events. A 
square wave oscillator formed from 
gates 1 and 2 of IC5 produces a ~?n
tinuous output waveform at a repetttlon 
rate of 1kHz. This is connected to the 
input terminal of IC 2, a decade counter 
producing 10 decoded output pulses at 
separate output terminals. These are 
the interrogation pulses (IPs) and are 
positive-going. They occur one after 
another at 100Hz, and each has a dura
tion equal to one period (lms) of the 
input waveform. The operating condi
tion of IC2 is controlled by the voltage 
levels applied to its clock-enable (CE) 
and reset (R) terminals. \Vhen these 
terminals are both held at a logic 0 level 
IC

2 
is enabled, providing a continuous 

sequence of interrogation pulses. W~en 
these terminals are both held at a log1c 1 
level IC2 is inhibited and no interroga
tion pulses are produced. The control
ling level for IC2 is derived from the 
4-input NAND gate IC6. When IC 3 and 
IC are in the reset state all inputs to ICs 

4 . 0 are at a logic 1, its output is at a logtc 
and IC2 is enabled. Since only four 
switches (S1-S4) are employed in the 
circuit shown in Fig. 1, only four of the 
interrogation pulses (1Pc1P4) from IC2 
are used. These are individually con
nected to the four AND-gates com
prising rcl and for convenience are 
arranged so that their order of occur
rence corresponds to the numbers allo
cated to the push switches. When push 
switches S1-S4 are in the normally-open 
state the interrogation pulses have no 
effect on the gates comprising IC 1, due 
to the logic 0 levels present on the other 

input terminals. The outputs from these 
gates therefore remain at a logic 0 and 
the circuit is quiescent. 

Consider now the case where 
switches S3 and 54 are simultaneously 
closed. This places a logic 1 on gates 3 
and 4 of IC1, which become enabled. 
Interrogation pulses scan the gates of 
IC1 in numerical order and, depending 
upon the point in time when the 
switches were operated, the first gate to 
experience a logic 1 on both its inputs 
terminals will be gate 3. The interroga
tion pulse present at this gate is there
fore able to pass through and reach the 
input terminal of the latch feed~ng T~ 3 

(upper section of IC 4 ) whtch ts 
immediately triggered to the "set" state. 

When this happens, its Q-output rises 
-to a logic 1, transistor Tr3 is turned on 
and the l.e.d. in its collector line is 
illuminated; at the same time, the Q
output falls to a logic 0. This is 
immediately recognised by IC6 , the out
put of which causes an inhibit to be 
placed on the clock enable and reset 
terminals of IC2• No further interroga
tion pulses are therefore produced and 
the circuit remains latched to the con
nection selected by 53• A similar opera
tion results if one or all of the switches 
are depressed, or if the reset switch is 
operated whilst all the switches are 
depressed. 

The time taken for a latch to be estab
lished and the interrogation pulses to 
be inhibited is determined by the res
ponse times of the i.cs·. These are 
typically less than 200ns for t~e c.m.~.s. 
types specified in Fig. 1, a penod. wh1ch 
is negligible when compared wtth the 
lms duration of an interrogation pulse. 
The time taken by the interrogation 
pulses in making one complete s~an of 
up to 10 push switches (the maxtm~m 
possible using IC2) is lOms; a penod 
which. is very small when compared 
with the expected dwell time of the 
operator's finger on the switch and ~ith 
the mechanical inertia of the sw1tch 
mechanism. 

This circuit can be expanded to 
operate with up to 10 push switches by 
the addition of .latches using i.cs and 
connections similar to those given for 
IC

3 
and IC4 and by replacing IC 6 with an 

equivalent 10-input gate. 
Simplification of the circuit may be 

achieved by the use of quad-type 
latches in place of IC3 and IC4 (e.g. 
CD4042/4) and possibly by using tran
sistor arrays (e.g. CA3081/2) in place of 
Tr1 to Tr4• 
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A professional electronics engineer, Harry 
Cole spent his first twenty years at Harwell 
designing portable instruments for the 
location of radioact ive minerals as well as 
originating a wide range of laboratory 
instruments for particle sizin,g, nucleonic 
counting , and analysis of plutonium and 
other radionucleides. He is the author of 
three books on television principles and of 
several papers dealing with scientific and 
electronics topics. some of which have 
appeared in Wireless World. 

Editorial writer for 
Wireless World 
Wifeless World needs a new person 
on its editorial staff. Technical 
experience in electronics and I or 
communications and an ability to 
write are essential. The work is 
varied and includes writing technical 
news reports and other material , 
attending meetings, exh ibitions, 
press conferences and other events, 
some abroad , and editing 
contributed technical articles . A 
good deal of freedom will be given to 
a person who shows ability and 
responsibility . Preferred age range 
25 to 35 . Write to: The Editor, 
Wireless World, Dorset House, 
Stamford Street, London S E 1 9 LU. 
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Solder :tume 
extractor 
One of the prime hazards in
volved in batch or production 
line soldering is the cloud of acrid 
smoke which emerges from the 
inevitable burning flux. A solder 
fume absorber, designed for in
dividual work stations, is now 
available from Vera Systems. 
This is the Komax 80 and it 

·makes use of an axial fan which 
draws fumes through a polyamid 
filter. The filter has an absorption 
rate of about 80% measured 
against ASHRAE Standard 52-68 
and the makers say that it will 
remain effective for about three 
weeks in normal use. Vera Sys
tems (Electronic) Ltd, 362 Spring 
Rd, Sholing, . Southampton, S09 
5QJ. 
WW301 

Tape recorder, 
distortion meter 
The DMl distortion meter is in-
tended for measuring third-· 
harmonic distortion(K3)in tape 
re~orders, and will also measure 
tape erasure and channel separa-
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tion. Using a 333Hz signal, this' 
compact instrument will measure 
distortion from 0.15% to 15% in 
three switched ranges with meter 
f.s.ds of 1.5%-and 15%. For erasure 
and channel separation there is 
another meter scale marked in dB 
allowing measurements from -
70dB to -50dB in three switched 
ranges. Three output sockets at 
the rear provide for other instru
ments to be connected, for 
example a wow and flutter meter 
in conjunction with a decibel/ 
voltmeter, which combination 
also allows measurement of 
;frequency response and recor
,ding level. A low-high switch 
,allows the oscillator output to be 
:adjusted to the Japanese 
standard. Bang & Olufsen Neder
land. Measuring Instruments 
Division, Koninginneeweg 54, 
1241 CV Kortenhoef, Postbus 36, 
Netherlands. 
WW302 

Logic test probes 
Fast analysis and trouble
shooting of i.e. logic systems is 
the prime function of the DP-100 
"pulser" probe and the DP-50 
digital proble. The two items, 
manufactured by the (American), 
Dynascan Corporation, are in
tended to be used together in 
most checking operations. 
DP-100 "pulser" probe senses the 
state of the logic and can change 
this state if. required or inject 
substitute logic pulses to speed 
debugging. It generates either a 
"one-shot" or a continuous 5Hz 
pulse train. The DP-100 obtains 
its operating power from the 
circuit under test, is fully over-

. load protected and compatible 
owith t.t.l., m.o .s. and c.m.o.s . 

as is the DP-50. The DP-50 
digital probe is a 50MHz in
strument which displays logic . 
activity as three l.e.d. indicators 
to indicate pulse presence and 
high/low logic states. An unusual 
feature is a "memory freeze" 
which stores pulse display. The 
DP-50 has a 2MQ input imped
ance, is fully protected from · 
overload and detects pulses to 
within IOns. Distributed by 
Empire Exporters, Inc, Plainview 
NewYork, USA. 
WW303 

Remote temperature 
controller 

Operating over the range -200°C 
to + l600°C, the CAL 6101 elec
tronic temperature controller 
from Controls and Automation 
can switch a 3kW resistive load 
(at 14A, 220V 50Hz). This range is 
covered by nine versions of the 
controller, each of which com
prises two separate sections, the 
plug-in control section and a 
remote bezel and dial giving, 
according to the makers, greater 
flexibility in mounting. The dial 
potentiometer is connected to 
the controller by a single flexiblG 

lead. The controller makes use 
of proportional contr~l methods 
and features an error margin of 
± 1%. It will a1so acc~pt thermo
couple or PT100 inpt,lts, two or 
three wire . Controls and 
Automation Ltd, Regal House, 55 
Bancroft, Hitchin, Herlts SG51LL. 
WW304 , 

Sub-miniature 
microswitch 
The SSL series is the latest addi
tion to the IMO/OMRON range 
of microswitches. Measuring 
only 10 x 6.5 x 19.7mm, they 
offer a contact current rating of 
5A at 24QV a.c. and an estimated 
life of 10 million operations. They, 

are available in three styles: 
plunger (SSLl), hinge lever 
(SSLlL) and hinge roller 
(SSL1L2). Construction is of . 
polycarbonate and stainless steel 
while connection is made 
through 0.5mm thickj terminals 
for p.c. board or solder connec
tion. The complet~ series is 
available ex-stock. 1Mb Precision 
Controls Ltd, 349 Edgware Road, 
London, ~W21BS. 
WW305 

Signal-powered 
receiver 
A package containing an ear
piece, a silicon diode, a compres
siort trimmer, a short length of 
ferrite rod and a· length of en
amelled copper wire comprise the 
Home Radio crystal receiver 
construction kit. An earpiece 
jack, two capacitors and a con
necting block are also included 
for the total cost of £2.50, inc. 
v.a.t., and postage. Home Radio 
(Components) Ltd, 234-240 Lon
don Road, Mitcham, Surrey CR4 
3HD. ' 
WW306 
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Logic slide switch 
Applications including speed 
control of models and process 
control programming are quoted 
by Egen Electric for its logic slide 
switch. This is based on the Egen 
slide potentiometer and provides 
15 outputs on a grey-scale code 
with 0 t? 9 b.c.d. outputs. Maxi~ 

mum working voltage is 20 and 
normal operating current is 
lOmA. Contact resistance is 
'quoted as 5000 after 50,000 
operations. Egen Electric, Ltd, 
Canvey Rd, Canvey Island,, Essex 
SS80PG. 
WW307 

Rain detector 
An instantaneous warning, trig
gered, so the makers, Chro
matronics claim by the first 
drop of rain, is provided by the 
"Rain Check", a device which 
operates from a single 9V battery. 
The unit is housed in a plastics 
box measuring 13 X 9 X 4cm and 
this is designed to be mounted in• 
the home. The gold-plated rain 
sensor is connected by twin flex 
and can be mounted in any ex
ternal location where advance 
warning of rain is required. 
Battery life is reckoned at one 
year in normal operation. Cost is 
£9.95 including VAT. Chro-. 
matronics, Coachworks House, 
River Way, Harlow, Essex. 
WW308 

BOA earth leakage 
contact breaker 
Designed primarily to meet the 
changing load requirements in 
new electrical installations, the 
H05 earth leakage circuit 
breaker is said by the makers, B 
and R Relays, to fulfil such de
mands by operating at a maxi
mum rating of 80A. Two versions 
are offered, preset to a tripping 
sensitivity of either 100mA or 
500mA, the latter to prevent 
"nuisance" tripping in an 'un
usual electrical environment. 
Tripping speed is 30ms'which the 
makers say is adequate to isolate 
faulty equipment before serious 

dam~e can occur and with the 
H05's introduction, this 
manufacturer's range of circuit 
breakers now· extends from 13 to 
80A ratings, with trip currents 
from 7mA to 500mA. B and R 
Relays Ltd, Templefields, Har
low, Essex CM20 2BG. 
WW309 

Hole cutters 
-As well as offering a compact 
·wallet for the pocket, G and J 
Hall also provide a 30cc pot of 
"Conecut" cutting compound for 
use with their standard sheet and 
tube drills. Two sets are available 
for specific trade applications. 
_The "electrician's" set, CP2025, 
contains "Conecuts" 1 and M25 
providing a set of tools to pro~ 
duce holes of 20mm and 25mm in 
diameter. The "electronics" set 
CP2230, contains "Conecuts" L.\ 
and 2 which can be 'used for 
22.2mm and 30.5mm Interna
tional Standard hole sizes for the 

fitting- of pushbuttons and indi
cator lights in control panels. 
Photo shows the comprehensive 
"pocket kit", CP210. G and J Hall 
Ltd, Burgess Rd, Sheffield, S9 
3WD. 
WW:ilO 

U.h.f. modulator 
Computer graphics and v.c.r. 
applications are the areas of use 
for which Astec's UM1286 u.h.f. 
modulator is intended. The vision 
carrier is pre-tuned to channel 
E36 (591.25MHz) and the integral 
sound sub-carrier oscillator may 
be pre-tuned to either 5.5MHz or 
6.00MHz. Separate balanced 
modulator circuits are used to 
provide improved linearity and 
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low content of undesirable 
mixing products. Colour sub
carrier and sound sub-carrier 
beat product is -55dB with res
pect to carrier, resulting, ac" 
cording to Astec, in interference- ~· 
free pictures. The modulator 
measures 71 X 37 x 20mm and' 
current consumption is 9mA with . 
a recommended supply of 5V 
± 10%. Astec Europe Ltd, 4A 
Sheet St, Windsor, Berks. 
WW311 

Slave telephone 
dialler · 
Instant dialling, with attendant 
savings in time spent at the 
telephone, is the function of the 
TeleDialer 32. The makers, STC, 
point out that it can prevent un
necessary delays by holding in 
electronic memory important -· 
numbers, ready for instant con
nection to the wanted party at 
the push of a button. Up to 16 
digits can be programmed for a 
single number and changes can 
be easily keyed in. A standard 
push-button key-pad and a 32 
space programmable directory is 
featured and as well as 28 buttons 
set up in column form for 
frequently-made calls, four 
colour-coded buttons accommo- , 
date emergency numbers. 
Further features include a 
"reconnect" facility, where, by 
pushing button 32, the latest 
number committed to the 
memory can be reconnected, and 
a built-in speaker allows the 
number to be dialled without 
lifting the telephone handset. 
William Love and Co, 720 George 
St, Sydney, NSW, Australia. 
WW312 

Optical fibre e.n~g. 
camera 
Shoulder or tripod operation is 
possible with the KCA 100 optical 
fibre camera now in production 
by Bosch of Germany. The 
camera head weighs 5.5kg and 
consists of a fold-down section 
containing · the optical block, a 
central section for signal
processing p.c.b.s and various 
optional add-on rear units. By 
exchanging these units, the KCA 
100 can be adapted to operate in 
the e.n.g. (electronic news
gathering) mode or as a 
remotely-controlled unit 
operating from a base station via 
multiwire or optical fibre cables. 
Laser transceivers at the base 
station and camera head in con
junction with optical fibre enable 
the camera to be remotely con
trolled from several miles away 
with a cable weight saving of 
approximately 30:1 when 
compared with conventional 
methods. Auto-centering and 
auto-focus are unusual features 
of this camera, the focus system 
using a low intensity infra-red 
laser which provides reflections 
for distance evaluation leading to 
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accurate focussing. Robert Bosch 
GmbH, Darmstadt, W. Germany. 

WW313 

'Peak programme 
meter 
"Very nearly the same specifica
tion as the BS5428" (BBC
recommended) peak programme 
meter, is the recent claim made 
by the Soundex Division of Bul
gin Electronics for their PPM402 
meter. This is a peak-reading 
meter which has been introduced · 
to complement the makers' range . 
of "professional" meters, and 
dynamic range, frequency res
ponse and "ballistics" are 
claimed as similar to the BS5428 
form. The scale is calibrated in dB 
with a red "overload" region. The 
price of the meter, complete with 
amplifier and instruction leaflet, 
is £34.95 excluding v.a.t. and 
Soundex are offering a free 
"line-up" oscillator with each 
order received before 24 
November 1979. Bulgin Elec
tronics, Soundex Ltd, Park Lane, 
Broxbourne, Herts. 
WW314 

Field strength 
receiver 
High precision measurement of 
field strengths and interference 
(to CISPR and MIL specifica
tions) and tuned frequency volt
age measurements in laboratory 
and test departments are the 
principal applications of the 
ESH2 test receiver now available 
from Rohde and Schwarz. The 
unit monitors the frequency 
range 10kHz to 30MHz with an 
input sensitivity (sine wave) ex
tending from -30dB to + 137dB; 
voltage measurement error is 
< ldB, field strength measure
ments <2dB, and the unit is in
tended to complement the ESU2 
v.h.f./u.h.f. test receiver, which 
covers the range 25 to 1 OOOMHz. 
The ESH2 can be tuned in steps of 
100Hz or 10kHz over the com
plete frequency range without 
the need to change ranges. 
and can be powered from the 
mains or tram a 12V or 24V 
adaptor for use in the field. Rohde 
and Schwarz GmbH and Co KG, 
Pressestelle, Muhldorfstr 15, 
Munich 80, W. Germany. 
WW315 
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Solder :tume 
extractor 
One of the prime hazards in
volved in batch or production 
line soldering is the cloud of acrid 
smoke which emerges from the 
inevitable burning flux. A solder 
fume absorber, designed for in
dividual work stations, is now 
available from Vera Systems. 
This is the Komax 80 and it 

·makes use of an axial fan which 
draws fumes through a polyamid 
filter. The filter has an absorption 
rate of about 80% measured 
against ASHRAE Standard 52-68 
and the makers say that it will 
remain effective for about three 
weeks in normal use. Vera Sys
tems (Electronic) Ltd, 362 Spring 
Rd, Sholing, . Southampton, S09 
5QJ. 
WW301 

Tape recorder, 
distortion meter 
The DMl distortion meter is in-
tended for measuring third-· 
harmonic distortion(K3)in tape 
re~orders, and will also measure 
tape erasure and channel separa-
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tion. Using a 333Hz signal, this' 
compact instrument will measure 
distortion from 0.15% to 15% in 
three switched ranges with meter 
f.s.ds of 1.5%-and 15%. For erasure 
and channel separation there is 
another meter scale marked in dB 
allowing measurements from -
70dB to -50dB in three switched 
ranges. Three output sockets at 
the rear provide for other instru
ments to be connected, for 
example a wow and flutter meter 
in conjunction with a decibel/ 
voltmeter, which combination 
also allows measurement of 
;frequency response and recor
,ding level. A low-high switch 
,allows the oscillator output to be 
:adjusted to the Japanese 
standard. Bang & Olufsen Neder
land. Measuring Instruments 
Division, Koninginneeweg 54, 
1241 CV Kortenhoef, Postbus 36, 
Netherlands. 
WW302 

Logic test probes 
Fast analysis and trouble
shooting of i.e. logic systems is 
the prime function of the DP-100 
"pulser" probe and the DP-50 
digital proble. The two items, 
manufactured by the (American), 
Dynascan Corporation, are in
tended to be used together in 
most checking operations. 
DP-100 "pulser" probe senses the 
state of the logic and can change 
this state if. required or inject 
substitute logic pulses to speed 
debugging. It generates either a 
"one-shot" or a continuous 5Hz 
pulse train. The DP-100 obtains 
its operating power from the 
circuit under test, is fully over-

. load protected and compatible 
owith t.t.l., m.o .s. and c.m.o.s . 

as is the DP-50. The DP-50 
digital probe is a 50MHz in
strument which displays logic . 
activity as three l.e.d. indicators 
to indicate pulse presence and 
high/low logic states. An unusual 
feature is a "memory freeze" 
which stores pulse display. The 
DP-50 has a 2MQ input imped
ance, is fully protected from · 
overload and detects pulses to 
within IOns. Distributed by 
Empire Exporters, Inc, Plainview 
NewYork, USA. 
WW303 

Remote temperature 
controller 

Operating over the range -200°C 
to + l600°C, the CAL 6101 elec
tronic temperature controller 
from Controls and Automation 
can switch a 3kW resistive load 
(at 14A, 220V 50Hz). This range is 
covered by nine versions of the 
controller, each of which com
prises two separate sections, the 
plug-in control section and a 
remote bezel and dial giving, 
according to the makers, greater 
flexibility in mounting. The dial 
potentiometer is connected to 
the controller by a single flexiblG 

lead. The controller makes use 
of proportional contr~l methods 
and features an error margin of 
± 1%. It will a1so acc~pt thermo
couple or PT100 inpt,lts, two or 
three wire . Controls and 
Automation Ltd, Regal House, 55 
Bancroft, Hitchin, Herlts SG51LL. 
WW304 , 

Sub-miniature 
microswitch 
The SSL series is the latest addi
tion to the IMO/OMRON range 
of microswitches. Measuring 
only 10 x 6.5 x 19.7mm, they 
offer a contact current rating of 
5A at 24QV a.c. and an estimated 
life of 10 million operations. They, 

are available in three styles: 
plunger (SSLl), hinge lever 
(SSLlL) and hinge roller 
(SSL1L2). Construction is of . 
polycarbonate and stainless steel 
while connection is made 
through 0.5mm thickj terminals 
for p.c. board or solder connec
tion. The complet~ series is 
available ex-stock. 1Mb Precision 
Controls Ltd, 349 Edgware Road, 
London, ~W21BS. 
WW305 

Signal-powered 
receiver 
A package containing an ear
piece, a silicon diode, a compres
siort trimmer, a short length of 
ferrite rod and a· length of en
amelled copper wire comprise the 
Home Radio crystal receiver 
construction kit. An earpiece 
jack, two capacitors and a con
necting block are also included 
for the total cost of £2.50, inc. 
v.a.t., and postage. Home Radio 
(Components) Ltd, 234-240 Lon
don Road, Mitcham, Surrey CR4 
3HD. ' 
WW306 
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Logic slide switch 
Applications including speed 
control of models and process 
control programming are quoted 
by Egen Electric for its logic slide 
switch. This is based on the Egen 
slide potentiometer and provides 
15 outputs on a grey-scale code 
with 0 t? 9 b.c.d. outputs. Maxi~ 

mum working voltage is 20 and 
normal operating current is 
lOmA. Contact resistance is 
'quoted as 5000 after 50,000 
operations. Egen Electric, Ltd, 
Canvey Rd, Canvey Island,, Essex 
SS80PG. 
WW307 

Rain detector 
An instantaneous warning, trig
gered, so the makers, Chro
matronics claim by the first 
drop of rain, is provided by the 
"Rain Check", a device which 
operates from a single 9V battery. 
The unit is housed in a plastics 
box measuring 13 X 9 X 4cm and 
this is designed to be mounted in• 
the home. The gold-plated rain 
sensor is connected by twin flex 
and can be mounted in any ex
ternal location where advance 
warning of rain is required. 
Battery life is reckoned at one 
year in normal operation. Cost is 
£9.95 including VAT. Chro-. 
matronics, Coachworks House, 
River Way, Harlow, Essex. 
WW308 

BOA earth leakage 
contact breaker 
Designed primarily to meet the 
changing load requirements in 
new electrical installations, the 
H05 earth leakage circuit 
breaker is said by the makers, B 
and R Relays, to fulfil such de
mands by operating at a maxi
mum rating of 80A. Two versions 
are offered, preset to a tripping 
sensitivity of either 100mA or 
500mA, the latter to prevent 
"nuisance" tripping in an 'un
usual electrical environment. 
Tripping speed is 30ms'which the 
makers say is adequate to isolate 
faulty equipment before serious 

dam~e can occur and with the 
H05's introduction, this 
manufacturer's range of circuit 
breakers now· extends from 13 to 
80A ratings, with trip currents 
from 7mA to 500mA. B and R 
Relays Ltd, Templefields, Har
low, Essex CM20 2BG. 
WW309 

Hole cutters 
-As well as offering a compact 
·wallet for the pocket, G and J 
Hall also provide a 30cc pot of 
"Conecut" cutting compound for 
use with their standard sheet and 
tube drills. Two sets are available 
for specific trade applications. 
_The "electrician's" set, CP2025, 
contains "Conecuts" 1 and M25 
providing a set of tools to pro~ 
duce holes of 20mm and 25mm in 
diameter. The "electronics" set 
CP2230, contains "Conecuts" L.\ 
and 2 which can be 'used for 
22.2mm and 30.5mm Interna
tional Standard hole sizes for the 

fitting- of pushbuttons and indi
cator lights in control panels. 
Photo shows the comprehensive 
"pocket kit", CP210. G and J Hall 
Ltd, Burgess Rd, Sheffield, S9 
3WD. 
WW:ilO 

U.h.f. modulator 
Computer graphics and v.c.r. 
applications are the areas of use 
for which Astec's UM1286 u.h.f. 
modulator is intended. The vision 
carrier is pre-tuned to channel 
E36 (591.25MHz) and the integral 
sound sub-carrier oscillator may 
be pre-tuned to either 5.5MHz or 
6.00MHz. Separate balanced 
modulator circuits are used to 
provide improved linearity and 
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low content of undesirable 
mixing products. Colour sub
carrier and sound sub-carrier 
beat product is -55dB with res
pect to carrier, resulting, ac" 
cording to Astec, in interference- ~· 
free pictures. The modulator 
measures 71 X 37 x 20mm and' 
current consumption is 9mA with . 
a recommended supply of 5V 
± 10%. Astec Europe Ltd, 4A 
Sheet St, Windsor, Berks. 
WW311 

Slave telephone 
dialler · 
Instant dialling, with attendant 
savings in time spent at the 
telephone, is the function of the 
TeleDialer 32. The makers, STC, 
point out that it can prevent un
necessary delays by holding in 
electronic memory important -· 
numbers, ready for instant con
nection to the wanted party at 
the push of a button. Up to 16 
digits can be programmed for a 
single number and changes can 
be easily keyed in. A standard 
push-button key-pad and a 32 
space programmable directory is 
featured and as well as 28 buttons 
set up in column form for 
frequently-made calls, four 
colour-coded buttons accommo- , 
date emergency numbers. 
Further features include a 
"reconnect" facility, where, by 
pushing button 32, the latest 
number committed to the 
memory can be reconnected, and 
a built-in speaker allows the 
number to be dialled without 
lifting the telephone handset. 
William Love and Co, 720 George 
St, Sydney, NSW, Australia. 
WW312 

Optical fibre e.n~g. 
camera 
Shoulder or tripod operation is 
possible with the KCA 100 optical 
fibre camera now in production 
by Bosch of Germany. The 
camera head weighs 5.5kg and 
consists of a fold-down section 
containing · the optical block, a 
central section for signal
processing p.c.b.s and various 
optional add-on rear units. By 
exchanging these units, the KCA 
100 can be adapted to operate in 
the e.n.g. (electronic news
gathering) mode or as a 
remotely-controlled unit 
operating from a base station via 
multiwire or optical fibre cables. 
Laser transceivers at the base 
station and camera head in con
junction with optical fibre enable 
the camera to be remotely con
trolled from several miles away 
with a cable weight saving of 
approximately 30:1 when 
compared with conventional 
methods. Auto-centering and 
auto-focus are unusual features 
of this camera, the focus system 
using a low intensity infra-red 
laser which provides reflections 
for distance evaluation leading to 
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accurate focussing. Robert Bosch 
GmbH, Darmstadt, W. Germany. 

WW313 

'Peak programme 
meter 
"Very nearly the same specifica
tion as the BS5428" (BBC
recommended) peak programme 
meter, is the recent claim made 
by the Soundex Division of Bul
gin Electronics for their PPM402 
meter. This is a peak-reading 
meter which has been introduced · 
to complement the makers' range . 
of "professional" meters, and 
dynamic range, frequency res
ponse and "ballistics" are 
claimed as similar to the BS5428 
form. The scale is calibrated in dB 
with a red "overload" region. The 
price of the meter, complete with 
amplifier and instruction leaflet, 
is £34.95 excluding v.a.t. and 
Soundex are offering a free 
"line-up" oscillator with each 
order received before 24 
November 1979. Bulgin Elec
tronics, Soundex Ltd, Park Lane, 
Broxbourne, Herts. 
WW314 

Field strength 
receiver 
High precision measurement of 
field strengths and interference 
(to CISPR and MIL specifica
tions) and tuned frequency volt
age measurements in laboratory 
and test departments are the 
principal applications of the 
ESH2 test receiver now available 
from Rohde and Schwarz. The 
unit monitors the frequency 
range 10kHz to 30MHz with an 
input sensitivity (sine wave) ex
tending from -30dB to + 137dB; 
voltage measurement error is 
< ldB, field strength measure
ments <2dB, and the unit is in
tended to complement the ESU2 
v.h.f./u.h.f. test receiver, which 
covers the range 25 to 1 OOOMHz. 
The ESH2 can be tuned in steps of 
100Hz or 10kHz over the com
plete frequency range without 
the need to change ranges. 
and can be powered from the 
mains or tram a 12V or 24V 
adaptor for use in the field. Rohde 
and Schwarz GmbH and Co KG, 
Pressestelle, Muhldorfstr 15, 
Munich 80, W. Germany. 
WW315 
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Advanced comfort 
Advanced Passengers wondering when 
their Train is going to come on-line, so 
to speak, ought to be informed that 
their comfort is not being neglected. 
There exists the Jacobmeter, which is 
nothing to do with measuring the britt
leness of biscuits or the strength of 
ladders, but is a device which uses 
accelerometers, amplifiers, and a.-to-d. 
converters and a bit of calculation to 
determine the 'comfort level' when the 
whole lot is whistling along at · some 
unnatural speed. British Rail have your 
well-being at heart, as always. 

Those lik~ myself who are not likely 
to be advanced passengers may just 
possibly admit to a touch of mild irrita
tion at these gladsome tidings. Hurri
edly, I must admit that I am not against 
comfort - indeed, my · wife holds the 
sincere conviction that I invented it. No. 
if I ever become a temporary Advanced 
Passenger, I shall revel in the 'comfort · 
level' so painstakingly achieved: it is 
just that I feel we ordinary Retarded 
Passengers could do with a bit of atten
tion too. Nothing dramatic - just a 
reduction in the depth of old fag packets 
and discarded copies of the advertising . 
magazines those girls hand out: 

If they've got money and staff to 
expend on electronically measuring 
comfort level when a few human bot
toms, strategically deployed, could pro
vide much the same information, then I 
don't want to hear any more about 
trains being cancelled because of staff 
shortages. 

It may not be such a sybaritic ex
perience .as all that, anyway, to be an 
Advanced Passenger. The electronics 
are "built in a rugged, die-cast box, . 
designed to withstand the buffeting 
endured by a portable instrument in an 
industrial environment". 

Response time 
When you have parted with a wodge of 
hard-earned cash, posted off the order 
and sat back to wait for your piece of 
electronic gubbins to come, and waited 
and waited and waited, unworthy 
thoughts sometimes flit, unbidden, 
through the minds of even the most 
tolerant of people. Correspondence 
with the company in question begins 
with a polite enquiry, progresses 
through highly libellous accusations of 
skulduggery and malpractice and then, 
as often as not, ends with a despairing 
letter to us, copy to the company. It is, 
one supposes, the letter writer's hope . 
that a quick 'phone call from us will 
cause a frenzy of activity, with incom
petent fools of dispatch clerks being 
instantly dismissed and a year's supply 
of free transistors immediately sent to 
the complainant as a softener. 

Well, all-powerful we may be, scourge 
of the ungodly - perhaps, but miracle 
workers we are not. To drive this point 

home to me, I had cause, recently, to 
adopt the stance of complainant myself 
and, at one point, wished I had a kindly 
and protective journal to espouse my 
cause. I ordered a speaker drive unit 
some time ago and had to wait four 
months to get it; a cheque for a pickup 
spare went off in June and I heard 
nothing till September. Telephone calls 
were met with promises of rapid action, 

. which were · evidently forgotten the 
· second the 'phone was put down. 

There may be good reason - shor-
. tage, for example - for the inability to 

deliver, but the deafening silence which 
is very often the result of one's offer to ' 
trade does tend to cause one to suspect· 
the worst, particularly when one's che
que has been whistled into someone 
else's .,bank account at the speed of 
thought. 

Is it too much to ask that the ordinary 
courtesies of commerce be preserved? A 
simple post-card, saying that the goods 
aren't in stock, but that you aren't being 
ignored, would save an awful lot of 
ill-feeling. 

While Rome burns 
There ·is famine in Cambodia. The Viet
namese have nowhere to go and pre
cious little to sustain them. India has 
starving millions, as always. In any one 
of a dozen areas of the world the people 
are having a pretty thin time of it from 
the cradle to the grave, what with not 
having enough food and suffering from 
diseases which curtail life or make it 
well nigh unbearable. Clearly, what is 
needed is a concerted effort by the 
nations with a surplus of material and a 
good supply of brain power to equali~e 
the load. Science could help by deve
loping methods of distribution, agricul
tural technics , easily-administered 
medicines and uncomplicate~ com 
munications. 

So what happens? We get a 
microprocessor-controlled doorbell! 
According to the handout , it will 
"brighten our lives". I don't want to 
single it out for attack, but it is sympto
matic of what is going on without much 
in the way of protest. There is nothing 
wrong with using a microprocessor to 
play Greensleeves or with flooding the 
market with gadgets that tell the time,; 
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date, day, year, century and cast one's 
horoscope at the touch of a button. 

Neither is there anything inherently 
reprehensible in allocating billions of 

. dollars to discover that the Moon, Mars 
and Jupiter are no match for Majorca as 
a resort. Taken in conjunction with the 
knowledge that a major proportion of 
the world's population hasn't even a 
door, let alone a doorbell, this schedule 
of priorities does, nevertheless, seem 
bizarre, to say the least. 
· I haven't any answers to this problem 

of misdirection of effort, except to 
observe that scientists have been 
known to work in disciplines other than 
their own. Still, millions of undernour
ished people can't expect to assume the 
same importance in the scale of affairs 
as the development of a bet~er mouse
trap or the next world-beating range of 
hi-fi separates. Can they? 

Flights of fancy 
Some time fairly soon, a rather nervous 
pilot is going to sit in the right (maybe 
even the left)-hand seat of a Braniff 
International Boeing 727 and wonder if 
he ought to own up to the passengers. If 
asked, he will possibly come clean and 
admit that, until this moment in his 
.career he hasn't, to be absolutely frank, 
actually been in a 727 before. He will, no 
doubt, feel impelled to point out that 
although his practical experience of 
driving this particular aeroplane leaves 
something to be desired, he has put in a 
lot of hours on a simulator, which is 
very largely the same as flying except it 
doesn't use nearly so much jet fuel. He 
may also mention, in passing, that he 
has sat at the .sharp end of many other 
aeroplanes; it's _ i.ust this one he can't 
claim to be entirely on first-name terms 
with. 

Candour compels me to admit that; if 
I were the above passenger, entrusted 
with the pilot's little secret, I would be 
out of that 727 in a matter of seconds, 
hammering on the booking counter of 
another airline. Any other airline. 

Redifon, who make the Novoview 
flight simulator, have a lot of experience 

1with these devices and, over 'the years, 
must have saved operators a great deal 
of time and money in reducing the 
conversion time on to new aeroplanes. 
But I feel sure that they always intended 
simulator training to be in the 'as well 
as' category, not the 'instead of'. How
ever convincing the accelerations pro
duced by the movement of the simula
tor, and however pretty the computer
generated pictures seen through the 
windscreen, I for one would take a lot of 
persuasion that flying a computer is as 
good as doing it the hard and expensive 
way. 

We're safe for the time being, at least. 
Our Civil Aviation Authority don't seem 
to be as keen on the idea as the Ameri
cans. 
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Model CTC-24volts . Priced at£9.75 (187) t =-==:
Model XTC-24volts . Pricad at £9.75(1 .87) 

;;..-s~rwt~~~ 
Accurate pin point temperature control between 65° 
and 400°C. Heating element and sensor built in tip of 
the iron for fast response. Interchangeable slide-on 
bits from 4.7mm (3/16") down to 0.5mm. Zero voltage 
switching, no spikes. No magnetic field , no leakage. 
Supplied with miniature CTC (35-40watt) iron or XTC 
(50 watt). TCSU1 soldering station with XTC or CTC 
iron £36 (6.44). Nett to industry. 

A miniature iron with the 
element enclosed first 

• 
in a ceramic shaft, then in 
stainless steel. Virtually 
leak-free. Only 7)12 " long. 
Fitted with a 3/32" bit 
£4.20( .98) 
Range of 5 other bits 
available from Y. " down to 
3/64". 
Also available for 24volts. 

Spare element Model CX230E 

A general purpose iron 
also with a ceramic and 
steel shaft to give you 
toughness combined with 
near-perfect insulation . 
Fitted with 1 /8" bit and 
priced at £4.20(.98) 
Range of 4 other bits 
available. 
Also available in 24volts. 

+ 
Spare element Model X25 /240E 
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Model SK3 Kit Model SK4 Kit Model SKl Model MLX 12volts ST3 Stand. 

Contains both 
the model CX230 
soldering iron 
and the stand 
ST3. Pric!3d at 
£5.70 (1.49) 
It makes an 
excellent present 
for the radio 
amateur or 
hobbyist 

With the model 
X25/240 general 
purpose iron and 
the ST3 stand . 
this kit is a must 
for every toolkit 
in the home. 
Priced at 
£5.70(1.49) 

This kit contains a 
15watt miniature 
soldering iron'. 
complete with 2 
spare bits . a coil of 
solder . a heat sink 
and a booklet. 'How 
to Solder '. Priced at 
£5.95 (1.53) 

The soldering iron in this kit A strong chromium 
can be operated from any plated . steel spring 
ordinary car battery . It is screwed into a plastic 
fitted with 15 feet flexible base of high grade 
cable and battery clips . insulating material 
Packed in a strong plastic provides a safe and 
envelope it can be left in a handy receptacle for 
car , a boat or a caravan ready all ANTEX models 
for soldering in the field . soldering irons. 
Price £4.55 (1 .14) Priced at £1.50 (57) 

. VAT + P & P as shown in brackets ( ) 
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Advanced comfort 
Advanced Passengers wondering when 
their Train is going to come on-line, so 
to speak, ought to be informed that 
their comfort is not being neglected. 
There exists the Jacobmeter, which is 
nothing to do with measuring the britt
leness of biscuits or the strength of 
ladders, but is a device which uses 
accelerometers, amplifiers, and a.-to-d. 
converters and a bit of calculation to 
determine the 'comfort level' when the 
whole lot is whistling along at · some 
unnatural speed. British Rail have your 
well-being at heart, as always. 

Those lik~ myself who are not likely 
to be advanced passengers may just 
possibly admit to a touch of mild irrita
tion at these gladsome tidings. Hurri
edly, I must admit that I am not against 
comfort - indeed, my · wife holds the 
sincere conviction that I invented it. No. 
if I ever become a temporary Advanced 
Passenger, I shall revel in the 'comfort · 
level' so painstakingly achieved: it is 
just that I feel we ordinary Retarded 
Passengers could do with a bit of atten
tion too. Nothing dramatic - just a 
reduction in the depth of old fag packets 
and discarded copies of the advertising . 
magazines those girls hand out: 

If they've got money and staff to 
expend on electronically measuring 
comfort level when a few human bot
toms, strategically deployed, could pro
vide much the same information, then I 
don't want to hear any more about 
trains being cancelled because of staff 
shortages. 

It may not be such a sybaritic ex
perience .as all that, anyway, to be an 
Advanced Passenger. The electronics 
are "built in a rugged, die-cast box, . 
designed to withstand the buffeting 
endured by a portable instrument in an 
industrial environment". 

Response time 
When you have parted with a wodge of 
hard-earned cash, posted off the order 
and sat back to wait for your piece of 
electronic gubbins to come, and waited 
and waited and waited, unworthy 
thoughts sometimes flit, unbidden, 
through the minds of even the most 
tolerant of people. Correspondence 
with the company in question begins 
with a polite enquiry, progresses 
through highly libellous accusations of 
skulduggery and malpractice and then, 
as often as not, ends with a despairing 
letter to us, copy to the company. It is, 
one supposes, the letter writer's hope . 
that a quick 'phone call from us will 
cause a frenzy of activity, with incom
petent fools of dispatch clerks being 
instantly dismissed and a year's supply 
of free transistors immediately sent to 
the complainant as a softener. 

Well, all-powerful we may be, scourge 
of the ungodly - perhaps, but miracle 
workers we are not. To drive this point 

home to me, I had cause, recently, to 
adopt the stance of complainant myself 
and, at one point, wished I had a kindly 
and protective journal to espouse my 
cause. I ordered a speaker drive unit 
some time ago and had to wait four 
months to get it; a cheque for a pickup 
spare went off in June and I heard 
nothing till September. Telephone calls 
were met with promises of rapid action, 

. which were · evidently forgotten the 
· second the 'phone was put down. 

There may be good reason - shor-
. tage, for example - for the inability to 

deliver, but the deafening silence which 
is very often the result of one's offer to ' 
trade does tend to cause one to suspect· 
the worst, particularly when one's che
que has been whistled into someone 
else's .,bank account at the speed of 
thought. 

Is it too much to ask that the ordinary 
courtesies of commerce be preserved? A 
simple post-card, saying that the goods 
aren't in stock, but that you aren't being 
ignored, would save an awful lot of 
ill-feeling. 

While Rome burns 
There ·is famine in Cambodia. The Viet
namese have nowhere to go and pre
cious little to sustain them. India has 
starving millions, as always. In any one 
of a dozen areas of the world the people 
are having a pretty thin time of it from 
the cradle to the grave, what with not 
having enough food and suffering from 
diseases which curtail life or make it 
well nigh unbearable. Clearly, what is 
needed is a concerted effort by the 
nations with a surplus of material and a 
good supply of brain power to equali~e 
the load. Science could help by deve
loping methods of distribution, agricul
tural technics , easily-administered 
medicines and uncomplicate~ com 
munications. 

So what happens? We get a 
microprocessor-controlled doorbell! 
According to the handout , it will 
"brighten our lives". I don't want to 
single it out for attack, but it is sympto
matic of what is going on without much 
in the way of protest. There is nothing 
wrong with using a microprocessor to 
play Greensleeves or with flooding the 
market with gadgets that tell the time,; 
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date, day, year, century and cast one's 
horoscope at the touch of a button. 

Neither is there anything inherently 
reprehensible in allocating billions of 

. dollars to discover that the Moon, Mars 
and Jupiter are no match for Majorca as 
a resort. Taken in conjunction with the 
knowledge that a major proportion of 
the world's population hasn't even a 
door, let alone a doorbell, this schedule 
of priorities does, nevertheless, seem 
bizarre, to say the least. 
· I haven't any answers to this problem 

of misdirection of effort, except to 
observe that scientists have been 
known to work in disciplines other than 
their own. Still, millions of undernour
ished people can't expect to assume the 
same importance in the scale of affairs 
as the development of a bet~er mouse
trap or the next world-beating range of 
hi-fi separates. Can they? 

Flights of fancy 
Some time fairly soon, a rather nervous 
pilot is going to sit in the right (maybe 
even the left)-hand seat of a Braniff 
International Boeing 727 and wonder if 
he ought to own up to the passengers. If 
asked, he will possibly come clean and 
admit that, until this moment in his 
.career he hasn't, to be absolutely frank, 
actually been in a 727 before. He will, no 
doubt, feel impelled to point out that 
although his practical experience of 
driving this particular aeroplane leaves 
something to be desired, he has put in a 
lot of hours on a simulator, which is 
very largely the same as flying except it 
doesn't use nearly so much jet fuel. He 
may also mention, in passing, that he 
has sat at the .sharp end of many other 
aeroplanes; it's _ i.ust this one he can't 
claim to be entirely on first-name terms 
with. 

Candour compels me to admit that; if 
I were the above passenger, entrusted 
with the pilot's little secret, I would be 
out of that 727 in a matter of seconds, 
hammering on the booking counter of 
another airline. Any other airline. 

Redifon, who make the Novoview 
flight simulator, have a lot of experience 

1with these devices and, over 'the years, 
must have saved operators a great deal 
of time and money in reducing the 
conversion time on to new aeroplanes. 
But I feel sure that they always intended 
simulator training to be in the 'as well 
as' category, not the 'instead of'. How
ever convincing the accelerations pro
duced by the movement of the simula
tor, and however pretty the computer
generated pictures seen through the 
windscreen, I for one would take a lot of 
persuasion that flying a computer is as 
good as doing it the hard and expensive 
way. 

We're safe for the time being, at least. 
Our Civil Aviation Authority don't seem 
to be as keen on the idea as the Ameri
cans. 
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Model CTC-24volts . Priced at£9.75 (187) t =-==:
Model XTC-24volts . Pricad at £9.75(1 .87) 

;;..-s~rwt~~~ 
Accurate pin point temperature control between 65° 
and 400°C. Heating element and sensor built in tip of 
the iron for fast response. Interchangeable slide-on 
bits from 4.7mm (3/16") down to 0.5mm. Zero voltage 
switching, no spikes. No magnetic field , no leakage. 
Supplied with miniature CTC (35-40watt) iron or XTC 
(50 watt). TCSU1 soldering station with XTC or CTC 
iron £36 (6.44). Nett to industry. 

A miniature iron with the 
element enclosed first 

• 
in a ceramic shaft, then in 
stainless steel. Virtually 
leak-free. Only 7)12 " long. 
Fitted with a 3/32" bit 
£4.20( .98) 
Range of 5 other bits 
available from Y. " down to 
3/64". 
Also available for 24volts. 

Spare element Model CX230E 

A general purpose iron 
also with a ceramic and 
steel shaft to give you 
toughness combined with 
near-perfect insulation . 
Fitted with 1 /8" bit and 
priced at £4.20(.98) 
Range of 4 other bits 
available. 
Also available in 24volts. 

+ 
Spare element Model X25 /240E 
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Model SK3 Kit Model SK4 Kit Model SKl Model MLX 12volts ST3 Stand. 

Contains both 
the model CX230 
soldering iron 
and the stand 
ST3. Pric!3d at 
£5.70 (1.49) 
It makes an 
excellent present 
for the radio 
amateur or 
hobbyist 

With the model 
X25/240 general 
purpose iron and 
the ST3 stand . 
this kit is a must 
for every toolkit 
in the home. 
Priced at 
£5.70(1.49) 

This kit contains a 
15watt miniature 
soldering iron'. 
complete with 2 
spare bits . a coil of 
solder . a heat sink 
and a booklet. 'How 
to Solder '. Priced at 
£5.95 (1.53) 

The soldering iron in this kit A strong chromium 
can be operated from any plated . steel spring 
ordinary car battery . It is screwed into a plastic 
fitted with 15 feet flexible base of high grade 
cable and battery clips . insulating material 
Packed in a strong plastic provides a safe and 
envelope it can be left in a handy receptacle for 
car , a boat or a caravan ready all ANTEX models 
for soldering in the field . soldering irons. 
Price £4.55 (1 .14) Priced at £1.50 (57) 

. VAT + P & P as shown in brackets ( ) 
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AUDIO TEST SET .Services pattern bench test set comprised in one case Audio Osc 1 7c/s 
to 170Kc in 4 ranges direct calibration 0/P var up to 10V into 25 to 600ohm. Valve 
Voltmeter 1 OOMiii/V to 1 OOV FSD in 5 ranges response to 1 70Kc th1s can be used to read 
0/P from oscorext I/ P. Distortion meter with amp & tuned filter 20c/s to 20Kc w1th d1rect 
cal as 3 ranges 10, 30 & 100% dist read on VTVM meter. Contained in metal case s1ze 
14 x 1 7 X 21" for use on 200/2 50 50c with connecting leads in new con d. £65 

GRID DIP OSC. American Services pattern PR M-1 0 1/ P 11 5V 50c 20w covers 2 to 
400Mc/s by means of 7 plug in coils with direct cal as 4 functions Grid Dip, Osc Det, 
Absorbtion WM, Sige Gen complete in fitted metal case size 11 X 9 X 5", uses 100 Ua 
meter & 5 valves good cond . with eire . £45 

SELECTIVE CALLING UNITS. Contains telephone dial, small 500 Ua meter, low voltage 
mains pu9 eire brds. misc. relays transist. etc. These units Tx or Ax preset d1alhng codes un1t 
will only respond to its own code this can be set up on front panel by 3 swts have self check 

'facility new cond with eire . £22 

HELl POT DIALS. Standard 1 0 Tr type to fit "hth bush. £1.50 

MAINS TRANS pria 200/250V sec 340-250-0-250-340V at 210Ma plus 6.3 at 5a 
twice, 5V at 5a ct . Size 5X 5 X 6" we have tested these at 700V DC at 2 50Ma using full HT 
sec with no LT load. will also give up to 17V 5 amps new boxed. £9.50 

RECEIVER UNIT. Small high performance AX uses 7 min plug in valves plus volt stab 
covers 2.5 to 20Mc/s in 3 bands as RF stage. BFP, provides 0 I P for HR or Crystal phones 
direct freq cal· with geared drive, size 5X 3'14 X3Y>" these req ext supplies of 180V 40Ma 
HT & 6 .3 AC 2a supplied test with eire no ext case . £35 

TRANSMITTER ASS. Small low power 15125w 2.5 to 20Mcls crystal controlled sold 
for breakdown contains 2 x 175pf tun conds, min 500Ua meter, morse key, coils, swts, 
knobs, RF chokes, etc. Supplied less valves & outer cover with eire. £8.50 

INVERTOR UNITS 1/ P 12V DC provides 0 IPs for Ax or Tx, 1 BOY DC 40Ma or 425V 
125Ma, also 6.3V DC at 2 .5 amps, a number of other 0 IP voltages could be obtained by int 
connection (uses volt doubler), in case size 5 1/2 X 4 X 3" with eire tested. £10.50 

MOTOR DRIVE 1k CONTROLLER. Consists of 24V DC motor driving into two stage 
gearbox the OIP shaft drives a sine cos pot & a 360' dial the speed & direction can be 
controlled up to 1 RPM by means of a transistor controller and control pot, supplied With 
mains trans rect eire etc. £15 

UHF CAVITIES for use with 2C39 type valves tune 990 to 1 040Mc/s with int fittings & 
eire new boxed £7.50 
AI~ Rx section preselector 4 section tunes 1 080 to 11 30Mc Is with 1 N21 mixer, new£4~5it0h eire. 

APX~ IFF units nom 1 KM I c T I R unit less valves contain large number of comp inc HV 
mod parts with eire ext sciled cases. £13 

ARMY RECT UNIT I I P 200 I 250V dual o Ips of 1 V DC at 3 amps each can be connected 
for 12V 6a or 24V 3a will do 4 amps in metal case with eire. £13 

'BLOWERS. Heavy duty single ended 240V 2850 RPM outlet. 2Y2 X 3Y2", new unused. 
£11.50 

VARIAC UNITS for use on 180V 500cls dual gang 15 amp ea section can be used on 
50V 50cls new cond . £13 

SIGNAL GEN UNIT. Type 6 special purpose unit provides 17 crystal controlled OIP 
· between 60 & 70Mcls with single & double freq AM also NB FM part of Sanar buoy test 
equip fuller details on request. £30 

PORTABLE SIG GEN spot freq crysta13 OIPs 1001 150Mcls & 3 OIPs 2251400Mcls 
with 1 Kc AM uses int 6V battery new cond further details on request. £75 

STANDARD CELLS. Muirhead type D-845-D volts 1 .01859 size 3Y2 x 1 1/2 X 6" . £5.75 

POWER UNIT ASS. Special purpose unit 115V AC liP was used to supply fluorescent 
lamps w ith AC at 25Kc contains 6 X Pot Cores, 2 X HV TO . 3 swt tranis, 4 X 3 amp d1odes. 
B x BC 107, 2 x BFY51, 2 X Thyrist , etc, all in exp fret case size 9 X 3 Y2 X 4" with cir~4_50 
~2~ u 

RECORDING TAPE AUDIO Ampex V.." 3600 ft on 1 0%" metal spools new ex USA.F 
surplus. £9.50 

INFRA RED LIGHT 8o. HEAT UNITS. 11 5V 500 watt ea new. lamp only £5.40 per pair 

SIG GENS CT480 2001250V 1/P freq 7 to 11 .5 KMc/s with var OIP level meter into 
mod etc. new cond . 1:65 

HEAVY DUTY SLIDE RESISTORS 1 ohm 1 2 amps £5.75 

EXTRACTOR FANS 230V 50cAdm Patt blade approx 6" dia flange 7 XB" 7" dee~.7~;~ 

WIDE BAND AMP mains operated unit provides 3 gain settings of 10, 50 & 100 at 50, 
40 & 15Mcls bandwidths AC coupled supplied with high Z probe unit can be used with ext 
VTVM or with 50Ua meter using meter rect supplied with HI Bk & eire in Mil patt case£

22 

THE FOLLOWING ARE MISC ITEMS: Marconi OA1094 Spec Analyzers 3/30Mc/s 
£60/£70. Mullard HS V IT with cards etc £50. Digital Recorder'HP type 562A with print 
out 11 digit & elec £65. For callers American AN ITNH-11 tape recorders rack met. 115V 
50cls metres etc £30. 

Prices include carr I postage lk Vat. Goods are ex equipment unless stated new. 
SAE for list 23 or enquiry: 

A.H. SUPPLIES 
122 Handsworth Rd., Sheffield, 59 4AE. Ph. 444278 (0742). 
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We stock the products 
of 

EAGLE 
WELLER 
DRAPER 
SPIRA LUX 

KNIPEX 
SERVISOL 
BARNARD'S 
& BABANI 

NEWNES 
JAYBEAM 
LIDEN PLASTICS 
GREENPAR 

B. BAMBER 
ELECTRONICS 

5 STATION ROAD 
LITTLEPORT, CAMBS. 

TELEP_HONE (0353) 860185 

1980 ELECTRONICS CATALOGUE 
NOW AVAILABLE PRICE 75p + 20p POSTAGE. IF 
YOU SEND £1.55 YOU WILL RECEIVE OUR CATA
LOGUE PLUS S·IX Iii-MONTHLY SHORTFORM 
CATALOGUES TO KEEP YOU UP-TO-DATE WITH 

PRICES AND SPECIAL OFFERS 

From 
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*Hand Tools 
*Bench 

Machinery 
*Semi-auto

matic 
*Automatic 
Machinery 

*Accessories . 

Free NEW 36-page 
catalogue of RUSH 

wire stripping 
equipment 

EPASER INTERNATIONAL LIMITED 
Unit M, Portway Industrial Estate 

Andover, Hants SP10 3LU 
Tel: Andover (0264) 51347/8. Telex: 477291 
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COMPONENT 

.Speak to the specialists 
fiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil 8424 LC·R Meter 

Accuracy .±0.25°/o. Fast connection of components 
with immediate direct reading; pass/fail indicator; high 
efficiency at low cost. Easily used by non-technical staff, 
especially at goods in, on the production line or at final 
Quality Control. 

fiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil 8605 LCRD and Q Automatic Component Bridge 
Accuracy .±0.1 °/o, with microprocessor and memory. 
Automatic trim and ranging; 2, 3 or 4-terminal measure
ments. Select from 3 test frequencies: 100Hz, 10kHz and 
1kHz. A versatile instrument for Quality Control or R & D. 

!PIIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii....-J 8905 LCRGD and Q Automatic Precision 8ridg_e 

* ~~~~~TR~~~ 
DURBAN ROAD BOGNOR REGIS 
WEST SUSSEX P022 9R L ENGLAND 
TELEPHONE BOGNOR (02433) 25811 
TELEX 86120 

Accuracy .±0.05°/o Microprocessor, memory and many 
sophisticated options including automatic sorting, binning 
and remote control. Can form the nucleus of a fully 
automated test system. Write or ring today for details. 

AUSTRIA- Peer less & Handels·GmbH Tel 0222 83.22 .24 
BELGIUM- Regulation-Mesure SPR L Tel : (010 32 2) 771 .20 .20 
FINLAND- Finnmetric OY Tel 460844 
FRANCE- Tekelec-Airtronic Tel (Paris) 027 .75.35 
GERMANY- Keilhley Instruments GmbH Tel (089) 7144065 
ITALY -lng . S & Dr . G . Belotti SAL Tel : (Milan) 54.20.51 
NETHERLANDS- C. N . Rood BV Tel: (070) 99.63 .60 
NORWAY- Metric AS Tel: (02) 28·26-24 
SPAIN - Un it ronics SA Tel : (Madr id) 242 .5204 
SWEDEN- Scandia Metric AB Tel : (Stockholm) 82.04.10 
SWITZERLAND- G & P Electronics AG Tel: (01) 64.32.31 
U.S.A.- Mechan ical Technology Inc ., Latham , NY. Tel : (518) 785·2211 

WW- 017 FOR FURTHER DETAILS 

A remarkable 
range of meters, 
bridges and bridge 
systems to · solve 
every measurement 
problem. 
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AUDIO TEST SET .Services pattern bench test set comprised in one case Audio Osc 1 7c/s 
to 170Kc in 4 ranges direct calibration 0/P var up to 10V into 25 to 600ohm. Valve 
Voltmeter 1 OOMiii/V to 1 OOV FSD in 5 ranges response to 1 70Kc th1s can be used to read 
0/P from oscorext I/ P. Distortion meter with amp & tuned filter 20c/s to 20Kc w1th d1rect 
cal as 3 ranges 10, 30 & 100% dist read on VTVM meter. Contained in metal case s1ze 
14 x 1 7 X 21" for use on 200/2 50 50c with connecting leads in new con d. £65 

GRID DIP OSC. American Services pattern PR M-1 0 1/ P 11 5V 50c 20w covers 2 to 
400Mc/s by means of 7 plug in coils with direct cal as 4 functions Grid Dip, Osc Det, 
Absorbtion WM, Sige Gen complete in fitted metal case size 11 X 9 X 5", uses 100 Ua 
meter & 5 valves good cond . with eire . £45 

SELECTIVE CALLING UNITS. Contains telephone dial, small 500 Ua meter, low voltage 
mains pu9 eire brds. misc. relays transist. etc. These units Tx or Ax preset d1alhng codes un1t 
will only respond to its own code this can be set up on front panel by 3 swts have self check 

'facility new cond with eire . £22 

HELl POT DIALS. Standard 1 0 Tr type to fit "hth bush. £1.50 

MAINS TRANS pria 200/250V sec 340-250-0-250-340V at 210Ma plus 6.3 at 5a 
twice, 5V at 5a ct . Size 5X 5 X 6" we have tested these at 700V DC at 2 50Ma using full HT 
sec with no LT load. will also give up to 17V 5 amps new boxed. £9.50 

RECEIVER UNIT. Small high performance AX uses 7 min plug in valves plus volt stab 
covers 2.5 to 20Mc/s in 3 bands as RF stage. BFP, provides 0 I P for HR or Crystal phones 
direct freq cal· with geared drive, size 5X 3'14 X3Y>" these req ext supplies of 180V 40Ma 
HT & 6 .3 AC 2a supplied test with eire no ext case . £35 

TRANSMITTER ASS. Small low power 15125w 2.5 to 20Mcls crystal controlled sold 
for breakdown contains 2 x 175pf tun conds, min 500Ua meter, morse key, coils, swts, 
knobs, RF chokes, etc. Supplied less valves & outer cover with eire. £8.50 

INVERTOR UNITS 1/ P 12V DC provides 0 IPs for Ax or Tx, 1 BOY DC 40Ma or 425V 
125Ma, also 6.3V DC at 2 .5 amps, a number of other 0 IP voltages could be obtained by int 
connection (uses volt doubler), in case size 5 1/2 X 4 X 3" with eire tested. £10.50 

MOTOR DRIVE 1k CONTROLLER. Consists of 24V DC motor driving into two stage 
gearbox the OIP shaft drives a sine cos pot & a 360' dial the speed & direction can be 
controlled up to 1 RPM by means of a transistor controller and control pot, supplied With 
mains trans rect eire etc. £15 

UHF CAVITIES for use with 2C39 type valves tune 990 to 1 040Mc/s with int fittings & 
eire new boxed £7.50 
AI~ Rx section preselector 4 section tunes 1 080 to 11 30Mc Is with 1 N21 mixer, new£4~5it0h eire. 

APX~ IFF units nom 1 KM I c T I R unit less valves contain large number of comp inc HV 
mod parts with eire ext sciled cases. £13 

ARMY RECT UNIT I I P 200 I 250V dual o Ips of 1 V DC at 3 amps each can be connected 
for 12V 6a or 24V 3a will do 4 amps in metal case with eire. £13 

'BLOWERS. Heavy duty single ended 240V 2850 RPM outlet. 2Y2 X 3Y2", new unused. 
£11.50 

VARIAC UNITS for use on 180V 500cls dual gang 15 amp ea section can be used on 
50V 50cls new cond . £13 

SIGNAL GEN UNIT. Type 6 special purpose unit provides 17 crystal controlled OIP 
· between 60 & 70Mcls with single & double freq AM also NB FM part of Sanar buoy test 
equip fuller details on request. £30 

PORTABLE SIG GEN spot freq crysta13 OIPs 1001 150Mcls & 3 OIPs 2251400Mcls 
with 1 Kc AM uses int 6V battery new cond further details on request. £75 

STANDARD CELLS. Muirhead type D-845-D volts 1 .01859 size 3Y2 x 1 1/2 X 6" . £5.75 

POWER UNIT ASS. Special purpose unit 115V AC liP was used to supply fluorescent 
lamps w ith AC at 25Kc contains 6 X Pot Cores, 2 X HV TO . 3 swt tranis, 4 X 3 amp d1odes. 
B x BC 107, 2 x BFY51, 2 X Thyrist , etc, all in exp fret case size 9 X 3 Y2 X 4" with cir~4_50 
~2~ u 

RECORDING TAPE AUDIO Ampex V.." 3600 ft on 1 0%" metal spools new ex USA.F 
surplus. £9.50 

INFRA RED LIGHT 8o. HEAT UNITS. 11 5V 500 watt ea new. lamp only £5.40 per pair 

SIG GENS CT480 2001250V 1/P freq 7 to 11 .5 KMc/s with var OIP level meter into 
mod etc. new cond . 1:65 

HEAVY DUTY SLIDE RESISTORS 1 ohm 1 2 amps £5.75 

EXTRACTOR FANS 230V 50cAdm Patt blade approx 6" dia flange 7 XB" 7" dee~.7~;~ 

WIDE BAND AMP mains operated unit provides 3 gain settings of 10, 50 & 100 at 50, 
40 & 15Mcls bandwidths AC coupled supplied with high Z probe unit can be used with ext 
VTVM or with 50Ua meter using meter rect supplied with HI Bk & eire in Mil patt case£

22 

THE FOLLOWING ARE MISC ITEMS: Marconi OA1094 Spec Analyzers 3/30Mc/s 
£60/£70. Mullard HS V IT with cards etc £50. Digital Recorder'HP type 562A with print 
out 11 digit & elec £65. For callers American AN ITNH-11 tape recorders rack met. 115V 
50cls metres etc £30. 

Prices include carr I postage lk Vat. Goods are ex equipment unless stated new. 
SAE for list 23 or enquiry: 

A.H. SUPPLIES 
122 Handsworth Rd., Sheffield, 59 4AE. Ph. 444278 (0742). 
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We stock the products 
of 

EAGLE 
WELLER 
DRAPER 
SPIRA LUX 

KNIPEX 
SERVISOL 
BARNARD'S 
& BABANI 

NEWNES 
JAYBEAM 
LIDEN PLASTICS 
GREENPAR 

B. BAMBER 
ELECTRONICS 

5 STATION ROAD 
LITTLEPORT, CAMBS. 

TELEP_HONE (0353) 860185 

1980 ELECTRONICS CATALOGUE 
NOW AVAILABLE PRICE 75p + 20p POSTAGE. IF 
YOU SEND £1.55 YOU WILL RECEIVE OUR CATA
LOGUE PLUS S·IX Iii-MONTHLY SHORTFORM 
CATALOGUES TO KEEP YOU UP-TO-DATE WITH 

PRICES AND SPECIAL OFFERS 

From 

WW- 064 FOR FURTHER DETAILS 

*Hand Tools 
*Bench 

Machinery 
*Semi-auto

matic 
*Automatic 
Machinery 

*Accessories . 

Free NEW 36-page 
catalogue of RUSH 

wire stripping 
equipment 

EPASER INTERNATIONAL LIMITED 
Unit M, Portway Industrial Estate 

Andover, Hants SP10 3LU 
Tel: Andover (0264) 51347/8. Telex: 477291 
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COMPONENT 

.Speak to the specialists 
fiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil 8424 LC·R Meter 

Accuracy .±0.25°/o. Fast connection of components 
with immediate direct reading; pass/fail indicator; high 
efficiency at low cost. Easily used by non-technical staff, 
especially at goods in, on the production line or at final 
Quality Control. 

fiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil 8605 LCRD and Q Automatic Component Bridge 
Accuracy .±0.1 °/o, with microprocessor and memory. 
Automatic trim and ranging; 2, 3 or 4-terminal measure
ments. Select from 3 test frequencies: 100Hz, 10kHz and 
1kHz. A versatile instrument for Quality Control or R & D. 

!PIIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii....-J 8905 LCRGD and Q Automatic Precision 8ridg_e 

* ~~~~~TR~~~ 
DURBAN ROAD BOGNOR REGIS 
WEST SUSSEX P022 9R L ENGLAND 
TELEPHONE BOGNOR (02433) 25811 
TELEX 86120 

Accuracy .±0.05°/o Microprocessor, memory and many 
sophisticated options including automatic sorting, binning 
and remote control. Can form the nucleus of a fully 
automated test system. Write or ring today for details. 

AUSTRIA- Peer less & Handels·GmbH Tel 0222 83.22 .24 
BELGIUM- Regulation-Mesure SPR L Tel : (010 32 2) 771 .20 .20 
FINLAND- Finnmetric OY Tel 460844 
FRANCE- Tekelec-Airtronic Tel (Paris) 027 .75.35 
GERMANY- Keilhley Instruments GmbH Tel (089) 7144065 
ITALY -lng . S & Dr . G . Belotti SAL Tel : (Milan) 54.20.51 
NETHERLANDS- C. N . Rood BV Tel: (070) 99.63 .60 
NORWAY- Metric AS Tel: (02) 28·26-24 
SPAIN - Un it ronics SA Tel : (Madr id) 242 .5204 
SWEDEN- Scandia Metric AB Tel : (Stockholm) 82.04.10 
SWITZERLAND- G & P Electronics AG Tel: (01) 64.32.31 
U.S.A.- Mechan ical Technology Inc ., Latham , NY. Tel : (518) 785·2211 
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WILMSLDW 
,ill00[[)0(]] 
The firm for Speakers 

~~r~E ~.·. 
UNITS v 

Audax HD12 9D25 £7.65 
AudaxHD13D34H £12.75 
Audax HP11 P25EBC £6.65 
Audax HP20B25H4 £13.25 
Audax HD24S45C £20.50 
Baker Superb £25.00 
Castle Super .8RS / DD £12.65 
(hartwel l CEA205 8" bass, matched 
pairs only 8 ohm (pair) £61 .25 
Coles 4001 £7.65 
Coles 3000 £7.65 
Celestion HF 1300 II £8.45 
Celestion HF 2000 £10.25 
Dalesford D 10 tweeter £8.45 
Dalesford 030/110 5in £11 .25 
DalesfordD50/1536V2in £12.25 
Dalesford 050/200 Bin £12.25 
Dalesford 070/250 10in £22.25 
Dalesford ABA 1 Oin £10.25 
Dalesford 0100 /3 10 12in £35.75 
Decca London horn £57.25 
Decca DK30 horn £43.75 
Decca C0/1 000/8 £10.25 
EMI14A/770 14in x 9in 

Bohm £19.50 
EMI Bin x 5in d /c, 10 watt, 

4ohm £4.05 
EMI Type 350 4 ohm £9.45 
I so phon KKS/ 8 £8.15 
lsophone KK 1 0/8 £8.45 
Jordan Watts Module £20.40 
Jordan Watts HF kit £9.15 
Jordan 50mm unit £23.00 
Jordan CB crossover (pair) £23.00 
Jordan Mono crossover (pair) £23.00 
K~T27 £9A5 

·KefB110 £12.00 
Kef 8200 £13.25 
KefB139 £27.00 
Kef DN13 £5.40 
Kef DN 1 2 £8.65 
Kef DN 22 (pair) £40.85 
Lowther PM6 £51 .00 
Lowther PM 7 £88.45 
Peerless K010DT £10.50 
Peerless DT1 OHFC £10.50 
Peerless K040MRF £12.25 
Radford BD25 II T.B.A. 
Radford MD9 T.B.A. 
Radford MD6 T.B.A . . 
Radford FN8 / FN831 T.B.A. 
Richard Allan DT20 £8.95 
Richard Allan DT30 £9.45 
Richard Allan CGST £11.25 
Richard Allan CG 12T Super £25 .30 
Richard Allan LPBB £11.75 
Richard Allan HPSB £17.60 
Richard Al lan H P 1 28 £28.40 
Seas H 107 £8.95 
Shackman El ect rostati c, c/w polar 
network and crossover (pair) £130 
Tannoy DC386 1 5in £178.90 
TannoyDC29610in £107.35 

PAGROUP& 
DISCO UNITS 

KITS FOR MAGAZINE DESIGNS etc. 
Baker Group 35 £15.45. 1 KITS FOR MAGAZINE DESIGNS 
Baker Group 50 I 1 2 £23.45 · Kits include drive units, crossovers, 
Baker Group 50/15 £35.15 BAF /long fibre wool, etc , for a pa ir of 
Celestion Powercell 1 2 I 1 50 £56.50 speakers. Carriage £3.75 
Celestion Powercell 15/250 £69.25 
Celestion G 12/50 Twin cone£15.95 
Celestion G 12/80 Cambric 

edge £20.25 
Celestion G 12 / 80 Twin cone £19.75 
Celestion G 1 2 I ~2 5 Cambric 

edge £35.10 
Celestion G 15 I 100 Cambric 

edge £31.95 
Celestion. G 1 5 I 1 00 Twin 

cone 
Celestion G 1 8 I 200 
Cele~ti.On M H 1 000 
Fane Pop 40 
Fane Pop 50H 
Fane Pop 75 
Fane Pop 65 
Fane Pop 80 
Fane Pop 100 
Fane Guitar SOL 
Fane Guitar 808 
Fane Disco 80 
Fane PASO 
Fane Bass 85 
Fane Crescendo 1 2E 
Fane Crescendo 1 5E 
Fane Crescendo 18E 
Fane J44 
Fane J 104 
·Fane J73 
Fane HPX1 /HPX/2 
Fane HPX3A 
Fane HPX3B 
Goodmans SPA 
Goodmans 1 2P 
Goodmans 12PD 
Goodmans 1 2PG 
Goodmans 1 BP 
Goodmans Hifax 50HX 
Motorola Piezo horn 3V2in 

·Motorola Piezo horn 2inx6in 
Richard Allan HOST 
Richard Allan H D 1 OT 
Richard HD12T 

£32.25 
£53.25 
£15.95 
£12.50 
£13.80 
£19.70 
£21.25 
£25.5o; 
£41.80 
£26.10 
£27.15 
£27.15 
£26.10 
£34.00 
£57.50 
£74.50 
£94.75 

£6.90 
£13.75 

£9.75 
£3.45 
£5.60 
£4.55 
£5.05 

£21.00 
£23.95 
£23.65 
£48.45 
£21.85 

£8.50 
£12.25 
£17.00 
£18.50 
£24.45 
£43.40 
£85.15 

' Richard Allan HD 1 5 
Richard Allan Atlas 15in 
Richard Allan Atlas 18in £110.75 

Practical Hi-Fi ana Audio PR09-TI 
(Rogers) Felt panels for PR09-TL 
£6 .72 plus £1 .60 carriage £138 

Hi-Fi Answers Monitor (Rogers) £146 
Hi Fi News State of the Art (Atkinson) 

£182 
Hi Fi News Miniline (Atkinson) £48 

(carriage £2.66) 
Hi Fi for Pleasure Compact Monitor 

(Colloms) £11 5 
(carriage £5.25) 

Popular Hi-Fi Mini Monitor (Colloms) 
£74 

Popular Hi Fi Round Sound 
(Stephens) including complete 
cabinet kit £71 

Popular Hi-Fi (Jordan) £93 
plus (carriage £2.66) 

Practical Hi-Fi & Audio BSC3 (Rogers) 
£65 

Practical Hi-Fi & Audio Monitor (Giles) 
£155 

Practical Hi - Fi & Audio Triangle 
(Giles) £99 

Practical Hi-Fi & Audio Mini Triangle 
(Giles) £108 

W ireless World Transmission Line 
(Bailey) KEF £122 

W ireless World Transmission Line 
(Bailey) RADFORD £ 184 

Hi-Fi News Tabor (Jones) with J4 bass 
un1ts £60 

Hi-Fi News Tabor (Jones) with H4 
bass units £66 

Smart badges free with all above kits 
(to give that professional touch to 
your DIY speakers!) . Send 50p for 
up to 6 reprints/construction de
tails of above designs . 

CARRIAGE 8t INSURANCE 
Tweeters & Crossovers SOp each 
Speakers 4"-6%" SOp each 
Speakers 1 0"-12" £1.00 each 
Speakers 12", 13"x8", 

14"xg" £1.75each 
Speakers 1 5" £2.75 each 
Speakers 1 8" £4.00 each 
Speaker kits £1.75 each 

£3.00 pair 
Mag. design kits £3.75 pair 

·-PRICES CORRECT AT 18.6. 79 

ALL PRICES INClUDE VAT@ '15o/o 

WIRELESS WORLD, DECEMBER 1979 

SPEAKER 
KITS 

PRICES PER PAIR
CARRIAGE £2.66 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 
Dalesford System 4 
Dalesford System 5 
Dalesford System 6 
Eagle SK21 0 
Eagle SK215 
Eagle SK320 
Eagle SK325 

£54 
£57 

£104 
£110 
£142 

£95 
£17.60 
£32.60 
£40.80 
£68.50 
£93.00 Eagle SK335 

Goodmans DIN 20 4 ohm (special 
offer) 

LS3/5A equivalent kit 
Lowther PM6 kit 
Lowther PM6 Mk 1 kit 
Lowther PM7 kit 
Peerless 1070 
Peerless 11 20 
Peerless 2050 
Peerless 2060 
Radford Studio 90 kit 
Radford Monitor 1 80 kit 
Radford Studio 270 kit 
Radford Stud io 360 kit 

£27.60 
£71 

£105.30 
£110.40 . 
£176.85 
£124.70 
£142.10 

£51·.1 0 
£67.40 

£184 . 
£218 
£350 
£440 

Ram Kit 50 (makes RAM 1 00) 
£71.50 

Richard Allan Tango Twin kit £49.00 
Richard Allan Maramba kit £69.00 

Richard Allan Charisma kit £101.20 
Richard Super Triple ki t £81.70 
Richard Allan RA8 kit £52.65 
Richard Allan RA82 kit £83.30 
Richard Allan RA82L kit £89.90 . 
Seas 223 £40.85 
Seas 2 53 £63.10 
Seas 403 £76.60 
Seas 603 £122.60 
Wharfedale Denton XP2 kit £31.45 
Wharfedale Shelton XP2 kit £40.40 
Wharfedale Linton XP2 kit £56.20 
Wharfedale Glendale XP2 kit £69.00 

Everyth i ng in stock for the 
speaker constructor! 
BAF, Long Fibre Wool, Foam , 
Crossovers, Felt Panels, Com 
ponents, etc . 
Large selection of grille fabrics . 
(Send 18p in stamps for grille 
fabric samples) · 

tf.rf!!J 
Send 30p stamp for free 38 page 
catalogue ·Choosing a Speaker· 

Telephone Speakers, Mail Order and Export 
. . ' 0625 529599 

Hi-Fi : (Swift of Wilmslow) 0625 526213 . I WILMSLOW 
ffi00[[)0[[) . 
The firm for Speakers · 

5 Swan Street, 
Wilmslow,l Cheshire. Lightning service on telephoned credit card orders! I!:!J 

WW- 076 FOR FURTHER DETAILS 

·Swan Works, Bank Square, 
Wilmslow, Cheshire. 
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TRADE WITH 
THE ARAB WORLD 

AND AFRICA 
Announcing a 

unique exhibition-anda unique opportunity 
for your company 

In June next year, in Paris, one of the most 
important exhibitions ofthe 1980s will be staged. 
It will help identify outlets for5ndustrial products 
-including agricultural machinery and agro
chemicals, consumer goods, works and services. 
It will provide a showcase for the developing 
nations. And it will be attended only by ministers, 
heads of industrial organizations, senior 
government officials, directors of development 
projects and other top decision-makers. 

Expansion-Cooperation 1980-1990 will 
provide a unique opportunity for exhibitors 
to expand sales, meet potential 
customers and end-users, plan joint 
ventures and contact Arab investors 
for projects in the West and in 
Africa. The exhibition is organized 

with the co-operation of the Arab Bank and is 
under the patronage of the French Government, 

·the O.P.E.C. Special Fund and 26 Arab 
Ministers. 

Perhaps your company is new to the Arab 
and African markets. Perhaps it has long 
experience of doing business in one or more of 
the countries there. Either way, you will scarcely 

> '\ f.ind a better or more economical opportunity of 
. participating in their economic expansion than 
through this exhibition. 

For further information and exhibition 
_details, please contact Bryan Cassidy or 

Wendy Jesty, IPC Business Press 
Limited, Surrey House, 1 Throwley 
·Way, Sutton, Surrey SM14QQ. Tel: 
01-643 8040 Telex: 946564 Bisprs-G. 

9/ l5JUNE 1980 

INTERNATIONAL EXHIBITION AND FORUMS 

1980/ EXPANSION COOPERATION /1990 
AFRICA -EUROPE-MIDDLE EAST 

----------------------------------------------------------------------------------------------------------
COMPLETE THIS COUPON FOR 
FURTHER DETAILS 

To: Bryan Cassidy, IPC Business Press Limited, 
Surrey House, 1 Throwley Way, Sutton. SutTey SM14QQ. 
England. 
Please send me further infom1ation and exhibition 
details of Expansion-Cooperation 1980-1990 

Name _____ __:.._ ___ ____ _________ __ _ 

CompanY-----------..,----------- -

Address------ --- --------- - --,---:--

101 
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UNITS v 

Audax HD12 9D25 £7.65 
AudaxHD13D34H £12.75 
Audax HP11 P25EBC £6.65 
Audax HP20B25H4 £13.25 
Audax HD24S45C £20.50 
Baker Superb £25.00 
Castle Super .8RS / DD £12.65 
(hartwel l CEA205 8" bass, matched 
pairs only 8 ohm (pair) £61 .25 
Coles 4001 £7.65 
Coles 3000 £7.65 
Celestion HF 1300 II £8.45 
Celestion HF 2000 £10.25 
Dalesford D 10 tweeter £8.45 
Dalesford 030/110 5in £11 .25 
DalesfordD50/1536V2in £12.25 
Dalesford 050/200 Bin £12.25 
Dalesford 070/250 10in £22.25 
Dalesford ABA 1 Oin £10.25 
Dalesford 0100 /3 10 12in £35.75 
Decca London horn £57.25 
Decca DK30 horn £43.75 
Decca C0/1 000/8 £10.25 
EMI14A/770 14in x 9in 

Bohm £19.50 
EMI Bin x 5in d /c, 10 watt, 

4ohm £4.05 
EMI Type 350 4 ohm £9.45 
I so phon KKS/ 8 £8.15 
lsophone KK 1 0/8 £8.45 
Jordan Watts Module £20.40 
Jordan Watts HF kit £9.15 
Jordan 50mm unit £23.00 
Jordan CB crossover (pair) £23.00 
Jordan Mono crossover (pair) £23.00 
K~T27 £9A5 

·KefB110 £12.00 
Kef 8200 £13.25 
KefB139 £27.00 
Kef DN13 £5.40 
Kef DN 1 2 £8.65 
Kef DN 22 (pair) £40.85 
Lowther PM6 £51 .00 
Lowther PM 7 £88.45 
Peerless K010DT £10.50 
Peerless DT1 OHFC £10.50 
Peerless K040MRF £12.25 
Radford BD25 II T.B.A. 
Radford MD9 T.B.A. 
Radford MD6 T.B.A . . 
Radford FN8 / FN831 T.B.A. 
Richard Allan DT20 £8.95 
Richard Allan DT30 £9.45 
Richard Allan CGST £11.25 
Richard Allan CG 12T Super £25 .30 
Richard Allan LPBB £11.75 
Richard Allan HPSB £17.60 
Richard Al lan H P 1 28 £28.40 
Seas H 107 £8.95 
Shackman El ect rostati c, c/w polar 
network and crossover (pair) £130 
Tannoy DC386 1 5in £178.90 
TannoyDC29610in £107.35 

PAGROUP& 
DISCO UNITS 

KITS FOR MAGAZINE DESIGNS etc. 
Baker Group 35 £15.45. 1 KITS FOR MAGAZINE DESIGNS 
Baker Group 50 I 1 2 £23.45 · Kits include drive units, crossovers, 
Baker Group 50/15 £35.15 BAF /long fibre wool, etc , for a pa ir of 
Celestion Powercell 1 2 I 1 50 £56.50 speakers. Carriage £3.75 
Celestion Powercell 15/250 £69.25 
Celestion G 12/50 Twin cone£15.95 
Celestion G 12/80 Cambric 

edge £20.25 
Celestion G 12 / 80 Twin cone £19.75 
Celestion G 1 2 I ~2 5 Cambric 

edge £35.10 
Celestion G 15 I 100 Cambric 

edge £31.95 
Celestion. G 1 5 I 1 00 Twin 

cone 
Celestion G 1 8 I 200 
Cele~ti.On M H 1 000 
Fane Pop 40 
Fane Pop 50H 
Fane Pop 75 
Fane Pop 65 
Fane Pop 80 
Fane Pop 100 
Fane Guitar SOL 
Fane Guitar 808 
Fane Disco 80 
Fane PASO 
Fane Bass 85 
Fane Crescendo 1 2E 
Fane Crescendo 1 5E 
Fane Crescendo 18E 
Fane J44 
Fane J 104 
·Fane J73 
Fane HPX1 /HPX/2 
Fane HPX3A 
Fane HPX3B 
Goodmans SPA 
Goodmans 1 2P 
Goodmans 12PD 
Goodmans 1 2PG 
Goodmans 1 BP 
Goodmans Hifax 50HX 
Motorola Piezo horn 3V2in 

·Motorola Piezo horn 2inx6in 
Richard Allan HOST 
Richard Allan H D 1 OT 
Richard HD12T 

£32.25 
£53.25 
£15.95 
£12.50 
£13.80 
£19.70 
£21.25 
£25.5o; 
£41.80 
£26.10 
£27.15 
£27.15 
£26.10 
£34.00 
£57.50 
£74.50 
£94.75 

£6.90 
£13.75 

£9.75 
£3.45 
£5.60 
£4.55 
£5.05 

£21.00 
£23.95 
£23.65 
£48.45 
£21.85 

£8.50 
£12.25 
£17.00 
£18.50 
£24.45 
£43.40 
£85.15 

' Richard Allan HD 1 5 
Richard Allan Atlas 15in 
Richard Allan Atlas 18in £110.75 

Practical Hi-Fi ana Audio PR09-TI 
(Rogers) Felt panels for PR09-TL 
£6 .72 plus £1 .60 carriage £138 

Hi-Fi Answers Monitor (Rogers) £146 
Hi Fi News State of the Art (Atkinson) 

£182 
Hi Fi News Miniline (Atkinson) £48 

(carriage £2.66) 
Hi Fi for Pleasure Compact Monitor 

(Colloms) £11 5 
(carriage £5.25) 

Popular Hi-Fi Mini Monitor (Colloms) 
£74 

Popular Hi Fi Round Sound 
(Stephens) including complete 
cabinet kit £71 

Popular Hi-Fi (Jordan) £93 
plus (carriage £2.66) 

Practical Hi-Fi & Audio BSC3 (Rogers) 
£65 

Practical Hi-Fi & Audio Monitor (Giles) 
£155 

Practical Hi - Fi & Audio Triangle 
(Giles) £99 

Practical Hi-Fi & Audio Mini Triangle 
(Giles) £108 

W ireless World Transmission Line 
(Bailey) KEF £122 

W ireless World Transmission Line 
(Bailey) RADFORD £ 184 

Hi-Fi News Tabor (Jones) with J4 bass 
un1ts £60 

Hi-Fi News Tabor (Jones) with H4 
bass units £66 

Smart badges free with all above kits 
(to give that professional touch to 
your DIY speakers!) . Send 50p for 
up to 6 reprints/construction de
tails of above designs . 

CARRIAGE 8t INSURANCE 
Tweeters & Crossovers SOp each 
Speakers 4"-6%" SOp each 
Speakers 1 0"-12" £1.00 each 
Speakers 12", 13"x8", 

14"xg" £1.75each 
Speakers 1 5" £2.75 each 
Speakers 1 8" £4.00 each 
Speaker kits £1.75 each 

£3.00 pair 
Mag. design kits £3.75 pair 

·-PRICES CORRECT AT 18.6. 79 

ALL PRICES INClUDE VAT@ '15o/o 
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SPEAKER 
KITS 

PRICES PER PAIR
CARRIAGE £2.66 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 
Dalesford System 4 
Dalesford System 5 
Dalesford System 6 
Eagle SK21 0 
Eagle SK215 
Eagle SK320 
Eagle SK325 

£54 
£57 

£104 
£110 
£142 

£95 
£17.60 
£32.60 
£40.80 
£68.50 
£93.00 Eagle SK335 

Goodmans DIN 20 4 ohm (special 
offer) 

LS3/5A equivalent kit 
Lowther PM6 kit 
Lowther PM6 Mk 1 kit 
Lowther PM7 kit 
Peerless 1070 
Peerless 11 20 
Peerless 2050 
Peerless 2060 
Radford Studio 90 kit 
Radford Monitor 1 80 kit 
Radford Studio 270 kit 
Radford Stud io 360 kit 

£27.60 
£71 

£105.30 
£110.40 . 
£176.85 
£124.70 
£142.10 

£51·.1 0 
£67.40 

£184 . 
£218 
£350 
£440 

Ram Kit 50 (makes RAM 1 00) 
£71.50 

Richard Allan Tango Twin kit £49.00 
Richard Allan Maramba kit £69.00 

Richard Allan Charisma kit £101.20 
Richard Super Triple ki t £81.70 
Richard Allan RA8 kit £52.65 
Richard Allan RA82 kit £83.30 
Richard Allan RA82L kit £89.90 . 
Seas 223 £40.85 
Seas 2 53 £63.10 
Seas 403 £76.60 
Seas 603 £122.60 
Wharfedale Denton XP2 kit £31.45 
Wharfedale Shelton XP2 kit £40.40 
Wharfedale Linton XP2 kit £56.20 
Wharfedale Glendale XP2 kit £69.00 

Everyth i ng in stock for the 
speaker constructor! 
BAF, Long Fibre Wool, Foam , 
Crossovers, Felt Panels, Com 
ponents, etc . 
Large selection of grille fabrics . 
(Send 18p in stamps for grille 
fabric samples) · 

tf.rf!!J 
Send 30p stamp for free 38 page 
catalogue ·Choosing a Speaker· 

Telephone Speakers, Mail Order and Export 
. . ' 0625 529599 

Hi-Fi : (Swift of Wilmslow) 0625 526213 . I WILMSLOW 
ffi00[[)0[[) . 
The firm for Speakers · 

5 Swan Street, 
Wilmslow,l Cheshire. Lightning service on telephoned credit card orders! I!:!J 

WW- 076 FOR FURTHER DETAILS 

·Swan Works, Bank Square, 
Wilmslow, Cheshire. 
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TRADE WITH 
THE ARAB WORLD 

AND AFRICA 
Announcing a 

unique exhibition-anda unique opportunity 
for your company 

In June next year, in Paris, one of the most 
important exhibitions ofthe 1980s will be staged. 
It will help identify outlets for5ndustrial products 
-including agricultural machinery and agro
chemicals, consumer goods, works and services. 
It will provide a showcase for the developing 
nations. And it will be attended only by ministers, 
heads of industrial organizations, senior 
government officials, directors of development 
projects and other top decision-makers. 

Expansion-Cooperation 1980-1990 will 
provide a unique opportunity for exhibitors 
to expand sales, meet potential 
customers and end-users, plan joint 
ventures and contact Arab investors 
for projects in the West and in 
Africa. The exhibition is organized 

with the co-operation of the Arab Bank and is 
under the patronage of the French Government, 

·the O.P.E.C. Special Fund and 26 Arab 
Ministers. 

Perhaps your company is new to the Arab 
and African markets. Perhaps it has long 
experience of doing business in one or more of 
the countries there. Either way, you will scarcely 

> '\ f.ind a better or more economical opportunity of 
. participating in their economic expansion than 
through this exhibition. 

For further information and exhibition 
_details, please contact Bryan Cassidy or 

Wendy Jesty, IPC Business Press 
Limited, Surrey House, 1 Throwley 
·Way, Sutton, Surrey SM14QQ. Tel: 
01-643 8040 Telex: 946564 Bisprs-G. 

9/ l5JUNE 1980 

INTERNATIONAL EXHIBITION AND FORUMS 

1980/ EXPANSION COOPERATION /1990 
AFRICA -EUROPE-MIDDLE EAST 

----------------------------------------------------------------------------------------------------------
COMPLETE THIS COUPON FOR 
FURTHER DETAILS 

To: Bryan Cassidy, IPC Business Press Limited, 
Surrey House, 1 Throwley Way, Sutton. SutTey SM14QQ. 
England. 
Please send me further infom1ation and exhibition 
details of Expansion-Cooperation 1980-1990 

Name _____ __:.._ ___ ____ _________ __ _ 

CompanY-----------..,----------- -

Address------ --- --------- - --,---:--
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CALLERS AND MAIL ORDER: 40 Bartholomew Street, Newbury, Berks. Tel: 063~5 30505 

CALLERS ONLY: 220-222 Stockport Road, Cheadle Heath, Stockport Tel: 061 491 2290 

GAMES 
~Computer .... 
Chess Skill in Man and Machine 
32 Basic Programs for the Pet . 
Game Playing with Computers 
Basic Computer Games . 
Star Ship Simulation . 
Game Playin-g with Basic 
Sargon 

MISCELLANEOUS 
Intra. to TRS 80 Graphics . 
Microprocessors C201 . . 
Microprocessors Interfacing 

Techniques . . - . 
Chemistry with a computer 
Scelbi Byte Primer . . 
How to program Micro's 
The Systems Analyst . 
Your Home Computer . 
Programming a Micro 6502 
6502 Applications Handbook 

BASIC 
Learnmg Basic Fast • 
Basic Basic . 
Advanced Basic . 
Illustrated Basic . 
The Basic Workshop . . . 

· Basic with Business Applications 
Introduction to Basic 
Beginning Basic . . 
Introduction to Basic 
The Basic Handboqk 

D. Levy . 
P. Frey 

D. Spencer 
D.Ahl 
. . . 
D. Spencer _ 
Spracklen 

.. . 
Zaks . 

Zaks . 
Cauchon 

. Barden 
Atwood · 

' White. 
Foster 
Zaks . . . 

De Rossi 
]. S. Coan · 
J.S.Coan 

. · D. Alcock 
Hayden . . 
Hayqen • 

- ].Morton 
P. Gosling 

. P. Hartley 
- Lien . _ 

£ 7.16 
£11.84 

. £ 9.95 
£10.20 

- £ 5.50 
£ 5.10 
£ 4.10 

- £ 9.50 

£ 5.75 
£ 7.50 . 
£ 7.50 
£ ' 7.96 
£ 9.95 
£ 6.55 

. £ 6.60 

. ' £ 4=.95 
£ 7.95 
£ 8.95 

·. £ 6.30 
.£ 5.00 
£ 5.50 
£ 2.25 

·_ £ 6.60 
£ 5.56 
£ 6.50 
£ 2.95 

. . £ 1.95 
£11.00 

NEW BOOKS 
Fundamentals of Computer Algorithums 
Computer Mathematics . · . . . . . 
Top-Down Structured Programming Techniques 
Microcomputer Design . 

Z80 BOOKS 
Z80 Programming for Logic Design 
Z80 Technical Manual . • 
Z80 PI 0 Technical Manual. 
Z80 ~rogramming Manual • . 
Z80 Microcomputer Handbook 
Practical Microcomputer 

Programming ( Z80) . 
· Z80 Instruction Handbook 
28001/2. Product Spec. 
Zilog Data Book • _ 

6800 BOOKS 
6800 Programming for Logic Design 
6800 Assembly Language 

Programming 
6800 Applications Manual . 
6800 System Design Data • 
6800 Software Gourmet Guide 

Cook Book . . • 
Practicltl Micro. ( 6800) . . 
The 6800 Microprocessor . 

SEND FOR FULL 'BOOKUST 

A. Osbourne . 
Zilog . 
Zilog . 
Zilog . 
W. Barden 

Weller. 

A. Osbourne . 

A. Osbourne. 

Scelbi. 
Weller. · 

CREDIT SALES (Minimum £10), Access and Barclaycard 
Welcome. 

. , "BY RETURN ORDER SERVICE" 

WW -006 FOR FURTHER DETAILS 

The West Hyde MOD-1 Range 

The "Type C" series (abov,:; ; are 
finished in aluminium and bfue and come com
plete with handles and feet 19" rack mounting 
brackets are available for all sizes, together with 
a wide variety of card guides and connector 
profiles. Prices from £24.32. 

~ .. __ r·1 

n 
~-W 

The "Type A" series 
racks (left) are available 
in two depths and 
heights of 2 to 6 U. The 

front panel is 4mm thick 
natural anodised aluminium, 

and the sturdy framework will carry 
up to 50 kg. Accessories include chassis 

plates, blue cover plates and mounting 
extrusions. Prices from £15.70. 

Swiss craftsmanship comes 

The "Type E" series 19" 
housings (right) are made 
to take the Type A racks, 
or our 19" front panels . 
Attractively finished in , . 
blue and light grey, the 

in two depths and seven · 
heights. Slide rails, mounting 
rails and many other accessories 

to instrument cases! 
Here are three new series of 
enclosures from Switzerland 
- elegant, strongly con
structed and versatile enough 
for hundreds of applications. 
The range includes dozens of 
card guides, extrusions and· 
rails which make for quick and 
simple mounting of all types 
of components. The details 
are all in the latest West Hyde 
catalogue. 

cabinets may be supplied ~ 

are kept in stock. 
Price from £49.92. _. · 

Send for our catalogue ·and price list! 
0 

All West Hyde cases are available with substantial discounts for quantities. The Mod-1 Range have pnce breaks at 5, 10, 25, 50 and 100 off (20 Yo 
discount at 100 off) . Prices include post and packing and are correct at press date . Please add VAT . 10% d1scount IS g1ven on f1rst two pnce breaks 

if cases are collected . ' _ . 

WEST HYDE DEVELOPMENTS LIMITED, Unit 9, Park Street Industrial Estate, AYLESBURY, BUCKS. HP20 1ET. Phone: Aylesbury (0296) 20441. Telex: 83570 

WW- 046 FOR FURTHER DETAILS 
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with a B&K·PRECISION CRT Restorer/Analyzer 
Sole UK Distributors for the 8 & K 

467 CRT Restorer/Analyzer. 
The 46 7 tests and r~stores CRT's 
faster than you ever thought 
possible. 

Restoration is so reliable that you· 
can actually guarantee results! 
Tests have shown that 95% of 
restored CRT's function as well as 
new tubes! 

The 467 Restorer/Analyzer is 
ideal for the active service shop 
where time is most valuable. Its 
exclusive patented TriDynamic test 

method lets you see the 
performance of each gun on its own 
meter, simultaneously. Computer -
derived digital circuitry tests all 
three guns of a color picture tube, 
in programmed sequence, twenty -
times per second. 

467 Exclusive Features: 
8 & K Precision TriDynamic 
multiplex technique to test all three 
guns of color CRT simultaneously, 
under actual operating conditions. 
Measures beam current that 
actually passes through G 1 aperture 
to screen. Unique computer-derived 

digital circuitry for accurate results. 
Tests focus electrodes lead 
continuity to catch faults that other 
testers miss. Uses the most 
powerful restoration method known 
for best results with minimal danger 
to CRT. Removes shorts and 
leakage to save more CRT's. All 
CRT's checked identically -
including II in-line II and II one-gun II 
types for accurate results . 
Obsolescence proof: perpetual 
set-up chart updates and new 
adapter development. 

BJlJJ!J1J111l/JDYNASCAN 
For the full range of Electronic Test Equipment:-

including Capacitance Meters DMM'S Frequency Counters Scopes Power Supplies and 
Semi-Conductor Testers · 

BJl1J11JI1liJ/IDYNASCAN 
RADIO SUPPLIES(Components)LTD. 

P.OBOX 27•39 WHITBY STREET. HARTLEPOOL,CLEVELAND. 
TELEPHONE= 0429-75750/0429-68002 

WW- 044 FOR FURTHER DETAILS 
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WEST HYDE DEVELOPMENTS LIMITED, Unit 9, Park Street Industrial Estate, AYLESBURY, BUCKS. HP20 1ET. Phone: Aylesbury (0296) 20441. Telex: 83570 
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WW- 044 FOR FURTHER DETAILS 



SURROUND SOUND DECODER_' 
The first ever kit specialy produced by I ntegrex for this British N ROC backed surround sound system which is the result of 7 years research 
by the Ambisonic team. W .W. July, Aug., '77. 
The unit is designed to decode not only UHJ but virtually all other 'quadraphonic' systems (Not CD4), including the new BBC HJ 10 input: 
selections . . . . .. 
.The decoder is linear throu€Jhout and does not rely on listener fatigu•ing _logic ~nhance111ent technique~ .. Both 2 or;.:$ mput s1gnals and 4 or 6 
output signals are provided in this most versatile unit. Complete with mains power supply,_._wooden cabmet, panel, knobs, etc. 

Complete kit, including licence fee £49.50 +VAT 
or ready built and tested £67.50 t VAT 

NEW S5050A STEREO AMP 
50 watts rms-channel. 0.015% THO. SIN 90 dB, Mags/n 80 dB. 
Output device rating 360w per channel 

·Tone cancel switch. 2 tape monitor switches. 
Metal _ case-~omprehensive heatsinks _ 
Complete kit only £63.90 + VAT. 

~ ·~"' ~ • 0~ .,. " ... 

4 ·- ll " ' I • .!t . .... ~. ·-~ .• • 
,...,, " (" >' ~N ~ 

INTRUDER 1 Mk. 2 RADAR ALARM 
With Home Office Type approval 

The original "Wireless World" published Intruder 1 has been re-designed by lntegrex to incorporate several new features, along 
with improved performance . The kit is even easier to build . The internal audible alarm turns off after approximately 40 seconds and 

the unit re-arms. 240V ac mains or 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. 

Complete kit £49.50 plus VAT. 

·oolbynoise reducer 
trademark of Dolby Laboratories Inc. 

Featuring: 

e switching for both encoding (low-level h. f. compression) and decoding 
e a switchable f.m. stereo multiplex and bias filter . 
e provision for decoding Dolby f.m. radio transmissions (as in USA). 
e no equipment needed for alignment . 
e suitability for both open-reel and cassette tape machines. 
e check tape switch for encoded monitoring in three-head machines. 

· Also available ready built and tested ...... ~ . ... . 

typical performance 
Noise reduction better than 9dB weighted . 
Clipping level 1 6. 5dB above Dolby level (measured 
at 1% third harmonic content) 

Harmonic distortion 0.1% at Dolby level typically 
0 .05% over most of band, rising to a maximum of 
0 .12% . 

Signal-to-noise ratio: 7 5dB (20Hz to 20kHz, signal 
at Dolby level) at Monitor output · · 

Dynamic Range >90db 

30mV sensitivity. 

Complete Kit PRICE-: £43.90 + VAT 
... ...... Price £59.40 +VAT · 

Calibration tapes are .avadable for open-reel use and for cassette (specify which) . . .... ·. . . Pr-ice £2.40 VAT 

Single channel_ plug-in Dolby®) P~OCESSOR BOARDS (9~ x 8;mm) with gold p~ated conta~ts and all com.po~ent's 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Price £9.00 +VAT 

Please add VAT@ 15% 

· ~-we_ guarantee full after-sales __ t.echnicai_ .a.nd ser-vicing facilities on all our kits, have! I 
. you checked th~t these services are available from other sup_pliers? __ 

All kits are carri~ge free 

'INTEG REX L TO. 
.rlease send'SAEtor complete lists and specifications 

Portwood 'Industrial Estat-e, Church G-resley, 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 215432 Telex 377106 

.. S-2020TA STEREO T 
(-souD MAHOGANY CABINET J. 

A high-quality push-button 
FM Varicap Stereo Tuner combined 
with a 24 W r.m.s. per channel Stereo 
~mplifier. 

Brief Spec. Amplifier Low field Toroidal transformer, Mag; input, Tape In/Out -facility (for noise reduction un1 
etc.), THD less than 0.1% at 20W into 8 ohms. Power on I off FET transient protection. All sockets, fuses, etc., are PC 
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF, 
_IN-rE_R?TAJ.IQN MUTE, and phase:-locked IC stereo de_cC?der. LED tuning and_ stereo indicators. Tuning range 
88-104MHz. 30dB mono SIN@~ .2~V. THO 0.3%. Pre-decoder 'birdy' filter. PRICE: £59.95 +VAT 

NELSON-JONES MK.2 STEREO FM TUNER KIT Price:£69.95+VAT. 
Improved performance with linear phase IF and second generation IC decoder. -

NELSON-JONES MK. I STEREO FM TUNER KIT 

A very high performance tuner with dual 
gate MOSFET RF and Mixer front end, · 
triple gang varicap tuning, and dual cer
amic filter I duaiiC IF amp. 

Bri~Spe~Tuningrnnge88-104MHz. 20dBmon:o~q:u~ie:t~in:g~@~0~.~7~5~~v~- .~~~~~~~~~~~~~~~~~~~~~~ 
Image rejection- 70dB. IF rejection- 85dB. THO typically 0 .4%. 
IC stabilized PSU and LED tuning indicators. Push-button tuning and AFC · Mono £36.40 +- VAT 

With ICPL Decoder £40.67 +VAT 
With Portus-Haywood Decoder 

-£44.20 +VAT 

unit . Choice of either mono or stereo with a choice of stereo decoders . 

Compare this spec. with tuners costing twice the price. 

Sens . 30dB S/N mono@ 1.2~V 
THO typicallv 0.3% 
Tuning range 88-1 04MHz: _ 
.LED sig. strength and stereo indicator 

s·TEREO. MODU-LE TUNER' KI_T 
A low-cost. Stereo Tuner based on the 3302 FET RF 

module requiring no alignment. The IF comprises a ceramic 
.filter and high-performance IC Variable INTERSTATION MUTE. 

PLL stereo decoder /C. Pre-decoder 'birdy' filter 
Push-button tuning · · · 

PRICE: Stereo £33.95 + VAT 

S-2020A-AM-PLI:FIE-R K IT. 
Develiipedln ·our laboratories from the highly successiui 

"TEXAN" design. PC mounting potentiometers, 
switches, sockets and fuses are used for ease of 

ass~t;nbly and to minimize wiring 
Power 'on /off' FET transient protection. 

- . 

lyp Spec. 24+24W r.m,s. lr:1to 8-ohm load at less than 0.1% THD. Mag. PU input S!1'~60dB. Radio input S/N 
7LcH:f 'Headphol}e output. I ape rl} (Oufiacility'(f()i' nois~ redudiq_n unit, et'c,f.Toroidal mains transformer . ' 

PRICE: £35.95 +VAT 

.BASIC NELSON--JONES TUNER KIT £15.70 +VAT .PHASE-LOCKED IC DECODER KIT ... £4.47+ VAT 

BASIC MODULE- TUNER KIT (stereo)£1S.50 +VAT .PUSH-BUTTON UNIT . ...... ... , ... £6.00 + v ·AT 

:PO'RTUS-H-AYWO_Qp _PHASE-LOCKED ST~_REO Q-.:C.OD_ER KIT . . . . . . . . . . . . . . . . . . . . . £8.80 +VAT 

WW- 033 FOR FURTHER DETAILS 



SURROUND SOUND DECODER_' 
The first ever kit specialy produced by I ntegrex for this British N ROC backed surround sound system which is the result of 7 years research 
by the Ambisonic team. W .W. July, Aug., '77. 
The unit is designed to decode not only UHJ but virtually all other 'quadraphonic' systems (Not CD4), including the new BBC HJ 10 input: 
selections . . . . .. 
.The decoder is linear throu€Jhout and does not rely on listener fatigu•ing _logic ~nhance111ent technique~ .. Both 2 or;.:$ mput s1gnals and 4 or 6 
output signals are provided in this most versatile unit. Complete with mains power supply,_._wooden cabmet, panel, knobs, etc. 

Complete kit, including licence fee £49.50 +VAT 
or ready built and tested £67.50 t VAT 

NEW S5050A STEREO AMP 
50 watts rms-channel. 0.015% THO. SIN 90 dB, Mags/n 80 dB. 
Output device rating 360w per channel 

·Tone cancel switch. 2 tape monitor switches. 
Metal _ case-~omprehensive heatsinks _ 
Complete kit only £63.90 + VAT. 

~ ·~"' ~ • 0~ .,. " ... 

4 ·- ll " ' I • .!t . .... ~. ·-~ .• • 
,...,, " (" >' ~N ~ 

INTRUDER 1 Mk. 2 RADAR ALARM 
With Home Office Type approval 

The original "Wireless World" published Intruder 1 has been re-designed by lntegrex to incorporate several new features, along 
with improved performance . The kit is even easier to build . The internal audible alarm turns off after approximately 40 seconds and 

the unit re-arms. 240V ac mains or 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. 

Complete kit £49.50 plus VAT. 

·oolbynoise reducer 
trademark of Dolby Laboratories Inc. 

Featuring: 

e switching for both encoding (low-level h. f. compression) and decoding 
e a switchable f.m. stereo multiplex and bias filter . 
e provision for decoding Dolby f.m. radio transmissions (as in USA). 
e no equipment needed for alignment . 
e suitability for both open-reel and cassette tape machines. 
e check tape switch for encoded monitoring in three-head machines. 

· Also available ready built and tested ...... ~ . ... . 

typical performance 
Noise reduction better than 9dB weighted . 
Clipping level 1 6. 5dB above Dolby level (measured 
at 1% third harmonic content) 

Harmonic distortion 0.1% at Dolby level typically 
0 .05% over most of band, rising to a maximum of 
0 .12% . 

Signal-to-noise ratio: 7 5dB (20Hz to 20kHz, signal 
at Dolby level) at Monitor output · · 

Dynamic Range >90db 

30mV sensitivity. 

Complete Kit PRICE-: £43.90 + VAT 
... ...... Price £59.40 +VAT · 

Calibration tapes are .avadable for open-reel use and for cassette (specify which) . . .... ·. . . Pr-ice £2.40 VAT 

Single channel_ plug-in Dolby®) P~OCESSOR BOARDS (9~ x 8;mm) with gold p~ated conta~ts and all com.po~ent's 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Price £9.00 +VAT 

Please add VAT@ 15% 

· ~-we_ guarantee full after-sales __ t.echnicai_ .a.nd ser-vicing facilities on all our kits, have! I 
. you checked th~t these services are available from other sup_pliers? __ 

All kits are carri~ge free 

'INTEG REX L TO. 
.rlease send'SAEtor complete lists and specifications 

Portwood 'Industrial Estat-e, Church G-resley, 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 215432 Telex 377106 
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.filter and high-performance IC Variable INTERSTATION MUTE. 
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switches, sockets and fuses are used for ease of 
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ELECTRO-TECH COMPONENTS LTD. . 
364 EDGWARE ROAD, LONDON, W.2. TEL: 01-723 5667 

TE20D R.F . SIGNAL GENERATOR 

bands. ·· • - · 

Y7206 EN 
20,0000PV 

AC Volts: 0-10, 50, 
250, 500. 1000. 
OC Volts: 0 -0 .5, 5 , 
25, 125, 250, 500, 
1000. 
DC Current: 0-0 .05, 
5, 250 rnA. 8 

Accurately covers 120 
KCS. To 500 MCS in 6 

Directly .calibrated . Vari
able R.F . Attenuator 
240v AC. 
Dimens. 140 x 215 x 
170mm • 

£52.95 
P.&P £1.25 

Resistance : 0-3k ohms. 300k ohms. 3 meg 
ohms. 
Decibels: -20-+63 db. 
Dims: 127 x 90 x 32 mm. 

£1 0.95 P.&P. 7 5p 

SPECIAl OfFER Of NICKEl CADMIUM BATTERIES 
Thill anories .,.. 11irtoolly iodealnctble. Cln be evmhorgllll. lbort-circuiled. or left uochorgod lor long periods 
wiiiiMII dllllrionti•. Eoch call is ill polyatyrane caatainer and in an •~tar weadan clliog wllh u• for loborotory or 
inlullr .. lae. · 
Eodlr:all iii.2VE.M.F. 
,.,..,._ovongelizeol&inglocell in woad cue is lOin. highx51o.x3~io . . 
1111 llltla"ill •e aew IRd unuaed.an• att.-ed 111pprox. 40% oH correot Hal prices. 
noN 1, 2 •d 3 .-e willloolid eleclrolyto.IIIMI 4, 5. 6, 7 an• 8 m with liquid eloclnlyto [will nat spill in transit). 

Type 
I 1 Ceii10AH 
2 5 Cei110AH 
3 1 Cell16 AH 
4 1 Cell32 AH 

LIMITED QUANTITY ONLY 

£9 .75 P&P £1 .00 
.. £33 .00 P&P £2.50 

£10.50 P&P £1.00 
. £13 .50 P&.P_£1.50 

5 5 Cell 23 AH 
6 2 Cell 32 AH 
7 1 Cell 23 AH 

- 8 2 Cell 23 AH 

£42. 50 P&P £3 .50 
. £22.50 P&P £2 50 

£11 .50 P&P £1 .50 
£19.50 P&P £2 .50 

HERE IT IS! THE BRAND NEW 8022A 
HAND-HELD DMM 

Consider the following features· 
6 resistance ranges from 200 ohm - 20 mohm. 
8 current r~ingesfrom 2mA-2AACtoc;:. 

.10 voltage ranges from 200 mv- 1 OOOv DC, 200 
me- 750V AC. 
Pocket size-weighing only 370 gms. 
Full o-verload protection-will withstand 6kv 
spikes. 

IT 1/2 ZO,OOO OPV 
TMK600 

MULTITESTER 
AC volts: 0 to 10, 50.: 
100. 500, 1000. 

30.0000PV 
A sturdy and reliable in
strument . Has internal 
buzzer. ~~;,o~&~~~g025 . . so. 

·DC current Oto 50 ua. 

~;s~~·a~~~~~· to 6 K 
ohms, 6 meg ohms. 
Decibels: -20 to + 22 
db. 
Capacitance: 10pf. 0 .01 
uf 0.1 uf. 
Size: 4'12 x 3'A x 1 •nch. 

AC volts : 0 to 2.5 , 10, 
25, 100 , 250, 500 , 
1000. 

DC volts: 0 to 0.25 , 1, 2.5. 10. 25, 100, 
250, 1 OOO.DC current: 0 to 50 ua, 5 ma, 50 
ma. 12 amp. 
Resistance : 0 to 6K, 60K, 6 meg, 60 meg . 
Decibels: -20 to +56 db. 

£10.95 
P.&P. 75p 

Pie-add 15% VAT to all 
onlen 

C .. le.-.wel.,.,._ 

We are open 9 a.m .-6 p.m. 
Mon.-Sat. 

We carry a very large selection 
.of electronic components and 

electro-mechanical items. 

Special quotations on qua~t· 

ities. 

Short test: Internal buzzer. 
Size: 160 X 110 x 55 mm. 

£20.50. P.&P. 75p 

ROTARY STUD SWITCH 
PLESSEY 30-way. 2 bank, 
Single polo. Contacts 1 amp 
240v, AC/DC. 0050 res . 
Make before break . Stop in- _ 
finitely adjustable allowing for 
any desired arc of travel. Ideal 
for instrument and model 
switching . Size 2Ya" dia . 
overall x 2Y." deep plus 1%11 

x 1.4" dia . spindle. 

£3.25 P&P SOp 

Off THE SHELF DELIVERY ON THESE 

_IFLUKEI~ 
DIGITAL' MUL TIMETERS 

The following ecceaorlea •rw In atock now 

£32:5o ' 
P&P £1 

BENDIX MAGNETIC CLUTCH 
Superb ex.ample of 
electro-mechanics. Main 
body in two sections, coil 
section fixed with %." 
sleeve, drive section 
rotating on outer 
perimeter. Uniting plate 
has % '' I 0 bearing con
centric with main sectiOn 
and 18- tooth cog 
wheel. Extremely power
ful transmission 24V 
D.C. 240m/a . 

Dozens of uSes 
in Home, Farm, 

t=l 
£4. 75. P.&P. 75p 

Rugged construction-virtually indestructable. 
Meets tough military specs-drop proof. Y8008 Touch and Hold Probe £18.00 

8010AAND 8012A NCH MODEL D.M.M.s 
rhe SO 1 OA is a general purpose, bench I portable . digital multimeter witti more functions 
and features than ever offered for such a low price. Its companion, the 80 12A, has 
identical characteristics elCcept that it has two additional low resistance ranges, 2{1: and 
20Sl to replace the 801 OA's 10 ampere current range . 

In line push-button operation for single-handed 80K-40 High Voltage Probe £45.00 
81 RF RF Probe to 100 MHZ £32.00 useag.e. . 

Incorporates low power cmos chip for low power 80T-1 50C Temperature Probe (C) £65.00 

'"':r\~00 
consumption. 
All this plus a 2-year full guarantee. 

For.only £89.00 
Carriage and insurance £3.00 

Even more sophisticated the Fluke 8020A. 
Identical in most respects to the ao22A but in addition incorporates a conductance range 
from 2mS-200nS. 

£112.00 
Carriage and Insurance £3.00 

A handsome soft carrying case is available for the 8020A and 8022A at £7.00 

PleaSe phone for availability before ordering. All our prices 
include 15% VAT. 
Companies invited to send SAE for our up to date Wholesale 
price list. · 

WHOLESALE 
ELECTRONIC COMPONENTS 

.AU113 
BC183A 
BC 184L 
BC 212A 
4v7 ZENER 
3K. PRESETs 
TBA800 
7448 
.01 uF DISC 
16 Pin DIL 

STOCK 
183 

2,000 
7,000 
4,000 

12,000 
20,000 

6,000 
1,600 

10,000 
10,000 

We also buy large packages of Components. 

STRUTT 
ELECTRICAL AND MECHANICAL 
ENGINEERING LTD. 

PRICE 
.98 
.036 
.036 
.036 
.02 
.013 
.44 
.20 
.01 
.08 

ELECTRONIC COMPONENT DISTIBUTORS 

3c Barley Market St., Tavistock, Devon PL 19 05F 
Tel: TAVISTOCK (0822) 5439. Telex: 45263 

ww- 070 FOR FURTHER DETAILS . 

The 801 OA and 8012A feature: 
10 voltage ranges from 200mv · 1 OOOv de, 200mv - 7 5v ac. 
3 conductance ranges from 2mS - 200 nS 
6 resistance ranges from 2000- 20m0 - the 80 12A has two additional resistance ranges 
2[) and 20[). 

··10 current ranges from 200~A - 2A ACIDC - the 80,-0A.has two additional current 
<onges 1 OA AC and 1 OA DC. 

801 OA £159.00 801 2A £179.00 
Carriage and Insurance £3 .00 

. .e 801 OA is also available with two rechargeable Nicad size -C batteries installed in option 
..,_ 01 a• £179.00. · 

Now the bench power supply 
takes a major step forward! 
e Simultaneous digital metering of voltage and current. 
e Twin 3'1. digit (4000 count) meters with %" LED displays. 
e 0 ,1% accuracy, Resolution of 0 .01 volts and 0.001 amps . 
e True constant voltage or constant current operation . 
e Current Limit can. be set precisely without shorting the output. 
e Remote sense facility for maintained precision at high currents. 
e Designed to rigorous quality and safety standards . 

Th lb PL Series : 30 volt/1 amp, 30 volt/2 amp singles and dua·ls 
Uf y PL310 (illustrated): 0-30 volt at 0-1 amp £99,70 +VAT 

Full data and distributor list from Thurlby Electronics 
Coach Mews, St . lves, Cambs. PE17 4BN. Te l : 0480 63570 

WW- 052 FOR FURTHER DETAILS 
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16160 - 24- 3 of each value- 202pf 27pf 
33pf39pt47pf68pf82pf £0.89 
16161-24-3ofeachvalue-100pf 120pf 
150pf 180pf 220pf 270pf330pf 390pf£0.89 

16162-24- 3 of each value- 4 70pf 560pf 
680pf 820pf 1000pf 1500pf 2200pf 3ig?f~ 

16163 - 24 - 3 of each value - 4700pf 
6800pf01uf 015uf 022uf033uf 047uf£

0
•
89 

ELECTROLYTIC 
PAKS 

A range of paks each containing 1 B first quality, 
m1xed value miniature electrolytics . 
16201- .47mF0-10mFD £0.69 
16202- 10mFD-100mFD £0.69 

CARBON RESISTOR 
PAKS 

16213- 60 mixed Yaw 100 ohms - 820 
ohms £0.69 
i 6214- 60 mixed Yaw 1 K ohms- 82K ohms 

£0.69 
16215- 60 mixed Vaw 10K ohms-- 83K 
ohms £0,69 
16216- 60 mixed Yaw lOOK ohms- 820K 
ohms £0.69 
16217 - 40 mixed Yzw 100 ohms - 820 
ohms £0.69 
16218 -40mixed Yzw 1 K ohms - B2Kohms 

£0.69 
16219 - 40 mixed Yzw 10K ohms - 82K 

· ohms £0.69 
16220 - 40 mixed Yzw 1 OOK ohms - 820K 
ohms £0.69 
16230 - 60 mixed Yzw 1 Meg - 10 Meg 
ohms £0.69 

. 16231 - 40 mixed Yzw 1 Meg - 10 Meg 
ohms £0.69 

16164 · ~ 260 Resistor mixed value aPprox 
(Count by weight) £0.89 
16165 - 150 Capacitors mixed value approx 
(Count by weight) £0.69 
16166- 50 Precision resistors. Mixed values 

£0.89 
16167 - 80 Vaw resistors. Mixed values 

£0.89 
1 6168 - 5 pieces assorted ferrite rods £0.89 
16169- 2 Tuning gangs MW LW VHF £0.89 
16170 - 1 Pack wire 50 metres assorted 
colours single strand . £0.89 
1 6171 - 1 0 Reed switches £0.89 
161 72 - 3 Micro switches £0.69 
16173- 15 Assorted pots £0.89 

~~~~d;,dss;t~~~J~ sockets 3 x 3£~~8'; 
16175 - 30 Paper condensers- mixed values 

£0.89 
16176- 20 Electrolytics trans types £0.69 
16177 - 1 Pack assorted hardware - nuts, 
bolts, grommets etc £0.89 
16178- 5 Mains slide switches , assorted 

£0.69 
1 6179- 20 Assorted tag strips and panels 

£0.89 
1 6180 - 15 Assorted control knobs £0,89 
1 61 B 1 - 3 Aotary wave change switches 

£0.69 
16182-2 Aelays 6-24Voperating £0.89 
16183- 1 Pakcopperlaminate approx 200sq 
inches £0.89 
16184 - 15 Assorted Fuses 1 OOmA 5 amp 

£0.119 
16185 - 50 metres PVC sleeving assorted size 
and colours £0.69 

16190- 6 sl ider ,;ixed 
16191 - 6 sl ider470ohms 
16192-6 sl ider 10K ohms 1in 
161 g3- 6 sl ider 22K ohms 1 in 
16194-6 slider47K ohms lin 
16195- 6 sl ider 4 7K log 

AC107 
AC113 
AC115 
AC117 
AC117K 
AC121 
AC122 
AC125 
AC126 
AC127 
AC128 

. AC128K 
AC132 
AC134 
AC137 
AC141 
AC141K 
AC142 
AC142K 
AC151 
AC153 
AC153K 
AC154 
AC155 
AC156 
AC157 
AC165 
AC166 
AC167 
AC168 
AC169 
AC171 
AC176 
AC176K 
AC178 
ACJ.79 
AC180 
AC180K 
AC181 
AC18 1K 
AC187 
AC187K 
AC188 
AC188K 
A0140 
AD142 
AD143 
A0149 
A0161 

£0.25 
£0.23 
£0.23 
£0.35 
£0.39 
£0.23 
£0.16 
£0,21 
£0.21 
£0.21 
£0.18 
£0.30 
£0.23 
£0.23 
£0.23 
£0.24 
£0.35 
£0.23 
£0.35 
£0.23 
£0.26 
£0.35 
£0,23 
£0.23 
£0.23 
£0.29 
£0.23 
£0.23 
£0.23 
£0.29 
£0.23 
£0.28 
£0.21 
£0,30 
£0.28 
£0 .29 
£0.23 
£0.32 
£0.23 
£0.32 
£0.21 
£0,32 ' 
£0.21 
£0.32 
£0.89 
£0.98 
£0.88 
£0.89 
£0.40 

£0.10 
£0.13 
£0.13 
£0.13 
£0.13 
£0.13 
£0.25 
£0.25 
£0.15 
£0.15 
£0.13 
£0.20 
£0.17 
£0.28 
£0.58 
£0.26 
£0.26 
£0.13 
£0.23 

£1.12 
£1.55 
£0.75 
£1 .96 
£0.92 
£1,81 
£1 .15 
£0.73 
£2.13 
£0.81 
£1 .84 
£1 .27 
£1 .73 
£1.73 

£0.19 
£0.09 
£0.09 
£0.10 
£0.17 
£0.12 
£0.37 
£0.17 
£0.14 
£0.16 

AD162 £0.40 BC151 £0,25 
AD1611162 8C152 £0.23 

£0.81 8C153 £0.29 
ADT140 £0.63 8C154 £0.22 
AF124 £0.35 BC157 £0.12 
AF125 £0.35 8C158 £0.12 

. AF126 £0.35 8C15g £0.12 
AF127 £0.37 8C160 £0.30 

· AF13g £0.40 8C161 £0.44 
AF178 £0.69 8C167 £0.14 
AF179 £0.89 8C168 £0.14 
AF180 £0.69 8C169 £0.10 
AF181 £0.87 8C169C £0.12 
AF186 £0.58 8C170 £0.10 
AF239 £0.44 8C17 1 £0.10 
AL102 £1 .38 BC172 £0.10 
AL103 £1 .36 8C173 £0.10 
AU104 £1.81 BC174 £0.17 
AU110 £1.61 8C175 £0.40 
AU113 £1.61 8C177 £0.18 
8C107 £0.09 BC178 £0.18 
BC107A £0.09 8C17g £0.18 
BC107B £0.10 8C180 £0.29 
BC107C £0,12 BC181 £0.10 
8C108 £0.09 8C182 £1.25 
BC108A £0.09 BC182L £0.10 
8C108B £0.10 8C183 £0.10 
8C108.C £0.12 8C183L £1.10 
8C109 £0.09 8C184 £0.10 
8C1098 £0.10 9C184L £0.10 
8C109C £0.12 8C186 £0.25 
8C113 £0.18 8C187 £0.25 
8C114 £0.18 8C207 £0.13 
8C125 £0.20 8C208 £0.13 
8C126 £0.25 8C209 £0.14 
8C132 £0.21 8C212 £0.10 
8C134 £0.21 BC212L £0.10 
8C135 £0.17 8C213 £0.10 
8C136 £0.21 BC251 £0.17 
BC137 £0.21 BC251A £0.18 
8C139 £0,37 8C301 £0.32 
8C140 £0.35 BC302 £0,33 
8C141 £0.32 8C303 £0.32 
8C142 £0.25 BC304 £0.44 
8C143 £0.2& 8C327 £0,18 
8C145 £0.53 8C328 £0.17 
8C147 £0.08 8C337 £0.17 
8C148 £0,08 ' 8C338 £0.17 
8C149 £0.08 8C440 £0.35 
8C150 £0,23 

7422 £0.18 7448 £0.64 
7423 £0.24 7450 £0.13 
7425 £0.22 7451 £0.13 
7426 £0.26 7453 £0.13 
7427 £0.28 7454 £0.13. 
7428 £0.30 7460 £0.13 
7430 £0.15 7470 £0.28 
7432 £0.25 7472 £0.23 
7433 £0.35 · 7473 £0.28 
7437 £0.24 7474 £0.29 
7438 £0.24 7475 £0.33 
7440 £0.14 7476 £0.29 
7441 £0.58 7480 £0.51 
7442 £0.46 7481 £0.98 
7443 £0.81 7482 £0.78 
7444 £0.81 7483 £0.87 
7445 £0.75 7484 £1 .01 
7446 £0.69 7485 £0.78 
7447 £0.55 7486 £0.25 

£2.30 LM320-15V 
£4.14 £1.73 
£2 .19 LM380 £0.98 
£1.07 LM3B1 £1.67 
£<1.81 LM3900 £0.67 
£0,33 MC1303L £0.98 
£1.84 MC1304 £2.19 
£1.15 MC1310 [1.09 

LM309 £1 .73 MC1312 £2.19 
LM320-5V £1.73 MC1350 £1.38 
LM320-15V MC1352 £1.61 

£1 .73 MC1469 £3 .30 
LM320-24V MC14g6 £1 .04 

£1.73 NE536 £3.06 

8A173 £0.17 8Y124 
88104 £0.441 BY126 
8AX13 £0.08 BY127 
8AX 16 £0.09 8YI28 
BY 100 £0.25 BY130 
BAX 16 £0.09 8YI33 
8Y100 £0 .25 BY164 
8Y101 £0.25 BY126 
BY105 £0.25 8Y206 
BY1 14 £0.25 8Y210 

BC441 £0.35 8F165 £0.55 
8C460 £0.44 BF167 £0,28 
BC461 £0.44 8F173 £0.23 
8C477 £0.23 BF176 £0.44 
8C478 £0.23 BF177 £0.30 
BC479 £0.23 8F178 £0 .32 
8C547 £0.12 8F179 £0.35 
8C548 £0.12 80239A/ 
8C549 £0.12 ' 240AMP£1 .15 
8C550 £0.16 8F180 £0.35 
8C556 £0. 16 8F181 £0.35 
8C557 £0.15 8F182 £0.36 
8C558 £0. 14 8F183 £0.35 
BC559 £0.16 BF184 £0.23 
8C210 [0.69 8F185 £0.23 
8CZ11 £0.89 BF1 86 £0 .30 
8C212 £0.69 8F187 £0.30 
8D1 15 £0.58 BF1 88 £0.46 
80116 £0.92 8F194 £0.12 
80121 £0.75 8F195 £0.12 
80123 £0.75 8F196 £0'.12 
80124 £0.81 8F197 £0.14 
80131 £0.40 8F198 £0.18 
80132 £0.40 8F199 £0.16 
8D1J11132MP MJE340 £1.87 

£0.92 MJE2955 £1 .04 
8D133 £0.441 MJE3055 £0.69 
8D135 £0.44 TIP29A £0.46 
80136 £0.40 TIP298 £0.48 
8D137 £0.40 TIP29C £0.51 
80138 £0.41 TIP30A £0.46 
8D139 £0.41 TIP308 £0.48 
8D140 £0.41 TIP30C £0.&1 
8D1391140MP TIP31A £0.48 

£0.92 TIP318 £0.48 
8F115 £0.25 TIP31C £0.51 
8F152 £0.29 ,TIP32A £0.46 
BF153 £0.29 TIP328 £0.48 
8F154 £0.2& TIP32C £0.51 
8F155 £0.40 TIP41A £0.51 

. BF156 £0.32 TIP418 £0.53 
BF157 £0,32 TIP41C £0.55 
BF158 £0.32 TIP42A £0.51 
8F159 £0.32 2N706 £0.12 
BF160 £0.35 2N707 £0.55 
8F162 £0.35 2N708 £0.18 
BF163 £0.35 2N1302 £0.17 
BF164 £0.55 2N1303 £0.21 

2N1304 £0.21 

7489 £1.941 74123 £0.48 
7490 £0.37 74136 £0.60 
7491 £0.74 74141 £0.63 
7492 [0,40 74145 £0.63 
7493 £0.35 74146 £0.78 
7494 £0.88 74151 £0.55 
7495 £0.68 74153 £0.55 
7496 £0.58 74154 £0.94 
74100 £0.98 74155 £0.58 
74104 £0.45 74156 £0.58 
74105 £0.44 74157 £0.58 
74107 £0.28 74160 £0.67 
74110 £0.41 74161 £0.71 
74111 £0.87 74162 £0.71 
74118 £0.92 74163 £0.71 
74119 £1.36 74164 £0.78 
74121 £0.28 74165 £0.78 
74122 £0.45 74166 £0.90 

74174 £0.75 

NE550 £1.09 UA71 1C £0,37 
NE555 £0.28 727 11 £0.37 
NE556 £0.69 UA723C £0.52 
NE565 £1.38 72723 £0.52 
NE566 £1,73 UA741C £0.28 
NE567 £1.96 72741 £0.28 
UA702C £0.63 741P £0.23 
72702 £0.53 UA747C £0,69 
UA703 £0.29 72747 £0.69 
UA709 £0.29 UA748 £0.40 
727og £0.53 72748 £0.40 
709P £0.29 748P £0.40 
UA710C £0.46 SN76013N £1.97 
72710 £0.35 SN76023N £1 .97 

£0.52 OA70 £0.09 
£0.46 OA79 £0.12 
£0.48 OA81 £0.12 
£0.47 OA85 £0.12 
£0.41 OA90 £0.12 
£0.41 OA91 £0.12 
£0.41 OA95 £0_12 
£0.89 OA182 £0.15 
£0.40 OA200 £0.09 
£0.09 OA202 £0.09 

2N1305 
2N1306 
2N 1307 
2N1308 
2N1309 
2N1711 
2N2219 
2N2221 
2N2222 
2N2369 
2N2711 
2N2712 
2N2714 
2N2904 
2N2905 
2N2906 
2N2907 
2N2923 
2N2924 
2N2925 
2N2926G 
2N2926Y 
2N29260 
2N2926R 
2N2926B 
2N3053 
2N3054 
2N3055 
2NJ402 
2N3403 
2N3404 
2N3405 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 

· 2N3708 
2N3709 
2N3710 
2N3711 
2N3772 
2N3773 
2N3819 
2N3820 
2N3821 
2N3823 
2N3903 

74175 
74176 
74.177 
74180 
74181 
74182 
74184 
74190 
74191 
74192 
74193 
74174 
74195 
74196 
74197 
74198 
74199 

SL414A 
TAA5508 
TAA621A 
TAA6218 
TAA661 
TA0100 
TBA540 
TBA810S 
T8A811} 
T8A820 
T8Ag2QO 
TCA270S 
TBA800 

SD10 
SD19 
IN34 
IN34A 
IN914 
IN916 
IN4148 
IS44 
15920 

£0. 21 
£0.29 
£0.29 
£0.35 
£0.35 
£0.23 
£0.23 
£0.23 
£0.23 
£0.16 
£0.25 
£0.26 
[0.25 
£0.21 
£0.21 
£0.18 
£0.23 
£0.17 
£0.17 
£0.17 
£0.10 
£0.09 
£0.09 
£0.09 
£0.09 
£0.18 
£0,46 
£0.46 
£0.24 
£0.24 
£0.33 
£0.38 
£0.09 
£0.09-
£0.08 
£0.08 
£0.09 
£0.09 
£0.08 
£0.08 
£0.08 
£0.08 
£1.84 
£2.63 
£0.21 
£0.40 
£0.69 
£0.89 
£0.12 

£0.71 
£0.67 
£0.67 
£1.7Z 
£0.67 
£0.81 
£0.81 
£0.78 
£0_71 
£0.69 
£0.67 
£0.71 
£0.119 
£1.21 
£1 .21 
£2.13 
£2.13 
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M.,ufectu_. 'Fall Outa' which include 
functiOMI - .,_. t..,ctionlll unn.. Thne 
are clamsed •• ·out-of-spec' from t he 
makers' very rigid specifications, but are 
ideo~~ f or INming l!bout ICa and experimen
t-' - . 
1 62 24 - 100 Gates assorted 7 400 0 1 04 1 0 
5060etc £1.38 
16226 - 30 MXI assorted types 7441 4 7 90 
154etc £1.38 
16227 - 30 Assorted Linear types 70g 741 
747 748 7 10 588 etc £1.00 
16228 - 8 Assorted types SL403 76013 
76003 etc. £1 .15 ' 
16229 - 5 ICs 76110 Eqv to MC 13130P 
MA767 £ 1.73 

16222 Transistors Germ and Silicon Rectifiers 
Diodes Triacs- Thyristors lCs and Zeners. ALL 
NEW & CODED Approx 100 pieces. _Offering 
the amateur a fantastic bargain pack and an 
enormous saVIng . £2.50 

UNTESTED SEMI
CONDUCTOR PAKS 

16130 100 Germ gold bonded OA47 diodes 
£0.89 

1 6131 150 Germ point contact 1 OOmA OA 70 
81 diode • £0.89 
16132 100 Silicon diodes 200mA OA200 

£0.69 
16133 150 Sil icon fast switch diode 25mA 
1 N41 18 ' £0.69 
16134 50 Silicon rectifiers top hat 2 SOmA 

£0.69 
16135 20 Silicon rectif iers stud type 3 amp 

£0.69 
16136 50 400 mW zeners DO 7 case £0.69 
16137 30 NPN t ransistors BC1 D7 8 plastic 

£0.69 
16138 25 NPN T039 2 N6g7 2N 1711 silicon 

. £0.89 
16139 30 PNP transistors 8C177 178 p lastic 

£0.69 
16140 25 PNP T039 2N2905 silicon £0.69 
16141 30 NPN T01 8 2N706 silicon switching 

£0.89 
16142 25 NPN BFY50 51 £0.69 
16143 30 NPN plastic 2N3906 silicon £0.69 
16144 30 PNP plastic 2N3905 sil icon £0.69 
16145 30 Germ OC71 PNP £0.69 
16146 15 Plastic power 2N3055 NPN T0220 
case £1 .38 
16147 10T03 metai2N3055 NPN £1 .38 
16149 10 1 amp SCR T03g £1.38 
16150 8X3 amp SCR T066 case £1 .38 

~ 
- TERMS ... CASH WITH ORDER [;;:] 

CHEQUE, POSTAL ORDER PAYABLE TO BI-PAK AT ABOVE ADDRESS · 
ACCESS OR BARCLAYCARD ACCEPTED GIRO A/C NO. 3887006 

ALL PRICES INCLUDE V.A.T. 35p POSTAGE PER ORDER 
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ELECTRO-TECH COMPONENTS LTD. . 
364 EDGWARE ROAD, LONDON, W.2. TEL: 01-723 5667 

TE20D R.F . SIGNAL GENERATOR 

bands. ·· • - · 

Y7206 EN 
20,0000PV 

AC Volts: 0-10, 50, 
250, 500. 1000. 
OC Volts: 0 -0 .5, 5 , 
25, 125, 250, 500, 
1000. 
DC Current: 0-0 .05, 
5, 250 rnA. 8 

Accurately covers 120 
KCS. To 500 MCS in 6 

Directly .calibrated . Vari
able R.F . Attenuator 
240v AC. 
Dimens. 140 x 215 x 
170mm • 

£52.95 
P.&P £1.25 

Resistance : 0-3k ohms. 300k ohms. 3 meg 
ohms. 
Decibels: -20-+63 db. 
Dims: 127 x 90 x 32 mm. 

£1 0.95 P.&P. 7 5p 

SPECIAl OfFER Of NICKEl CADMIUM BATTERIES 
Thill anories .,.. 11irtoolly iodealnctble. Cln be evmhorgllll. lbort-circuiled. or left uochorgod lor long periods 
wiiiiMII dllllrionti•. Eoch call is ill polyatyrane caatainer and in an •~tar weadan clliog wllh u• for loborotory or 
inlullr .. lae. · 
Eodlr:all iii.2VE.M.F. 
,.,..,._ovongelizeol&inglocell in woad cue is lOin. highx51o.x3~io . . 
1111 llltla"ill •e aew IRd unuaed.an• att.-ed 111pprox. 40% oH correot Hal prices. 
noN 1, 2 •d 3 .-e willloolid eleclrolyto.IIIMI 4, 5. 6, 7 an• 8 m with liquid eloclnlyto [will nat spill in transit). 

Type 
I 1 Ceii10AH 
2 5 Cei110AH 
3 1 Cell16 AH 
4 1 Cell32 AH 

LIMITED QUANTITY ONLY 

£9 .75 P&P £1 .00 
.. £33 .00 P&P £2.50 

£10.50 P&P £1.00 
. £13 .50 P&.P_£1.50 

5 5 Cell 23 AH 
6 2 Cell 32 AH 
7 1 Cell 23 AH 

- 8 2 Cell 23 AH 

£42. 50 P&P £3 .50 
. £22.50 P&P £2 50 

£11 .50 P&P £1 .50 
£19.50 P&P £2 .50 

HERE IT IS! THE BRAND NEW 8022A 
HAND-HELD DMM 

Consider the following features· 
6 resistance ranges from 200 ohm - 20 mohm. 
8 current r~ingesfrom 2mA-2AACtoc;:. 

.10 voltage ranges from 200 mv- 1 OOOv DC, 200 
me- 750V AC. 
Pocket size-weighing only 370 gms. 
Full o-verload protection-will withstand 6kv 
spikes. 

IT 1/2 ZO,OOO OPV 
TMK600 

MULTITESTER 
AC volts: 0 to 10, 50.: 
100. 500, 1000. 

30.0000PV 
A sturdy and reliable in
strument . Has internal 
buzzer. ~~;,o~&~~~g025 . . so. 

·DC current Oto 50 ua. 

~;s~~·a~~~~~· to 6 K 
ohms, 6 meg ohms. 
Decibels: -20 to + 22 
db. 
Capacitance: 10pf. 0 .01 
uf 0.1 uf. 
Size: 4'12 x 3'A x 1 •nch. 

AC volts : 0 to 2.5 , 10, 
25, 100 , 250, 500 , 
1000. 

DC volts: 0 to 0.25 , 1, 2.5. 10. 25, 100, 
250, 1 OOO.DC current: 0 to 50 ua, 5 ma, 50 
ma. 12 amp. 
Resistance : 0 to 6K, 60K, 6 meg, 60 meg . 
Decibels: -20 to +56 db. 

£10.95 
P.&P. 75p 

Pie-add 15% VAT to all 
onlen 

C .. le.-.wel.,.,._ 

We are open 9 a.m .-6 p.m. 
Mon.-Sat. 

We carry a very large selection 
.of electronic components and 

electro-mechanical items. 

Special quotations on qua~t· 

ities. 

Short test: Internal buzzer. 
Size: 160 X 110 x 55 mm. 

£20.50. P.&P. 75p 

ROTARY STUD SWITCH 
PLESSEY 30-way. 2 bank, 
Single polo. Contacts 1 amp 
240v, AC/DC. 0050 res . 
Make before break . Stop in- _ 
finitely adjustable allowing for 
any desired arc of travel. Ideal 
for instrument and model 
switching . Size 2Ya" dia . 
overall x 2Y." deep plus 1%11 

x 1.4" dia . spindle. 

£3.25 P&P SOp 

Off THE SHELF DELIVERY ON THESE 

_IFLUKEI~ 
DIGITAL' MUL TIMETERS 

The following ecceaorlea •rw In atock now 

£32:5o ' 
P&P £1 

BENDIX MAGNETIC CLUTCH 
Superb ex.ample of 
electro-mechanics. Main 
body in two sections, coil 
section fixed with %." 
sleeve, drive section 
rotating on outer 
perimeter. Uniting plate 
has % '' I 0 bearing con
centric with main sectiOn 
and 18- tooth cog 
wheel. Extremely power
ful transmission 24V 
D.C. 240m/a . 

Dozens of uSes 
in Home, Farm, 

t=l 
£4. 75. P.&P. 75p 

Rugged construction-virtually indestructable. 
Meets tough military specs-drop proof. Y8008 Touch and Hold Probe £18.00 

8010AAND 8012A NCH MODEL D.M.M.s 
rhe SO 1 OA is a general purpose, bench I portable . digital multimeter witti more functions 
and features than ever offered for such a low price. Its companion, the 80 12A, has 
identical characteristics elCcept that it has two additional low resistance ranges, 2{1: and 
20Sl to replace the 801 OA's 10 ampere current range . 

In line push-button operation for single-handed 80K-40 High Voltage Probe £45.00 
81 RF RF Probe to 100 MHZ £32.00 useag.e. . 

Incorporates low power cmos chip for low power 80T-1 50C Temperature Probe (C) £65.00 

'"':r\~00 
consumption. 
All this plus a 2-year full guarantee. 

For.only £89.00 
Carriage and insurance £3.00 

Even more sophisticated the Fluke 8020A. 
Identical in most respects to the ao22A but in addition incorporates a conductance range 
from 2mS-200nS. 

£112.00 
Carriage and Insurance £3.00 

A handsome soft carrying case is available for the 8020A and 8022A at £7.00 

PleaSe phone for availability before ordering. All our prices 
include 15% VAT. 
Companies invited to send SAE for our up to date Wholesale 
price list. · 

WHOLESALE 
ELECTRONIC COMPONENTS 

.AU113 
BC183A 
BC 184L 
BC 212A 
4v7 ZENER 
3K. PRESETs 
TBA800 
7448 
.01 uF DISC 
16 Pin DIL 

STOCK 
183 

2,000 
7,000 
4,000 

12,000 
20,000 

6,000 
1,600 

10,000 
10,000 

We also buy large packages of Components. 

STRUTT 
ELECTRICAL AND MECHANICAL 
ENGINEERING LTD. 

PRICE 
.98 
.036 
.036 
.036 
.02 
.013 
.44 
.20 
.01 
.08 

ELECTRONIC COMPONENT DISTIBUTORS 

3c Barley Market St., Tavistock, Devon PL 19 05F 
Tel: TAVISTOCK (0822) 5439. Telex: 45263 

ww- 070 FOR FURTHER DETAILS . 

The 801 OA and 8012A feature: 
10 voltage ranges from 200mv · 1 OOOv de, 200mv - 7 5v ac. 
3 conductance ranges from 2mS - 200 nS 
6 resistance ranges from 2000- 20m0 - the 80 12A has two additional resistance ranges 
2[) and 20[). 

··10 current ranges from 200~A - 2A ACIDC - the 80,-0A.has two additional current 
<onges 1 OA AC and 1 OA DC. 

801 OA £159.00 801 2A £179.00 
Carriage and Insurance £3 .00 

. .e 801 OA is also available with two rechargeable Nicad size -C batteries installed in option 
..,_ 01 a• £179.00. · 

Now the bench power supply 
takes a major step forward! 
e Simultaneous digital metering of voltage and current. 
e Twin 3'1. digit (4000 count) meters with %" LED displays. 
e 0 ,1% accuracy, Resolution of 0 .01 volts and 0.001 amps . 
e True constant voltage or constant current operation . 
e Current Limit can. be set precisely without shorting the output. 
e Remote sense facility for maintained precision at high currents. 
e Designed to rigorous quality and safety standards . 

Th lb PL Series : 30 volt/1 amp, 30 volt/2 amp singles and dua·ls 
Uf y PL310 (illustrated): 0-30 volt at 0-1 amp £99,70 +VAT 

Full data and distributor list from Thurlby Electronics 
Coach Mews, St . lves, Cambs. PE17 4BN. Te l : 0480 63570 

WW- 052 FOR FURTHER DETAILS 

WIRELESS WORLD, DECEMBER 1979 

16160 - 24- 3 of each value- 202pf 27pf 
33pf39pt47pf68pf82pf £0.89 
16161-24-3ofeachvalue-100pf 120pf 
150pf 180pf 220pf 270pf330pf 390pf£0.89 

16162-24- 3 of each value- 4 70pf 560pf 
680pf 820pf 1000pf 1500pf 2200pf 3ig?f~ 

16163 - 24 - 3 of each value - 4700pf 
6800pf01uf 015uf 022uf033uf 047uf£

0
•
89 

ELECTROLYTIC 
PAKS 

A range of paks each containing 1 B first quality, 
m1xed value miniature electrolytics . 
16201- .47mF0-10mFD £0.69 
16202- 10mFD-100mFD £0.69 

CARBON RESISTOR 
PAKS 

16213- 60 mixed Yaw 100 ohms - 820 
ohms £0.69 
i 6214- 60 mixed Yaw 1 K ohms- 82K ohms 

£0.69 
16215- 60 mixed Vaw 10K ohms-- 83K 
ohms £0,69 
16216- 60 mixed Yaw lOOK ohms- 820K 
ohms £0.69 
16217 - 40 mixed Yzw 100 ohms - 820 
ohms £0.69 
16218 -40mixed Yzw 1 K ohms - B2Kohms 

£0.69 
16219 - 40 mixed Yzw 10K ohms - 82K 

· ohms £0.69 
16220 - 40 mixed Yzw 1 OOK ohms - 820K 
ohms £0.69 
16230 - 60 mixed Yzw 1 Meg - 10 Meg 
ohms £0.69 

. 16231 - 40 mixed Yzw 1 Meg - 10 Meg 
ohms £0.69 

16164 · ~ 260 Resistor mixed value aPprox 
(Count by weight) £0.89 
16165 - 150 Capacitors mixed value approx 
(Count by weight) £0.69 
16166- 50 Precision resistors. Mixed values 

£0.89 
16167 - 80 Vaw resistors. Mixed values 

£0.89 
1 6168 - 5 pieces assorted ferrite rods £0.89 
16169- 2 Tuning gangs MW LW VHF £0.89 
16170 - 1 Pack wire 50 metres assorted 
colours single strand . £0.89 
1 6171 - 1 0 Reed switches £0.89 
161 72 - 3 Micro switches £0.69 
16173- 15 Assorted pots £0.89 

~~~~d;,dss;t~~~J~ sockets 3 x 3£~~8'; 
16175 - 30 Paper condensers- mixed values 

£0.89 
16176- 20 Electrolytics trans types £0.69 
16177 - 1 Pack assorted hardware - nuts, 
bolts, grommets etc £0.89 
16178- 5 Mains slide switches , assorted 

£0.69 
1 6179- 20 Assorted tag strips and panels 

£0.89 
1 6180 - 15 Assorted control knobs £0,89 
1 61 B 1 - 3 Aotary wave change switches 

£0.69 
16182-2 Aelays 6-24Voperating £0.89 
16183- 1 Pakcopperlaminate approx 200sq 
inches £0.89 
16184 - 15 Assorted Fuses 1 OOmA 5 amp 

£0.119 
16185 - 50 metres PVC sleeving assorted size 
and colours £0.69 

16190- 6 sl ider ,;ixed 
16191 - 6 sl ider470ohms 
16192-6 sl ider 10K ohms 1in 
161 g3- 6 sl ider 22K ohms 1 in 
16194-6 slider47K ohms lin 
16195- 6 sl ider 4 7K log 

AC107 
AC113 
AC115 
AC117 
AC117K 
AC121 
AC122 
AC125 
AC126 
AC127 
AC128 

. AC128K 
AC132 
AC134 
AC137 
AC141 
AC141K 
AC142 
AC142K 
AC151 
AC153 
AC153K 
AC154 
AC155 
AC156 
AC157 
AC165 
AC166 
AC167 
AC168 
AC169 
AC171 
AC176 
AC176K 
AC178 
ACJ.79 
AC180 
AC180K 
AC181 
AC18 1K 
AC187 
AC187K 
AC188 
AC188K 
A0140 
AD142 
AD143 
A0149 
A0161 

£0.25 
£0.23 
£0.23 
£0.35 
£0.39 
£0.23 
£0.16 
£0,21 
£0.21 
£0.21 
£0.18 
£0.30 
£0.23 
£0.23 
£0.23 
£0.24 
£0.35 
£0.23 
£0.35 
£0.23 
£0.26 
£0.35 
£0,23 
£0.23 
£0.23 
£0.29 
£0.23 
£0.23 
£0.23 
£0.29 
£0.23 
£0.28 
£0.21 
£0,30 
£0.28 
£0 .29 
£0.23 
£0.32 
£0.23 
£0.32 
£0.21 
£0,32 ' 
£0.21 
£0.32 
£0.89 
£0.98 
£0.88 
£0.89 
£0.40 

£0.10 
£0.13 
£0.13 
£0.13 
£0.13 
£0.13 
£0.25 
£0.25 
£0.15 
£0.15 
£0.13 
£0.20 
£0.17 
£0.28 
£0.58 
£0.26 
£0.26 
£0.13 
£0.23 

£1.12 
£1.55 
£0.75 
£1 .96 
£0.92 
£1,81 
£1 .15 
£0.73 
£2.13 
£0.81 
£1 .84 
£1 .27 
£1 .73 
£1.73 

£0.19 
£0.09 
£0.09 
£0.10 
£0.17 
£0.12 
£0.37 
£0.17 
£0.14 
£0.16 

AD162 £0.40 BC151 £0,25 
AD1611162 8C152 £0.23 

£0.81 8C153 £0.29 
ADT140 £0.63 8C154 £0.22 
AF124 £0.35 BC157 £0.12 
AF125 £0.35 8C158 £0.12 

. AF126 £0.35 8C15g £0.12 
AF127 £0.37 8C160 £0.30 

· AF13g £0.40 8C161 £0.44 
AF178 £0.69 8C167 £0.14 
AF179 £0.89 8C168 £0.14 
AF180 £0.69 8C169 £0.10 
AF181 £0.87 8C169C £0.12 
AF186 £0.58 8C170 £0.10 
AF239 £0.44 8C17 1 £0.10 
AL102 £1 .38 BC172 £0.10 
AL103 £1 .36 8C173 £0.10 
AU104 £1.81 BC174 £0.17 
AU110 £1.61 8C175 £0.40 
AU113 £1.61 8C177 £0.18 
8C107 £0.09 BC178 £0.18 
BC107A £0.09 8C17g £0.18 
BC107B £0.10 8C180 £0.29 
BC107C £0,12 BC181 £0.10 
8C108 £0.09 8C182 £1.25 
BC108A £0.09 BC182L £0.10 
8C108B £0.10 8C183 £0.10 
8C108.C £0.12 8C183L £1.10 
8C109 £0.09 8C184 £0.10 
8C1098 £0.10 9C184L £0.10 
8C109C £0.12 8C186 £0.25 
8C113 £0.18 8C187 £0.25 
8C114 £0.18 8C207 £0.13 
8C125 £0.20 8C208 £0.13 
8C126 £0.25 8C209 £0.14 
8C132 £0.21 8C212 £0.10 
8C134 £0.21 BC212L £0.10 
8C135 £0.17 8C213 £0.10 
8C136 £0.21 BC251 £0.17 
BC137 £0.21 BC251A £0.18 
8C139 £0,37 8C301 £0.32 
8C140 £0.35 BC302 £0,33 
8C141 £0.32 8C303 £0.32 
8C142 £0.25 BC304 £0.44 
8C143 £0.2& 8C327 £0,18 
8C145 £0.53 8C328 £0.17 
8C147 £0.08 8C337 £0.17 
8C148 £0,08 ' 8C338 £0.17 
8C149 £0.08 8C440 £0.35 
8C150 £0,23 

7422 £0.18 7448 £0.64 
7423 £0.24 7450 £0.13 
7425 £0.22 7451 £0.13 
7426 £0.26 7453 £0.13 
7427 £0.28 7454 £0.13. 
7428 £0.30 7460 £0.13 
7430 £0.15 7470 £0.28 
7432 £0.25 7472 £0.23 
7433 £0.35 · 7473 £0.28 
7437 £0.24 7474 £0.29 
7438 £0.24 7475 £0.33 
7440 £0.14 7476 £0.29 
7441 £0.58 7480 £0.51 
7442 £0.46 7481 £0.98 
7443 £0.81 7482 £0.78 
7444 £0.81 7483 £0.87 
7445 £0.75 7484 £1 .01 
7446 £0.69 7485 £0.78 
7447 £0.55 7486 £0.25 

£2.30 LM320-15V 
£4.14 £1.73 
£2 .19 LM380 £0.98 
£1.07 LM3B1 £1.67 
£<1.81 LM3900 £0.67 
£0,33 MC1303L £0.98 
£1.84 MC1304 £2.19 
£1.15 MC1310 [1.09 

LM309 £1 .73 MC1312 £2.19 
LM320-5V £1.73 MC1350 £1.38 
LM320-15V MC1352 £1.61 

£1 .73 MC1469 £3 .30 
LM320-24V MC14g6 £1 .04 

£1.73 NE536 £3.06 

8A173 £0.17 8Y124 
88104 £0.441 BY126 
8AX13 £0.08 BY127 
8AX 16 £0.09 8YI28 
BY 100 £0.25 BY130 
BAX 16 £0.09 8YI33 
8Y100 £0 .25 BY164 
8Y101 £0.25 BY126 
BY105 £0.25 8Y206 
BY1 14 £0.25 8Y210 

BC441 £0.35 8F165 £0.55 
8C460 £0.44 BF167 £0,28 
BC461 £0.44 8F173 £0.23 
8C477 £0.23 BF176 £0.44 
8C478 £0.23 BF177 £0.30 
BC479 £0.23 8F178 £0 .32 
8C547 £0.12 8F179 £0.35 
8C548 £0.12 80239A/ 
8C549 £0.12 ' 240AMP£1 .15 
8C550 £0.16 8F180 £0.35 
8C556 £0. 16 8F181 £0.35 
8C557 £0.15 8F182 £0.36 
8C558 £0. 14 8F183 £0.35 
BC559 £0.16 BF184 £0.23 
8C210 [0.69 8F185 £0.23 
8CZ11 £0.89 BF1 86 £0 .30 
8C212 £0.69 8F187 £0.30 
8D1 15 £0.58 BF1 88 £0.46 
80116 £0.92 8F194 £0.12 
80121 £0.75 8F195 £0.12 
80123 £0.75 8F196 £0'.12 
80124 £0.81 8F197 £0.14 
80131 £0.40 8F198 £0.18 
80132 £0.40 8F199 £0.16 
8D1J11132MP MJE340 £1.87 

£0.92 MJE2955 £1 .04 
8D133 £0.441 MJE3055 £0.69 
8D135 £0.44 TIP29A £0.46 
80136 £0.40 TIP298 £0.48 
8D137 £0.40 TIP29C £0.51 
80138 £0.41 TIP30A £0.46 
8D139 £0.41 TIP308 £0.48 
8D140 £0.41 TIP30C £0.&1 
8D1391140MP TIP31A £0.48 

£0.92 TIP318 £0.48 
8F115 £0.25 TIP31C £0.51 
8F152 £0.29 ,TIP32A £0.46 
BF153 £0.29 TIP328 £0.48 
8F154 £0.2& TIP32C £0.51 
8F155 £0.40 TIP41A £0.51 

. BF156 £0.32 TIP418 £0.53 
BF157 £0,32 TIP41C £0.55 
BF158 £0.32 TIP42A £0.51 
8F159 £0.32 2N706 £0.12 
BF160 £0.35 2N707 £0.55 
8F162 £0.35 2N708 £0.18 
BF163 £0.35 2N1302 £0.17 
BF164 £0.55 2N1303 £0.21 

2N1304 £0.21 

7489 £1.941 74123 £0.48 
7490 £0.37 74136 £0.60 
7491 £0.74 74141 £0.63 
7492 [0,40 74145 £0.63 
7493 £0.35 74146 £0.78 
7494 £0.88 74151 £0.55 
7495 £0.68 74153 £0.55 
7496 £0.58 74154 £0.94 
74100 £0.98 74155 £0.58 
74104 £0.45 74156 £0.58 
74105 £0.44 74157 £0.58 
74107 £0.28 74160 £0.67 
74110 £0.41 74161 £0.71 
74111 £0.87 74162 £0.71 
74118 £0.92 74163 £0.71 
74119 £1.36 74164 £0.78 
74121 £0.28 74165 £0.78 
74122 £0.45 74166 £0.90 

74174 £0.75 

NE550 £1.09 UA71 1C £0,37 
NE555 £0.28 727 11 £0.37 
NE556 £0.69 UA723C £0.52 
NE565 £1.38 72723 £0.52 
NE566 £1,73 UA741C £0.28 
NE567 £1.96 72741 £0.28 
UA702C £0.63 741P £0.23 
72702 £0.53 UA747C £0,69 
UA703 £0.29 72747 £0.69 
UA709 £0.29 UA748 £0.40 
727og £0.53 72748 £0.40 
709P £0.29 748P £0.40 
UA710C £0.46 SN76013N £1.97 
72710 £0.35 SN76023N £1 .97 

£0.52 OA70 £0.09 
£0.46 OA79 £0.12 
£0.48 OA81 £0.12 
£0.47 OA85 £0.12 
£0.41 OA90 £0.12 
£0.41 OA91 £0.12 
£0.41 OA95 £0_12 
£0.89 OA182 £0.15 
£0.40 OA200 £0.09 
£0.09 OA202 £0.09 

2N1305 
2N1306 
2N 1307 
2N1308 
2N1309 
2N1711 
2N2219 
2N2221 
2N2222 
2N2369 
2N2711 
2N2712 
2N2714 
2N2904 
2N2905 
2N2906 
2N2907 
2N2923 
2N2924 
2N2925 
2N2926G 
2N2926Y 
2N29260 
2N2926R 
2N2926B 
2N3053 
2N3054 
2N3055 
2NJ402 
2N3403 
2N3404 
2N3405 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 

· 2N3708 
2N3709 
2N3710 
2N3711 
2N3772 
2N3773 
2N3819 
2N3820 
2N3821 
2N3823 
2N3903 

74175 
74176 
74.177 
74180 
74181 
74182 
74184 
74190 
74191 
74192 
74193 
74174 
74195 
74196 
74197 
74198 
74199 

SL414A 
TAA5508 
TAA621A 
TAA6218 
TAA661 
TA0100 
TBA540 
TBA810S 
T8A811} 
T8A820 
T8Ag2QO 
TCA270S 
TBA800 

SD10 
SD19 
IN34 
IN34A 
IN914 
IN916 
IN4148 
IS44 
15920 

£0. 21 
£0.29 
£0.29 
£0.35 
£0.35 
£0.23 
£0.23 
£0.23 
£0.23 
£0.16 
£0.25 
£0.26 
[0.25 
£0.21 
£0.21 
£0.18 
£0.23 
£0.17 
£0.17 
£0.17 
£0.10 
£0.09 
£0.09 
£0.09 
£0.09 
£0.18 
£0,46 
£0.46 
£0.24 
£0.24 
£0.33 
£0.38 
£0.09 
£0.09-
£0.08 
£0.08 
£0.09 
£0.09 
£0.08 
£0.08 
£0.08 
£0.08 
£1.84 
£2.63 
£0.21 
£0.40 
£0.69 
£0.89 
£0.12 

£0.71 
£0.67 
£0.67 
£1.7Z 
£0.67 
£0.81 
£0.81 
£0.78 
£0_71 
£0.69 
£0.67 
£0.71 
£0.119 
£1.21 
£1 .21 
£2.13 
£2.13 
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M.,ufectu_. 'Fall Outa' which include 
functiOMI - .,_. t..,ctionlll unn.. Thne 
are clamsed •• ·out-of-spec' from t he 
makers' very rigid specifications, but are 
ideo~~ f or INming l!bout ICa and experimen
t-' - . 
1 62 24 - 100 Gates assorted 7 400 0 1 04 1 0 
5060etc £1.38 
16226 - 30 MXI assorted types 7441 4 7 90 
154etc £1.38 
16227 - 30 Assorted Linear types 70g 741 
747 748 7 10 588 etc £1.00 
16228 - 8 Assorted types SL403 76013 
76003 etc. £1 .15 ' 
16229 - 5 ICs 76110 Eqv to MC 13130P 
MA767 £ 1.73 

16222 Transistors Germ and Silicon Rectifiers 
Diodes Triacs- Thyristors lCs and Zeners. ALL 
NEW & CODED Approx 100 pieces. _Offering 
the amateur a fantastic bargain pack and an 
enormous saVIng . £2.50 

UNTESTED SEMI
CONDUCTOR PAKS 

16130 100 Germ gold bonded OA47 diodes 
£0.89 

1 6131 150 Germ point contact 1 OOmA OA 70 
81 diode • £0.89 
16132 100 Silicon diodes 200mA OA200 

£0.69 
16133 150 Sil icon fast switch diode 25mA 
1 N41 18 ' £0.69 
16134 50 Silicon rectifiers top hat 2 SOmA 

£0.69 
16135 20 Silicon rectif iers stud type 3 amp 

£0.69 
16136 50 400 mW zeners DO 7 case £0.69 
16137 30 NPN t ransistors BC1 D7 8 plastic 

£0.69 
16138 25 NPN T039 2 N6g7 2N 1711 silicon 

. £0.89 
16139 30 PNP transistors 8C177 178 p lastic 

£0.69 
16140 25 PNP T039 2N2905 silicon £0.69 
16141 30 NPN T01 8 2N706 silicon switching 

£0.89 
16142 25 NPN BFY50 51 £0.69 
16143 30 NPN plastic 2N3906 silicon £0.69 
16144 30 PNP plastic 2N3905 sil icon £0.69 
16145 30 Germ OC71 PNP £0.69 
16146 15 Plastic power 2N3055 NPN T0220 
case £1 .38 
16147 10T03 metai2N3055 NPN £1 .38 
16149 10 1 amp SCR T03g £1.38 
16150 8X3 amp SCR T066 case £1 .38 

~ 
- TERMS ... CASH WITH ORDER [;;:] 

CHEQUE, POSTAL ORDER PAYABLE TO BI-PAK AT ABOVE ADDRESS · 
ACCESS OR BARCLAYCARD ACCEPTED GIRO A/C NO. 3887006 

ALL PRICES INCLUDE V.A.T. 35p POSTAGE PER ORDER 
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ELECTRONIC KITS OF DISTINCTION 

DE LUX E EASY TO BUILD LINSLEY-HOOD 

75W STEREO A MPLI FIER £99.30 + VAT 
This easy to build version of our world-wide acclaimed 7 5W amplifier kit based upon circuit 
boards in terconnected with gold plated contacts resulting in minimal winng and construct10r> 
delightfully straightforward . The design was published in Hi-Fi News and Record Rev1ew and 
features include rumble f i lter . variable scratch filter, versatile tone controls and tape 
monitoring whilst distortion is less than 0 .01 % . 

W IRELESS W ORLD FM TUNER £70.20 +VAT 
A rre-aligned front-end module makes this W~reless World published design very simple to 
construct and adjust without special instruments. Features include an excellent a.m . reJeCtion 
push-button station select_ion as well_ as infinitely variable tunmg and a phase locked loop 
stereo decoder. mcorporat1ng active f ilters for "b~rdy" suppress1on. 

LINSLEY-HOOD CASSETT E DECK £79.60 +VAT 
This design. published in Wireless World, although straightforward and relatively low cost 
provides a very high standard of performance. There are separate record and replay amplifiers 
and switchable equalisation together with a cho1ce of b1as levels are also prov1ded The 
mechanism is the Goldring-Lenco CRV with electronic speed control. 

FROM 

~ TRANSCENDENT2000 SINGLE BOARD SYNTHESIZER 
As featured in Electronics Today lntf!_rnational .... 
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Cabinet size 24.6"x15. 7"x4.8" (rear) 3.4" (front) 

The kit inclufles fully ~inished metalwork. fully assembled solid . 
teak cabinet, filter sweep pedal, professional quality components 
(all resistors either 2% metal oxide or V2% metal film I) and it really · 
is complete - right down to the last nut and bolt and last piece of 
wire! There is even a 1 3A plug in the kit - you need buy . 
absolutely no more parts before plugging in and making great 
music! Virtually all the components are on the one professional 
quality fibre gla.ss PCB printed with component locations. All the 
controls mount directly on the main board. all connections to the 

. board are .made with connector plugs and construction is so 
simple it can be built easily in a few evenings by almost anyone 
capable of neat soldering! When finished you will possess a 
synthesizer comparable in performance and quality with ready 
built units selling for between £500 and £700! 

COMPLETE KIT 

ONLY 

£1 72.00 + VAT! 
Comprehensive handbook supplied with all complete kits! This 
fully describes construction and tells you how to set up your 
synthesizer with nothing more than a multi-meter and a pair of 
ears! 

CHROMATHEQUE 5000 5-CHANNEL LIGHTING EFFECTS SYSTEM 
This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels with individual level controls on each channel. Control of the 
lights is comprehensive to say the least . You can run the unit as a straightforward sound-to-light or have it strobe all the lights at a speed dependent upon music level or front panel control 
setting or use the internal digital circuitry which produces some superb random and sequencing effects . Each channel handles up to 500W and as the kit IS a Single board design wmng IS 
minimal and construction very straightforward. 

Kit includes fully finished metalwork . fibreglass 
PCB, controls , wire, etc. -Complete right down to 
the last nut and bolt! 

COMPLETE . KIT ,ONLY 
£49.50 +VAT 
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Panel size 19.0"x3.5". Depth 7.3" 

MPA200 1 DOW MIXER/ AMPLIFIER 
Featured as a constructional article in Electronics Today 1 nternationalthe M PA 200 is an exceptionally lo~-priced but professionally finished general purpose. rugged .. high-power amplifier . 
which has an adaptable range of inputs such as disc, microphone, guitar. etc . There ar.e 3 wide range tone controls and a master volume control . Mechan1cally the des1gn 1s S1mpllc1ty m the 
extreme with minimal wiring making construction very straightforward . Kit includes fu l ly finished metalwork, f1breglass PCB s, controls. w~re . etc . - Complete nght down to the last nut and 
bolt! 

Panel size 19.0"x3.5". Depth 7 .3" 

COMPLETE KIT ONLY 
£49.90 +VAT 

All kits also available as separate packs (e.g. 
P.C.B. component sets, hardware sets, etc.) . 
Prices in FREE CATALOGUE. 
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'T20 + 20 AND T30 + 30 
20W, 30W AMPLIFIERS 

Designed by Texas engineers and described in PractiCal W ireless. the Texan ·was an immediate success. Now ' 
developed fUfther in our laboratories to include a Toroidal transformer and addit ional improvements, the slimline 
T20+20delivers 20W rms per channel of true Hi-Fiat exceptionally low cost . The e.aay to build design is based 
on a single F I Glass PCB and features all the normal facilities found on quality ampl ifiers including scratch and 
rumble filters, adaptable input selector and headphones socket . In a follow-up article fn Practica l W ireless further C) 

~~ed~~i~~~~~~t;;:r;n~~9t~~~t~o~i~~r ::~i~i~y ~~~~!e;~t~:~~;~~i~a~~d~~~ ~~~ ~~~ ;;r~·h!~~=r include RF , = 
~ 

SPECIAL PRICES FOR COMPLETE KITS 

T20+20 KIT PRICE £33.10 +VAT 

T30+30 KIT PRICE £38.40 +VAT 

AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

p'oWERTRAN SFMT TUNER 
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~ - SPECIAL PRICE FOR COMPLETE KIT £47.70 +VAt 
PRICE FOR COMPL.ET_E -~IT £35.90. 

AVAILABLE AS COMPLETE KIT ONLY 

+VAT 
a:l 
m = AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

C Following the success of our Wireless World FM Tuner Kit this cost reduced model was ~ designed to complement the T20+20 and T30+30 amplifiers and the cabinet size, front 
cc panel format and electrical characteristics make this tuner compatible with either. .... . 

This is a simple , low cost design which can be constructed easily without special alignment ~ 
equipment but which still gives a first-class output suitable for feeding any of our very popular 
amplifier• or any other high quality audio equipment. A phase-locked-loop is used for stereo C 
decoding and controls include switchable ale;. switchable muting and push-button channel iii: 
selection (adjustable by controls on the front panel). This unit matches well with the T20+20 
and T30+30 amplifiers. 
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Another superb design by synthesizer expert Tim Orr! 

lEW/ T-RANSCENDENT DPX 
As leatured in Electronics Today international August, September 
October, 1979 issues 

DI~ITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER 
.. The Transcendent POX is a really versatile new 5 octave keyboard instrurilent . There are two audio outputs which can be used simultaneously. On the first there is a beautiful harpsichord or 
reed sound -fully polyphonic i.e . you can play chords with as many notes as you like . On the second output there is a wide range of different voices, still fu lly polyphonic . It can be a 
straightforward p1ano or a hanky tonk piano or even a m1xture of the two' Alternatively you can play strings over the whole range of the keyboard or brass over the whole range of the 
keyboard or should you prefer - strings on the top of the keyboard and brass at the lower end (the keyboard is electronically split after the f irst two octaves) or vice versa or even a 
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make the keyboard touch sensitive?. The harder you press down a key the louderit 
sounds- JUSt hke an acoustiC Plano . The d1g1tally controlled multiplexed system makes practical sensitivity with the complex dynam1cs law necessary for a high degree of realism. There 1s 
a master volume and tone control, a separate control for the brass sounds and also a vibrato circuit with variable depth control together with a variable delay control so that the vibrato comes 
1n only after wa1tmg a short 11me after the note is struck for even more realistic string sounds . 

Cabinet size 36.3"x15.0"x5.0" (rear) 3.3" (front) 
Also available as separate packs - prices in free catalgoue COMPLETE KIT ONLY £365.00 +VAT! 

. ' 
To add interest·!~ the sounds and make them more natural there is a chorus/ ensemble un it wnich is a complex phasing system using. CCD (charge coupled device) analogue delay lines .• The 
overall effect of this is similar to that of several acoustic instruments playing the same piecE' of music. The ensemble circuitry can be switched in with _either strong or mild effects 
As the system IS based on d1gital circuitry data can be easily taken to and from a computer (for storing and playing back accompaniment w1th or w1thout p1tch or key change. computer 
composing etc .. etc.) and an interface socket (25 way D type) is provided for this purpose. 
Although the DPX is an advanced design using a very large amount of circuitry ,. much of it very sophisticated, the kit is mechanically extremely simple with excellent access to all the circuit 
boards which interconnect with multiway connectors. just four of which are removed to separate the keyboard circuitry and the panel circuitry from the main circuitry in the cabinet. 

The kit includes fully finished metalwork, solid teak cabinet. professional quality components (all resistors 2% metal oxide). nuts, bolts, etc .. even a 13A plug- you need buy absolutely 
no more parts before plugging in and making great music!. When finished you will possess an instrument comparable in performance and quality with ready-built units selling for over 
£1200' 

EXPORT A SPECIALITY• Our Export Department can re~dily despatch orders of any size to any country in the world . s·oii1e of the countries to
1 

. • which we sent kits last year are shown in this advertisement. To assist in estimating postal costs our catalogue gives the1 weights o.l all packs and kits . This will be sent free on request, by alfmail. together with our ''Export Postal Guide '' which gives current postage prices. There IS no minimum order chMge. Prices 
same as for U.K. customers but no Value Added Tax charged . Postage charged at actual cost plus 50p documentaton and handling . Please send payment with order by Bank Draft, P'lstal 

. Order, International Money Order or cheque drawn on an account in !he U.K. Alternatively for orders over £500 we will accept Irrevocable Letter of Credit payable at sight in London .. 

Value Added Tax not included in prices 
UK Carriage FREE 

PRICE. STABILITY. Order with. confidence' Irrespective of any price 
changes we will honour all prices in this advertisement until December 
31st. 197g, if this month's advertisement is mentioned with your order . 

Errors and VAT rate changes excluded 
U.K. ORDERS. Subject to. 1 5%" surcharge for VAT. No charge is made for 
carriage . ·Or current rate if charged 
SECURICOR DELIVERY: For this opt iona l service (U .K. mainland only) 
add £2 .50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory . call at 
Sales Counter. Open 9 a.m.-4.30 p .m . Monday-Thursday. 

QUALITY: All components are brand new first grade full specification guaranteed devices . All resistors 
(except where stated as metal oxide) are low noise carbon fi lm types. All printed circuit boards are fibreglass. 
drilled roller tinned. 

FOR FURTHER INFORMATION PLEASE WRITE OR 

TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER HANTS SP 10 3NN 

ANDOVER · 
(0264) 64455 
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ELECTRONIC KITS OF DISTINCTION 

DE LUX E EASY TO BUILD LINSLEY-HOOD 

75W STEREO A MPLI FIER £99.30 + VAT 
This easy to build version of our world-wide acclaimed 7 5W amplifier kit based upon circuit 
boards in terconnected with gold plated contacts resulting in minimal winng and construct10r> 
delightfully straightforward . The design was published in Hi-Fi News and Record Rev1ew and 
features include rumble f i lter . variable scratch filter, versatile tone controls and tape 
monitoring whilst distortion is less than 0 .01 % . 

W IRELESS W ORLD FM TUNER £70.20 +VAT 
A rre-aligned front-end module makes this W~reless World published design very simple to 
construct and adjust without special instruments. Features include an excellent a.m . reJeCtion 
push-button station select_ion as well_ as infinitely variable tunmg and a phase locked loop 
stereo decoder. mcorporat1ng active f ilters for "b~rdy" suppress1on. 

LINSLEY-HOOD CASSETT E DECK £79.60 +VAT 
This design. published in Wireless World, although straightforward and relatively low cost 
provides a very high standard of performance. There are separate record and replay amplifiers 
and switchable equalisation together with a cho1ce of b1as levels are also prov1ded The 
mechanism is the Goldring-Lenco CRV with electronic speed control. 

FROM 

~ TRANSCENDENT2000 SINGLE BOARD SYNTHESIZER 
As featured in Electronics Today lntf!_rnational .... 
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Cabinet size 24.6"x15. 7"x4.8" (rear) 3.4" (front) 

The kit inclufles fully ~inished metalwork. fully assembled solid . 
teak cabinet, filter sweep pedal, professional quality components 
(all resistors either 2% metal oxide or V2% metal film I) and it really · 
is complete - right down to the last nut and bolt and last piece of 
wire! There is even a 1 3A plug in the kit - you need buy . 
absolutely no more parts before plugging in and making great 
music! Virtually all the components are on the one professional 
quality fibre gla.ss PCB printed with component locations. All the 
controls mount directly on the main board. all connections to the 

. board are .made with connector plugs and construction is so 
simple it can be built easily in a few evenings by almost anyone 
capable of neat soldering! When finished you will possess a 
synthesizer comparable in performance and quality with ready 
built units selling for between £500 and £700! 

COMPLETE KIT 

ONLY 

£1 72.00 + VAT! 
Comprehensive handbook supplied with all complete kits! This 
fully describes construction and tells you how to set up your 
synthesizer with nothing more than a multi-meter and a pair of 
ears! 

CHROMATHEQUE 5000 5-CHANNEL LIGHTING EFFECTS SYSTEM 
This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels with individual level controls on each channel. Control of the 
lights is comprehensive to say the least . You can run the unit as a straightforward sound-to-light or have it strobe all the lights at a speed dependent upon music level or front panel control 
setting or use the internal digital circuitry which produces some superb random and sequencing effects . Each channel handles up to 500W and as the kit IS a Single board design wmng IS 
minimal and construction very straightforward. 

Kit includes fully finished metalwork . fibreglass 
PCB, controls , wire, etc. -Complete right down to 
the last nut and bolt! 

COMPLETE . KIT ,ONLY 
£49.50 +VAT 
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Panel size 19.0"x3.5". Depth 7.3" 

MPA200 1 DOW MIXER/ AMPLIFIER 
Featured as a constructional article in Electronics Today 1 nternationalthe M PA 200 is an exceptionally lo~-priced but professionally finished general purpose. rugged .. high-power amplifier . 
which has an adaptable range of inputs such as disc, microphone, guitar. etc . There ar.e 3 wide range tone controls and a master volume control . Mechan1cally the des1gn 1s S1mpllc1ty m the 
extreme with minimal wiring making construction very straightforward . Kit includes fu l ly finished metalwork, f1breglass PCB s, controls. w~re . etc . - Complete nght down to the last nut and 
bolt! 

Panel size 19.0"x3.5". Depth 7 .3" 

COMPLETE KIT ONLY 
£49.90 +VAT 

All kits also available as separate packs (e.g. 
P.C.B. component sets, hardware sets, etc.) . 
Prices in FREE CATALOGUE. 
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'T20 + 20 AND T30 + 30 
20W, 30W AMPLIFIERS 

Designed by Texas engineers and described in PractiCal W ireless. the Texan ·was an immediate success. Now ' 
developed fUfther in our laboratories to include a Toroidal transformer and addit ional improvements, the slimline 
T20+20delivers 20W rms per channel of true Hi-Fiat exceptionally low cost . The e.aay to build design is based 
on a single F I Glass PCB and features all the normal facilities found on quality ampl ifiers including scratch and 
rumble filters, adaptable input selector and headphones socket . In a follow-up article fn Practica l W ireless further C) 

~~ed~~i~~~~~~t;;:r;n~~9t~~~t~o~i~~r ::~i~i~y ~~~~!e;~t~:~~;~~i~a~~d~~~ ~~~ ~~~ ;;r~·h!~~=r include RF , = 
~ 

SPECIAL PRICES FOR COMPLETE KITS 

T20+20 KIT PRICE £33.10 +VAT 

T30+30 KIT PRICE £38.40 +VAT 

AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

p'oWERTRAN SFMT TUNER 
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~ - SPECIAL PRICE FOR COMPLETE KIT £47.70 +VAt 
PRICE FOR COMPL.ET_E -~IT £35.90. 

AVAILABLE AS COMPLETE KIT ONLY 

+VAT 
a:l 
m = AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

C Following the success of our Wireless World FM Tuner Kit this cost reduced model was ~ designed to complement the T20+20 and T30+30 amplifiers and the cabinet size, front 
cc panel format and electrical characteristics make this tuner compatible with either. .... . 

This is a simple , low cost design which can be constructed easily without special alignment ~ 
equipment but which still gives a first-class output suitable for feeding any of our very popular 
amplifier• or any other high quality audio equipment. A phase-locked-loop is used for stereo C 
decoding and controls include switchable ale;. switchable muting and push-button channel iii: 
selection (adjustable by controls on the front panel). This unit matches well with the T20+20 
and T30+30 amplifiers. 
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Another superb design by synthesizer expert Tim Orr! 

lEW/ T-RANSCENDENT DPX 
As leatured in Electronics Today international August, September 
October, 1979 issues 

DI~ITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER 
.. The Transcendent POX is a really versatile new 5 octave keyboard instrurilent . There are two audio outputs which can be used simultaneously. On the first there is a beautiful harpsichord or 
reed sound -fully polyphonic i.e . you can play chords with as many notes as you like . On the second output there is a wide range of different voices, still fu lly polyphonic . It can be a 
straightforward p1ano or a hanky tonk piano or even a m1xture of the two' Alternatively you can play strings over the whole range of the keyboard or brass over the whole range of the 
keyboard or should you prefer - strings on the top of the keyboard and brass at the lower end (the keyboard is electronically split after the f irst two octaves) or vice versa or even a 
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make the keyboard touch sensitive?. The harder you press down a key the louderit 
sounds- JUSt hke an acoustiC Plano . The d1g1tally controlled multiplexed system makes practical sensitivity with the complex dynam1cs law necessary for a high degree of realism. There 1s 
a master volume and tone control, a separate control for the brass sounds and also a vibrato circuit with variable depth control together with a variable delay control so that the vibrato comes 
1n only after wa1tmg a short 11me after the note is struck for even more realistic string sounds . 

Cabinet size 36.3"x15.0"x5.0" (rear) 3.3" (front) 
Also available as separate packs - prices in free catalgoue COMPLETE KIT ONLY £365.00 +VAT! 

. ' 
To add interest·!~ the sounds and make them more natural there is a chorus/ ensemble un it wnich is a complex phasing system using. CCD (charge coupled device) analogue delay lines .• The 
overall effect of this is similar to that of several acoustic instruments playing the same piecE' of music. The ensemble circuitry can be switched in with _either strong or mild effects 
As the system IS based on d1gital circuitry data can be easily taken to and from a computer (for storing and playing back accompaniment w1th or w1thout p1tch or key change. computer 
composing etc .. etc.) and an interface socket (25 way D type) is provided for this purpose. 
Although the DPX is an advanced design using a very large amount of circuitry ,. much of it very sophisticated, the kit is mechanically extremely simple with excellent access to all the circuit 
boards which interconnect with multiway connectors. just four of which are removed to separate the keyboard circuitry and the panel circuitry from the main circuitry in the cabinet. 

The kit includes fully finished metalwork, solid teak cabinet. professional quality components (all resistors 2% metal oxide). nuts, bolts, etc .. even a 13A plug- you need buy absolutely 
no more parts before plugging in and making great music!. When finished you will possess an instrument comparable in performance and quality with ready-built units selling for over 
£1200' 

EXPORT A SPECIALITY• Our Export Department can re~dily despatch orders of any size to any country in the world . s·oii1e of the countries to
1 

. • which we sent kits last year are shown in this advertisement. To assist in estimating postal costs our catalogue gives the1 weights o.l all packs and kits . This will be sent free on request, by alfmail. together with our ''Export Postal Guide '' which gives current postage prices. There IS no minimum order chMge. Prices 
same as for U.K. customers but no Value Added Tax charged . Postage charged at actual cost plus 50p documentaton and handling . Please send payment with order by Bank Draft, P'lstal 

. Order, International Money Order or cheque drawn on an account in !he U.K. Alternatively for orders over £500 we will accept Irrevocable Letter of Credit payable at sight in London .. 

Value Added Tax not included in prices 
UK Carriage FREE 

PRICE. STABILITY. Order with. confidence' Irrespective of any price 
changes we will honour all prices in this advertisement until December 
31st. 197g, if this month's advertisement is mentioned with your order . 

Errors and VAT rate changes excluded 
U.K. ORDERS. Subject to. 1 5%" surcharge for VAT. No charge is made for 
carriage . ·Or current rate if charged 
SECURICOR DELIVERY: For this opt iona l service (U .K. mainland only) 
add £2 .50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory . call at 
Sales Counter. Open 9 a.m.-4.30 p .m . Monday-Thursday. 

QUALITY: All components are brand new first grade full specification guaranteed devices . All resistors 
(except where stated as metal oxide) are low noise carbon fi lm types. All printed circuit boards are fibreglass. 
drilled roller tinned. 

FOR FURTHER INFORMATION PLEASE WRITE OR 

TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER HANTS SP 10 3NN 

ANDOVER · 
(0264) 64455 
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The 7208 600 MHz M·ini Counter 
the quality low cost counter 

FEATURES •.. 

150 D.liJ 'i El3 e All Metal Cabinet e 8 Digit .4" LED Display e Built-in Prescaler e 
Automatic Dp Placement e Gate Light e IC Sockets Included e 240V 
or 12V Operation e Proportional Control Crystal Oven (Optional) e ~ 
Built-in VHF-UHF Preamp e Completely Portable with Rechargeable ~nJtr~K$ 
Batteries (Optional) . .. DESCRIPTION 

AVAILABLE FROM THE EXCLUSIVE U.K. DISTRIBUTORS: 

SOTA COMMUNICATION SYSTEMS L TO. 
26 CHILDWALL LANE. LIVERPOOL L1 4 6TX MERSEYSIDE 
TEL. 051:480 5770 Telex 627110 SOTA G 

The Davis 7208 VHF-UHF Frequency Counter incorporates the latest LSI 
technology in a wide range portable instrument at a reasonable price . The 7 208 
offers outstanding features including an all metal cabinet for RF shielding, large 
8 digit display, built-in prescaler, automatic DP, and with the built-in VHF-UHF 
preamp the 7208 can directly measure low level RF signals from RF generators . 
The 7208 can also be operated completely portable with the Ni-Cad battery 
option. Price £145.00 + VAT. 

CALLERS AND MAIL ORDER: 40 Bartholomew Street, Newbury, Berks. Tel: 0635. 30!-105 

Microcomputing I.C.'s 
MC6800 
MC6802 
MC6821 
MC6850 
MC6810AP 
MC6840 . 
MC8602P 
MC14536P 
MC3459 • · . 
Z80 CPU 2.5MHz 
Z80 PIO 2.5MHz 
Z80 CTC 2.5MHz 
Z80A CPU 4MHz 
Z80A P10 4MHz 
Z80A CTC 4M Hz 
SC/MP 11 
(INS 8060N) 
INS 9154N 
8080A 
6502 
6522 
6532 
6551 
6545 

Z8001 

£ 7.15 
£ 8.50 
£ 4.63 
£ 6.74 
£ 3.61 
£ 12.72 
£ 2.88 
£ 3.69 
£ 2.43 
£ 8.99 
£ 7.99 
£ 7.99 
£ 13.99 
£ 10.00 
£ 10.00 

. £ 8.88 

£ 8.18 
£ 6.00 
£ 12.00 
£ 6.58 
£ 12.56 
£ 10.79 
£ 16.66 

AMD 9 511: arithmetic package 

Crystals 
100.0 KHz £ 3.25 
200.0 KHz £ 4.20 
204.8 KHz £ 3.35 
1.0 MHz £ 3.50 
1.008 MHz £ 2.80 
1.8432 MHz £ 2.80 
2.0 MHz £ 2.60 
4.0 MHz £ 2.60 
5.0 MHz £ 2.60 
10.0 MHz £ 2.60 
13.4 78 MHz £ 3.25 
37.0 MHz £ 3.25 

Memories 
4116 (16K DYNAMIC)£ 6.99 
2102-l * . . . . £ 0.85 
2102L-1 * £ 0.99 
2112 £ 2.25 
2114 • £ 6.99 
2708 • £ 6.99 
SWATBUG . • . £ 16.00 
MC6803L7 (MIKBUG) £ 13.65 

£142.50 
£136.50 

DIP JUMPERS AND CABLE 
ASSEMBLIES (Jim Pak) 

DJ 14.1 14 pin 1 foot Single End 
1.25 (Dip Jumper) £ 

DJ 16.1 16 pin 1 foot Single End 
1.35 . (Dip Jumper) £ 

DJ 24.1 24 pin 1 foot Single End 
(Dip Jumper) £ 2.05 

DJ 14.1.14 14 pin 1 foot Double End 
(Dip Jumper) £ 2.15 

D] 16.1.16 16 pin 1 foot Double End 
(Dip Jumper) £ 2.35 

DB 25P.4.P DB 25P 4 foot DB 25P 
(Cable Assembly) £ 11.80 

DB 25P.4.S DB 25P 4 foot DB 25S 
(Cable Assembly) £ 12.55 

DB 25S.4.S DB 25S 4 foot DB 25S 
(Cable Assembly) £ 13.25 

IMPORTANT NEWS 
NEWBEAR SALE 15th-22nd DECEMBER INCLUSIVE 
TERMS: Credit Sales (minimum £10.00) Barclaycard 
and Access Welcome. Please add 15% VAT. 

CALLERS ONLY: 220-222 Stockport Road, Cheadle Heath, Stockport Tel: 061 491 2290 

WW - 007 FOR FURTHER DETAILS 

LARSHOL T ELECTRONICS 
OK 4622 HAVDRUP- DENMARK 

Ex-stock 
from : 

J /prsholf i$1 
MODULE KITS 

For the quality conscious constructor 
VHF-FM SIGNALMASTER Mark 8 (on top) 

2 x 30 W rms AUDIOMASTER (below) 
- if you require immaculate electronics in a professionally designed 

system. 
-complex parts pre-built and aligned 
-full service backup in the U .K. 

LARSHOL T has the answer. 
Prices: 
Signal master 
Audiomaster 

£86 .95 + £13 .04 VAT 
£79 .00 + £11 .85 VAT 

Write or telephone for free brochure w hich gives full technical 
details for this and other Larsholt products. 

AMBIT INTERNATIONAL 
200 NORTH SERVICE ROAD 

BRENTWOOD. ESSEX CM 144SG 
Tel. (0277) 230909 

WW- 010 FOR FURTHER DETAILS 
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LANGREX SUPPLIES LTD 
Climax House, Fallsbrool< Rd., Streatham, London SW16 6ED 

RST Tel: 01-677 2424 Telex: 946708 RST 
AA119 
AAY30 
AAY32 
AAZIJ 
AAZI5 
AAZI7 
AC107 
ACI25 
ACI26 
AC127 
ACI28 
ACI41 
ACI41K 
ACI42 
ACI42K 
ACI76 
ACI87 
ACI88 
ACYI7 
ACYIS 
ACYI9 
ACY20 
ACY21 

· ACY39 
AD149 
AD161 
A0162 
AFIOO 
AF114 
AF115 
AF116 
AFII7 
AF139 
AF186 
AF239 
AFZll 
AFZI2 
ASY26 
ASYTI 

Af834 
A11J87 
A2134 

·~ 

A2426 
A2521 
A2900 
A3343 
AZ31 
AZ41 

· BK448 
BK484 
BS90 
BS810 
BT5 
BTI7 
BTI9 
81'29 
BT69 
BT75 
81'95 
CBLJI 
CL33 
CY31 
CIK 
C3A 
C3.JA 
DA41 
OA42 
DAIOO 
OAF91 
OAF96 
DET22 
OET24 
DF91 
OF96 
OK91 
OK92 
OK96 
DL92 
DL94 
DL96 
OI.SIO 
DI.SI5 
DI.SI6 
DI.SI9 
DM7U 
DM71 
DMHiO 
OY8617 
OY&I2 
E55L 
ESOCC 
ESOCF 
EBOF 
EBOL 
E81CC 
E81L 
E81£C 
E83CC 
E86C 
E88C 
E88CC 
E90CC 
E90F 
E91H 
E92CC 

.. E99F 

0.12 . 
0.31 
0.48 
0.21 
0.39 
0.31 
0.69 ' 
0.23 
0.23 
0.23 
0.23 
0.29 
0.40 
0.23 
0.35 
0.23 
0.23 
0.23 
0.98 
0.92 
0.841 
0.80 
0.841 
1.72 
0.80 
0.52 
0.52 
0.52 

. 0.841 
0.841 
0.86 
0.86 
0.46 
1.38 
0.52 
3.16 
3.16 
0.46 

10.35 
13.58 
10.06 
8.62 

13.50 
11.62 
18.88 
25.56 

1.26 
1.32 

88.43 
119.54 
31.33 
35.24 
43.47 
79.29 
27.08 

%42.93 
247.31 
10Z.46 
95.16 

%.31 
Z.3t 
1.15 

11.50 
11.50 
23.23 
Zl.st 
12.30 
5%.90 

0.46 
1.15 

24.15 
5%.90 
0.46 
1.15 
1.21 
1.44 
1.26 
1.26 
1.38 
l.Z6 
9.48 

12.37 
1%.37 
12.37 

1.44 
1.44 
3.9S 
0.73 
0.96 

25.17 
9.27 

11.96 
9.75 
9.!11 
6.62 

10.28 
7.03 
7.16 

12.48 
6.71 
3.86 
9.34 
9.71 
5.34 
8.86 
9.39 

• • 
ASZI5 
ASZI6 

. ASZI7 
ASZ20 
ASZ21 
AU113 
AUYIO 
AUllO 
' BA145 
BA148 
BA154 

'BA155 
BA156 
BAW62 
BAX13 
BAX16 
BC107 
BC108 
8C109 
8Cll3 
8Cll4 
8Cll5 
BC116 
8Cll7 
BCl18 
8CI25 
BC126 
8Cl35 
BC136 
BCI37 
BCI47 
8Cl48 
BCI49 
8CI57 
BCI58 
BCI59 
8CI67 
BCI70 
8Cl71 

E130L 
El80CC 
E180F 
E182CC 
E186F 
EI88CC 
E280F 
E283CC 
E.288CC 
EA52 
EA76 
EABC80 
EAC91 
EAF42 

' EAFSOI 
EB41 
EB91 
EBC33 
EBC41 
EBC81 
EBC90 
EBFSO 
E8F83 
EBF89 
EBLJI 
EC90 
EC91 
EC92 
ECI57 
ECC33 
ECC35 
ECC40 
ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC86 
ECc88 
ECC89 
ECC91 
ECC I89 
ECC807 

.ECC808 
ECFSO 
ECF82 

.ECF86 
ECH35 
ECH42 
ECH81 
ECH83 
ECHS4 
ECLSO 
ECLSI 
ECL82 
ECL83 
ECL84 
ECL85 
ECL86 
EF37A 
EF39 
EF40 
EF41 
EF42 
EF50 
EF54 
EF55 
EFSO 
EF83 
EF85 

.. 
1.44 
1.44 
1.44 
1.72 
2.30 
1.96 
2.30 
1.96. 
0.15 
0.15 
0.10 
0.12 
0.10 
0.06 
0.07 
0.10 
0.14 
0.14 
0.15 
0.14 
0.15 
0.16 
0.17 
0.20 
0.12 
0.18 
0.23 
0.16 
0.17 
0.17 
0.10 
0.09 
0.10 
0.10 
0.09 
0.12 
0.14 
0.13 
0.12 

19.39 
8.86 
7.83 
9.34 

11.62 
7.30 

25.88 
9.02 

17.25 
19.43 
2.02 
1.38 
0.9Z 
1.44 
2.02 
2.30 
1.01 
%.02 
1.44 
1.26 
0.97 
0.58 
1.44 ' 
0.97 
2.88 
1.28 
7.ffl 
1.44 

276.112 
4.02 
4.02 
1.44 
1.01 
0.82 
1.01 
1.36 
1.38 
2.30 
%.07 
1.88 
8.72 
1.90 
2.02 
2.59 
1.24 
1.38 
1.73 
2.30 
1.32 
1.38 
1.44 
1.47 
1.15 
1.73 
1.15 
1.73 
1.61 
1.28 
1.38 
4.02 
3.16 
1.32 
1.38 
z.3o 
1.73 
5.75 
%.88 
0.92 
%.02 
0.92 

BCT7i 0.12 
8C173 0.14 
8CI77 0.17 
8C178 0.16 
8C179 0.18 
8CI82 0.13 
8 C 183 0.12 

. 8CIS4 0.13 . 
. 8C212 0.15 

8C213 0.14 
8C214 0.17 
BC237 0.10 
BC238 0.14 
8C301 0.38 
8C303 0.38 
8C307 0.12 
8C308 0.12 
BC327 0.23 
8C328 0.21 
8C337 0.21 
8C338 0.20 
8CY30 1.U; 
8 CY31 1.15 
BCY32 1.15 
8CY33 1.114 
8CY34 1.04 
8CY39 3.45 
BCY40 1.15 
8CY42 0.29 
8CY43 0.29 
8CY58 0.18 
8CY70 0.17 
8CY71 0.20 
8CY72 0.15 
8CZll 1.72 
80115 0.52 
'BD121 1.50 
'BD123 1.50 
8Dl24 

EF86 1.74 
EF89 1.84 
EF91 %.07 
EF92 6.03 
EF93 1.15 
EF94 1.24 
EF95 5..25 
EF96 1.44 
EFI83 0.9Z 

, EFI84 0.96 
EF804S 7.47 
EF805S 8.05 
EH90 1.61 
EK90 1.24 
EL32 1.73 
EL33 4.0Z 
EL34TH 2.53 
EL34M 2.57 
El.36 1.84 
EIA1 1.44 
EIA2 %.02 
ELSI 1.26 
EL83 1.44 
EL84 1.15 
EL86 %.48 
El.90 1.10 
EL91 7.44 
EL95 1.51 
ELl56 18.88 

. EL360 8.32 
EL500/504 %.16 
EL509 3.13 
EL821 11.06 
EL822 11.38 
EM34 5.75 
EM80 1.26 
EMS! 1.15 
EM84 1.15 
EM85 1.44 
EM87 1.73 
EN32 14.80 
EN91 2.94 
EN92 5.81 
EYSI 2.0Z 
EY81 1.89 
EY83 :Z.OZ 
EY84 9.75 
EY86 0.96 
EY88 Z.OZ 
EY500A 2.23 
EYlll2 94 
EZ35 97 
EZ40 1.44 
EZ41 1.44 
EZ!IO 0.96 
EZ81 0.96 
EZ90 1.38 
FW4-500 2.88 
FW4-800 2.88 
GL371K 23.23 
G551K 1%.85 
Gi80.2M 18.42 
G240.2D 12.85 
G400.1K 19.28 
GN4 8.62 
GN4A 8.62 
GS16 10.35 
GTIC IG.81 
GU50 14.31 

13.62 

~::~~. · -: · · ,, 0.28 1.04 
. 80132 
,. BD135 

80136 
BDl37 
8Dl38 
80139 
80140 
BDl44 
8Dl81 
8Dl82 
80237 
80238 
8DXIO 
8DX32 
8DY20 
oBDY60 
8Fl15 
BFI52 
8F153 
8F154 
8FI59 
8Fl60 
BFI67 
8F173 
BFI77 
8Fl78 
8FI79 
8FI80 
BF181 
BFI82 
8Fl83 
BF184 
8FI85 
8FI94 
8F195 
BF196 
8Fl97 
8F200 
BF224 

GXUI 
GXU2 
GXU3 
GX1J4 
GXU50 
GY501 
GZ32 
GZ33 
GZ34 
GZ37 
KT61 
icr66 
KT88 
K'IW61 
K'IW62 
K'IW63 
M8079 
M8080 
M8081 
M8082 

' M8083 
M8091 
M8096 
M8097 
M8098 
M8099 
M8100 
M8136 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8161 
M8162 
M8163 
M8190 
M8195 
M8196 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MU14 
MX!l9 
MX123 
MX145 
MXISI 
MX152 
MX161 
MXI63 
MX164 
MX166 
MX168 
N78 
OA2 
OAJ 
OA4 
082 
083 
OC2 
OC3 
003 
OZ4 
PC86 
PC86 

0.44 
0.39 
0.39 
0.40 
0.46 
0.49 
0.51 
2.30 . 
1.26 
1.36 
0.46 
0.83 
1.05 
2.30 
1.44 
1.72 
0.211 
0.21 
0.23 
0.20 
0.28 
0.18 
0.23 
0.23 
0.28 
0.28 
0.29 
0.35 
0.35 
0.35 
0.29 
0.29 . 
0.29 
0.10 
0.10 
0.12 
0.14 
0.31 
0.23 

16.10 
28.43 
311.49 
32.77 
12.1111 
2.95 
1.44 
4.410 
2.18 
4.410 
4.0Z 

11.50 
13.80 

%.02 
z.oz 
%.02 

11.59 
7.88 
9.95 
6.41 
7.59 

10.85 
4.31 
4.09 
4.37 
5.98 
8.23 
8.46 
8.72 
5.17 
5.52 
6.15 
U1 
5.86 
7.fn . 
7.59 
5.17 
5.29 
4.25 
7.47 
6.57 

11.76 
3.16 
3.85 
2.99 

11.55 
1.73 

53.8Z 
83.25 
00.40 
15.18 

115.00 
1211.72 

19.55 
21.14 

126.50 ' 
40.25 
18.35 
1.76 
5.83 
4.02 
1.44 
2.20 
3.0f 
2.20 
2.20 
1.84 
1.81 
1.81 
1.48 

8F258 0.30 
BF259 0.37 
BF336 US 
BF337 0.35 
BF338 0.36 
BFS21 4.55 
BFS28 2.58 
BFS61 0.23 
BFS98 0.23 
BFWIO 0.74 
BFWll 0.74 
BFX84 0.25 
BFXB5 0.26 
BFX87 0.24 
BFX88 0.24 
BFY50 0.30 
BFY51 0.30 
BFY52 0.30 
BFY64 0.30 
BFY90 1.44 
BSX19 0.24 
BSXZO 0.23 
BSX21 0.23 
BT106 1.44 
BTY79/ 400R 

BU205 
BU206 
BU208 
BYIOO 
BYI26 
BY127 
BZX61 
Series 

3.67 
2.02 
2.59 
2.30 
0.52 
0.16 
0.17 
0.21 

BZY88 0.15 
'~ 
CRSI/40 0.89 · 
CRS3/06 0.52. 
CRSJ/40 0.86 

PC97 1.39 
PC!IOO 1.38 
PCC84 1.15 

. PCC85 1.38 
PCC88 1.38 
PCC89 1.56 
PCCI89 1.81 
PCC805 1.51 
PCC806 2.07 
PCE82 2.07 
PCFSO 1.15 
PCF82 1.15 
PCF86 1.84 

.JlCf87 1.84 
PCF200 2.82 
PCFZOI %.45 
PCF801 1.84 
PCF802 1.8% 
PCF805 1.84 
PCF806 1.84 
PCF808 1.84 
PCL82 1.15 
PCL83 1.82 
PCL84 1.15 
PCL85 1.24 
PCL86 1.24 
PCL805/85 1.24 
Pb500 4.14 

=N, 3~:; 
PL36 1.38 
PLSI 1.38 
PLSIA 1.38 
Pl.82 1.38 
PL83 2.55 
PL94 1.24· 
PL504/5 1.61 
PL508 2.117 
PL500 3.45 
PL5)9 3.73 
PLSOI 1.27 
PL802 3.40 
PY33 1.27 
PYSI 0.97 
PY82 0.82 
PY83 0.81 
PY88 1.01 
PYSOOA %.07 
PYSOO 0.97 
PY801 0.97 
QQV02-6 13.16 
QQV03-6 5.44 
QQV03-20A 

2U3 
QQV06-40A 

411.25 
QQV07-50 50.14 
QQZ03-ZOA 

511.80 
QQZ06-40A 

55.10 
14.38 
4.31 
2.88 

GEX66 1.73 
GEXMI %.02 
GJ3M 0.841 
GM0378A 2.02 
KSIOOA 0.52 
MJE340 0.9Z 
MJE370 1.35 
MJE371 0.71 
MJE520 0.60 
MJE521 0.83 
MJE2955 1.44 
MJE3055 0.86 
MPF102 0.35 
MPF103 0.35 
MPFI04 0.35 
MPFI05 0.35 
MPSAOO 0.28 
MPSA56 0.30 
MPSUOl 0.41 
MPSU06 0.53 
MPSU56 0.56 
NE555 0.52 
NKT401 2.30 
NKT403 1.99 
NKT404 1.99 
OA5 1.09• 
OA7 0.83 
OAIO 0.74 
OA47 0.18 
OA70 0.35 
OA79 0.35 
OA81 0.35, 
OA85 0.35 
OA90 0.09 
OA9l 0.09 
OA95 0.09' 
OA200 0.10 
OA202 0.10 
OA211 1.15 
OAZ200 1.15 

&;.58 
QZ06-20 27.72 
RIO ~.75 
Rl7 1.89 
Rl8 oJ.89 
Rl9 1.38 
R20 1.86 
RG3-250 32.49 
RG3-250A34.. 
RG3-1250 28.56 
RG4-1250 13.13 
RG4-3000 75.44 
RR3-250 411.811 
RRJ-1250 1111.20 
SIIE12 30.48 
Sl30 2.30 
S130P 2.88 
S1V280-40 11.50 
STVZS0-8024.15 
SU41 2.88 
SU42 10.35 
TD03-10 Z4.73 
TD03-IOE 26.16 
TD03-IOF 27.410 
TIIS 34.50 
TI21 14.18 
m2 14.18 
TIIOO 58.51 
TY2-125 85.33 
1W4-400 71.61 
1Y4-500 !15.40 
1Y5-500 147.20 
1Y6-800 1611.70 
TY6-5000A 

26.'1.CI5 
lYS-50008 

236.110 
1Y6-5000W 

238.44 
TY7-6000A 

286.13 
TY7-6000W 

TZ40 
UIS-20 
Ul9 
U25 
U26 
U37 
UABClll 
UAF42 
UB41 
UBC41 
UBF89 
UCC84 
tJCC85 
UCF80 
UCH42 
UCH81 
UCL82 
UCL83 
UF41 
UF42 
UF80 
UF85 
UF89 
UL41 
UL84 
UMBO 

232.47 
17.25 
2.88 

10.33 
1.33 
1.68 

10.35 
1.44 
1.44 
1.44 
1.73 
1.38 
1.26 
1.38 
1.32 
1.38 
%.67 
1.20 
1.68 
1.15 
1.44 
1.68 
1.68 
1.611 
2.88 
1.38 
1.15 

.QAZ201 1.15 
OAZ206 1.15 
OAZ.207 1.15 
OC16 2.30 
OC20 2.88 
OC22 2.88 
OC23 3.16 
OC24 3.45 
OC25 1.04 
OC26 1.04 
OC28 2.30 
OC29 2.30 
OC35 1.73 
OC36 1.73 
OC41 0.9Z 
OC42 0.86 
OC43 2.59 
OC44 0.69 

.OC45 0.83 
OC71 US 
ocn o.as 
OC73 1.15 
OC74 0.74 
0C75 0.74 
OC76 o.a 

·OC77 1.38 
OC81 0.74 
OC81Z 1.38 
OC82 0.74 
OC83 0.74 
OCS4 0.74 
OC122 1.73 
'oc123 z.ez 
OC139 2.51 
OCI40 3.18 
OCI41 3.74 
OC170 1.15 
·OC171 1.15', 
OC200 1.73 · 
OC20l 2.12 

1.44 
1.20 

VLS631 15.24 
XGI-2500 32.37 
XG2-6400 12.98 
XG5-500 19.32 

' XGQ2-6400 
106.15 

XRI-1600A 
27.54 

XRI-3200 76.94 
XRI-3200A 

'18.94 
XR1·6400 84.24 . 
XRI -6400A 

149.30 · 
YO 1120 %26.80 
YDI240 Z41.50 
Z7fB 11.04 
ZM1000 6.03 
ZMIOOI 6.19 
ZM1020 10.83 
ZMI021 10.17 
ZMI022 10.410 
ZMI023 8.81 
ZM1040 %2.28 
ZMI041 19.18 
ZMI042 2111.44 
ZM1051 110.05 
IB3GT 2.58 
IB24 11.50 
IB35A 28.75 
1863 57.50 
IRS 1.21 
IS5 0.48 
IT4 0.46 
2ASIS 11.50 
2C39A 21.85 
2C43 2111.70 
2021 2.94 
2E26 7.8% 
2!42 811.70 
2!55 ZOI.ZS 
2l70A 270.25 
2!701! 287.50 
2K25 40.25 
3-400Z 51.75 
3-500Z 63.25 
3A5 1.55 
3824 9.20 
3828 5.18 
3829 11.50 
38240M 17.25 
3B241M 17.25 
3C23 13.89 
3C45 %2.77 
3CXIOOA5 23.00 
3E29 28.67 
3S4 1.26 
3V4 1.38 
465A 211.15 
4-125A 41.99 
4-250A 41.99 
4-400A 52.05 
4832 28.16 
4C35 48.00 
4CX250B 28.53 
4CX350A 48.88 
4Xl50A 24.41 

- 4XI50D 28.75 

t - I I 

OC204 
OC205 
OC206 
OC207. 
OCP71 
ORP12 
R2008B 
R2009 
R2010B 
TIC44 
TlC2260 
TIL209 
TlP29A 
T1P30A 
TIP31A 
TlP32A 
TIP33A 
TIP34A 
TIP41A 
TIP42A 
TIP2955 
TIP3055 
TIS43 
ZS140 
ZS.l70 
ZS178 
ZS271 
ZS278 
ZTXI07 
ZTXI08 
ZTXI09 
ZTX300 
ZTX301 
ZTX302 
ZTX303 
ZTX304 
ZTX31l 
ZTX314 
ZTX500 
ZTX501 

58254M 
5B255M 
5C22 
5Jill!E 
5R7GY 
5U4G 
5U4G8 
5V4G 
5Y3GT 
5Z3 
5Z4G 
5Z4G7 
6-301.2 
6AB4 
6AB7 

. 6AC7 
6AF4A 
6AG7 
6AH6 
6AK5 
6AK6 
6AL5 
6AM4 
6AM5 
6AM6 
6AN5 
6AN8A 
6AQ5 
6AR5 
6AS6 
6AS7G 
6AT6 
6AU5GT 
6AU6 
6AV5GT 
6AV6 
6AX5GT 
687 
688 
6BA6 
6BA7 
6BA8A 
6BC4 
6BE6 
68H6 
68.16 
6BK4 
6BL6 
6BL7GT 
6BM6 
6BN6 
6BQ7A 
6BR7 
6BR8 
m!S7 
6BW6 
6BW7 
6BX7GT 
6BZ6 

. 6C4 
6CB6A 
6CD6GA 
6CG7 
6CH6 
6CL6 
6CW4 
602 
6DK6 

2.88 
2.88 
%.02 
1.44 
1.15 
:z.oz 
2.51 
2.02 
0.35 
1.38 
0.23 
0.47 
0.48 
0.51 
0.55 
0.79 
0.84 
0.72 
0.81 
0.77 
0.84 
0.52 
0.29 
0.24 
0.62 
0.28 ' 
0.85 
0.13 
0.12 
0.14 
0.14 
0.15 
0.17 
0.20 
0.22 
0.14 
0.23 
0.15 

. 0.16 · 

23.12 
23.12 
46.00 

851.00 
2.30 
4.35 
%.80 
1.75 
us 
1.73 
1.75 
1.75 
1.79 
1.44 
1.73 
1.61 
1.84 
2.30 
5.52 
3.98 
2.81 
1.01 
%.65 
4.43 
2.07 
6.12 
3.110 
1.11! .. 
1.84 ' 
8.42 
7.7. 
0.98 
4.81 
1.24 
4.36 
0.96 
3.57 
1.73 
2.02 
1.15 
5.89 
4.31 
4.27 
1.24 
1.75 
1.24 
4.84 

97.75 
4.44 

97.75 
1.88 
4.14 
4.60 
2.02 
4.80 
4.410 
1.75 
5.711 
2.62 
1.01 
2.841 
5.64 
2.55 
7.48 
4.12 
8.33 
1.01 
2.51 
4.49 
3.31 . 

INTEG 7495 o.83 
BASES CRTs 

5ADP1 40.25 
58Pl 11.50 

7400 0.18 7423 0.37 7460 0.21 7496 0.92 
7401 0.18 7425 0.35 7470 0.40 7497 3.45 

B7G unskirted 0.17 
B7G skirted 0.35 
B9A unskirted 0.17 
B9A skirted 0.35 
lntOctal 0.29 
Locta1 0.63 
Nuvistor base 0.86 
8 pin OIL 0.17 
14 pin OIL 0.17 
16 pin OIL 0.20 
Valve screening 
cans all sizes 0.35 

2API 
2BPI 
3BPI 
3D PI 
3EGI 
3FP7 
JGPI 
3JPI 
3JP2 
3JP7 
3KPI 
3RPI 
3WP1 

9.78 
10.35 
9.20 
5.75 
8.05 
6.90 
6.90 
9.20 
9.20 

11.50 
17.25 
40.25 
23.00 

5CPI 11.50 
5CP1A - - 46:00 · 
5FP 15A 17.25 
SUP? · 16.10 
DG7-5 28.75 
DG7-32 41.40 
DH3-91 35.65 
DH7· 11 78.20 
VCR97 13.80 
VCR138 11.50 

VCR138A 14.38' 
VCR139A 9.20 
VCR517A 11.50 
.YCRS17B 11.50 
VCR517C 11.50 

7402 . 0.18 7427 0.35 7472 0.38 74100 1.73 
7403 0.18 . 7428 0.49 7473 0.41 74107 0.52 
7404 0.20 7430 0.20 7474 0.46 74109 0.81 
7405 0.18 7432 0.35 7475 0.62 74110 0.58 
7406 0.46 7433 0.41 7476 0.46 74111 0.81 
7407 0.46 7437 0.37 7480 0.63 74116 2.02 

Tube Bases 7408 0.23 7438 0.37 7482 0.86. 74118 1.15 
Prices on appli - 7409 0.23 7440 0.21 7483 1.04 74119 1.73 
cation 7410 0.18 7441 0.97 7484 1.15. '74120 0.95 

7412 0.30 7442 0.63 7486 0.40 74121 0.46 
7413 0.37 7447AN 1.04 7490 0.60 74122 0.69 
7416 0.37 7450 0.21 7491 0.92 74123 1.15 
7417 0.37 7451 0.21 7492 0.69 74125 lt63 
7420 0.20 7453 0.21 7493 0.89 74126 0.63 
7422 0.23 7454 0.21 .7494 74128 0.69 

Terms ot CW O. -Poauge and pac:t<ing vatVn and· Hn1iconductors 3oP per order. £1. All Prices' include \/AT. 
Price ruling at time of despatch. · / · 
In some cases prices of Mullard and USA valves w ill be higher than those advertised. Prices correct when going to press. 
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. 
Over 10 ,000 types of valves, tubes and semiconductors in stock. Quotations for any .types not !ist!Jd. S.A.E. 

• - Open to callers Monday~Friday 9 a.m.-5 p.m. 

ZTX502 
ZTX503 
ZTX504 
ZTX531 
ZTX550 
!N914 
IN916 
IN4001 
IN4002 
1N4003 
IN4004 
IN4005 
IN4006 
1N4007 
1N4009 
IN4148 
1N5400 
IN5401 
IS44 
IS920 
15921 
2G301 
2G302 
2G306 
2N404 
2N696 
2N691 
2N698 
2N705 
2N706 · 
2N708 
2N930 
2N1131 
2N1132 
2N1302 
2N1303 
2NI304 
2NI305 
2NI306 

6EB8 
6EW6 
6F6 
6F23 
6F28 
6F33 
6HI 
6HZN 
6H3N 
6H6 
6.14 
6.16 
6.17 
6K4N 
6K6GT 
6K7 
6K8 
6KD6 

· 6L6G 
6L6GA 

' 6L6GT 
6L6GC 
61.7 
6N2P 
6N3P 
6N7 
6P25 
~7 
6R7 
6SA7 
6SC7 
6SF7 
6SH7 
6SJ7 
6SK7 
6SK7GT 
6SN7GT 
6SQ7 
6SR7 
6SS7 
6U5G 
6U8 
6U8A 
6V6GT 
6X4 
6X5GT 
787 
7C5 
7C6 
7H7 
7R7 
7S7 
7Y4 
7Z4 
11E3 
12AT6 
12AT7 
12AU6 
12AU7 
12AV6 
12AV7 
12AX7 
12AY7' 
12B4A 
12BA6 
12BE6 
12BH7 
12BY7 
12EI 
12E11TI 

74132 
74136 
74141 
74142 
74143 

' 74144 
74145 
74147 
74148 
74150 
74151 
74154 
74155 
74156 
74157 
74159 
74170 
74112 

0.18 
0.20 
0.23 
0.23 
0.18 
0.06 
0.08 
0.07 
0.07 
0.08 
0.08 
0.09 
0.09 
0.10 
0.07 
0.07 
0.15 
0.15 
0.05 
0.08 
0.08 
1.15 
1.15 
1.27 
1.15 
0.29 
0.29 
0.35 
1.38 
0.17 
0.23 
0.23 
0.30 
0.30 
0.40 
0.40 
0.52 
0.52 
0.58 
0.58 

1.73 
:z.oz 
1.84 
1.33 

22.06 
14.38 
1.21 
1.21 
1.73 
6.10 
6.21 
9.04 
1.44 
1.50 
1.73 
2.02 
7.08 
2.88 
1.73 
2.24 
2.24 
2.30 
1.21 
1.21 
1.73 
4.14 
2.53 
2.W7 
1.87 
1.73 
1.84 
1.73 
1.84 
1.50 
3.08 
1.84 
1.50 
1.73 
2.W7 
2.30 
0.92 
3.24 
1.84 
1.38 
0.97 
1.96 
2.02 
1.44 
2.30 
1.73 
2.59 
1.84 
%.13 

410.8% 
1.38 
1.01 
%.83 
0.83 
2.311 ' 
3.!18 
1.01 
5.24 
3.50 
2.42 
2.55 
1.29 
3.01 
8.17 

19.26 

0.81 
0.63 
0.92 
2.65 
2.88 
2.88 
1.04 
2.39 
2.02 
1.&4 
0.97 . 
2.02 
0.97 
0.97 
0.841 
2.42 
2.85 

2Nl309 
2Nl613 
2Nl671 
2N1893 
2N2147 
2N2148 
2N2218 
2N2219 
2N2220 
2N2221 
2N2222 
2N2223 
2N2388 
2N2369A 
2N2484 
2N2646 

·2N2904 
2N2905 

' 2N2906 
2N2907 
2N2924 
2N2925 
2N2926 
2N3053 
2N3054 
2N3055 
2N3440 
2N3441 
2N3442 
iN3614 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 

13El 
19H4 
19H5 
2489 
30CIS 
30Cl7 
30C18 
JOFS 

·30FLI/2 
30FLI2 
30FL14 

' 30Ll 
30Ll5 
30Ll7 
30P4 
30Pl9 
30PLI 
30PL13 
30PL14 
30PLI5 
35W4 
50C5 
7SBI 
75Cl 
85A1 
85A2 
90AG 
90AV 
90CI 
90CG 
90CV 
92AG 
'¥J.AV 
95Al 
15082 
15083 
150C2 
150C4 

( 2ll 
723AB 
803 
805 

"807 
8liA 
812A 
813 
633A 
866A 
872A 
922 
931A 
1624 
1625 
2050 

'4212E 
4212H 
5544 
5545 
5551A 
5552A 
5553A 
5642 
5654 
5651 
5670 
5675 
5687 
5696 
5718 

74173 
74174 
74175 ' 
74176 
74178 
74179 
74180 
74190 
74191 
74192 
74193 
74194. 
7419S 
74196 
74197 
74198 
74199 
7601 

0.83 
0.29 
1.73 
0.29 
2.02 
1.89 
0.29 
0.28 
0.21 
0.2l 
0.21 
3.16 
0.20 
0.24 
0.23 
0.83 
0.29 
0.29 
0.24 
0.24 
0.24 
0.25 
0.16 
0.29 
0.58 
0.81 
0.69 
0.92 
1.211 
1.73' 
0.13 
0.15 
0.15 
0.15 
0.15 
0.15 
0.12 
0.15 
0.12 
0 • .12 

8Z.20 
28.75 
40.25 
43,97 

1.84 
1.84 
1.84 
1.93 
1.28 
2.07 
1.84 
1.15 ' 
2.07 
%.07 
l.CI6 
1.38 
1.52 
%.07 
1.93 
%.07 
0.69 
0.81 
4.28 
2.24 
8.63 
l.l9 
9.15 
9.15 
2.24 

15.73 
15.30 
9.15 
9.15 
5.98 
%.76 
5.06 
1.73 
2.19 
8.90 

40.25 
11.50 
23.00 

2.30 
9.78 
9.410 

36.80 
88.25 

6.61 
15.81 
5.01 

14.08 
%.58 
1.96 
8.00 

189.90 
207.00 
8Z.10 
67.85 
88.44 

119.54 
259.10 

6.05 
4.CI5 
%.07 
5.29 

14.03 
7.08 
4.53 
7.36 

1.61 
1.73 
1.04 
1.26 
1.44 
1.44 
1.32 
1.73 

-. 1,73 
1.55 
1.55 
1.44 
1.15 
1.38 
1.26 
2.59 
2.59 

Telephone 01-677 242417 
Telex 946708 
!=.&. O.E. 

2N37-71 
2N3772 
2N3773 
2N3819 

' 2N3820 
2N3823 
2N3866 
2N3904 
2N3905 
2N3906 
2N4058 
2N4059 
2N4060 
2N4061 
2N4062 
2N4124 
2N4126 
2N4286 
2N4286 
2N4289 
2N5457 
2N5458 , 
2N5459 
2S017 
2SOI9 
2S026 
2Sl03 . 

2.30 . 
3.45 
0.41 
0.52 
0.83. 
0.83 
0.15 
0.15 
0.15 
0.16 
0.12 
0.14 
0.14 
0.15 
0.17 
0.17 
0.23 
0.25 
0.28 
0.40 
0.40 
0.40 
7.48 
7.48 

13.80' 
1.73 
0.86 
0.86 
0.92 
1.44 
1.73 

2S~2 
2S303 
2S322 
2S324 
2S701 
2s745A 
2S746A 

.. 0.40 
0.40 

6.28 
5726 4.05 
57TI 5.52 
5749 5.73 
5751 5.36 
5763 4.14 
5814A 4.81 
5840 5.06 
5842 15.59 
5876A 13.06 
5879 5.57 
5886 12.08 
5963 3.45 
5965 4.07 
0005 8.33 
6021 5.13 
6057 4.0Z 
6058 10.40 
6059 4.410 
6061 4.69 
6062 4.31 
6063 4.20 
6064 6.50 
6067 4.02 
6072 6.53 
6080 7.88 
6097AXBXC 

6146A 
'61468 
6159 
6189 
6201 
6442 
68838 
6973 
7025 
7551 
7586 
7587 
7609 
'1868 
7895 
8005 
8068 
6122 
8136 
&417 
18042 
18045 

48.00 
5.89 
6.42 
9.18 
9.25 
5.13 

17.25 
6.81 
4.05 
2.62 
6.83 

13.09 
22.54 
36.57 
4.53 

14.84 
34.50 
6.33 

48.30 
2.81 
6.14 
6.92 

10,88 

Tested 
Ex-Equipment 

4CX250B 5.75 

TAA570 %.65 
T AA630S 4.02 
TAA700 4.50 
T8A480Q 2.12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3. 70 
T8A560CQ 3.7U 
TBA673 2.52 
T8A700 1.75 
T8A 720Q 2.85 
T8A750Q 2.38 
T8A800 1.38 
TBA920 3.34 
TBA920Q 3.34 
TBA990Q 3.34 
TCATIOQ 3.34 
TCA760A 1.59 
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The 7208 600 MHz M·ini Counter 
the quality low cost counter 

FEATURES •.. 

150 D.liJ 'i El3 e All Metal Cabinet e 8 Digit .4" LED Display e Built-in Prescaler e 
Automatic Dp Placement e Gate Light e IC Sockets Included e 240V 
or 12V Operation e Proportional Control Crystal Oven (Optional) e ~ 
Built-in VHF-UHF Preamp e Completely Portable with Rechargeable ~nJtr~K$ 
Batteries (Optional) . .. DESCRIPTION 

AVAILABLE FROM THE EXCLUSIVE U.K. DISTRIBUTORS: 

SOTA COMMUNICATION SYSTEMS L TO. 
26 CHILDWALL LANE. LIVERPOOL L1 4 6TX MERSEYSIDE 
TEL. 051:480 5770 Telex 627110 SOTA G 

The Davis 7208 VHF-UHF Frequency Counter incorporates the latest LSI 
technology in a wide range portable instrument at a reasonable price . The 7 208 
offers outstanding features including an all metal cabinet for RF shielding, large 
8 digit display, built-in prescaler, automatic DP, and with the built-in VHF-UHF 
preamp the 7208 can directly measure low level RF signals from RF generators . 
The 7208 can also be operated completely portable with the Ni-Cad battery 
option. Price £145.00 + VAT. 

CALLERS AND MAIL ORDER: 40 Bartholomew Street, Newbury, Berks. Tel: 0635. 30!-105 

Microcomputing I.C.'s 
MC6800 
MC6802 
MC6821 
MC6850 
MC6810AP 
MC6840 . 
MC8602P 
MC14536P 
MC3459 • · . 
Z80 CPU 2.5MHz 
Z80 PIO 2.5MHz 
Z80 CTC 2.5MHz 
Z80A CPU 4MHz 
Z80A P10 4MHz 
Z80A CTC 4M Hz 
SC/MP 11 
(INS 8060N) 
INS 9154N 
8080A 
6502 
6522 
6532 
6551 
6545 

Z8001 

£ 7.15 
£ 8.50 
£ 4.63 
£ 6.74 
£ 3.61 
£ 12.72 
£ 2.88 
£ 3.69 
£ 2.43 
£ 8.99 
£ 7.99 
£ 7.99 
£ 13.99 
£ 10.00 
£ 10.00 

. £ 8.88 

£ 8.18 
£ 6.00 
£ 12.00 
£ 6.58 
£ 12.56 
£ 10.79 
£ 16.66 

AMD 9 511: arithmetic package 

Crystals 
100.0 KHz £ 3.25 
200.0 KHz £ 4.20 
204.8 KHz £ 3.35 
1.0 MHz £ 3.50 
1.008 MHz £ 2.80 
1.8432 MHz £ 2.80 
2.0 MHz £ 2.60 
4.0 MHz £ 2.60 
5.0 MHz £ 2.60 
10.0 MHz £ 2.60 
13.4 78 MHz £ 3.25 
37.0 MHz £ 3.25 

Memories 
4116 (16K DYNAMIC)£ 6.99 
2102-l * . . . . £ 0.85 
2102L-1 * £ 0.99 
2112 £ 2.25 
2114 • £ 6.99 
2708 • £ 6.99 
SWATBUG . • . £ 16.00 
MC6803L7 (MIKBUG) £ 13.65 

£142.50 
£136.50 

DIP JUMPERS AND CABLE 
ASSEMBLIES (Jim Pak) 

DJ 14.1 14 pin 1 foot Single End 
1.25 (Dip Jumper) £ 

DJ 16.1 16 pin 1 foot Single End 
1.35 . (Dip Jumper) £ 

DJ 24.1 24 pin 1 foot Single End 
(Dip Jumper) £ 2.05 

DJ 14.1.14 14 pin 1 foot Double End 
(Dip Jumper) £ 2.15 

D] 16.1.16 16 pin 1 foot Double End 
(Dip Jumper) £ 2.35 

DB 25P.4.P DB 25P 4 foot DB 25P 
(Cable Assembly) £ 11.80 

DB 25P.4.S DB 25P 4 foot DB 25S 
(Cable Assembly) £ 12.55 

DB 25S.4.S DB 25S 4 foot DB 25S 
(Cable Assembly) £ 13.25 

IMPORTANT NEWS 
NEWBEAR SALE 15th-22nd DECEMBER INCLUSIVE 
TERMS: Credit Sales (minimum £10.00) Barclaycard 
and Access Welcome. Please add 15% VAT. 

CALLERS ONLY: 220-222 Stockport Road, Cheadle Heath, Stockport Tel: 061 491 2290 

WW - 007 FOR FURTHER DETAILS 

LARSHOL T ELECTRONICS 
OK 4622 HAVDRUP- DENMARK 

Ex-stock 
from : 

J /prsholf i$1 
MODULE KITS 

For the quality conscious constructor 
VHF-FM SIGNALMASTER Mark 8 (on top) 

2 x 30 W rms AUDIOMASTER (below) 
- if you require immaculate electronics in a professionally designed 

system. 
-complex parts pre-built and aligned 
-full service backup in the U .K. 

LARSHOL T has the answer. 
Prices: 
Signal master 
Audiomaster 

£86 .95 + £13 .04 VAT 
£79 .00 + £11 .85 VAT 

Write or telephone for free brochure w hich gives full technical 
details for this and other Larsholt products. 

AMBIT INTERNATIONAL 
200 NORTH SERVICE ROAD 

BRENTWOOD. ESSEX CM 144SG 
Tel. (0277) 230909 

WW- 010 FOR FURTHER DETAILS 
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LANGREX SUPPLIES LTD 
Climax House, Fallsbrool< Rd., Streatham, London SW16 6ED 

RST Tel: 01-677 2424 Telex: 946708 RST 
AA119 
AAY30 
AAY32 
AAZIJ 
AAZI5 
AAZI7 
AC107 
ACI25 
ACI26 
AC127 
ACI28 
ACI41 
ACI41K 
ACI42 
ACI42K 
ACI76 
ACI87 
ACI88 
ACYI7 
ACYIS 
ACYI9 
ACY20 
ACY21 

· ACY39 
AD149 
AD161 
A0162 
AFIOO 
AF114 
AF115 
AF116 
AFII7 
AF139 
AF186 
AF239 
AFZll 
AFZI2 
ASY26 
ASYTI 

Af834 
A11J87 
A2134 

·~ 

A2426 
A2521 
A2900 
A3343 
AZ31 
AZ41 

· BK448 
BK484 
BS90 
BS810 
BT5 
BTI7 
BTI9 
81'29 
BT69 
BT75 
81'95 
CBLJI 
CL33 
CY31 
CIK 
C3A 
C3.JA 
DA41 
OA42 
DAIOO 
OAF91 
OAF96 
DET22 
OET24 
DF91 
OF96 
OK91 
OK92 
OK96 
DL92 
DL94 
DL96 
OI.SIO 
DI.SI5 
DI.SI6 
DI.SI9 
DM7U 
DM71 
DMHiO 
OY8617 
OY&I2 
E55L 
ESOCC 
ESOCF 
EBOF 
EBOL 
E81CC 
E81L 
E81£C 
E83CC 
E86C 
E88C 
E88CC 
E90CC 
E90F 
E91H 
E92CC 

.. E99F 

0.12 . 
0.31 
0.48 
0.21 
0.39 
0.31 
0.69 ' 
0.23 
0.23 
0.23 
0.23 
0.29 
0.40 
0.23 
0.35 
0.23 
0.23 
0.23 
0.98 
0.92 
0.841 
0.80 
0.841 
1.72 
0.80 
0.52 
0.52 
0.52 

. 0.841 
0.841 
0.86 
0.86 
0.46 
1.38 
0.52 
3.16 
3.16 
0.46 

10.35 
13.58 
10.06 
8.62 

13.50 
11.62 
18.88 
25.56 

1.26 
1.32 

88.43 
119.54 
31.33 
35.24 
43.47 
79.29 
27.08 

%42.93 
247.31 
10Z.46 
95.16 

%.31 
Z.3t 
1.15 

11.50 
11.50 
23.23 
Zl.st 
12.30 
5%.90 

0.46 
1.15 

24.15 
5%.90 
0.46 
1.15 
1.21 
1.44 
1.26 
1.26 
1.38 
l.Z6 
9.48 

12.37 
1%.37 
12.37 

1.44 
1.44 
3.9S 
0.73 
0.96 

25.17 
9.27 

11.96 
9.75 
9.!11 
6.62 

10.28 
7.03 
7.16 

12.48 
6.71 
3.86 
9.34 
9.71 
5.34 
8.86 
9.39 

• • 
ASZI5 
ASZI6 

. ASZI7 
ASZ20 
ASZ21 
AU113 
AUYIO 
AUllO 
' BA145 
BA148 
BA154 

'BA155 
BA156 
BAW62 
BAX13 
BAX16 
BC107 
BC108 
8C109 
8Cll3 
8Cll4 
8Cll5 
BC116 
8Cll7 
BCl18 
8CI25 
BC126 
8Cl35 
BC136 
BCI37 
BCI47 
8Cl48 
BCI49 
8CI57 
BCI58 
BCI59 
8CI67 
BCI70 
8Cl71 

E130L 
El80CC 
E180F 
E182CC 
E186F 
EI88CC 
E280F 
E283CC 
E.288CC 
EA52 
EA76 
EABC80 
EAC91 
EAF42 

' EAFSOI 
EB41 
EB91 
EBC33 
EBC41 
EBC81 
EBC90 
EBFSO 
E8F83 
EBF89 
EBLJI 
EC90 
EC91 
EC92 
ECI57 
ECC33 
ECC35 
ECC40 
ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC86 
ECc88 
ECC89 
ECC91 
ECC I89 
ECC807 

.ECC808 
ECFSO 
ECF82 

.ECF86 
ECH35 
ECH42 
ECH81 
ECH83 
ECHS4 
ECLSO 
ECLSI 
ECL82 
ECL83 
ECL84 
ECL85 
ECL86 
EF37A 
EF39 
EF40 
EF41 
EF42 
EF50 
EF54 
EF55 
EFSO 
EF83 
EF85 

.. 
1.44 
1.44 
1.44 
1.72 
2.30 
1.96 
2.30 
1.96. 
0.15 
0.15 
0.10 
0.12 
0.10 
0.06 
0.07 
0.10 
0.14 
0.14 
0.15 
0.14 
0.15 
0.16 
0.17 
0.20 
0.12 
0.18 
0.23 
0.16 
0.17 
0.17 
0.10 
0.09 
0.10 
0.10 
0.09 
0.12 
0.14 
0.13 
0.12 

19.39 
8.86 
7.83 
9.34 

11.62 
7.30 

25.88 
9.02 

17.25 
19.43 
2.02 
1.38 
0.9Z 
1.44 
2.02 
2.30 
1.01 
%.02 
1.44 
1.26 
0.97 
0.58 
1.44 ' 
0.97 
2.88 
1.28 
7.ffl 
1.44 

276.112 
4.02 
4.02 
1.44 
1.01 
0.82 
1.01 
1.36 
1.38 
2.30 
%.07 
1.88 
8.72 
1.90 
2.02 
2.59 
1.24 
1.38 
1.73 
2.30 
1.32 
1.38 
1.44 
1.47 
1.15 
1.73 
1.15 
1.73 
1.61 
1.28 
1.38 
4.02 
3.16 
1.32 
1.38 
z.3o 
1.73 
5.75 
%.88 
0.92 
%.02 
0.92 

BCT7i 0.12 
8C173 0.14 
8CI77 0.17 
8C178 0.16 
8C179 0.18 
8CI82 0.13 
8 C 183 0.12 

. 8CIS4 0.13 . 
. 8C212 0.15 

8C213 0.14 
8C214 0.17 
BC237 0.10 
BC238 0.14 
8C301 0.38 
8C303 0.38 
8C307 0.12 
8C308 0.12 
BC327 0.23 
8C328 0.21 
8C337 0.21 
8C338 0.20 
8CY30 1.U; 
8 CY31 1.15 
BCY32 1.15 
8CY33 1.114 
8CY34 1.04 
8CY39 3.45 
BCY40 1.15 
8CY42 0.29 
8CY43 0.29 
8CY58 0.18 
8CY70 0.17 
8CY71 0.20 
8CY72 0.15 
8CZll 1.72 
80115 0.52 
'BD121 1.50 
'BD123 1.50 
8Dl24 

EF86 1.74 
EF89 1.84 
EF91 %.07 
EF92 6.03 
EF93 1.15 
EF94 1.24 
EF95 5..25 
EF96 1.44 
EFI83 0.9Z 

, EFI84 0.96 
EF804S 7.47 
EF805S 8.05 
EH90 1.61 
EK90 1.24 
EL32 1.73 
EL33 4.0Z 
EL34TH 2.53 
EL34M 2.57 
El.36 1.84 
EIA1 1.44 
EIA2 %.02 
ELSI 1.26 
EL83 1.44 
EL84 1.15 
EL86 %.48 
El.90 1.10 
EL91 7.44 
EL95 1.51 
ELl56 18.88 

. EL360 8.32 
EL500/504 %.16 
EL509 3.13 
EL821 11.06 
EL822 11.38 
EM34 5.75 
EM80 1.26 
EMS! 1.15 
EM84 1.15 
EM85 1.44 
EM87 1.73 
EN32 14.80 
EN91 2.94 
EN92 5.81 
EYSI 2.0Z 
EY81 1.89 
EY83 :Z.OZ 
EY84 9.75 
EY86 0.96 
EY88 Z.OZ 
EY500A 2.23 
EYlll2 94 
EZ35 97 
EZ40 1.44 
EZ41 1.44 
EZ!IO 0.96 
EZ81 0.96 
EZ90 1.38 
FW4-500 2.88 
FW4-800 2.88 
GL371K 23.23 
G551K 1%.85 
Gi80.2M 18.42 
G240.2D 12.85 
G400.1K 19.28 
GN4 8.62 
GN4A 8.62 
GS16 10.35 
GTIC IG.81 
GU50 14.31 

13.62 

~::~~. · -: · · ,, 0.28 1.04 
. 80132 
,. BD135 

80136 
BDl37 
8Dl38 
80139 
80140 
BDl44 
8Dl81 
8Dl82 
80237 
80238 
8DXIO 
8DX32 
8DY20 
oBDY60 
8Fl15 
BFI52 
8F153 
8F154 
8FI59 
8Fl60 
BFI67 
8F173 
BFI77 
8Fl78 
8FI79 
8FI80 
BF181 
BFI82 
8Fl83 
BF184 
8FI85 
8FI94 
8F195 
BF196 
8Fl97 
8F200 
BF224 

GXUI 
GXU2 
GXU3 
GX1J4 
GXU50 
GY501 
GZ32 
GZ33 
GZ34 
GZ37 
KT61 
icr66 
KT88 
K'IW61 
K'IW62 
K'IW63 
M8079 
M8080 
M8081 
M8082 

' M8083 
M8091 
M8096 
M8097 
M8098 
M8099 
M8100 
M8136 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8161 
M8162 
M8163 
M8190 
M8195 
M8196 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MU14 
MX!l9 
MX123 
MX145 
MXISI 
MX152 
MX161 
MXI63 
MX164 
MX166 
MX168 
N78 
OA2 
OAJ 
OA4 
082 
083 
OC2 
OC3 
003 
OZ4 
PC86 
PC86 

0.44 
0.39 
0.39 
0.40 
0.46 
0.49 
0.51 
2.30 . 
1.26 
1.36 
0.46 
0.83 
1.05 
2.30 
1.44 
1.72 
0.211 
0.21 
0.23 
0.20 
0.28 
0.18 
0.23 
0.23 
0.28 
0.28 
0.29 
0.35 
0.35 
0.35 
0.29 
0.29 . 
0.29 
0.10 
0.10 
0.12 
0.14 
0.31 
0.23 

16.10 
28.43 
311.49 
32.77 
12.1111 
2.95 
1.44 
4.410 
2.18 
4.410 
4.0Z 

11.50 
13.80 

%.02 
z.oz 
%.02 

11.59 
7.88 
9.95 
6.41 
7.59 

10.85 
4.31 
4.09 
4.37 
5.98 
8.23 
8.46 
8.72 
5.17 
5.52 
6.15 
U1 
5.86 
7.fn . 
7.59 
5.17 
5.29 
4.25 
7.47 
6.57 

11.76 
3.16 
3.85 
2.99 

11.55 
1.73 

53.8Z 
83.25 
00.40 
15.18 

115.00 
1211.72 

19.55 
21.14 

126.50 ' 
40.25 
18.35 
1.76 
5.83 
4.02 
1.44 
2.20 
3.0f 
2.20 
2.20 
1.84 
1.81 
1.81 
1.48 

8F258 0.30 
BF259 0.37 
BF336 US 
BF337 0.35 
BF338 0.36 
BFS21 4.55 
BFS28 2.58 
BFS61 0.23 
BFS98 0.23 
BFWIO 0.74 
BFWll 0.74 
BFX84 0.25 
BFXB5 0.26 
BFX87 0.24 
BFX88 0.24 
BFY50 0.30 
BFY51 0.30 
BFY52 0.30 
BFY64 0.30 
BFY90 1.44 
BSX19 0.24 
BSXZO 0.23 
BSX21 0.23 
BT106 1.44 
BTY79/ 400R 

BU205 
BU206 
BU208 
BYIOO 
BYI26 
BY127 
BZX61 
Series 

3.67 
2.02 
2.59 
2.30 
0.52 
0.16 
0.17 
0.21 

BZY88 0.15 
'~ 
CRSI/40 0.89 · 
CRS3/06 0.52. 
CRSJ/40 0.86 

PC97 1.39 
PC!IOO 1.38 
PCC84 1.15 

. PCC85 1.38 
PCC88 1.38 
PCC89 1.56 
PCCI89 1.81 
PCC805 1.51 
PCC806 2.07 
PCE82 2.07 
PCFSO 1.15 
PCF82 1.15 
PCF86 1.84 

.JlCf87 1.84 
PCF200 2.82 
PCFZOI %.45 
PCF801 1.84 
PCF802 1.8% 
PCF805 1.84 
PCF806 1.84 
PCF808 1.84 
PCL82 1.15 
PCL83 1.82 
PCL84 1.15 
PCL85 1.24 
PCL86 1.24 
PCL805/85 1.24 
Pb500 4.14 

=N, 3~:; 
PL36 1.38 
PLSI 1.38 
PLSIA 1.38 
Pl.82 1.38 
PL83 2.55 
PL94 1.24· 
PL504/5 1.61 
PL508 2.117 
PL500 3.45 
PL5)9 3.73 
PLSOI 1.27 
PL802 3.40 
PY33 1.27 
PYSI 0.97 
PY82 0.82 
PY83 0.81 
PY88 1.01 
PYSOOA %.07 
PYSOO 0.97 
PY801 0.97 
QQV02-6 13.16 
QQV03-6 5.44 
QQV03-20A 

2U3 
QQV06-40A 

411.25 
QQV07-50 50.14 
QQZ03-ZOA 

511.80 
QQZ06-40A 

55.10 
14.38 
4.31 
2.88 

GEX66 1.73 
GEXMI %.02 
GJ3M 0.841 
GM0378A 2.02 
KSIOOA 0.52 
MJE340 0.9Z 
MJE370 1.35 
MJE371 0.71 
MJE520 0.60 
MJE521 0.83 
MJE2955 1.44 
MJE3055 0.86 
MPF102 0.35 
MPF103 0.35 
MPFI04 0.35 
MPFI05 0.35 
MPSAOO 0.28 
MPSA56 0.30 
MPSUOl 0.41 
MPSU06 0.53 
MPSU56 0.56 
NE555 0.52 
NKT401 2.30 
NKT403 1.99 
NKT404 1.99 
OA5 1.09• 
OA7 0.83 
OAIO 0.74 
OA47 0.18 
OA70 0.35 
OA79 0.35 
OA81 0.35, 
OA85 0.35 
OA90 0.09 
OA9l 0.09 
OA95 0.09' 
OA200 0.10 
OA202 0.10 
OA211 1.15 
OAZ200 1.15 

&;.58 
QZ06-20 27.72 
RIO ~.75 
Rl7 1.89 
Rl8 oJ.89 
Rl9 1.38 
R20 1.86 
RG3-250 32.49 
RG3-250A34.. 
RG3-1250 28.56 
RG4-1250 13.13 
RG4-3000 75.44 
RR3-250 411.811 
RRJ-1250 1111.20 
SIIE12 30.48 
Sl30 2.30 
S130P 2.88 
S1V280-40 11.50 
STVZS0-8024.15 
SU41 2.88 
SU42 10.35 
TD03-10 Z4.73 
TD03-IOE 26.16 
TD03-IOF 27.410 
TIIS 34.50 
TI21 14.18 
m2 14.18 
TIIOO 58.51 
TY2-125 85.33 
1W4-400 71.61 
1Y4-500 !15.40 
1Y5-500 147.20 
1Y6-800 1611.70 
TY6-5000A 

26.'1.CI5 
lYS-50008 

236.110 
1Y6-5000W 

238.44 
TY7-6000A 

286.13 
TY7-6000W 

TZ40 
UIS-20 
Ul9 
U25 
U26 
U37 
UABClll 
UAF42 
UB41 
UBC41 
UBF89 
UCC84 
tJCC85 
UCF80 
UCH42 
UCH81 
UCL82 
UCL83 
UF41 
UF42 
UF80 
UF85 
UF89 
UL41 
UL84 
UMBO 

232.47 
17.25 
2.88 

10.33 
1.33 
1.68 

10.35 
1.44 
1.44 
1.44 
1.73 
1.38 
1.26 
1.38 
1.32 
1.38 
%.67 
1.20 
1.68 
1.15 
1.44 
1.68 
1.68 
1.611 
2.88 
1.38 
1.15 

.QAZ201 1.15 
OAZ206 1.15 
OAZ.207 1.15 
OC16 2.30 
OC20 2.88 
OC22 2.88 
OC23 3.16 
OC24 3.45 
OC25 1.04 
OC26 1.04 
OC28 2.30 
OC29 2.30 
OC35 1.73 
OC36 1.73 
OC41 0.9Z 
OC42 0.86 
OC43 2.59 
OC44 0.69 

.OC45 0.83 
OC71 US 
ocn o.as 
OC73 1.15 
OC74 0.74 
0C75 0.74 
OC76 o.a 

·OC77 1.38 
OC81 0.74 
OC81Z 1.38 
OC82 0.74 
OC83 0.74 
OCS4 0.74 
OC122 1.73 
'oc123 z.ez 
OC139 2.51 
OCI40 3.18 
OCI41 3.74 
OC170 1.15 
·OC171 1.15', 
OC200 1.73 · 
OC20l 2.12 

1.44 
1.20 

VLS631 15.24 
XGI-2500 32.37 
XG2-6400 12.98 
XG5-500 19.32 

' XGQ2-6400 
106.15 

XRI-1600A 
27.54 

XRI-3200 76.94 
XRI-3200A 

'18.94 
XR1·6400 84.24 . 
XRI -6400A 

149.30 · 
YO 1120 %26.80 
YDI240 Z41.50 
Z7fB 11.04 
ZM1000 6.03 
ZMIOOI 6.19 
ZM1020 10.83 
ZMI021 10.17 
ZMI022 10.410 
ZMI023 8.81 
ZM1040 %2.28 
ZMI041 19.18 
ZMI042 2111.44 
ZM1051 110.05 
IB3GT 2.58 
IB24 11.50 
IB35A 28.75 
1863 57.50 
IRS 1.21 
IS5 0.48 
IT4 0.46 
2ASIS 11.50 
2C39A 21.85 
2C43 2111.70 
2021 2.94 
2E26 7.8% 
2!42 811.70 
2!55 ZOI.ZS 
2l70A 270.25 
2!701! 287.50 
2K25 40.25 
3-400Z 51.75 
3-500Z 63.25 
3A5 1.55 
3824 9.20 
3828 5.18 
3829 11.50 
38240M 17.25 
3B241M 17.25 
3C23 13.89 
3C45 %2.77 
3CXIOOA5 23.00 
3E29 28.67 
3S4 1.26 
3V4 1.38 
465A 211.15 
4-125A 41.99 
4-250A 41.99 
4-400A 52.05 
4832 28.16 
4C35 48.00 
4CX250B 28.53 
4CX350A 48.88 
4Xl50A 24.41 

- 4XI50D 28.75 

t - I I 

OC204 
OC205 
OC206 
OC207. 
OCP71 
ORP12 
R2008B 
R2009 
R2010B 
TIC44 
TlC2260 
TIL209 
TlP29A 
T1P30A 
TIP31A 
TlP32A 
TIP33A 
TIP34A 
TIP41A 
TIP42A 
TIP2955 
TIP3055 
TIS43 
ZS140 
ZS.l70 
ZS178 
ZS271 
ZS278 
ZTXI07 
ZTXI08 
ZTXI09 
ZTX300 
ZTX301 
ZTX302 
ZTX303 
ZTX304 
ZTX31l 
ZTX314 
ZTX500 
ZTX501 

58254M 
5B255M 
5C22 
5Jill!E 
5R7GY 
5U4G 
5U4G8 
5V4G 
5Y3GT 
5Z3 
5Z4G 
5Z4G7 
6-301.2 
6AB4 
6AB7 

. 6AC7 
6AF4A 
6AG7 
6AH6 
6AK5 
6AK6 
6AL5 
6AM4 
6AM5 
6AM6 
6AN5 
6AN8A 
6AQ5 
6AR5 
6AS6 
6AS7G 
6AT6 
6AU5GT 
6AU6 
6AV5GT 
6AV6 
6AX5GT 
687 
688 
6BA6 
6BA7 
6BA8A 
6BC4 
6BE6 
68H6 
68.16 
6BK4 
6BL6 
6BL7GT 
6BM6 
6BN6 
6BQ7A 
6BR7 
6BR8 
m!S7 
6BW6 
6BW7 
6BX7GT 
6BZ6 

. 6C4 
6CB6A 
6CD6GA 
6CG7 
6CH6 
6CL6 
6CW4 
602 
6DK6 

2.88 
2.88 
%.02 
1.44 
1.15 
:z.oz 
2.51 
2.02 
0.35 
1.38 
0.23 
0.47 
0.48 
0.51 
0.55 
0.79 
0.84 
0.72 
0.81 
0.77 
0.84 
0.52 
0.29 
0.24 
0.62 
0.28 ' 
0.85 
0.13 
0.12 
0.14 
0.14 
0.15 
0.17 
0.20 
0.22 
0.14 
0.23 
0.15 

. 0.16 · 

23.12 
23.12 
46.00 

851.00 
2.30 
4.35 
%.80 
1.75 
us 
1.73 
1.75 
1.75 
1.79 
1.44 
1.73 
1.61 
1.84 
2.30 
5.52 
3.98 
2.81 
1.01 
%.65 
4.43 
2.07 
6.12 
3.110 
1.11! .. 
1.84 ' 
8.42 
7.7. 
0.98 
4.81 
1.24 
4.36 
0.96 
3.57 
1.73 
2.02 
1.15 
5.89 
4.31 
4.27 
1.24 
1.75 
1.24 
4.84 

97.75 
4.44 

97.75 
1.88 
4.14 
4.60 
2.02 
4.80 
4.410 
1.75 
5.711 
2.62 
1.01 
2.841 
5.64 
2.55 
7.48 
4.12 
8.33 
1.01 
2.51 
4.49 
3.31 . 

INTEG 7495 o.83 
BASES CRTs 

5ADP1 40.25 
58Pl 11.50 

7400 0.18 7423 0.37 7460 0.21 7496 0.92 
7401 0.18 7425 0.35 7470 0.40 7497 3.45 

B7G unskirted 0.17 
B7G skirted 0.35 
B9A unskirted 0.17 
B9A skirted 0.35 
lntOctal 0.29 
Locta1 0.63 
Nuvistor base 0.86 
8 pin OIL 0.17 
14 pin OIL 0.17 
16 pin OIL 0.20 
Valve screening 
cans all sizes 0.35 

2API 
2BPI 
3BPI 
3D PI 
3EGI 
3FP7 
JGPI 
3JPI 
3JP2 
3JP7 
3KPI 
3RPI 
3WP1 

9.78 
10.35 
9.20 
5.75 
8.05 
6.90 
6.90 
9.20 
9.20 

11.50 
17.25 
40.25 
23.00 

5CPI 11.50 
5CP1A - - 46:00 · 
5FP 15A 17.25 
SUP? · 16.10 
DG7-5 28.75 
DG7-32 41.40 
DH3-91 35.65 
DH7· 11 78.20 
VCR97 13.80 
VCR138 11.50 

VCR138A 14.38' 
VCR139A 9.20 
VCR517A 11.50 
.YCRS17B 11.50 
VCR517C 11.50 

7402 . 0.18 7427 0.35 7472 0.38 74100 1.73 
7403 0.18 . 7428 0.49 7473 0.41 74107 0.52 
7404 0.20 7430 0.20 7474 0.46 74109 0.81 
7405 0.18 7432 0.35 7475 0.62 74110 0.58 
7406 0.46 7433 0.41 7476 0.46 74111 0.81 
7407 0.46 7437 0.37 7480 0.63 74116 2.02 

Tube Bases 7408 0.23 7438 0.37 7482 0.86. 74118 1.15 
Prices on appli - 7409 0.23 7440 0.21 7483 1.04 74119 1.73 
cation 7410 0.18 7441 0.97 7484 1.15. '74120 0.95 

7412 0.30 7442 0.63 7486 0.40 74121 0.46 
7413 0.37 7447AN 1.04 7490 0.60 74122 0.69 
7416 0.37 7450 0.21 7491 0.92 74123 1.15 
7417 0.37 7451 0.21 7492 0.69 74125 lt63 
7420 0.20 7453 0.21 7493 0.89 74126 0.63 
7422 0.23 7454 0.21 .7494 74128 0.69 

Terms ot CW O. -Poauge and pac:t<ing vatVn and· Hn1iconductors 3oP per order. £1. All Prices' include \/AT. 
Price ruling at time of despatch. · / · 
In some cases prices of Mullard and USA valves w ill be higher than those advertised. Prices correct when going to press. 
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. 
Over 10 ,000 types of valves, tubes and semiconductors in stock. Quotations for any .types not !ist!Jd. S.A.E. 

• - Open to callers Monday~Friday 9 a.m.-5 p.m. 

ZTX502 
ZTX503 
ZTX504 
ZTX531 
ZTX550 
!N914 
IN916 
IN4001 
IN4002 
1N4003 
IN4004 
IN4005 
IN4006 
1N4007 
1N4009 
IN4148 
1N5400 
IN5401 
IS44 
IS920 
15921 
2G301 
2G302 
2G306 
2N404 
2N696 
2N691 
2N698 
2N705 
2N706 · 
2N708 
2N930 
2N1131 
2N1132 
2N1302 
2N1303 
2NI304 
2NI305 
2NI306 

6EB8 
6EW6 
6F6 
6F23 
6F28 
6F33 
6HI 
6HZN 
6H3N 
6H6 
6.14 
6.16 
6.17 
6K4N 
6K6GT 
6K7 
6K8 
6KD6 

· 6L6G 
6L6GA 

' 6L6GT 
6L6GC 
61.7 
6N2P 
6N3P 
6N7 
6P25 
~7 
6R7 
6SA7 
6SC7 
6SF7 
6SH7 
6SJ7 
6SK7 
6SK7GT 
6SN7GT 
6SQ7 
6SR7 
6SS7 
6U5G 
6U8 
6U8A 
6V6GT 
6X4 
6X5GT 
787 
7C5 
7C6 
7H7 
7R7 
7S7 
7Y4 
7Z4 
11E3 
12AT6 
12AT7 
12AU6 
12AU7 
12AV6 
12AV7 
12AX7 
12AY7' 
12B4A 
12BA6 
12BE6 
12BH7 
12BY7 
12EI 
12E11TI 

74132 
74136 
74141 
74142 
74143 

' 74144 
74145 
74147 
74148 
74150 
74151 
74154 
74155 
74156 
74157 
74159 
74170 
74112 

0.18 
0.20 
0.23 
0.23 
0.18 
0.06 
0.08 
0.07 
0.07 
0.08 
0.08 
0.09 
0.09 
0.10 
0.07 
0.07 
0.15 
0.15 
0.05 
0.08 
0.08 
1.15 
1.15 
1.27 
1.15 
0.29 
0.29 
0.35 
1.38 
0.17 
0.23 
0.23 
0.30 
0.30 
0.40 
0.40 
0.52 
0.52 
0.58 
0.58 

1.73 
:z.oz 
1.84 
1.33 

22.06 
14.38 
1.21 
1.21 
1.73 
6.10 
6.21 
9.04 
1.44 
1.50 
1.73 
2.02 
7.08 
2.88 
1.73 
2.24 
2.24 
2.30 
1.21 
1.21 
1.73 
4.14 
2.53 
2.W7 
1.87 
1.73 
1.84 
1.73 
1.84 
1.50 
3.08 
1.84 
1.50 
1.73 
2.W7 
2.30 
0.92 
3.24 
1.84 
1.38 
0.97 
1.96 
2.02 
1.44 
2.30 
1.73 
2.59 
1.84 
%.13 

410.8% 
1.38 
1.01 
%.83 
0.83 
2.311 ' 
3.!18 
1.01 
5.24 
3.50 
2.42 
2.55 
1.29 
3.01 
8.17 

19.26 

0.81 
0.63 
0.92 
2.65 
2.88 
2.88 
1.04 
2.39 
2.02 
1.&4 
0.97 . 
2.02 
0.97 
0.97 
0.841 
2.42 
2.85 

2Nl309 
2Nl613 
2Nl671 
2N1893 
2N2147 
2N2148 
2N2218 
2N2219 
2N2220 
2N2221 
2N2222 
2N2223 
2N2388 
2N2369A 
2N2484 
2N2646 

·2N2904 
2N2905 

' 2N2906 
2N2907 
2N2924 
2N2925 
2N2926 
2N3053 
2N3054 
2N3055 
2N3440 
2N3441 
2N3442 
iN3614 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 

13El 
19H4 
19H5 
2489 
30CIS 
30Cl7 
30C18 
JOFS 

·30FLI/2 
30FLI2 
30FL14 

' 30Ll 
30Ll5 
30Ll7 
30P4 
30Pl9 
30PLI 
30PL13 
30PL14 
30PLI5 
35W4 
50C5 
7SBI 
75Cl 
85A1 
85A2 
90AG 
90AV 
90CI 
90CG 
90CV 
92AG 
'¥J.AV 
95Al 
15082 
15083 
150C2 
150C4 

( 2ll 
723AB 
803 
805 

"807 
8liA 
812A 
813 
633A 
866A 
872A 
922 
931A 
1624 
1625 
2050 

'4212E 
4212H 
5544 
5545 
5551A 
5552A 
5553A 
5642 
5654 
5651 
5670 
5675 
5687 
5696 
5718 

74173 
74174 
74175 ' 
74176 
74178 
74179 
74180 
74190 
74191 
74192 
74193 
74194. 
7419S 
74196 
74197 
74198 
74199 
7601 

0.83 
0.29 
1.73 
0.29 
2.02 
1.89 
0.29 
0.28 
0.21 
0.2l 
0.21 
3.16 
0.20 
0.24 
0.23 
0.83 
0.29 
0.29 
0.24 
0.24 
0.24 
0.25 
0.16 
0.29 
0.58 
0.81 
0.69 
0.92 
1.211 
1.73' 
0.13 
0.15 
0.15 
0.15 
0.15 
0.15 
0.12 
0.15 
0.12 
0 • .12 

8Z.20 
28.75 
40.25 
43,97 

1.84 
1.84 
1.84 
1.93 
1.28 
2.07 
1.84 
1.15 ' 
2.07 
%.07 
l.CI6 
1.38 
1.52 
%.07 
1.93 
%.07 
0.69 
0.81 
4.28 
2.24 
8.63 
l.l9 
9.15 
9.15 
2.24 

15.73 
15.30 
9.15 
9.15 
5.98 
%.76 
5.06 
1.73 
2.19 
8.90 

40.25 
11.50 
23.00 

2.30 
9.78 
9.410 

36.80 
88.25 

6.61 
15.81 
5.01 

14.08 
%.58 
1.96 
8.00 

189.90 
207.00 
8Z.10 
67.85 
88.44 

119.54 
259.10 

6.05 
4.CI5 
%.07 
5.29 

14.03 
7.08 
4.53 
7.36 

1.61 
1.73 
1.04 
1.26 
1.44 
1.44 
1.32 
1.73 

-. 1,73 
1.55 
1.55 
1.44 
1.15 
1.38 
1.26 
2.59 
2.59 

Telephone 01-677 242417 
Telex 946708 
!=.&. O.E. 

2N37-71 
2N3772 
2N3773 
2N3819 

' 2N3820 
2N3823 
2N3866 
2N3904 
2N3905 
2N3906 
2N4058 
2N4059 
2N4060 
2N4061 
2N4062 
2N4124 
2N4126 
2N4286 
2N4286 
2N4289 
2N5457 
2N5458 , 
2N5459 
2S017 
2SOI9 
2S026 
2Sl03 . 

2.30 . 
3.45 
0.41 
0.52 
0.83. 
0.83 
0.15 
0.15 
0.15 
0.16 
0.12 
0.14 
0.14 
0.15 
0.17 
0.17 
0.23 
0.25 
0.28 
0.40 
0.40 
0.40 
7.48 
7.48 

13.80' 
1.73 
0.86 
0.86 
0.92 
1.44 
1.73 

2S~2 
2S303 
2S322 
2S324 
2S701 
2s745A 
2S746A 

.. 0.40 
0.40 

6.28 
5726 4.05 
57TI 5.52 
5749 5.73 
5751 5.36 
5763 4.14 
5814A 4.81 
5840 5.06 
5842 15.59 
5876A 13.06 
5879 5.57 
5886 12.08 
5963 3.45 
5965 4.07 
0005 8.33 
6021 5.13 
6057 4.0Z 
6058 10.40 
6059 4.410 
6061 4.69 
6062 4.31 
6063 4.20 
6064 6.50 
6067 4.02 
6072 6.53 
6080 7.88 
6097AXBXC 

6146A 
'61468 
6159 
6189 
6201 
6442 
68838 
6973 
7025 
7551 
7586 
7587 
7609 
'1868 
7895 
8005 
8068 
6122 
8136 
&417 
18042 
18045 

48.00 
5.89 
6.42 
9.18 
9.25 
5.13 

17.25 
6.81 
4.05 
2.62 
6.83 

13.09 
22.54 
36.57 
4.53 

14.84 
34.50 
6.33 

48.30 
2.81 
6.14 
6.92 

10,88 

Tested 
Ex-Equipment 

4CX250B 5.75 

TAA570 %.65 
T AA630S 4.02 
TAA700 4.50 
T8A480Q 2.12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3. 70 
T8A560CQ 3.7U 
TBA673 2.52 
T8A700 1.75 
T8A 720Q 2.85 
T8A750Q 2.38 
T8A800 1.38 
TBA920 3.34 
TBA920Q 3.34 
TBA990Q 3.34 
TCATIOQ 3.34 
TCA760A 1.59 
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Z & I. AERO SERVICES i. TD. RETAIL SHOP 
Head Office: 44a WESTBOURNE GROVE, LONDON W2 5SF 85 TOTTEN HAM COURT ROAD, W.1 

Tel. 580-8403 Tel. 727 5641 Telex 261306 

SPECIAL OFFER OF BRAND NEW ~SSR MADE MULTIMETERS 

TYPt 
Sensitivity D.C. 
Sensitivity A. C. 
D.C. Current · 
A.C. Current 
D.C. Volts 
A.C. Volts 
~Resistance 

' Capacity 
· Accuracy 

-Price complete with pressed steel 
carrying ~ase and test leads 
Packing and postage 

U4313 
20,000 o.p.v. 
2,000 o.p.v. 
60~A-1.5A 
0 .6mA-1.5A 
75m V-600V 
15V-600V 

. 1K-1M 
0 . 5~ F 
1.5% D.C. 
2 .5% A. c. 

£ .10.50 
£1.50 

TYPE U4323 

U4315 
20,000 o.p.v. 
2,000 o.p .v. 
50~A-2 . 5A 
0.5mA-2.5A 
75mV-1000V 
1V-1000V 
3000-5001<0 
o.5~F 
2.5% D.C. 
4%AC. 

£10.50 
£1.50 

COMBINED WITH SPOT FREQUENCY OSCILLATOR 

. Sensitivity 20,0000 IV 
Voltage rang~ 2.5-1000VA.C./D.C. 
Current ranges 0.0~500mA D.C. only·· 
Resistance 50-1 MO 

· Accuracy 5% F.S.D. 
Oscillator output: 1kHz 50 I 50 squarewave 

· 465KHz sinew.aite · 
modulated.hy 1KHz squarewave 

PRICE, in carrying case, complete with leads and manuai 
£8.00 

Packing and postage £1.00 

THIS OFFER IS VALID ONLY FOR ORDERS ACCOMPANIED BY REMITTANCE· 
WHICH SHOULD INCLUDE DELIVERY CHARGES AS INDICATED AND 15% 

V.A.T. ON THE TOTAL 

TYPE U4324 

D.C. c"urrent : 0 .06-0.6-60-600mA-3A 
0.3-3-30-300rriA-3A -
o .6-1.2-3-12-30-60-120-600-12oov. 
3-6-1 5-60-1 50-300-600-900V 
5000-5-50-5001<0 

AC. Current : 
D.C. Voltage . 
A .C. Voltage : 
Resistance : 
Accuracy : D.C. 2.5% A.C . 4% (of F.S.D .) 

PRICE complete with test leads and fibreboard storage 

case £9_.50 Packing and postage £1 . 20' 

TYPE U4341 
COMBINED MULTIMETER AND 

TRANSISTOR TESTER 

Sensitivity: 
Current: 

Voltag_~ 

·'Resistance 
.. Transi$tors : 

16, 7000/V D.C., 3,3000 IV A.C. 
0.06-0.6-6-60-600mA D.C., 0 . 3-3 .0-30-
300mAA.C. 
0.3-1 .5-6-30-60-150-300-900V D.C. 
1.5-7.5-30-150-300-750V A.C. 
2-20-200kD-2MO 
Collector cut-off current 60~ A max 
D.C. current gain 1 0 .350 -in two ranges 

PRICE, complete with steel carrying case, test lead, battery 
and instruction manual £9.50 

Packing and Postage£ 1. 50 

OUR 1978 CATALOGUE/PRICE LIST OF VALVES, SEMICONDUCT<JRS .' 
PASSIVE COMPONENTS AND TEST EQUIPMENT IS AVAILABLE. PLEASE· 

SEN-D P.O. for £0 .30 FOR YOUR COPY 
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How to become a 

SUCCESSFUL CONSULTANT 
in your own field 
Have you ever wished you could leave your job and start working 
for yourself? 

Well maybe you can! Many people are amazed when they discover 
the tremendous amount of professional experience and specialised 
knowledge they've accumulated -experience and knowledge that 
others will gladly pay for. Literally thousands of people who made 
that discovery are now prospering as independent consultants. 
The way to begin is by reading How to Become a Successful 
Consultant in Your OwrrField by Hubert Bermont. 

Clear, straightforward, packed with solid information and 
advice, this authoritative manual tells you everything you need to 
know to establish your own independent consulting practice. 

Here's a sampling of the contents. 
e What does it take to be a successful consultant? (See Chapter 

1) . 
e How to get started (See Chapter 3). 
e How to operate your business-a collection of "tricks of the 

trade" (See Chapter 5) . 
e What to charge your clients-plus five helpful rules on fees (See 

Chapter 6). 
e Why you should never work on a contingency (speculative) 

basis. (See Chapter 7). . 
e Ingenious ways to promote yourself-and make people want 

your services (See Chapter 9). . · 
e Contracts : why you should avoid them at all costs. (See Chapter 

10). 
e Just what do consultants do all day? (See Chapter 11 ). 
e How to market your ideas. (See Chapter 11 ). 
e Why you ' ll never have to worry about competition . (See 

Chapter 1 3) . 
e And much more! 

. Perhaps no one is better qualified to have written this book than 
· Hubert Bermont. He has served as consultant to more than 70 

major corporations and trade associations, including the U .S. 
Chamber of Commerce, McGraw-Hill, the Electronic Industries 
Association, Evelyn Wood Reading Dynamics and the Sm ith- . 
sonian Institution. Yet he made the decision to become a 
consultant only after being fired from an executive position at 
the age of 43 . You'll learn first-hand how he did it- and how 
you can do it too! 

How to Become a Successful Consultant in Your Own Field is just 
£14.95 +post and handling and you're fully protected by this 
unconditional money-back guarantee. Keep the book for two 
weeks. If your're dissatisfied with it for any reason whatever, 
simply return it and the purchase price will be refunded - no 
questions asked! 
How many times have you told yourself that you're not getting 
anywhere - that it's time to think seriously 
about a major change in your career? Don't put 
it off another day! Clip and mail the coupon 
now! 

r------ ------------ ---send £15 .14 U.K. Customers . I Overseas orders shipped airmail. 
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~ E~ A.: inte.~ati~~al, o~J;!. · X'44. · · · · · · · · · · · · · · · · · · · · · · ·I 
8 High Street, Meldreth, Royston, Harts. ® Copyright 1978 E.A. Ltd ... ._ __________________________ ..,._---------------------

WW - 067 FOR FURTHER DETAILS 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or more of the attached cards 
entering the reference number(s ). 
Your enquiries will be passed on to 
the manufacturers concerned and 
you can expect to hear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street, 
Melbourne 3000. Victoria 

Belgium: Agence et 
Messageries de Ia Presse, 
1 Rue de Ia Petite-1 LE 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Oansk 
Bladdistribution, 
Hovedvsgtsgade 8, 
Dk.11 03 Kobenhavn. 

Finland: Rautakirja OY, 
Koivuvaarankuia 2, 
01640 Vantaa 64, Finland. 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece: Hellenic 
Distribution Agency, 
P.o. Box 315, 245 
Syngrou Avenue, 
Nea Smyrni, Greece. 

Holland: Van Ditmar N.V., . 
Oostalilka Handelskade 11, 
Amsterdam 1004 • 

India: International Book 
House, Indian Mercantile 
Mansion Ext, Madame 
Cama Road; Bombav 1 

Iran: A.O.A.,151 Khiaban 
Soraya, Tehran 

Israel: Stelmatzky's 
A.gencv Ltd, Citrus House, 
P.o. Box 628, Tel Aviv 

Italy: Intercontinental 
s.a.s. Via Veracini 9, 
20124 Milano 

Japan: Western Publica
tions Distribution Agency, 
170 Nishi-Okubo 
4-chome, Shinjuku-Ku, 
Tokyo 160 

Lebanon: Levant Distri
butors Co., P.O. Box 1181. 
Makdesi Street, Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Distributors Sdn. Bhd .. 
Times House, 
390 Kim Seng Road, 
Sin1Japore 9. Malaysia . 

Malta.: W. H. Smith 
Continental Ltd, 
t Sa Scots Street. Valleta 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
1 02 Adelaide Road, 
Wellington .2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.l 
Apartado 37, Ariladora 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comercial 

~~:~fo~~ ~~:~ 3~~nasr~~~~s 
16 

Sweden: Wen neg ran 
Williams A B. Fack S-104, 
25 Stockholm 30 

Switzerland: Neville & 
Cis SA, Rue Levriar 5· 7, 
CH-1211 Geneve1 
Schmidt Agence AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
IPC Business Press. 
205 East 42nd Street, 
New York, N.Y.1 0017 
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WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 
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Please arrange for me to receive further details of the products listed, 

the appropriate reference numbers of wh1ch have been ent~r.ed in the 
space provided. 

Name· ...............•............ . ............ . ......... 

Name of Company ......................................... . 

Address. 

Telephone Number ..... . . . .......................... . ..... . 

Position in Company .... . ... . ............. . ................ . 

Nature of Company/Busihess ............... _ ................ . 

No. of empJoyees at this establishment ... . ......•............... 

I wish to subscribe to Wireless World D 
VALID FOR SIX MONTHS ONLY 
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Wireless World·: 
Subscription Order Form 

To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with your 
remittance to: 

Subscription Manager., 
I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 



Enquiry Service for Professional Readers ONLY. WIRELESS WORLD Wireless World, December 1979 WW 972 

ww. ww. 
ww. ww. 
ww. ww. 
ww. .. ww. 

ww. 
ww. • · • 

ww. 
ww. 

Please arrange for me. to receive further details of the products listed, 
the appropriate reference numbers of which have been entered in the 
space provided. 

Name ..................... ~ ... ~ ... - · .•.••. •. · .. ·. · · · · · · · 

Position in Company .........•........•.................... 

I 
I 
I 
I ww. ww. .. ww. 

ww ... ww. ww. . .......... I Name of Company ......... ................. . .. . 

ww. .. ww. ww. Address .... · ....................................... · · · • · · · 

ww. ww. ww. 
ww.· .. ww. . . ww .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 0 0 •••• 0 ••••• 0. 0 ••••••••• 

ww. ww. ww. ·Telephone Number ..............•.......................... 

ww. ww. .. ww. 
ww. ww. ww. Nature-of Company/Business ................................ . 

ww. ww. ww. : No. of employees at this establishment ......................... . 

ww. . . ww. ww . 
ww . . . ww. ww. 
ww . . . ww. ww. 

VALID FOR SIX MONTHS ONLY 

-----------CUT HER£-----~------
00 not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 

Postage will 
be paid by 
Licensee 

BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 

I 
() 
c; .... 
1: ,.., 
~ 

n 
c 
-4 

I 
I 
I 
I ·----------cur HER£------------~ 

Wireless World Subscription Order Form Wireless World, December 1979 WW 972 

UK subscription rates 
1 year: £9.00 

Overseas 1 year: £1 2.00 

USA & Canada subscription rates 
1 year: $31.00 

Please enter my subscription to Wireless World for 1 year 

I enclose remittance value ............................................................................. made payable to 
IPC BUSINESS PRESS Ltd. 

Name ....................... · ................. .-............................................................................................................... . 

Address ..................................................................................................................................................... . 

·-.,- ................. 0 ••••••••••••••••••••••••••••••••••••••••••••••••••• 0 •••••••••••••• 0 .......................................... ·~ 0 •• 0 •• ••••••••••••• 
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OVERSEAS ADVERTISEMENT 
AGENTS 

Hungary Mrs. Edit Bajusz, Hungexpo 
Advertising Agency, Budapest XIV, 
Varosliget- Telephone: 225 008-
Tele~: Budapest 22-4525 INTFOIRE 

Italy Sig. C. Epis Etas- Kompass, S.p.a. -
Servizio Estero, Via Mantegna 6, 
20154 Milan- Telephone 347051-
Telex: 37342 Korripass 

Japan Mr. lnatsuki, Trade Media- IBPA 
. (Japan), B212 Azabu Heights, 1-5-10 
Roppongi, Minato-Ku, Tokyo 106-
Telephone : (03) 585-0581 

United States of America Ray Barnes, 
*I PC Business Press 205 East 42nd Street. 
New York. NY 10017- Telephone: 
(212) 689 5961 -Telex: 421710 
Mr. Jack Farley Jnr., The Farley Co., 
Suite 1548, 35 East Wacker Drive, 
Chicago, Illinois 60601- Telephone: 
(312) 6 3074 
Mr. Victor A ·Jauch, 
El matex International, 
P.O. Box 34607, 
Los Angeles Calif. 90034 U.S.A. 
Telephone: (213) 821 8581 
Telex: 18-1059. 
Mr. Jack Mentel, The Farley Co., Suite 605, 
Ranna Building, Cleveland, Ohio 4415-
Telephone: (216) 621 1 919 
Mr. Ray Rickles, Ray Rickles & Co., 
P.O. Box 2008, Miami Beach, Florida 
33140- Telephone: (305) 532 7301 
Mr. Jim Parks, Ray Ric~les & Co., 
3116 Maple Drive N.E., Atlanta, Georgia 
30305. Telephone: (404) 237 7432 
Mike Loughlin, IPC Business Press, 
15055 Memorials, Ste 119, Houston, Texas 
.77079- Telephone: (713) 7~3 8673 

Canada Mr. Colin H. MacCulloch, 
International Advertising Consultants Ltd., 
915 ~arlton Tower, 2 Carlton Street, 
Toronto2- Telephone (416) 364 2269 

*Also subscription agents 
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TRUSTSCO 

T_h~ 140-15 is_ the very latest addition to the Scopex range 
of bnll1a~tly engmeered, easy to use oscilloscopes. 

Here s what it offers:-
• Large screen 1 0 em x 8 em 
• Triggers on channels 1 and 2 
• 2 mV- 10V/DIV sensitivity 
• 3% accuracy- a Scopex speciality 
• DC-i 5 MHz bandwidth over the entire screen 
• Probe test output 
• Wide time base range · 
• Switched mode power supply 

Plus a host of well throught-out additional facilities 
free delivery in the UK mainland and a very good price of 
£280 plus VAT. 

· Trust Scopex to get it right. 

~OPEX 
Pixmore Avenue, Letchworth 

Herts. SG6 1JJ. · 
Telephone: 04626 72771 . 
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Originally made for a massive 250 watt audio 
power AMP, th is superb Toroidal Transformer 
features excellent regulatron . low hum freld , very 
conservative current rating and small physrcal 
. A standard rnput of 240V A.C. and four 
:;~rate secondary windings of 2 x 30V @ 4 
amps each and 2 x 18 volts @ 1 amp each 
make it ideal for a host of appllcatrons mcludmg. 
high power amplifiers .. servo dnvers, power 
supplies, etc . etc . ongrnal cost over £15.00 
each' 

Dimensions: 4f x 2f £11 
Single bolt fixi11g · · +' p&p.£1 .60 
Note. Voltages measured off load. 

S.C.R.'s 
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HOW TO 
GET HERE 

Victoria, London 
Bridge or Holborn 

Viaduct to 
Thornton Heath . 

1 minute from 
Thornton Heath 

Station. 

Alii. C.'s and Transistors by 
well known manufacturers and fully . 

. guaranteed. No fall outs. Comprehensrve 
date on I. C.'s 15p per type. 

2N3001 30v 350 ma T016 22p each 6 for £1.00 
2N5061 60v BOOma T018 27p each 4 for £1.00 
ZN4441 50v B amps T0220 45p each 10 for £4.00 
ClllliDl 400v 5 amps T0202 55p each 1P for £5.00 

TRIACS 
G. E. 12 amp 600v T0220AB 95p each 10 for £8.75 
E. C. C. 1.6 amp 400v T05 38p each 3 for £_1.00 • 
·A.E.I. 10 amp 400v ready mounted on 2t '2t 2N4351 N channel MOS FET. 

2N4352 P channel MOS FET. heatsink £1 .00 each 4 for £3 .75 
Once again we are very pleased to offer this superb 
Power Supply Unit, and hope to satrsfy most of our 
previous customers who were drsappornted when 
we sold out due to demand, last trme they were 
advertised! These units may just have well. been 
made for your lab., they consist of a semr-enclosed 
chassis measuring 160mm x 120mm x 350mm 
containing all silicon electronrcs to grve the follcw
ing fully regulated and short circuit proof outputs of: 

60p each £1 .00 per pair. 
HIGH VOLTAGE NPN POWER 
SWITCHING transistors BVcbo 600v 
BVceo 500v BVebo 15v 1 c 5 amps 

LOW PROFILE 1.c. socKETS Due to a fantastic bulk purchase,. we are 14 O.l.l. 14p each 8 tor £1.00 ff h. b term mal at a 16 O.l.l. Gold Plated mil. grade 22p each 6 tor £1 now able to 0 er t IS super 
22 o.t.l. 27p each 5 for noo price almost below the cost, of manufac-

Pc 125 watts HFE 60 typ ft 2 .5 mhz 
ideal invertors, etc. T03 £1 .60 each 

24 OJ.L 35p each 3 tor £1.00 ture!! Features include: 12 screen, 55 
AF2791ow nois~~~N~~- ~~~~~~~up to 780MHZ key TIY keyboard, full ASCII, RS232 
32p each 4 for £1.10 interface, adjustable baud rate 75 to 9600, ~~5~5~~N 250v@ 200ma 45p each 
2N5943 R.F. output 40 volts, 1 watt up to 1DOOMHZ 12 lines X 80 characters ( upgradable to 3 for£1.08 . . · 

I.A. BSB012.5 amp 100v brrdge rec . 
P.C. mount long leads 35p each 4 for 

r.o.5 55p each 10 for £5.oo t 1 lower case 2N4304.WN720F .E.T. transistor37peach3tor£1 24 X 80), cursor COn ro, 
+5v@2ampsD.C. +12v@BOOmaD .C. 
-12v@800maD .C. +24v@350maD.C. 
and if that' s not enough a fully floating 5v output 
@ 50ma D.C. which may be serresed to grve a host 
of other voltages. All outputs are brought out to 
the front panel via minrature Jack sockets and are 
also duplicated at the rear on short flying leads. 
Units accept standard 240v AC marns rnput. They 
are ex·GPO and may have minor scratches on the 
front panels, they are sc;rld untested but rn good 
internal condition. Our orrgrnal prrce of £16.50 and 
the recent VAT increase makes these an absolute 
snioatonly£15 .50 each+ £2.25 P & P. Complete 
with circuit and component list. 

HURRY WHILE STOCKS LAST1! 

HY GRADE SMOOTHING CAPS 
MULLARD · PLESSEY ·MALLORY · SPRAGUE 
1500mf 1 OOv 60p•l3300mf 40v 50p 3300mf 63v 70p• 1 mf 600v MYLAR 28p 
1 O,OOOmf 15v (1 t 22,000mf !~v £1.1 Ot 
100mf 250v45p 2100mf · 21. v£2.50t 
•ex equipment tested · 1 P .P. 40p 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value miKed semiconductors, include . 
transistors, digital, linear I. C.'s, tnacs, d1odes, bndge 
recs. etc. etc. All devices guaranteed brand new, full 
spec. with manufacturers markings, fully guaranteed. 

50+ BAG£2 .95 100 + BAGS£5.15 

Due to our massive bul purchasing programme 
which enables us to bring you the best possrble 
bargains , we have thousands of I.C.'s_ Trans,stors , 
Relays, Cap's ., P.C.B.'s, Sub-assemblres. Sw1tches. 
etc . etc . surplus to our requ~rements. Because we 
don't have sufficient stocks of any one 1tem .'O 
include in our ads .. we are packrng all these rtem~. 
into the "BARGAIN PARCEL OF A LIFETI~E 
Thousands of components at grveaway pr~ces 
Guaranteed to be worth at least 3 umes what you 
pay plus we always include somethrng from our ads. 
for unbeatable value II Sold by werght _ 

71b£ 5.25 141b£ 7.95 
281b £13.75 561b £22.00 

PLEASE ADD P + P £1 .25 

Interface your MPU etc, with the outside wo~d made 
by the famous "Astralux". Co. They consiSt of a 
miniature plastic module wrth mounting holes c_on· 
taining 8 reed relay for i8olati~n, choke and tnac. 
12-20 volts D.C. at a fBIN milliamps enable on/off 
control of A.C . loads up to 10 amps I The 10 ~mp 
vension should be mounted on a heatslnk. 100 s of 
uaes including power control, hghtrng, etc, !'tc. • • 
Dimensions:4amp, 1f X 1' xr. 10 1i _x H_ )( 1_. 
4 amp £1 .45 10 £2 .10 I wrth crrcult 

f~4°s~B 4 amp 1 OOv P .C. mount diodes 
long leads 14 peach 1 0 for £1 .1 0 · 
LM309K + 5v 1 .2 amp regulator £1 .1 0 

LM380NISL605114 O.I.L 2 watt A.F amp BOp option, plus many other features. 
each 8 tor £6.00 Brand new at only CA30288 DC. 120 MHZ differential/cascade amp R R 

~~~6s_,;o~ ~~j~~~tion 450mw 30v 48p 

r~~~~~0~b~ -~~mp 400v diodes 7p 

£1.00 each 3 for £2.50 £2 5o CA ' CA3011 20 MHZ wideband amp T099 case 65p + VAT, 
~~~1f~~ friu0~L MOS 128 bit static shift reg. oc. FULL Technical Manual available 

each 18 for £1 .00 . 
I.A . 12 amp BRIDGE RECS. 400 volt 

2.5 MHZ £1.50 each4 for£4.25 · · ···--------- -·-···· ~m: :~r~0~~~~~~ switch. triac SCR relay driver 
£1 .25 each. 

POWER DARLINGTON SCOOP! 
MJ1000 NPN 60v 90w 8 amps T03 95p each 
2N6385 PNP 80v 100w 10 amps T03 £1.25 each 
MJ4030 NPN 60v 150w 16 amps T03 £2.25 each 

T05 can £1.10 each 7 for £6.50 
FSA2719 8 independent diodes IN4146, IN914 
type in 16 O.l.l. pack 38p each 3 for £1.00 
FP03725 4 NPN 50v ~OOma transrstors rn 14 
0.\.L. pack JOp each 2 for £1.00 

PLESSEY EDGE STACKABLE I?,EC~DE THUMBWHEEL SWITCHES. Gold 
plated contacts dimensions 2 x 2 xi 85p each 8 forf5.35 · 
AM PHENOL 5011 BNC chassis socket srngle hole f1x1ng 50p each . 
AMPHENOL 50!"1 BNC plug 50p. 50!"1 BNC plug right angled 60p. 
C90 Audio Cassettes screw type constructiOn 45p each 3 for £1 .00 · 
Bulbs24v 14 watt white frosted S.B.C. 8 for£1.00 . . 
Bulbs 12v 100 watt clear, base similar S.B.C. 45p each . . . 
S.B .C. Bulb Holders All steel cad. plated panel mount easrly frxed vra nut and 
round hole, ideal disco displays, scoreboards,_ etc. 4 for £1.10. 
X tal filters S.E.1 QC1121 t / B miniature low rnsertron loss P.C. mo@u~; 99 c F 10 7mhz with B.W. of 7 .5khz 200011 1mp rn-out . Brand new · · 

~-~~~~~~e~ ~~~ ~~~!~~;PE~~t~!;:i~6\~~N~:~:S b;a~dpe~1tr~;re1d5c::fe~re:s. 
BULGIN miniature 6 way male chassis mount socket and matchrng free plug 
60peach, 2 for£1 .10. 
Red L.E .D.'s full spec . 0 .2" 14p each. 10 for £1 25_. . 
Dynamic Stick Mics 60011 with built in on / off swrtch complete wrth lead and 
min jack plug £1 .15 each. 10 for £10.00. . . . TOS HEATSINKS "Thermaloy" black anodised press on alumrnrum frnned 
type 18p each. 8 for £1 .00. . 
HARDWARE PACK Don' t be stuck for the right nut and bolt for the JOb . 

contains B.A . Metrrc , Unrfred, Self Tap, 
etc. Nuts, Bolts, Screws, Washers, etc 

in Brass Bronze and Steel. All steelrtems 
plated. Average contents 400-600 preces. 

Soldby £2 65 weight, • 
21b bag 

Bf Floppy Disc Drives 
Excellent condition £195 .00 + VAT 
Phone for more details. 

BARGAINS GALORE! 

WW-106 FOR FURTHER DETAILS 

POWER SUPPLY UNITS 
5 VOLT 2.5 AMP T.T.L. P.S.U. 

Made forT .T .L . th1s compact ex computer systems 
un1 t features a 10 amp transformer w1th D.C. 
outputs of 5 volts @ 2.5 amps and 7.5 volts@ 
5 amps. The 5 volt output rs fullv regulated and 
smoothed and has electronrc currer.t l'm't'ng. Ma-. 
be ea!dy moded for 5 volts@ 7.8 amps, bel1eved 
w"rk1ng but untested 240v A .C, input 
Complete w1th crrCUit £8·25 P.P. £1.60 

etc. 

£27·50 +P.P.£1 .85 

VMOS POWER FETS_ 

&OV 2amp T03 DC-200 MHz. * 
Drive directly from CMOS, etc. 

£1.50 each . 10 for £12.SO 
Full applications date 20p 

,_ U.K. RETURN OF POST IYIAIL O_RQER SERVI(:E, ALSO WORLDWIDE EXPORT SERVICEi 
Plays 12", 1 0" or 7" records, 
Auto or Manual. A high quality 
unit backed by BSR reliability. 
Stereo Ceramic Cartridge . AC 
2001250V. Size 13'h -11'Ain. 
3 speeds. Above motor board 
33.4in. Below motor board 2Y>in . 
with Cer_amic Stereo cartridge. 

£20.Post ~1.60 

.HEAvY METAL PLINTHS ONLY 
Cut out for most BSR or Garrard decks. Post £1 .60 , 

~~;~,~~~~.f~ii:: ·14Y2 x 12¥2 x 3in. £3.50 • 
.Modei"B" Size 16x 133A x 3in . £4.50 i 
TINTED PLASTIC COVERS ONLY Siles:T41h X f2V2-·x 4'/•in . £3.50 each . 
!14Y, X 12Y' X 3in . £3.50each. 
15'!4 X 13Y> X 4in . £4. 18 X 13'.4 X 4in . £6. 

' 17'14 X 9Y2 X 3Y,in. £3.18 X 12Y2 X 3in . £6. 
'14Y, X 14% X 2Y2in. Rosewood sides £4. Post £1.60 
lldeal record 

Ideal replacementcJr disco deck 
with cueing device and stereo 
eeramic cartridge. 3 speeds. 
large turntable_, mode_rn design 

TWO-SPEED BUDGET MODEL £15. 

Model2025 · ·· · 
3-s-peedstereo-cartridge : £16.50 
Cueing devices Post £1 .60 ! 

B.S.R- P163 BELT DRIVE QUA 
Manual or automatic play. Two speeds . 
Precision balanced arm. Slide 
in head: cueing device. · 
Bargain price 

£30 Post £1 .60 

for MODELS 
Will supply 10 volts D.C. at 
mains lead. £2 . 75 Post 50p 

POTENTIOMETERS 
5k0 to 2MO. LOG or UN. 
L/ S 3Sp. DP 80p. 
Stl!reo l! S 85p. DP · 

'Edge Pot 5K. SP 

80 Ohm Coax 
FRINGE LOW LOSS 15p yd. 
PLUGS 10p. SOCKETS 1()p. 

£1 . 
45p 

LINE SOCKETS 25p 
OUTLET BOXES SOp 
"300 ohm FEEDER.Sp yd. 

EMil3% X Sin. LOUDSPEAKERS 
With tweeter and 
crossover. 1 0 watt. 
3 or 8 ohm. 

£9.95 
Post 75p 

.{lass woofer only 
8 ohm. 1 5 watt. 

£10.95 
Post 75p 

Bass woofer-only . £ 11 95 15 ohm. 20 watf. • Post 7 5> 
Suitable Bookshelf Cabinet 
!_eak finish . For E~l _13 x 8 speakers. 
. Size 16 x 1 1 x 8 inches approximately . 

THE 
Suitable for cassettes, and all sizes. of tape 
reels. A.C. mains 200/250V. Leaflet S.A.E. 
(Will also demagn~tise small tools _ · ··· £6 
:Head Demagnet•- only £5.00 

£9.50 
Post £1 .60 

MAINS OPERATED SOLID STATE 
AM/FM STEREO TUNER 

• 2001240V AC Mains. 
F. M. I A.M. Stereo Tuner. 

·Covering M.W., A.M. 540-
1605KHz. 

i V.H.F., F.M. 88-108MHz. · i Ferrite rod ·aerial for M .W. 
Full AFC and AGC on A.M . 
and F. M . Stereo Beacon 
Indicator. Built-in Pre-amps 
with variable output adjust· 
able by pre -set 

control. Max. o/pVoltage 600mV R.M.S . into 20K. Simulated 
Teak finish cabinet. Will match almost any amplifier. Size 8'.4 in 
wide, 4in . high x 9'1>in . deepapprox. £28 
Only . . Post £1.60 

RCS SOUND TO LIGHT KIT Mk_ 2 £18 Kit of parts to build a 3 channel sound to light unit 
1 ,000 watts per channel. Suitable for home or ,disco._ Post 50p 
Easy to build. Full instructions supplied . Cabinet £4.50 extra : 
Will operate from 200MV to fOOwatt.slgnal. 

~CS "MINOR" 10 watt AMPLIFIER KIT This kit is suitable for record players. guitars, tape playback. 
electronic instruments or small PA systems . Two versions 
available: Mono, £12.50; Stereo, £20. Post 45p. Specification 
1 OW per channel ; input 1 OOmV; size 9Y2 x 3 x 2in . approx. SAE 
details . FtJII instructions supplied . AC mains powered . 
Input can be modified to suit guitar. 

R.C.S. STEREO PRE-AMP KIT. All parts to build this pre-amp. 
Inputs for high, medium or low imp per channel. 
With volume control and P.C . Board 
<;an be ganged to make multi-way stereo mixers 
MAINS TRANSFORMERS 
250-0-250V 70mA. 6.5V. 2A . 
250-0-250V BOmA. 6.3V 3.5A, 6.3V 1A 
350-0-300V tOOmA. 6.3V 3.5 amp 
:300-0-300V t 20mA, 2X 6.3V 2A C.T.; 5V 2A 
:220V 45mA, 6. 3V 2A . . . . . . . . · · · · · · · · :HEATER TRANSFORMER. 6.3V y, amp £2.00 3 amp 

£2.95 
Post 35p 

ALL POST 75p . 
. . . . £3.45;. 

... £4.60 
[5 .80 

.. £8 .50 
£2.50 
£2.20 . GENERAL PURPOSE LOW VOLTAGE . Tapped outputs available 12 amp. 3, 4. 5. 6, 8, 9, 10, 12, 15. t 8 . 25 and 30V . . . . £6.00 .tamp. 6. B. tO. t2 , 16. t8 . 20. 24. 30, 36 , 40, 48, 60 £6.00 2 amp. 6. 8, t 0, t 2. 16. t 8. 20. 24. 30, 36 , 40, 48 , 60 £9.50 3 amp. 6, 8. 10. t 2. 16. t B. 20, 24. 30 . 36 . 40, 48, 60 . .. . £t 2.50 ·samp,_6. B. 10. t2. 16.1B. 20. 24, 30 . 36, 40. 48,60 ... . ... £16 .00 

12V. 100mA £1 .30 2QV, 40V, SOV~-£4.00 12V. 750mA £1 .75 · 12V. 3amp £3.50 t0-0-10V 2amp .... . £3 .00 10V, 30V, 40V, 2amp £3.50 30V. 5ampand t7V-0-17V 40V, 2amp £3.50 · 2 amp £4.00 20V, 1 amp . . . . . £3.00 0, 5. 8. 10. 1 6V, 'h amp £2.50 20V-0-20V, I amp £3.50 9V, 3 amp £3.50 30V-IJ-30V, 2 amp . .. £8.00 25-0-25V 2 amp £4.50 2 of ~ BV. 6 amp, each . . £1 t .OO 3CN.2amp £3.50 12-0-12V.2amp £3.50 30V. 1 y, amp £3.30 9V. 1.4 amp £1 .50 
AUTO TRANSFORMERS, t 15V to 230V or 230V to t 15V t SOW . . £7.00 2 SOW .. . £8.00 400W . . £9.00 500W £10.00 fULL WAVE BRIDGE CHARGER RECTIFIERS . 
6 or t 2V outputs, 2 amp ... 75p. 4 amp ..... £4 .25 
CHARGER TRANSFORMERS: 1 'h amp £1 .60. 3 amp .£4.00 . 4 amp . . . £6.50 
12V, 1 'h amp Half Wave Selenium Rectifier 

EXTENSION SPEAKERS £3.95 ea. 
Globe shaped cases in high gloss mouldings of red or gr~en , are 
finished with chrome frontal trim. In addition, 2Y2 metres of twin 
leadalreadyfittedwith phone·· ·-- ~- · ' · · - •.. . · -- -._-__ _ - - ---.. plug is supplied . · • .: 
L WV LTAGE ELECTROLYTIC$ 
1, 2, 4, 5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p. 
500mF 12V15p; 25V 20p; 50V 30p; 420mFI500V £1.30. 
1 OOOmF 12V 17p; 25V 3Sp; 50V 47p; 1 OOV 70p. 
2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V BOp. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 8Sp. 
4500mF 64V £2; 4700mF 63V £1.20. 2700mF/76V £1. 
5000mF 35V 85p. 5600'mF/76V £1.75. 
HIGH. VOLTAGE ELECTROLYTIC::]i 

81350V 22p 8+81450V SOp 50 + 50/300V Sbp 
161350V 30p 8+161450V SOp 32+32/450V 7_Sp 
321500V 75p 16+ 161450V SOp 1 00+ 1 00/;l_?_!iy j;Sp 

· 501500V £1~20 32+321350VSOp 150+200/275V 70p 
MANY OTHER ELECTROLYTIC$ IN STOCK 
SHORT WAVE 1 OOpf air siiaced g~ngable tuner, 9sp. 
TRIMMERS 1 OpF. 30pF, 50pF, 5p. 1 OOpF, 1 50pF, 1Sp. "RELAYS. 12V DC 9Sp. 6V DC SSp. 240V AC 95p. CERAMIC, 1 pFto 0 .01 mF. 5p. Silver Mica 2 to 5000pF, 5p. BLANK ALUMIN1UM CHASSI S. 6 x 4 - 95p; 8 x 6- PAPER 350V-0.1 7p; 0.5 13p; 1mF 150V 20p; 2mF 150V £1.40; lOx 7-£1.5S; 12 x 8-£1.70; 14 x 9-£1.90; 16 x 20p; 500V-0.001 to 0.0512p; 0 .115p; 0.25 25p; 0 .47 35p. 6-£1.85; 16 x 10-£2.20. ANGLE All. 6 x% x JAin-ZOp. MICRO SWITCH SINGLE POLE CHANGEOVER 20p. ALUMINIUM PANELS. 6 x 4-24p; 8 x 6-38p; 14 x SUB-MIN MICRO SWITCH, 2Sp. Single pole change over. 3-40p; 10 x 7-54p; 12 x 8-70p; 12 x 5-44p; 16 x TWIN GANG, 385 + 385pF BOp; 500pF slow motion 75p. 6-70p; 14 x 9-94p; 12 x 12-£1; 16 x 10-£1.16. 365 + 365 + 25 + 25pF, Slow motion drive 85p. 120pF 50p. PLASTIC AND All BOXES IN STOCK. MANY SIZES TRANSISTOR TWIN GANG, SOp. VARICAP FM TUNE" HEAD with circuit & connections. NEON PANEL INDICATORS 2SOV. Amber or red 30p. i~Ge~T~In~2~~:~~~;~~~ required £4.9S. ILLUMINATED ROCKER SWITCH. single pole . Red &Sp. TAPE OSCILLATOR COIL. Valve type, 3Sp. RESISTORS. 100 to lOM. V.W, y,w, 1W, 20% 2p; 2W, 10p. HIGH stability. y,w 2% 10 ohms to 1 meg., 12p. · -BRIDGE RECTIFIER 200V PIV y, amp SOp. 8 amp £2.SO. Ditto 5%. Preferred values 10 ohms to 10 meg ., Sp. TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. . .-.,.,.:·~=,..,~:-=-::-:=:1:'1":~-n;;--:,--,----~----MANY OTHER TOGGLES IN. STOCK. Pleaaeenquire. ELECTRO MAGNEffC · 

=~:o~~~~~~~~~~:m~~~~·3~;:~~~0~-a~~~~~~--~~-. PENDULUM MECHANISM 95p Post 30p . WIRE-WOUND RESISTORS 5 watt, 10 watt. 1 5 watt 1Sp. 1.5V DC operatron over 300 hours contrnuous on SP2 CASSETTE MOTO_R. 6 volt £1 .00. battery, fully adJustable swrng and speed . Ideal displays , CASSETTE MECHANISM . Mono heads, no motor £3 .00. teaching electro magnetrsm or metronome, strobe, etc. 

BAKER-SUPERB £24 
12in 2 5 Watt . Post £1 60 
Quality loudspeaker, low cone resonance 
ensures clear reproduction of the deepest 
bass . Special copper drive and concentric 
tweeter cone. Full range reproduction with 
remarkable efficiency in the upper 
~gister. 

Bass resonance 2 5 cIs 
Useful response . 20-1 7,000 cis 
8 or 16 ohms models 

BAKER .. BIG-SOUND" SPEAKERS. Post £1 .60 
'Group 100' 'Disco 100' . 'Group 50/15' 

~~~n:tt . £29 ~6~n~~tt £29 j~:~ £35 
8 or 16 ohm . 8 or 1 6 ohm ; 8 or 16 ohm 

LOUDSPEAKER, 12 INCH. 80 WATT. 
GROUP 50112,4 OR 8 OR 16 OHM HIGH POWER . 

~~~~~~~~~b-~~~555 1~P~Al QUALITY: £25. 
MASSIVE CERAMIC MAGNET Post £1.60 

NIUM PRESENCE CENTRE DOME. . 
TEAK VENEERED HI-FI SPEAKER CABI 

For 1 3x8in . or Bin. speaker £9.50 Post £1 .00 
For 61f2in . speaker and tweeter £8.50 Post 75p 
Many other cabinets in stock . Phone your requirements. 
SPEAKER COVERING MATERIALS. Samples.Large S.A.E. 

CABINET NG 18in wide 20p ft . 

R .C. S. 1 00 wan .... --~--=-....._. .,--::=:-"''t 
VALVE 

AMPLIFIER 

CHASSIS 

Four inputs . Four way mixing, master volume, treble and bass · 
controls: Suits all speakers. This professional quality amplifier chassrs ts ·suttabte for all groups, disco, PA, where high quality . 
power IS requtred . 5 speaker outputs. AC mains operated. Slave · 
output socket. Produced by demand for a quality valve amplifier. 
~~i~:b\~~a~~fnu~ ~~~~;; £l 

0 ~~~~~- £1 0 5 c~~rnd ~~r 6e;flet. 

'oooDMANS TWIN AXIOM 8 inch dual cone loudspeaker. 8 
ohm, 15 watt hi-li unit £10.50. 
-CROSSOVERS. TWO-WAY 3000 cis 3 or 8 or 15 ohm 
£1.90. 3-way 950 cps/3000 cps, £2.20. 
LOUDSPEAKERS PM 3 OHM 7x4in. £1.50; 6Y2in., £1.95; 
8x5in., £1.90; Bin., £2.50. 
SPECIAL OFFER: 80 ohm, 2V.in ., 2%in ., 35 ohm, 3in ., 
25ohm, 2'hin ., 3in ., 5x3in ., 7x4in ., 8 ohm, 2Y,in., 3in ., 3Y,in ., · 5in., 15 ohm, 3Y,in . dia , 6x4in. , 7x4in ., 5x3in ., 

. 3 ohm, 2Y>in .. 2o/ain., 3 1hin., Sin. dia. £1.50 each. 
PHILIPS LOUDSPEAKER, Bin., 4 ohms, 4 watts, £2.50. 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W £2.SO. 1 Oin. diameter 5W £3.SO; 
1 2in . diameter 6W £4.50. 3/811 5 ohms, please state . 
MOTOROLA PIEZO ELECTRIC HORN TWEETER. £8.50 
Handles up to 1 00 watts. No crossover required . 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy job. Size 6'14 K 4% x 2in . £1.50 

BAKER 150WATT~ · 
PROFESSIONAL 
MIXER AMPLIFIER 
~All purpOse -trcinsistorised . · . 
·Ideal for Groups, Disco 
and P.A. 4 inputs speech and music. 4 way mixing . . 

· Output 4 8116 ohms. A . C. Mains. Separate treble and bass controls. Master volume control. 
1 00 volt line model £99 £85 £1.60carr. 
BAKER 50 WATT 
AMPLIFIER 

£65 Post £1.60 

Superior quality ideal for Hails/ PA systems, Disco's and Groups: 
Two inputs with Mixer Volume Controls. Master Bass, Treble and 
Gain Controls . 50 watts RMS . Three loudspeaker outlets 4, 8, 16 
ohm . AC 240V (120V available). Slue on black cabinet. 

. ANS RUBBER 
SURROUND BASS WOOFER 
Standard f2in . diameter fixing with 
cut sides 1 2 · · x 1 0 . 14.000 Gauss 
magnet . 20 watts R.M .S. 4 ohm 
imp. Bass resonance = _30 c.p .s. 
Frequency response 30-8000 c.p.s . 

each Post £1 . 

X 2 ',4" 4Sp 
JACK PLUGS Mono 2Sp; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 3Sp. 
JACK SOCKETS Mono Open 20p; Closed 2Sp. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS- Cable end 30p. 
2.5mm and 3.Smm JACK SOCKETS 1Sp. 
2.Smm and 3.5mm JACK PLUGS 15p. 
·DIN TYPE CONNECTORS 
Sockets 3-pin, S-pin 10p. Free Sockets 3-pin, S-pin 25p. 
Plugs 3-pin 20p; S-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phono Plugs ea. 1 Sp. 
TV CONVERGENCE POTS 1Sp each. 
Values= 5. 7, 10, 20. 50. 100,200. 250. 470. 2000 ohms . . · M·or..o . i>iii:-AMPtm'Eif.-. Mains · operated 
solid state pre-amplifier unit designed to 
complement amplifiers without low level 
phono and tape input stages. This free
standing cabinet incorporates circuitry for 
automatic R.I.A.A. equalisation on magnetic 
phono input and N.A.B. equalisation for tape 
heads. Phono sockets for input and output. 

£5 
Post 50p RADIO--Cfi-MPilNENT SPECIALISTS 33~~nH9~!.Ec~~e~~~~d~v<>:a~:o~~n°s~~2~ _Radio Books and Components Lists 20p. (Minimum posting charge 30p.) Access or Barclaycard please. Telephone: 01-684 1665 for same day despatch. 



Originally made for a massive 250 watt audio 
power AMP, th is superb Toroidal Transformer 
features excellent regulatron . low hum freld , very 
conservative current rating and small physrcal 
. A standard rnput of 240V A.C. and four 
:;~rate secondary windings of 2 x 30V @ 4 
amps each and 2 x 18 volts @ 1 amp each 
make it ideal for a host of appllcatrons mcludmg. 
high power amplifiers .. servo dnvers, power 
supplies, etc . etc . ongrnal cost over £15.00 
each' 

Dimensions: 4f x 2f £11 
Single bolt fixi11g · · +' p&p.£1 .60 
Note. Voltages measured off load. 

S.C.R.'s 

WIRELESS WORLD, DECEMBER 1979 

HOW TO 
GET HERE 

Victoria, London 
Bridge or Holborn 

Viaduct to 
Thornton Heath . 

1 minute from 
Thornton Heath 

Station. 

Alii. C.'s and Transistors by 
well known manufacturers and fully . 

. guaranteed. No fall outs. Comprehensrve 
date on I. C.'s 15p per type. 

2N3001 30v 350 ma T016 22p each 6 for £1.00 
2N5061 60v BOOma T018 27p each 4 for £1.00 
ZN4441 50v B amps T0220 45p each 10 for £4.00 
ClllliDl 400v 5 amps T0202 55p each 1P for £5.00 

TRIACS 
G. E. 12 amp 600v T0220AB 95p each 10 for £8.75 
E. C. C. 1.6 amp 400v T05 38p each 3 for £_1.00 • 
·A.E.I. 10 amp 400v ready mounted on 2t '2t 2N4351 N channel MOS FET. 

2N4352 P channel MOS FET. heatsink £1 .00 each 4 for £3 .75 
Once again we are very pleased to offer this superb 
Power Supply Unit, and hope to satrsfy most of our 
previous customers who were drsappornted when 
we sold out due to demand, last trme they were 
advertised! These units may just have well. been 
made for your lab., they consist of a semr-enclosed 
chassis measuring 160mm x 120mm x 350mm 
containing all silicon electronrcs to grve the follcw
ing fully regulated and short circuit proof outputs of: 

60p each £1 .00 per pair. 
HIGH VOLTAGE NPN POWER 
SWITCHING transistors BVcbo 600v 
BVceo 500v BVebo 15v 1 c 5 amps 

LOW PROFILE 1.c. socKETS Due to a fantastic bulk purchase,. we are 14 O.l.l. 14p each 8 tor £1.00 ff h. b term mal at a 16 O.l.l. Gold Plated mil. grade 22p each 6 tor £1 now able to 0 er t IS super 
22 o.t.l. 27p each 5 for noo price almost below the cost, of manufac-

Pc 125 watts HFE 60 typ ft 2 .5 mhz 
ideal invertors, etc. T03 £1 .60 each 

24 OJ.L 35p each 3 tor £1.00 ture!! Features include: 12 screen, 55 
AF2791ow nois~~~N~~- ~~~~~~~up to 780MHZ key TIY keyboard, full ASCII, RS232 
32p each 4 for £1.10 interface, adjustable baud rate 75 to 9600, ~~5~5~~N 250v@ 200ma 45p each 
2N5943 R.F. output 40 volts, 1 watt up to 1DOOMHZ 12 lines X 80 characters ( upgradable to 3 for£1.08 . . · 

I.A. BSB012.5 amp 100v brrdge rec . 
P.C. mount long leads 35p each 4 for 

r.o.5 55p each 10 for £5.oo t 1 lower case 2N4304.WN720F .E.T. transistor37peach3tor£1 24 X 80), cursor COn ro, 
+5v@2ampsD.C. +12v@BOOmaD .C. 
-12v@800maD .C. +24v@350maD.C. 
and if that' s not enough a fully floating 5v output 
@ 50ma D.C. which may be serresed to grve a host 
of other voltages. All outputs are brought out to 
the front panel via minrature Jack sockets and are 
also duplicated at the rear on short flying leads. 
Units accept standard 240v AC marns rnput. They 
are ex·GPO and may have minor scratches on the 
front panels, they are sc;rld untested but rn good 
internal condition. Our orrgrnal prrce of £16.50 and 
the recent VAT increase makes these an absolute 
snioatonly£15 .50 each+ £2.25 P & P. Complete 
with circuit and component list. 

HURRY WHILE STOCKS LAST1! 

HY GRADE SMOOTHING CAPS 
MULLARD · PLESSEY ·MALLORY · SPRAGUE 
1500mf 1 OOv 60p•l3300mf 40v 50p 3300mf 63v 70p• 1 mf 600v MYLAR 28p 
1 O,OOOmf 15v (1 t 22,000mf !~v £1.1 Ot 
100mf 250v45p 2100mf · 21. v£2.50t 
•ex equipment tested · 1 P .P. 40p 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value miKed semiconductors, include . 
transistors, digital, linear I. C.'s, tnacs, d1odes, bndge 
recs. etc. etc. All devices guaranteed brand new, full 
spec. with manufacturers markings, fully guaranteed. 

50+ BAG£2 .95 100 + BAGS£5.15 

Due to our massive bul purchasing programme 
which enables us to bring you the best possrble 
bargains , we have thousands of I.C.'s_ Trans,stors , 
Relays, Cap's ., P.C.B.'s, Sub-assemblres. Sw1tches. 
etc . etc . surplus to our requ~rements. Because we 
don't have sufficient stocks of any one 1tem .'O 
include in our ads .. we are packrng all these rtem~. 
into the "BARGAIN PARCEL OF A LIFETI~E 
Thousands of components at grveaway pr~ces 
Guaranteed to be worth at least 3 umes what you 
pay plus we always include somethrng from our ads. 
for unbeatable value II Sold by werght _ 

71b£ 5.25 141b£ 7.95 
281b £13.75 561b £22.00 

PLEASE ADD P + P £1 .25 

Interface your MPU etc, with the outside wo~d made 
by the famous "Astralux". Co. They consiSt of a 
miniature plastic module wrth mounting holes c_on· 
taining 8 reed relay for i8olati~n, choke and tnac. 
12-20 volts D.C. at a fBIN milliamps enable on/off 
control of A.C . loads up to 10 amps I The 10 ~mp 
vension should be mounted on a heatslnk. 100 s of 
uaes including power control, hghtrng, etc, !'tc. • • 
Dimensions:4amp, 1f X 1' xr. 10 1i _x H_ )( 1_. 
4 amp £1 .45 10 £2 .10 I wrth crrcult 

f~4°s~B 4 amp 1 OOv P .C. mount diodes 
long leads 14 peach 1 0 for £1 .1 0 · 
LM309K + 5v 1 .2 amp regulator £1 .1 0 

LM380NISL605114 O.I.L 2 watt A.F amp BOp option, plus many other features. 
each 8 tor £6.00 Brand new at only CA30288 DC. 120 MHZ differential/cascade amp R R 

~~~6s_,;o~ ~~j~~~tion 450mw 30v 48p 

r~~~~~0~b~ -~~mp 400v diodes 7p 

£1.00 each 3 for £2.50 £2 5o CA ' CA3011 20 MHZ wideband amp T099 case 65p + VAT, 
~~~1f~~ friu0~L MOS 128 bit static shift reg. oc. FULL Technical Manual available 

each 18 for £1 .00 . 
I.A . 12 amp BRIDGE RECS. 400 volt 

2.5 MHZ £1.50 each4 for£4.25 · · ···--------- -·-···· ~m: :~r~0~~~~~~ switch. triac SCR relay driver 
£1 .25 each. 

POWER DARLINGTON SCOOP! 
MJ1000 NPN 60v 90w 8 amps T03 95p each 
2N6385 PNP 80v 100w 10 amps T03 £1.25 each 
MJ4030 NPN 60v 150w 16 amps T03 £2.25 each 

T05 can £1.10 each 7 for £6.50 
FSA2719 8 independent diodes IN4146, IN914 
type in 16 O.l.l. pack 38p each 3 for £1.00 
FP03725 4 NPN 50v ~OOma transrstors rn 14 
0.\.L. pack JOp each 2 for £1.00 

PLESSEY EDGE STACKABLE I?,EC~DE THUMBWHEEL SWITCHES. Gold 
plated contacts dimensions 2 x 2 xi 85p each 8 forf5.35 · 
AM PHENOL 5011 BNC chassis socket srngle hole f1x1ng 50p each . 
AMPHENOL 50!"1 BNC plug 50p. 50!"1 BNC plug right angled 60p. 
C90 Audio Cassettes screw type constructiOn 45p each 3 for £1 .00 · 
Bulbs24v 14 watt white frosted S.B.C. 8 for£1.00 . . 
Bulbs 12v 100 watt clear, base similar S.B.C. 45p each . . . 
S.B .C. Bulb Holders All steel cad. plated panel mount easrly frxed vra nut and 
round hole, ideal disco displays, scoreboards,_ etc. 4 for £1.10. 
X tal filters S.E.1 QC1121 t / B miniature low rnsertron loss P.C. mo@u~; 99 c F 10 7mhz with B.W. of 7 .5khz 200011 1mp rn-out . Brand new · · 

~-~~~~~~e~ ~~~ ~~~!~~;PE~~t~!;:i~6\~~N~:~:S b;a~dpe~1tr~;re1d5c::fe~re:s. 
BULGIN miniature 6 way male chassis mount socket and matchrng free plug 
60peach, 2 for£1 .10. 
Red L.E .D.'s full spec . 0 .2" 14p each. 10 for £1 25_. . 
Dynamic Stick Mics 60011 with built in on / off swrtch complete wrth lead and 
min jack plug £1 .15 each. 10 for £10.00. . . . TOS HEATSINKS "Thermaloy" black anodised press on alumrnrum frnned 
type 18p each. 8 for £1 .00. . 
HARDWARE PACK Don' t be stuck for the right nut and bolt for the JOb . 

contains B.A . Metrrc , Unrfred, Self Tap, 
etc. Nuts, Bolts, Screws, Washers, etc 

in Brass Bronze and Steel. All steelrtems 
plated. Average contents 400-600 preces. 

Soldby £2 65 weight, • 
21b bag 

Bf Floppy Disc Drives 
Excellent condition £195 .00 + VAT 
Phone for more details. 

BARGAINS GALORE! 

WW-106 FOR FURTHER DETAILS 

POWER SUPPLY UNITS 
5 VOLT 2.5 AMP T.T.L. P.S.U. 

Made forT .T .L . th1s compact ex computer systems 
un1 t features a 10 amp transformer w1th D.C. 
outputs of 5 volts @ 2.5 amps and 7.5 volts@ 
5 amps. The 5 volt output rs fullv regulated and 
smoothed and has electronrc currer.t l'm't'ng. Ma-. 
be ea!dy moded for 5 volts@ 7.8 amps, bel1eved 
w"rk1ng but untested 240v A .C, input 
Complete w1th crrCUit £8·25 P.P. £1.60 

etc. 

£27·50 +P.P.£1 .85 

VMOS POWER FETS_ 

&OV 2amp T03 DC-200 MHz. * 
Drive directly from CMOS, etc. 

£1.50 each . 10 for £12.SO 
Full applications date 20p 

,_ U.K. RETURN OF POST IYIAIL O_RQER SERVI(:E, ALSO WORLDWIDE EXPORT SERVICEi 
Plays 12", 1 0" or 7" records, 
Auto or Manual. A high quality 
unit backed by BSR reliability. 
Stereo Ceramic Cartridge . AC 
2001250V. Size 13'h -11'Ain. 
3 speeds. Above motor board 
33.4in. Below motor board 2Y>in . 
with Cer_amic Stereo cartridge. 

£20.Post ~1.60 

.HEAvY METAL PLINTHS ONLY 
Cut out for most BSR or Garrard decks. Post £1 .60 , 

~~;~,~~~~.f~ii:: ·14Y2 x 12¥2 x 3in. £3.50 • 
.Modei"B" Size 16x 133A x 3in . £4.50 i 
TINTED PLASTIC COVERS ONLY Siles:T41h X f2V2-·x 4'/•in . £3.50 each . 
!14Y, X 12Y' X 3in . £3.50each. 
15'!4 X 13Y> X 4in . £4. 18 X 13'.4 X 4in . £6. 

' 17'14 X 9Y2 X 3Y,in. £3.18 X 12Y2 X 3in . £6. 
'14Y, X 14% X 2Y2in. Rosewood sides £4. Post £1.60 
lldeal record 

Ideal replacementcJr disco deck 
with cueing device and stereo 
eeramic cartridge. 3 speeds. 
large turntable_, mode_rn design 

TWO-SPEED BUDGET MODEL £15. 

Model2025 · ·· · 
3-s-peedstereo-cartridge : £16.50 
Cueing devices Post £1 .60 ! 

B.S.R- P163 BELT DRIVE QUA 
Manual or automatic play. Two speeds . 
Precision balanced arm. Slide 
in head: cueing device. · 
Bargain price 

£30 Post £1 .60 

for MODELS 
Will supply 10 volts D.C. at 
mains lead. £2 . 75 Post 50p 

POTENTIOMETERS 
5k0 to 2MO. LOG or UN. 
L/ S 3Sp. DP 80p. 
Stl!reo l! S 85p. DP · 

'Edge Pot 5K. SP 

80 Ohm Coax 
FRINGE LOW LOSS 15p yd. 
PLUGS 10p. SOCKETS 1()p. 

£1 . 
45p 

LINE SOCKETS 25p 
OUTLET BOXES SOp 
"300 ohm FEEDER.Sp yd. 

EMil3% X Sin. LOUDSPEAKERS 
With tweeter and 
crossover. 1 0 watt. 
3 or 8 ohm. 

£9.95 
Post 75p 

.{lass woofer only 
8 ohm. 1 5 watt. 

£10.95 
Post 75p 

Bass woofer-only . £ 11 95 15 ohm. 20 watf. • Post 7 5> 
Suitable Bookshelf Cabinet 
!_eak finish . For E~l _13 x 8 speakers. 
. Size 16 x 1 1 x 8 inches approximately . 

THE 
Suitable for cassettes, and all sizes. of tape 
reels. A.C. mains 200/250V. Leaflet S.A.E. 
(Will also demagn~tise small tools _ · ··· £6 
:Head Demagnet•- only £5.00 

£9.50 
Post £1 .60 

MAINS OPERATED SOLID STATE 
AM/FM STEREO TUNER 

• 2001240V AC Mains. 
F. M. I A.M. Stereo Tuner. 

·Covering M.W., A.M. 540-
1605KHz. 

i V.H.F., F.M. 88-108MHz. · i Ferrite rod ·aerial for M .W. 
Full AFC and AGC on A.M . 
and F. M . Stereo Beacon 
Indicator. Built-in Pre-amps 
with variable output adjust· 
able by pre -set 

control. Max. o/pVoltage 600mV R.M.S . into 20K. Simulated 
Teak finish cabinet. Will match almost any amplifier. Size 8'.4 in 
wide, 4in . high x 9'1>in . deepapprox. £28 
Only . . Post £1.60 

RCS SOUND TO LIGHT KIT Mk_ 2 £18 Kit of parts to build a 3 channel sound to light unit 
1 ,000 watts per channel. Suitable for home or ,disco._ Post 50p 
Easy to build. Full instructions supplied . Cabinet £4.50 extra : 
Will operate from 200MV to fOOwatt.slgnal. 

~CS "MINOR" 10 watt AMPLIFIER KIT This kit is suitable for record players. guitars, tape playback. 
electronic instruments or small PA systems . Two versions 
available: Mono, £12.50; Stereo, £20. Post 45p. Specification 
1 OW per channel ; input 1 OOmV; size 9Y2 x 3 x 2in . approx. SAE 
details . FtJII instructions supplied . AC mains powered . 
Input can be modified to suit guitar. 

R.C.S. STEREO PRE-AMP KIT. All parts to build this pre-amp. 
Inputs for high, medium or low imp per channel. 
With volume control and P.C . Board 
<;an be ganged to make multi-way stereo mixers 
MAINS TRANSFORMERS 
250-0-250V 70mA. 6.5V. 2A . 
250-0-250V BOmA. 6.3V 3.5A, 6.3V 1A 
350-0-300V tOOmA. 6.3V 3.5 amp 
:300-0-300V t 20mA, 2X 6.3V 2A C.T.; 5V 2A 
:220V 45mA, 6. 3V 2A . . . . . . . . · · · · · · · · :HEATER TRANSFORMER. 6.3V y, amp £2.00 3 amp 

£2.95 
Post 35p 

ALL POST 75p . 
. . . . £3.45;. 

... £4.60 
[5 .80 

.. £8 .50 
£2.50 
£2.20 . GENERAL PURPOSE LOW VOLTAGE . Tapped outputs available 12 amp. 3, 4. 5. 6, 8, 9, 10, 12, 15. t 8 . 25 and 30V . . . . £6.00 .tamp. 6. B. tO. t2 , 16. t8 . 20. 24. 30, 36 , 40, 48, 60 £6.00 2 amp. 6. 8, t 0, t 2. 16. t 8. 20. 24. 30, 36 , 40, 48 , 60 £9.50 3 amp. 6, 8. 10. t 2. 16. t B. 20, 24. 30 . 36 . 40, 48, 60 . .. . £t 2.50 ·samp,_6. B. 10. t2. 16.1B. 20. 24, 30 . 36, 40. 48,60 ... . ... £16 .00 

12V. 100mA £1 .30 2QV, 40V, SOV~-£4.00 12V. 750mA £1 .75 · 12V. 3amp £3.50 t0-0-10V 2amp .... . £3 .00 10V, 30V, 40V, 2amp £3.50 30V. 5ampand t7V-0-17V 40V, 2amp £3.50 · 2 amp £4.00 20V, 1 amp . . . . . £3.00 0, 5. 8. 10. 1 6V, 'h amp £2.50 20V-0-20V, I amp £3.50 9V, 3 amp £3.50 30V-IJ-30V, 2 amp . .. £8.00 25-0-25V 2 amp £4.50 2 of ~ BV. 6 amp, each . . £1 t .OO 3CN.2amp £3.50 12-0-12V.2amp £3.50 30V. 1 y, amp £3.30 9V. 1.4 amp £1 .50 
AUTO TRANSFORMERS, t 15V to 230V or 230V to t 15V t SOW . . £7.00 2 SOW .. . £8.00 400W . . £9.00 500W £10.00 fULL WAVE BRIDGE CHARGER RECTIFIERS . 
6 or t 2V outputs, 2 amp ... 75p. 4 amp ..... £4 .25 
CHARGER TRANSFORMERS: 1 'h amp £1 .60. 3 amp .£4.00 . 4 amp . . . £6.50 
12V, 1 'h amp Half Wave Selenium Rectifier 

EXTENSION SPEAKERS £3.95 ea. 
Globe shaped cases in high gloss mouldings of red or gr~en , are 
finished with chrome frontal trim. In addition, 2Y2 metres of twin 
leadalreadyfittedwith phone·· ·-- ~- · ' · · - •.. . · -- -._-__ _ - - ---.. plug is supplied . · • .: 
L WV LTAGE ELECTROLYTIC$ 
1, 2, 4, 5, 8, 16, 25, 30, 50, 100, 200mF 15V 10p. 
500mF 12V15p; 25V 20p; 50V 30p; 420mFI500V £1.30. 
1 OOOmF 12V 17p; 25V 3Sp; 50V 47p; 1 OOV 70p. 
2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V BOp. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 8Sp. 
4500mF 64V £2; 4700mF 63V £1.20. 2700mF/76V £1. 
5000mF 35V 85p. 5600'mF/76V £1.75. 
HIGH. VOLTAGE ELECTROLYTIC::]i 

81350V 22p 8+81450V SOp 50 + 50/300V Sbp 
161350V 30p 8+161450V SOp 32+32/450V 7_Sp 
321500V 75p 16+ 161450V SOp 1 00+ 1 00/;l_?_!iy j;Sp 

· 501500V £1~20 32+321350VSOp 150+200/275V 70p 
MANY OTHER ELECTROLYTIC$ IN STOCK 
SHORT WAVE 1 OOpf air siiaced g~ngable tuner, 9sp. 
TRIMMERS 1 OpF. 30pF, 50pF, 5p. 1 OOpF, 1 50pF, 1Sp. "RELAYS. 12V DC 9Sp. 6V DC SSp. 240V AC 95p. CERAMIC, 1 pFto 0 .01 mF. 5p. Silver Mica 2 to 5000pF, 5p. BLANK ALUMIN1UM CHASSI S. 6 x 4 - 95p; 8 x 6- PAPER 350V-0.1 7p; 0.5 13p; 1mF 150V 20p; 2mF 150V £1.40; lOx 7-£1.5S; 12 x 8-£1.70; 14 x 9-£1.90; 16 x 20p; 500V-0.001 to 0.0512p; 0 .115p; 0.25 25p; 0 .47 35p. 6-£1.85; 16 x 10-£2.20. ANGLE All. 6 x% x JAin-ZOp. MICRO SWITCH SINGLE POLE CHANGEOVER 20p. ALUMINIUM PANELS. 6 x 4-24p; 8 x 6-38p; 14 x SUB-MIN MICRO SWITCH, 2Sp. Single pole change over. 3-40p; 10 x 7-54p; 12 x 8-70p; 12 x 5-44p; 16 x TWIN GANG, 385 + 385pF BOp; 500pF slow motion 75p. 6-70p; 14 x 9-94p; 12 x 12-£1; 16 x 10-£1.16. 365 + 365 + 25 + 25pF, Slow motion drive 85p. 120pF 50p. PLASTIC AND All BOXES IN STOCK. MANY SIZES TRANSISTOR TWIN GANG, SOp. VARICAP FM TUNE" HEAD with circuit & connections. NEON PANEL INDICATORS 2SOV. Amber or red 30p. i~Ge~T~In~2~~:~~~;~~~ required £4.9S. ILLUMINATED ROCKER SWITCH. single pole . Red &Sp. TAPE OSCILLATOR COIL. Valve type, 3Sp. RESISTORS. 100 to lOM. V.W, y,w, 1W, 20% 2p; 2W, 10p. HIGH stability. y,w 2% 10 ohms to 1 meg., 12p. · -BRIDGE RECTIFIER 200V PIV y, amp SOp. 8 amp £2.SO. Ditto 5%. Preferred values 10 ohms to 10 meg ., Sp. TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. . .-.,.,.:·~=,..,~:-=-::-:=:1:'1":~-n;;--:,--,----~----MANY OTHER TOGGLES IN. STOCK. Pleaaeenquire. ELECTRO MAGNEffC · 

=~:o~~~~~~~~~~:m~~~~·3~;:~~~0~-a~~~~~~--~~-. PENDULUM MECHANISM 95p Post 30p . WIRE-WOUND RESISTORS 5 watt, 10 watt. 1 5 watt 1Sp. 1.5V DC operatron over 300 hours contrnuous on SP2 CASSETTE MOTO_R. 6 volt £1 .00. battery, fully adJustable swrng and speed . Ideal displays , CASSETTE MECHANISM . Mono heads, no motor £3 .00. teaching electro magnetrsm or metronome, strobe, etc. 

BAKER-SUPERB £24 
12in 2 5 Watt . Post £1 60 
Quality loudspeaker, low cone resonance 
ensures clear reproduction of the deepest 
bass . Special copper drive and concentric 
tweeter cone. Full range reproduction with 
remarkable efficiency in the upper 
~gister. 

Bass resonance 2 5 cIs 
Useful response . 20-1 7,000 cis 
8 or 16 ohms models 

BAKER .. BIG-SOUND" SPEAKERS. Post £1 .60 
'Group 100' 'Disco 100' . 'Group 50/15' 

~~~n:tt . £29 ~6~n~~tt £29 j~:~ £35 
8 or 16 ohm . 8 or 1 6 ohm ; 8 or 16 ohm 

LOUDSPEAKER, 12 INCH. 80 WATT. 
GROUP 50112,4 OR 8 OR 16 OHM HIGH POWER . 

~~~~~~~~~b-~~~555 1~P~Al QUALITY: £25. 
MASSIVE CERAMIC MAGNET Post £1.60 

NIUM PRESENCE CENTRE DOME. . 
TEAK VENEERED HI-FI SPEAKER CABI 

For 1 3x8in . or Bin. speaker £9.50 Post £1 .00 
For 61f2in . speaker and tweeter £8.50 Post 75p 
Many other cabinets in stock . Phone your requirements. 
SPEAKER COVERING MATERIALS. Samples.Large S.A.E. 

CABINET NG 18in wide 20p ft . 

R .C. S. 1 00 wan .... --~--=-....._. .,--::=:-"''t 
VALVE 

AMPLIFIER 

CHASSIS 

Four inputs . Four way mixing, master volume, treble and bass · 
controls: Suits all speakers. This professional quality amplifier chassrs ts ·suttabte for all groups, disco, PA, where high quality . 
power IS requtred . 5 speaker outputs. AC mains operated. Slave · 
output socket. Produced by demand for a quality valve amplifier. 
~~i~:b\~~a~~fnu~ ~~~~;; £l 

0 ~~~~~- £1 0 5 c~~rnd ~~r 6e;flet. 

'oooDMANS TWIN AXIOM 8 inch dual cone loudspeaker. 8 
ohm, 15 watt hi-li unit £10.50. 
-CROSSOVERS. TWO-WAY 3000 cis 3 or 8 or 15 ohm 
£1.90. 3-way 950 cps/3000 cps, £2.20. 
LOUDSPEAKERS PM 3 OHM 7x4in. £1.50; 6Y2in., £1.95; 
8x5in., £1.90; Bin., £2.50. 
SPECIAL OFFER: 80 ohm, 2V.in ., 2%in ., 35 ohm, 3in ., 
25ohm, 2'hin ., 3in ., 5x3in ., 7x4in ., 8 ohm, 2Y,in., 3in ., 3Y,in ., · 5in., 15 ohm, 3Y,in . dia , 6x4in. , 7x4in ., 5x3in ., 

. 3 ohm, 2Y>in .. 2o/ain., 3 1hin., Sin. dia. £1.50 each. 
PHILIPS LOUDSPEAKER, Bin., 4 ohms, 4 watts, £2.50. 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W £2.SO. 1 Oin. diameter 5W £3.SO; 
1 2in . diameter 6W £4.50. 3/811 5 ohms, please state . 
MOTOROLA PIEZO ELECTRIC HORN TWEETER. £8.50 
Handles up to 1 00 watts. No crossover required . 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy job. Size 6'14 K 4% x 2in . £1.50 

BAKER 150WATT~ · 
PROFESSIONAL 
MIXER AMPLIFIER 
~All purpOse -trcinsistorised . · . 
·Ideal for Groups, Disco 
and P.A. 4 inputs speech and music. 4 way mixing . . 

· Output 4 8116 ohms. A . C. Mains. Separate treble and bass controls. Master volume control. 
1 00 volt line model £99 £85 £1.60carr. 
BAKER 50 WATT 
AMPLIFIER 

£65 Post £1.60 

Superior quality ideal for Hails/ PA systems, Disco's and Groups: 
Two inputs with Mixer Volume Controls. Master Bass, Treble and 
Gain Controls . 50 watts RMS . Three loudspeaker outlets 4, 8, 16 
ohm . AC 240V (120V available). Slue on black cabinet. 

. ANS RUBBER 
SURROUND BASS WOOFER 
Standard f2in . diameter fixing with 
cut sides 1 2 · · x 1 0 . 14.000 Gauss 
magnet . 20 watts R.M .S. 4 ohm 
imp. Bass resonance = _30 c.p .s. 
Frequency response 30-8000 c.p.s . 

each Post £1 . 

X 2 ',4" 4Sp 
JACK PLUGS Mono 2Sp; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 3Sp. 
JACK SOCKETS Mono Open 20p; Closed 2Sp. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS- Cable end 30p. 
2.5mm and 3.Smm JACK SOCKETS 1Sp. 
2.Smm and 3.5mm JACK PLUGS 15p. 
·DIN TYPE CONNECTORS 
Sockets 3-pin, S-pin 10p. Free Sockets 3-pin, S-pin 25p. 
Plugs 3-pin 20p; S-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phono Plugs ea. 1 Sp. 
TV CONVERGENCE POTS 1Sp each. 
Values= 5. 7, 10, 20. 50. 100,200. 250. 470. 2000 ohms . . · M·or..o . i>iii:-AMPtm'Eif.-. Mains · operated 
solid state pre-amplifier unit designed to 
complement amplifiers without low level 
phono and tape input stages. This free
standing cabinet incorporates circuitry for 
automatic R.I.A.A. equalisation on magnetic 
phono input and N.A.B. equalisation for tape 
heads. Phono sockets for input and output. 

£5 
Post 50p RADIO--Cfi-MPilNENT SPECIALISTS 33~~nH9~!.Ec~~e~~~~d~v<>:a~:o~~n°s~~2~ _Radio Books and Components Lists 20p. (Minimum posting charge 30p.) Access or Barclaycard please. Telephone: 01-684 1665 for same day despatch. 



COMPONENTS STOCKED 

::w 11 ~7 ~1~!!:.~o~~r:nl rongo. quolity oompo .. ntl irom lronchiud ;;:;:;::·~~~r:;r~~.:~;; ~:~::::: ;:i;•:;::: 
supp~t~s available in UK. All VAT rnclusiw prices. Ovtr 8.500 hnt lttms plus tnt equipnunt. matan. cable. plugs. skts. ttc. 
lots more. 50p post paidor40ptocalltrsetanyofourbrenchea. • Seecafllogueforfull range 

Having recently opened an additional 10,000 _square 
feet of factory space at our Saffron Walden Site, v:ve 
need to augment our test staff to cater for our In
creasing sales. The Audix product range covers ~he 
sound reinforcement and radio and T.V. ~roadc~stmg 
fields. We ideally need staff experien~e_d m aud1o. test 
procedures and with knowledge of d1g1t_a1 _ and m1cro~ 
processor techniques - howe~er, trammg c~n b 
provided for persons with a work1~g understand_mg of 
electronics and with an enthus1asm for aud1o en
gineering. 

Please write or telephone: 

Audix Limit~d 
Station Road, Wenden, Saffron Walden, Essex 

CB11 4LG 
Tel. Saffron Walden (0799) 40888 

WW - 061 FOR FURTHER DETAILS 
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THYRISTORS 

106A 
1068 
106C 
1060 
liSA 
1168 
116C 
1160 
116M 
126A 
1268 
126C 
1260 
126M 
100 T priceson .r1Hfuest 
Sncltllogutforfullr•ge 

SIEMENS 
LEOS • OPTO 

volts 
400 
400 
400 
400 
400 
400 
400 
400 
400 
450 
800 

emps 
4 
4 
4 
4 
8 
8 
8 
8 
8 

12 
12 
12 
12 
12 

1+ 
0·10 
0-10 
0 -70 
1·00 
1·Z1 
1 .IJ 
2 ·ZO 
2 ·ZO 
1·30 
1-U 
1·16 

RED 7 segdisplays 

I 
8mm C.AN 
HAlOS I 1 -51Lergt 
8mm C.CA Ex bright 
HA1083 1·51 Mod 
18mm C.AN Smoll 
HA1181 1·9S Smoll 
IBmm C.CA 

, 95 i;Lb;is~t HA1183 

~ r 

100 + 300+ 0 ·34 
0-48 
0-40 
0·10 Priotl O·lli on 1·U roq-1·3Z 
1·1& 
0·13 
0-14 
1-47 

.. ~. 
100 0-31 
200 G-44 
300 0·41 . 
400 O·li4 
100 0·10 
200 O·li4 
300 0·11 
400 0·11 
800 1·10 
100 0·13 
200 0-70 
300 0 ·10 
400 0·10 
800 1 ·07 

1.111• 
Rod yell &rn • 
·11 .u ·II 
·44 ·44 ·44 
.JO ·30 ·30 
·14 ·II ·11 

·Z6 ·21 ·ZI 
· 13 TILZ11 .zz 

STOCKISTS FOR : *MAIL ORDER* Please add 40p for p. & p. 10 all orders. 
VERO Telephone orders £10-00 minimum. 
ANTEX 
ELECTROLUBE 
SIFAM 
ARROW HART 

NATIONAL 
TEXAS 
MULLARD 
SIEMENS 
SESCOSEM ~ 

+ many more CREDIT CARDS WELCOME 

LINES FROM OUR VAST STOCKS- IMMEDIATE DELIVERY 
NEW STOCKS BELOW MANUFACTURER'S AV0-8 METER MOVEMENTS lor military 
PRICES: version . Precision 37 .5 m1cro~amp (50t-~a w 1th 
Postage&. pack1ng add SOp per o rder: integral sh':'nt) movement £1 _~_50. 
CALCULATOR CHIPS General 1nstrumen'. PHOTO CONDUCTIVE CELL £1.25 . High 
GIMT4onanti-static_foam 24 P'" O. I.L. socket for wer Cds cell 600 mw for control ClrCUI~s 
use with Bowmar display £1.50 ea. Pack of 25 resistance BOO ohm to 4K. Max volts 240. Soze 
chips£25. IOOfor £10. 500 for £250. 1 v .. v.in. 10for £11, 100 for £100 . . 
BOWMAR 9 DIGIT CALCULATOR DISPLAY DYNAMIC MICROPHONE. Low rmp. Foster 
with PC connector 0.2 dig•ts . Common cathode insert, £1.45, 10for £11 , 100 for_£100. . 

with bezel £1.25 ea . 10 for£10. UHF TUNER BY GEC. 38mc/swothslow motoon 
ORP121ightdependent resostance (Eq = RPY30) . tuning Size 5x3x2in. £3 ea. 10 tor £25, 100 for 

i~A -~~oi0 .J."(, £~~ ~~~(f;~~-mens 55p, 10 ~g. ~~~~r ~~No:':TURE VARICAP TUNER 
for £5, 100 for £40, 1.000 _for £350. . 500pf with tuning knob . soze 3xl '/ox 1 '/,in. £1.25 . 
BECKMAN 500 k"l Tnggerabte clockong ea 10 tor £10,100 for £B5. 
oscillator for use with calculator chops 5v supply ATES U14552 AUDIO I.C. AMPLIFIER 14 
wrth circuit £1, 10 for £B, 100 for £65. PIN D.I.L. 300m . watts 55peach. 1 Olor £4.50. 
BURROUGHS 9 DIGIT Panaplex calculator lOOfor£35. 
display 7 segment 0.25" drgots. Neon type woth GENERAL ELECTRIC 2+2 watt I.C . stereo 
red bezel socket and data. £1.95 ea . 1_0 f~H £17. audio chips with Circuit & data £1.95 each . 
HONE"YW!ll PROXIMITY DETECTOR IN· R c A CD4029AE 16 pin O.I.L . presettage 
·nGRAL AMPLIFIER. Bv D.C. £3.50 ... 10 for up-d~_.:n counter 86p each 25 for £15.00 1 00 lor 
£30 . . . £50 1 000 for £355 (in anti static lubes of 25) 
MULLARD TBIOO. I.C. Aud10 Ampltfier £1 UHF TV TUNER (preamp) wrth BF180 SSp 
eec;h. 1 Q for £1. 100 for £70. 500 for £300. e;ch. s"uilt on p .C. board 2 x 2in (sold Without data) 
RCACA3011 F.M. IF £1 .50. 10 lor £12. 10 lor £4.SO 100 for £3S 1.000 lor £250. 
RCA CA3010AQ F.M. Decoder £2.50. 10 for MARCONI I.C. Oscollator Datol (T099 can) 30p 
£20. each 10 for £2 100 for £15 1.000 for £125 
BU205 MULLARD £1.50 .. ch. 10 for £12_ PLESSEY SL432A I.C. IF ampllfoer [T099 c~~~ 
lOOfor£100. SSp eech. 10 for £150. 100 for £18 . 100 
2N3055 BOV Version T03 Power. 10 lor £3.50. £31 500 lor £150. 
IOOior £23. 5001or £125. l,OOOfor£200. V H .F MODULATORS"forT.V .games SSp. 
DL707 BY HEWLETT-PACKARD. 1st grade 2.tra"n~ istor- on bu ilt P.C. sozes 2 x 2 x 1 Y.,rn . 10 
95p. 6 for £5. 50 for £35. 200 lor £US. for £4 1 00 for £35 500 lor £150 
C ANODE HALF INCH DISPLAY m manufac- R.F Filters lor above modulators 20p each 
w"rerscartods. Co~ponents and COLis on built p . circuit , Size 2 x 2 
MULLARD AD161-AD162 Matched pairs x 1 '/.lin 10 for £3.50 100 for £30 500for £125 
1 paor BOp, 10 pairs £6, 100 paors £50 . HIGH "vOLTAGE T.V. TRIPLER DIODES BY 
Cartonsol 000 paors £250 EX-STOCK. . t.T.T. stick type per 10£1.50, per 100£18. 
RADIATION DETECTORS Quartz Fr bre TBA&ZS ·ATES 5 or 12v voltage regulators 55p 
Dosimeters. Pen type wi th clip w1th lens and scale each . 1 OO m/amps (T099) per 10 £4.50. per 

~:2~: ~~~~~n:~'.V, ~'Qe;or£i6g_ul~o6~:~~io5cf. ~2~~~·Lr~ris0~0c~~e8~· metres lengths (g rey) 
CLOCKING OSCILLATOR (Pye-Oynam rcs ). per 10£2.50, per 100£20, per 1.000 £_165. 
thick film 1mHZ supply 5v 19x25x8mm SSp, 10 IN914 TYPE DIODES tested . uncoded rn boxes 
lor £7. 100 for £60, 500 for £250. . of 1.000 £10, 10.000 for £7S, 100.000 for 
TV TUNERS by Mullard. U.H.F . 38 mcs soze £SOO 
"3'/•x2'/•x1'/.o £2.50 ea. 10 lor £20, 100 for ULTRASONIC TRANSDUCERS. 40Kcls 
£175, 500 lor £750, 1 .000 lor £1,250. £Z.Y5. 10 pairs £25. 100 pa~rs £2ZO. 500 paors 
MULLARD TUNER MODULES wrth data . £

1 
OOO 

LP1171 combined AM / FM IFstrrp £3.50. THORN TRIPLER UNIT. 16-lBKv £1.BO ea. 
LPII 7g FM front end woth AM tunong gang. used For 850-950 X 1400 T.V. 10 for £15. 100 for 
withLP1171 £3.50. LP117 1 and 79 paor£5.75, £120. 

~~~~~~o~~s:·~g~l~li~~o~~~I~BLE REG. ~!L:~!~n~~ ~~~NM~TISO~y ~;i;i~~ ~;d;atJsj 
5volt 1OOm amp variable 1.8-24v SSp ea .. 10 lor ohms 1 I 00 ohms 2.2k. 220 ohms 4. 7k. 4 70 
£5 100 for £35, 1.000 for £300. . ohms 4 7k List price £3.50. Per 10 £1 .SO ea. Per 
MULLARD LP1 157 AM 1Uner modules woth 100 £1_2!;. Per 1.000£1.00. All at £1.75 each 
corcuit £2 .50 ea. 10 for £20, 100 for £175. WIRE WOUND MINIATURE. M.P .C. Controls 
LUSTRAPHONE RIBBON MIKE £1.50, pre BritishmadeM / 2113 . AIIat60peach. 47ohms 
amp on chassis 3x2x1on. 10 for £12.50. Z.2k. 220 ohms 4. 7k. 4 70 ohms 1 Ok. 1 k/ohm 
5 WATT GOULD-ADVANCE AMPLIFIER 47k. Per 10 SOp. Per 100 45p. Per 1.000 40p. 
(built ) 500kc into 2K input 4 -8 ohms w1th data £3. 

. . .. w Allmailto: 

-~ a· ENR~' ~ 404Edgware Rd _, London W2 England 
11"' i1"i'h V:n·~- Phone 01-723 1008 

EXPORT ORDERS add ten per cent for carriage and packing. Payment in Sterling. 
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·: SK ON BOARD MEMORY! 
5K RAM, 3K ROM or 4K RAM, 4K ROM (link select· 

. able). Kit supplied with 3K RAM, 3K ROM . System 
expandable for up 1o 32K memory. 

2 KEYBOARDS! 
56 Key alphanumeric keyboard for en1ering high level 
language plus 16 key Hex pad for easy entry of machine 
code. 

GRAPHICS! 
64 character graphics option - includes 
transist?r symbols! Only £18 .20 extra! 

MEMORY MAPPED 
High resolution VDU circuitry using dis
crete TTL for extra flexibility. Has its own 

.2K memory to give 32 lines for 64 cha· 
racters. · 

KANSAS CITY 
low error rate tape interface. 

COMPLETE 
KIT 

2 MICROPROCESSORS 
Z80 the powerful CPU with 158 instruc1ion, including 
all 78 of the 8080," controls the MM57109 number 
cruncher. Functions include +, -. •. /,squares, roots, 
logs exponentials, trig functions, inverses, etc . 

Range 1 o-99 to 9 X 1g-99 to 8 figures plus 2 exponent 
digits. 

EFFICIENT OPERATION 
Why waste valuable memory on sub routines for 
numeric processing? The number cruncher handles 
everything internally! 

RESIDENT BASIC 
With extended mathematical capability . 
Only 2K memory used but more powerful 
than most 8K Basics! · 

1K MONITOR 
Residen1 in EPROM 

SINGLE BOARD DESIGN 
Even keyboards and power ·suppiy cir
cuitry on the superb quality double-sided 
~at~d through-hole PCB. 

Only 

£275.00 
+VAT 

Cabinet Size 19.0" x 15. 7" x 3 .3" 
Television by cour1esy of Rumbelows Ltd. , price £58 .62 

PDWERTRAN PSI Comp 80 Z80. Based powerful scientific computer. 
Design as published in Wireless World, April-September, 1979. 

The kit for this outstandingly practical design by John Adams being published in a series of articles in Wireless World really is complete! 

Included in the PSI COMP 80 scientific computer kit is a professionally finished cabinet, fibre-glass double sided, plated-through-hole printed circuit board, 2 

keyboards PCB mounted for ease of construction, IC sockets, high reliability metal oxide resistors, power supply using custom designed toroidal transformer, 2 K 
Basic and 1 K monitor in EPROMS and, of course, wire, nuts, bolts, etc. 

PSI COMP 80 Memory Expansion 
System · 

Expansion up to 32K all inside the computer's own cabinet! 

By carefully thought-out engineering a mother board with buffers and its 
own power supply (powered by the computer's transformer) enables up to 
3 BK RAM or BK ROM boards to be fitted neatly inside the computer 
cabinet. Connections to the mother board from the main board expansion 
sock!lt is made via a ribbon cable. 

MOU.Boent: 

IK Stlltic 
RAM board 

8K 
ROMbollnl 

Fibre glass double sided plated through hole P .C. B. 
8. 7" x 3.0" set of all components including all 
brackets, fixing parts and ribbon cable with socket 
to connect to expansion plug £39.90 

Fibre glass double sided plated through hole P.C. B. 
5.6" X 4.8" .. . .. . . . .. . . . . . . .. . £12.50 
Set of components including IC socke1s, plug and 
socket bu1 excluding RAMs £11.20 
2114L RAM (16 required) . . . . . . . . . . £5.00 
Complete set of board, components. 16 RAMS 

£89.50 

Fibre glass double sided plated through hole P.C.B. 
5.6" X 4.8" . . . . . . . . . . . . . . . . . . £12.40 
Set of components including IC sockets, plug and 
socket but excluding ROMs £10.70 
2708 ROM (8 requ ired) . £8 .00 
Complete set of board, components, 8 ROMs 

£78.50 

Floppy Disk . PROM programmer and printer interface coming shortly! 

Value Added Tax not included in ·prices 
I . 

PRICE STABILITY: Order with confidence! Irrespective of any price 
changes we will honour all prices 1n this advertisement until December 
31st. 1979, if this month's advertisement is mentioned with your order 
Errors and VAT rate changes excluded . 

EXPORT ORDERS: No VAT. - Postage charged at actual cost plus 50p 
·handling and documentation . 

U.K. ORDERS. Subject 1o 15% surcharge for VAT". NO charge is made for . 
carriage. "Or curren1 rate if changed . 

SECURICOR OELIVERY: For this optional service (U .K. mainland only) 
add £2.50 (VAT inclusive) per kit. 

PCB size 16.0" x 12.5" 

UK Carriage FREE 

POWERTRAN COMPUTERS 
(a division of POWERTRAN ELECTRONIC$) 

PORTWAY INDUSTRIAL ESTATE ANDOVER 
ANDOVER HANTS SP1 0 3NN (0264) 64455 

117 



COMPONENTS STOCKED 

::w 11 ~7 ~1~!!:.~o~~r:nl rongo. quolity oompo .. ntl irom lronchiud ;;:;:;::·~~~r:;r~~.:~;; ~:~::::: ;:i;•:;::: 
supp~t~s available in UK. All VAT rnclusiw prices. Ovtr 8.500 hnt lttms plus tnt equipnunt. matan. cable. plugs. skts. ttc. 
lots more. 50p post paidor40ptocalltrsetanyofourbrenchea. • Seecafllogueforfull range 

Having recently opened an additional 10,000 _square 
feet of factory space at our Saffron Walden Site, v:ve 
need to augment our test staff to cater for our In
creasing sales. The Audix product range covers ~he 
sound reinforcement and radio and T.V. ~roadc~stmg 
fields. We ideally need staff experien~e_d m aud1o. test 
procedures and with knowledge of d1g1t_a1 _ and m1cro~ 
processor techniques - howe~er, trammg c~n b 
provided for persons with a work1~g understand_mg of 
electronics and with an enthus1asm for aud1o en
gineering. 

Please write or telephone: 

Audix Limit~d 
Station Road, Wenden, Saffron Walden, Essex 

CB11 4LG 
Tel. Saffron Walden (0799) 40888 

WW - 061 FOR FURTHER DETAILS 
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THYRISTORS 

106A 
1068 
106C 
1060 
liSA 
1168 
116C 
1160 
116M 
126A 
1268 
126C 
1260 
126M 
100 T priceson .r1Hfuest 
Sncltllogutforfullr•ge 

SIEMENS 
LEOS • OPTO 

volts 
400 
400 
400 
400 
400 
400 
400 
400 
400 
450 
800 

emps 
4 
4 
4 
4 
8 
8 
8 
8 
8 

12 
12 
12 
12 
12 

1+ 
0·10 
0-10 
0 -70 
1·00 
1·Z1 
1 .IJ 
2 ·ZO 
2 ·ZO 
1·30 
1-U 
1·16 

RED 7 segdisplays 

I 
8mm C.AN 
HAlOS I 1 -51Lergt 
8mm C.CA Ex bright 
HA1083 1·51 Mod 
18mm C.AN Smoll 
HA1181 1·9S Smoll 
IBmm C.CA 

, 95 i;Lb;is~t HA1183 

~ r 

100 + 300+ 0 ·34 
0-48 
0-40 
0·10 Priotl O·lli on 1·U roq-1·3Z 
1·1& 
0·13 
0-14 
1-47 

.. ~. 
100 0-31 
200 G-44 
300 0·41 . 
400 O·li4 
100 0·10 
200 O·li4 
300 0·11 
400 0·11 
800 1·10 
100 0·13 
200 0-70 
300 0 ·10 
400 0·10 
800 1 ·07 

1.111• 
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·11 .u ·II 
·44 ·44 ·44 
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STOCKISTS FOR : *MAIL ORDER* Please add 40p for p. & p. 10 all orders. 
VERO Telephone orders £10-00 minimum. 
ANTEX 
ELECTROLUBE 
SIFAM 
ARROW HART 

NATIONAL 
TEXAS 
MULLARD 
SIEMENS 
SESCOSEM ~ 

+ many more CREDIT CARDS WELCOME 

LINES FROM OUR VAST STOCKS- IMMEDIATE DELIVERY 
NEW STOCKS BELOW MANUFACTURER'S AV0-8 METER MOVEMENTS lor military 
PRICES: version . Precision 37 .5 m1cro~amp (50t-~a w 1th 
Postage&. pack1ng add SOp per o rder: integral sh':'nt) movement £1 _~_50. 
CALCULATOR CHIPS General 1nstrumen'. PHOTO CONDUCTIVE CELL £1.25 . High 
GIMT4onanti-static_foam 24 P'" O. I.L. socket for wer Cds cell 600 mw for control ClrCUI~s 
use with Bowmar display £1.50 ea. Pack of 25 resistance BOO ohm to 4K. Max volts 240. Soze 
chips£25. IOOfor £10. 500 for £250. 1 v .. v.in. 10for £11, 100 for £100 . . 
BOWMAR 9 DIGIT CALCULATOR DISPLAY DYNAMIC MICROPHONE. Low rmp. Foster 
with PC connector 0.2 dig•ts . Common cathode insert, £1.45, 10for £11 , 100 for_£100. . 

with bezel £1.25 ea . 10 for£10. UHF TUNER BY GEC. 38mc/swothslow motoon 
ORP121ightdependent resostance (Eq = RPY30) . tuning Size 5x3x2in. £3 ea. 10 tor £25, 100 for 

i~A -~~oi0 .J."(, £~~ ~~~(f;~~-mens 55p, 10 ~g. ~~~~r ~~No:':TURE VARICAP TUNER 
for £5, 100 for £40, 1.000 _for £350. . 500pf with tuning knob . soze 3xl '/ox 1 '/,in. £1.25 . 
BECKMAN 500 k"l Tnggerabte clockong ea 10 tor £10,100 for £B5. 
oscillator for use with calculator chops 5v supply ATES U14552 AUDIO I.C. AMPLIFIER 14 
wrth circuit £1, 10 for £B, 100 for £65. PIN D.I.L. 300m . watts 55peach. 1 Olor £4.50. 
BURROUGHS 9 DIGIT Panaplex calculator lOOfor£35. 
display 7 segment 0.25" drgots. Neon type woth GENERAL ELECTRIC 2+2 watt I.C . stereo 
red bezel socket and data. £1.95 ea . 1_0 f~H £17. audio chips with Circuit & data £1.95 each . 
HONE"YW!ll PROXIMITY DETECTOR IN· R c A CD4029AE 16 pin O.I.L . presettage 
·nGRAL AMPLIFIER. Bv D.C. £3.50 ... 10 for up-d~_.:n counter 86p each 25 for £15.00 1 00 lor 
£30 . . . £50 1 000 for £355 (in anti static lubes of 25) 
MULLARD TBIOO. I.C. Aud10 Ampltfier £1 UHF TV TUNER (preamp) wrth BF180 SSp 
eec;h. 1 Q for £1. 100 for £70. 500 for £300. e;ch. s"uilt on p .C. board 2 x 2in (sold Without data) 
RCACA3011 F.M. IF £1 .50. 10 lor £12. 10 lor £4.SO 100 for £3S 1.000 lor £250. 
RCA CA3010AQ F.M. Decoder £2.50. 10 for MARCONI I.C. Oscollator Datol (T099 can) 30p 
£20. each 10 for £2 100 for £15 1.000 for £125 
BU205 MULLARD £1.50 .. ch. 10 for £12_ PLESSEY SL432A I.C. IF ampllfoer [T099 c~~~ 
lOOfor£100. SSp eech. 10 for £150. 100 for £18 . 100 
2N3055 BOV Version T03 Power. 10 lor £3.50. £31 500 lor £150. 
IOOior £23. 5001or £125. l,OOOfor£200. V H .F MODULATORS"forT.V .games SSp. 
DL707 BY HEWLETT-PACKARD. 1st grade 2.tra"n~ istor- on bu ilt P.C. sozes 2 x 2 x 1 Y.,rn . 10 
95p. 6 for £5. 50 for £35. 200 lor £US. for £4 1 00 for £35 500 lor £150 
C ANODE HALF INCH DISPLAY m manufac- R.F Filters lor above modulators 20p each 
w"rerscartods. Co~ponents and COLis on built p . circuit , Size 2 x 2 
MULLARD AD161-AD162 Matched pairs x 1 '/.lin 10 for £3.50 100 for £30 500for £125 
1 paor BOp, 10 pairs £6, 100 paors £50 . HIGH "vOLTAGE T.V. TRIPLER DIODES BY 
Cartonsol 000 paors £250 EX-STOCK. . t.T.T. stick type per 10£1.50, per 100£18. 
RADIATION DETECTORS Quartz Fr bre TBA&ZS ·ATES 5 or 12v voltage regulators 55p 
Dosimeters. Pen type wi th clip w1th lens and scale each . 1 OO m/amps (T099) per 10 £4.50. per 

~:2~: ~~~~~n:~'.V, ~'Qe;or£i6g_ul~o6~:~~io5cf. ~2~~~·Lr~ris0~0c~~e8~· metres lengths (g rey) 
CLOCKING OSCILLATOR (Pye-Oynam rcs ). per 10£2.50, per 100£20, per 1.000 £_165. 
thick film 1mHZ supply 5v 19x25x8mm SSp, 10 IN914 TYPE DIODES tested . uncoded rn boxes 
lor £7. 100 for £60, 500 for £250. . of 1.000 £10, 10.000 for £7S, 100.000 for 
TV TUNERS by Mullard. U.H.F . 38 mcs soze £SOO 
"3'/•x2'/•x1'/.o £2.50 ea. 10 lor £20, 100 for ULTRASONIC TRANSDUCERS. 40Kcls 
£175, 500 lor £750, 1 .000 lor £1,250. £Z.Y5. 10 pairs £25. 100 pa~rs £2ZO. 500 paors 
MULLARD TUNER MODULES wrth data . £

1 
OOO 

LP1171 combined AM / FM IFstrrp £3.50. THORN TRIPLER UNIT. 16-lBKv £1.BO ea. 
LPII 7g FM front end woth AM tunong gang. used For 850-950 X 1400 T.V. 10 for £15. 100 for 
withLP1171 £3.50. LP117 1 and 79 paor£5.75, £120. 

~~~~~~o~~s:·~g~l~li~~o~~~I~BLE REG. ~!L:~!~n~~ ~~~NM~TISO~y ~;i;i~~ ~;d;atJsj 
5volt 1OOm amp variable 1.8-24v SSp ea .. 10 lor ohms 1 I 00 ohms 2.2k. 220 ohms 4. 7k. 4 70 
£5 100 for £35, 1.000 for £300. . ohms 4 7k List price £3.50. Per 10 £1 .SO ea. Per 
MULLARD LP1 157 AM 1Uner modules woth 100 £1_2!;. Per 1.000£1.00. All at £1.75 each 
corcuit £2 .50 ea. 10 for £20, 100 for £175. WIRE WOUND MINIATURE. M.P .C. Controls 
LUSTRAPHONE RIBBON MIKE £1.50, pre BritishmadeM / 2113 . AIIat60peach. 47ohms 
amp on chassis 3x2x1on. 10 for £12.50. Z.2k. 220 ohms 4. 7k. 4 70 ohms 1 Ok. 1 k/ohm 
5 WATT GOULD-ADVANCE AMPLIFIER 47k. Per 10 SOp. Per 100 45p. Per 1.000 40p. 
(built ) 500kc into 2K input 4 -8 ohms w1th data £3. 

. . .. w Allmailto: 

-~ a· ENR~' ~ 404Edgware Rd _, London W2 England 
11"' i1"i'h V:n·~- Phone 01-723 1008 

EXPORT ORDERS add ten per cent for carriage and packing. Payment in Sterling. 

WIRELESS WORLD, DECEMBER 1979 

·: SK ON BOARD MEMORY! 
5K RAM, 3K ROM or 4K RAM, 4K ROM (link select· 

. able). Kit supplied with 3K RAM, 3K ROM . System 
expandable for up 1o 32K memory. 

2 KEYBOARDS! 
56 Key alphanumeric keyboard for en1ering high level 
language plus 16 key Hex pad for easy entry of machine 
code. 

GRAPHICS! 
64 character graphics option - includes 
transist?r symbols! Only £18 .20 extra! 

MEMORY MAPPED 
High resolution VDU circuitry using dis
crete TTL for extra flexibility. Has its own 

.2K memory to give 32 lines for 64 cha· 
racters. · 

KANSAS CITY 
low error rate tape interface. 

COMPLETE 
KIT 

2 MICROPROCESSORS 
Z80 the powerful CPU with 158 instruc1ion, including 
all 78 of the 8080," controls the MM57109 number 
cruncher. Functions include +, -. •. /,squares, roots, 
logs exponentials, trig functions, inverses, etc . 

Range 1 o-99 to 9 X 1g-99 to 8 figures plus 2 exponent 
digits. 

EFFICIENT OPERATION 
Why waste valuable memory on sub routines for 
numeric processing? The number cruncher handles 
everything internally! 

RESIDENT BASIC 
With extended mathematical capability . 
Only 2K memory used but more powerful 
than most 8K Basics! · 

1K MONITOR 
Residen1 in EPROM 

SINGLE BOARD DESIGN 
Even keyboards and power ·suppiy cir
cuitry on the superb quality double-sided 
~at~d through-hole PCB. 

Only 

£275.00 
+VAT 

Cabinet Size 19.0" x 15. 7" x 3 .3" 
Television by cour1esy of Rumbelows Ltd. , price £58 .62 

PDWERTRAN PSI Comp 80 Z80. Based powerful scientific computer. 
Design as published in Wireless World, April-September, 1979. 

The kit for this outstandingly practical design by John Adams being published in a series of articles in Wireless World really is complete! 

Included in the PSI COMP 80 scientific computer kit is a professionally finished cabinet, fibre-glass double sided, plated-through-hole printed circuit board, 2 

keyboards PCB mounted for ease of construction, IC sockets, high reliability metal oxide resistors, power supply using custom designed toroidal transformer, 2 K 
Basic and 1 K monitor in EPROMS and, of course, wire, nuts, bolts, etc. 

PSI COMP 80 Memory Expansion 
System · 

Expansion up to 32K all inside the computer's own cabinet! 

By carefully thought-out engineering a mother board with buffers and its 
own power supply (powered by the computer's transformer) enables up to 
3 BK RAM or BK ROM boards to be fitted neatly inside the computer 
cabinet. Connections to the mother board from the main board expansion 
sock!lt is made via a ribbon cable. 

MOU.Boent: 

IK Stlltic 
RAM board 

8K 
ROMbollnl 

Fibre glass double sided plated through hole P .C. B. 
8. 7" x 3.0" set of all components including all 
brackets, fixing parts and ribbon cable with socket 
to connect to expansion plug £39.90 

Fibre glass double sided plated through hole P.C. B. 
5.6" X 4.8" .. . .. . . . .. . . . . . . .. . £12.50 
Set of components including IC socke1s, plug and 
socket bu1 excluding RAMs £11.20 
2114L RAM (16 required) . . . . . . . . . . £5.00 
Complete set of board, components. 16 RAMS 

£89.50 

Fibre glass double sided plated through hole P.C.B. 
5.6" X 4.8" . . . . . . . . . . . . . . . . . . £12.40 
Set of components including IC sockets, plug and 
socket but excluding ROMs £10.70 
2708 ROM (8 requ ired) . £8 .00 
Complete set of board, components, 8 ROMs 

£78.50 

Floppy Disk . PROM programmer and printer interface coming shortly! 

Value Added Tax not included in ·prices 
I . 

PRICE STABILITY: Order with confidence! Irrespective of any price 
changes we will honour all prices 1n this advertisement until December 
31st. 1979, if this month's advertisement is mentioned with your order 
Errors and VAT rate changes excluded . 

EXPORT ORDERS: No VAT. - Postage charged at actual cost plus 50p 
·handling and documentation . 

U.K. ORDERS. Subject 1o 15% surcharge for VAT". NO charge is made for . 
carriage. "Or curren1 rate if changed . 

SECURICOR OELIVERY: For this optional service (U .K. mainland only) 
add £2.50 (VAT inclusive) per kit. 

PCB size 16.0" x 12.5" 

UK Carriage FREE 

POWERTRAN COMPUTERS 
(a division of POWERTRAN ELECTRONIC$) 

PORTWAY INDUSTRIAL ESTATE ANDOVER 
ANDOVER HANTS SP1 0 3NN (0264) 64455 
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The new Nevenco range ~f mixing consoles is low on cost and high on quality and performance . designed exclusively for non-profit organisations; the Christian communicatof. broadcaster. music or programme p~oducer ; and for uni~ersiti es. college~ and training studios with specialised needs and the ever-growmg demand for sophisticated production . 
The Philippian Pon.ble: 8 mono or stereo inputs, 2 programme and 2 auxiliary outputs. The Philippien Studio: Desk-mounted version with studio interface The _Ephesian Console: 1 6 input. 4 bus full production console for the prog ra mme and small music 
studiO 
The C~rinth'-t Console: 1 6 to 24 input, 8 bus for stereo and simultaneous mono multi-purpose 
recordm~ and TV Sound . . . . . . . . All f~ature w1de band low d1stort1on. low no1se and high reliability together w1th detailed attention to facil1ties and layout to your needs -the sort of equipment you would expect from Rupert and Evelyn Neve, Geoff Watts and Alan Foster, pioneers of the world 's most advanced audio consoles. 

·ww- .115 FOR FURTHER DETAILS 

ORGAN and PIANO 
KEYBOARDS 

Price 
inc. VAT 

4-0ctave C-C £32.20 
5-0ctave C-C £34.50 
5-0ctave F-F £34.50 
6-0ctave C-C £36.80 

DALSTON ELECTRONICS 
40a Dalston Lane, Dalston Junction 
London, ES 2AZ Tel: 01-249 5624 

WW- 108 FOR FURTHER DETAILS 

P&P 

£2.75 
£2.75 
£2 .75 
£3.00 

WIRELESS WORLD. DECEMBER 1979 

ANY MAKE-UP OR 

COPY QUERIES 

CONTACT 

JOHN GIBBON· 

OR TONY FAYERS 

01-2&1 8353 

K•A~fl A 150 MIXER AMPLIFIER 
150 WATTS SINE WAVE POWER / ............................ ..... " .. £149.50 

inc. VAT 

Mono, all purpose, reliable, strongly made (3/a" Ali frame) . 
Double anodised facia . Full electronic short circuit protection . 
Six independent inputs : Dual Phono. RIAA. change-over fader for Discos. 
TwinJackoutputsockets: 80 150W; 40100W; 16080W. (R .M.S .) 

K.A.C. Electronic lnv. Ltd., 20 Priory St., Tonbridge. Kent 
CALL FOR DEM or PHONE (0732) 358109 FOR LEAFLET 

WW-037 FOR FURTHER DETAILS 

~rsholf INTEGRAL TUNERMODULE 7254 

Write or telephone for free brochure 
which gives full technical details and 
application notes for this and other 
Larsholt products . 

Price : 9005 (Kit) 
£33 .50 + £5 .02 VAT 

The 7254 tunerset is Larsholt's latest integrated tunerhead, IF and decoder. It combines a tunerhead IC system that incorporates PIN diode age action with a 
balanced mixer for exceptional strong signal performance in crowded European FM conditions. The AFC is driven via an operational amplifier into the main 
tuning voltage lines, thereby tracking all tuned circuits simultaneously . 
- 7254 is prepared for digital frequency reading by an inbuilt buffer stage. General construction is consistent with Larsholt's established reputation as 
manufacturers of high quality electronic modules. 

Price: 7254£27.50 + £4.12VAT 

LARSHOLT ELECTRONICS 
OK 4622 HAVDRUP- DENMARK 

Ex-stock from : 
AMBIT INTERNATIONAL 
200 North Service Road 

Brentwood, Essex CM14 4SG 
Tel. (0277) 230909 

WW- 009 FOR FURTHER DETAILS 

0 to 60 MINUTES CLOCKWORK TIMER ~~; i~leV~~ :';!f. ~3S~.AC Contacts (no dial). £1.50. P&P 30p 

MERCURY SWITCH 
Size 27m x 5mm. 10 for £5.00 P&P 30p. total 
::;~u£'"9 VAT £6.10. Min . quantity 10. 

230 VOLT AC FAN 
·ASSEMBLY 

Pc;mertul continuously rated AC motor complete 
With 5 blade 6~" or 4 blade 3'~ aluminium fan . 
~,rr ;:~)uoed price £3.00 P&P 65p (£4.20 inc. 

N.M.S. 

21-WAY SELECTOR 
SWITCH with reset coil 
Th~ ingenious electro mechanical device can be 
sw1tched up to 21 positions and can be reset from 
any position by energising the reset coil. 
230/240V AC operation. Unit is mounted on 
strong chassis. Complete with cover. Price £6.50 
P&P 75p (£7.19 inc. VAT & P) . N.M .S. 

A.E.G. CONTACTOR 

~ 
;~ 

Type LS6/L11. Coil 240V 50Hz. Contacts- 3 make: 600V .: 20 amp . 1 
~~ks.600V . 20 amp. Price : £5.50 + 50p P&P (£6.90 inc. VAT. & P) 

TORIN BLOWER ~-
220 / 24ov AC Aperture 10X4\',cm overall size ~-. · · · 16X14cm. Prtce £3.75 P&P 75p (incl VAT ,:$.-·~ 
£5.18) . Other types available. SAE for details . §; .. ~. . N.M .S. \~· .-# . . 

24V DC BLOWER UNIT ,,_ . 
USA made_ 24V DC 0 .8 amp biower that operates wah on 12V 0 4 am 
DC producmg 3~ cu ft man at normal aar pressure . Maximum hous.ing di~ 
11Om~. depth _1nc mo_tor 75mm, nozzle length 19mm, dia 22mm . Ideal 
:~~t~~~;)'.O~I~e~wpment, car. caravan, etc. £4.50 P&P 75p (£6.04 

SMITH BLOWER. 
Type FFB 1706. Small quiet smooth runn ing . 240V. AC operation 
Outpu_t ape~ture 45x40cm . Overall size 135X165cm. Flan ~ mountmg. Pnce £4.25 P&P 75p. (Total : £5.75 incl. p & VAT) . N.M .Sg. 

MINIATURE UNISELECTOR 
i~~V J~Tw&~~ bank (3 non-bridging. 1 homing). £3.00 P&P 35p (£3.8& 

MICRO SWITCHES 
~uv~f'~~~;:r1£~:;;:~~h v~~~ ~ML46. 1 o for £2.50 •. ··- · 
Type 3 115M 906T 10 for £2.50 post paid (£2.88 inc. VAT & P). . • 
BF lever operated 20A . c/o. mf . Unimax USA t 0 for £4 00 
P&P 50p (mm. order 10) (£5.18 inc. VAT & p) · 
D.P. C/ 0 lever m / sw•tch, mfg. by Cherry Co, USA. Precious metal low ;~;s~n~e~tacts. 10 for £2.50. P&P 30p. Total inc . VAT £3.22 '(min 

HEAVY DUTY 
SOLENOID 
Mfg . by Magnetic Devices. 240V AC . 
Intermittent operation . Approx. 201b . pull at 
1.251n. Ex. equip . Tested . Price £4.75 + 
75p P&P (£1.33 inc. VAT & P). A & T 
PYEEYTHER 
240V AC Solenoid. Apwox 11b pull, '!.'' 

~~~e~£~~~~7~a~~~a~n~) :.~es £1 .00 P&P 
WESTOOL TYPE MM8 MODEL 2 

•· . . , · .. :( ': . . 
0 0 · 

t£~~~A~~A~r-r"& ~r• ~bJ~~ at y, inch . Rating 1 Price £1.50 P&P 20p 
18-24V DC 70 ohm Coil Solenoid . Push or Pull . Adjustable travel to 31 16m. F1tted With_ mounting brackets and spa rk suppressor . Size : 100 
~A~~~) 25mm. Pnce: 3 for £2.40 + 30p P&P (min. 3 off) (£3.10 inc . 

240V AC SOLENOID OPERATE~D·~ FLUID VALVE · · 
Ra.ted 1 p.s.i. will handl~ up. to 7 p .s.i._ Forged brass ·. body, sta1nl_~s steel core and spnng % 1n. b .s.p . inlet 
outlet. Precas1on made . British mfg. 
Pnce £3.50 Post 50p (£4.60 me. VAT & P). N.M.S. I 
INSULATION TESTERS . 
(NE~ 0. 
Test to lEE spec. Rugged metal construction . suitable 
~~~~~~~i~ f~~~~~~~~~oh~s~~~t :speed clutch. Size L. 
500 VOLTS 500 megohms 

1000 volt~~Q'lg0P,:~~~~~£57 . 27 inc. VAT & P) .tQ. 

New c construction , v · enam 
embedded winding . heavy duty brush assembly. 

25 
W oontmuously rated. 

20
P 1::J.91 ?~c25V;To6. 150,250. 500. 1k, 1.5k ohm £2.40 Post (£3 
62 

i~ & P) . 50 WATT 250 ohm £2.90 Post 25p 
300~1!50~/ ~~;1 &5

[)
2 
15~~:A~ 115/10/25150/100/250/ VAT & P) · 0 m . £5.90 Post 35p (£7.19 1nc 

:~~~~:~~~rsa~:'R~:~:a~:~i~~~e~~i-n Nos. 1-9, 1 Y2 in . dia brass 

SPECIAL OFFER 
BERCO type L RHEOSTAT 
~5J'.~m 300 wan 1.86 amp £7.50 P&P 50p (Total £9 .20 inc VAT) 

3 phase AC motor, 220/ or 380/440V, 1.425 rpm V. hp cont. Direct 
coupled to yY1Iham Allday Alcosa carbon vane blower / vacuum pump . 0 . 9 elm 8 hg . Pnce £22.00 P&P £2.00 (£27.60 inc. VAT & P) N.M.S. 

:J.ijjii]:Jf111jl1]:l3f11ii1]:J. 
HY-LIGHT STROBE KIT Mk IV iC ~r~~t"~~~~~~O~~~hght tube. Solid state timi~g and triggering * 1-fe De · ned opera tion . Speed adjustable 1-20 fps 
(so .,~lied ~~lar?e) roombess, halls, ate. light output greater than many * iC oue stro .. Prtce£22.00 + £1.50p&p. (Incl. total iC ~~;~10~;'~~-~~~~n~f't•pjnd reflector for Hy-light £8.80 *: 

'fC ~~:.:~Y-UGHT STROBE KIT Pnce £33 + £1 50 p&p (Inc Total *' iC ULTRA VIOLET BLACK LIGHT * 
FLUORESCENT TUBES . * 'fC 4ft 40 watt £8.70 (callers only £10 inc VAT). 2ft 20 watt £6 20 · * 1 iC ~~t 7

8
5p (£7.991nc. VAT & P) . (For use _in stan bi-pin fittings) Mini on watt £2.80. Post 35p (£3.62 me. VAT & P) . 9in 6 .watt * +c ~~29~~~~~;_~<grinc VAT &P) 6in4wan £2 .25Post 3sp * 

-tc ~~~e~~u~~~~t ~~~ l~~~:~~c6·; A~ ,&0~) 1 r~~~ua~~iTa3b?:f~( 1 "!v * . 'fC DC op, £3.50 plus P&P 45p (£4.54 inc. VAT & P) ' 'fC 400 watt uv lamp and ballast complete £31 .50. Post £3 (£39.68 *; 
;~~-4V3AJin~ . ~AT4~~,Watt UV lamp only £11 .25. Post £1.20 . * 

iC·~············••* · ·· ···· ·· · · · - ~ -

SQUAD LIGHT •. . · .. . I 
A new conception in light control ·- :; ' -. . Four _channels each capable of • , ' ~ - ' · · 
handl•ng 750 watts of spotlights . L~ 
or dozens of sm_all mains lamps. S~v~n progr;;;SatlspeeCfCO~'troit'"ad Ius 

.nash modulation. effectively g1vmg 14 different displays . M~es 
~un~-t_o-hght obsolete. Completely electrically and mechanically noise ree . nceonly£60.70(£69.81 incVAT&P). 

• S.A .E. (Foolscap) fo r further details. Post 75p 

WIDE RANGE OF DISCO LIGHTING 
EQUIP_MENT SAE. (Foolscap) for details 

XENON FLASH 
GUN TUBES 
Range of Xenon tubes available from 
stock . S.A.E. for full details 

R E LAYS Wide range of AC and DC relays available 
from stock. Phone or write in your en . 
quiries. 

i~/240V AC Relaya: Arrow. 2 c / o. 15 amp £1 .50 (£1 .96 inc. VAT 

T.E.C. open type 3 c/o. 10 amp £1 .10 (£1.50 inc. VAT & P) 
DC Relaya: Open type 9 / 12V 3 c/o 7 amp £1 .00 (£1.38 in~ . VAT & p ~~ef ?V

7
1 c/o 7 amp octal base. £1 .00 (£1.38 me . VAT & P) . Seale~ 

1 7 
c 0 1 ~mpoctalbase.£1 . 25(£1.671nc.VAT &P) .Sealod12V3 

~mo 
1 

amp -pin. £1.35 _(£1.78 inc. VAT & P). 24V. Sealed 3 c/o 7 
an:R~~~~~~~-·35 (£1 .78 Inc. VAT & P) (amps= contact rating ). P&P on 

zthertype~ available .- phone. for details . . N~ M . S . 
.._is:p";;,"~i~c"::.A{£.~2~~ -C • 2 make contacts. new ITT3 for £1.75 

Diamond H heavy duty AC re lay 230 12 40V AC. two c 1 o contacts 25 
~~!s~~t 250V AC£2.50 P&P 50p. (£3.45 inc. VAT+ P&P) . Special 

FRACMO,MOTOR q· . .. :, . - -·.: ;-.. 

56rp·m·.S01bs inch 240V AC reversible, 0 .7 amp .. '. i?- f '. sharplength 35mm. dia. 16mm. weight 6 kilos • 1 I · 1 

~~~rams. Pnce £15.00 P&P £1 .50 (£18.981. . ) . • . - • j 
FRACMO MOTOR . 
1400 rpm HP 1-30 continuously rated 11 5V AC fitted with · 
~nn:t~~~~~Vc~dle ":'ount1ng. Supplied complete with transformer ~-'M . S .- Cop. £10.00 P&P £1.00 (Total £12.65 inc. VAT) . 

PARVALUX MOTOR TYPE 
S.D.2 
12V DC shunt 1 / JOth ph motor. Continuously 
(;~~~~·i~~3A'f;pt~i~S£10.00 P&P 75p 

PARVALUX 230/250V AC 
MOTOR 
Type SD18 240V AC reversible 30 rpm 50tba 
~c~ .. ;nce £15.00 P&P £1.50 (£18.98 inc. VAT) 

CITENCO 
FHP motor type C 7333/15 220 !240V AC 19 
rpm revers1bl~ motor._ torque 14.5 kg . Gear ratio 
144 : 1 . Brand new mel. capacitor. our price 
~1~~~5 + £1.25 P&P (£17.83 inc . VAT & P) . 

~:~~~:~.;;}i~-~i;~~ 0-fTf ::r: ~nchronous geared mot~r t2.90 

~:::,N(T;;af~~!6~4i~~ 0-fT)\"',;sw~chronous geared motor £2.90 

REVERSIBLE MOTOR 230V A.C 
General Electric 230V AC. 1,600 r.p .m . 0 .25 amp. Complete with 
ant1-V1brat1_on mounttn~ bracket and capacitor . 01 A size 11 Omm x 
~g;~4~8;~~- ~;Ts ~~~)20mm long. Ex-equipment tested £3.00. Post 

BIG INCH 
Tiny precision-built 3 rpm USA motor size only 1 x 1 " 1 OOV AC 
operatlo_n suppl1ed with resistor for 230V. AC . Price : £2.00 P&P 2o ' (£2.53mcl. P & VAT) . 4 for £!i.OO postpaid (£5. 75 incl. VAT) . N . M ~~-· 
12'\f DC GEARED MOTOR 
~::~~~tfo~~:~~-m1niature motor , 6/12V DC operation. Incredibly 
Approx speed at 6V 60 rpm 40 ma 
Approx speed at 9V 80 rpm 50 ma 
Approx speed at 12V 1 20 rpm 60 ma 
~~ ~~~m dia, 38mm length, weight 55 gram . Drive spindle 5 mm x 2 

Price: £2.50 post paid (£2.88 inc. VAT) 

REDUCTION DRIVE 
GEARBOX 
~~~~a 1J 2s~ ~~ ~n::r~!::in~beo lf~ x9~12~. ~8u~~t spindle ¥s x 3in. l ~ng . 
Ex-eqUip. tested. Price : £2.00 + SOp P&P (£2.:~1 i;:;,e~~ ~ln~t~uc~1on~ 

'VENNER TYPE' ER~ TIME ~~ ) .. " SWITCH : ~' · :} : 
200/250VAC30amp.2on/2offevery24hrs . atany ; ~-,~':-; .. ,·.·. : 
ma~u~lly pre-~et t1me: 36-hour spring reserve and day ! 
omlt_tl_ng . dev1c~ . Built to h1ghest Electricity Board -...... 

1 
specificatiOn . Pnce £9.00 P&P 75p . (£11.21). R & T. ~ ,.1. 

~e~~.,o~Ro~~~o!PJ~'.!rl ME SWITCH ~~h v".:i'&~e)s~itch. di
1
amb

1
eter 4 x 3 . :ri~: ~~~~~ ~~~7;pc(;~~~~ _ so a11a1 a e w1th solar d ial. A & T. 

AEG TIMESWITCH 
~~~ 12)5~V AC 1 on/ 1 oH every 24 hours. 80 amp contact (ideal storage 
N .Me~s · prmg reserve £10.00 P&P 50p (Total £12.08 inc. VAT) 

AC MAINS TIMER UNIT 
Based c:n an electric clock, with 25 amp, single.: 
pole SWitch, which can be preset for any period up 
t? 12 hrs. ahea~ to switch on for any length of 
t1m~ .. from 10 m_1ns . to 6 hrs. then switch off . An 
additional 60 m1n. audible timer is also incorpO- !itl~~-
rated. Ideal for Ta~ Recorders. lights. Electric 
Blankets etc. Attract1ve satin copper fin ish . Size 
t35 mm x _t30 mm x 60 mm . Price £2.25 . Post 
40p. (Total me. VAT & Post £3.05). N.M.S 

2-CAM PROGRAMMER 
;~~1ze~ 1 rbm, l15V. A .C Motor operat ing 2 Roller Mtcro switches (4 

· an_ e used on 2_~0V AC w1th either 0 .2 5 mfd 250V Condenser 
~&~· ~~3~:~nocu~dA~e~~~\or 7 wat t (not suppl ted) Pnce £2.50 + _SOp 

MINIATURE 24-HOUR 
TIMESWITCH (German mfr) 
240V A C operat1on Spnng reserve ·, 0 
amp con tacts, one on-off every 24 hours METERS (New)- 90mm Cal•b ra ted '" two hou' step s Mm 1mum 

SAE tor leatl!~5.00 Post BOp (£64.17 inc. VAT & P) DIAMET 1i 
on -o ff penqd 6 hours Day Omiasion. ER Unusua l feature wnh these switches 1s that 

AC Amp., Type 62T2 0 1A 0 -SA 0-20A AC Volt l tn ps may be Jemo d 11 YET ANOTHER OUTSTANDING OFFER 0-15V 0 300V DC Amp, Type 65C5 0· 2A 0- 10A , "·.- ! md1vidual days to b~epr~~r:~m~da~~~~~-New IMFD 600V Dubilier wire ended capacitors 10 for £1 50 P&P 50 0-20A, 0-50A DC Volt 0 15V, 0 30V All types £3.50 • qwed. S•ze on ly 3" x 4" . Depth 2 '4"- Price ~.~~ ://'::::::.:~ ·: Callers . . sERVICE:'TRADING CO''"'"'"" ':·;;; ~ ~~.~:;,:·~:";:~;:~;~"' 
- Ample Parking 

57 BRIDGMAN ROAD CHISWICK LONDON W4 588 01 995 1560 

Showroom open Mon-Fri. ACCOUNT CUSTOMERS MIN. ORDER £10.00 

PERSONAL clui.ERS ONLy 
9 LITTLE NEWPORT STREET, 

LONDON, WC2H 7JJ 
Tel. 01-437 0576 
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The new Nevenco range ~f mixing consoles is low on cost and high on quality and performance . designed exclusively for non-profit organisations; the Christian communicatof. broadcaster. music or programme p~oducer ; and for uni~ersiti es. college~ and training studios with specialised needs and the ever-growmg demand for sophisticated production . 
The Philippian Pon.ble: 8 mono or stereo inputs, 2 programme and 2 auxiliary outputs. The Philippien Studio: Desk-mounted version with studio interface The _Ephesian Console: 1 6 input. 4 bus full production console for the prog ra mme and small music 
studiO 
The C~rinth'-t Console: 1 6 to 24 input, 8 bus for stereo and simultaneous mono multi-purpose 
recordm~ and TV Sound . . . . . . . . All f~ature w1de band low d1stort1on. low no1se and high reliability together w1th detailed attention to facil1ties and layout to your needs -the sort of equipment you would expect from Rupert and Evelyn Neve, Geoff Watts and Alan Foster, pioneers of the world 's most advanced audio consoles. 

·ww- .115 FOR FURTHER DETAILS 

ORGAN and PIANO 
KEYBOARDS 

Price 
inc. VAT 

4-0ctave C-C £32.20 
5-0ctave C-C £34.50 
5-0ctave F-F £34.50 
6-0ctave C-C £36.80 

DALSTON ELECTRONICS 
40a Dalston Lane, Dalston Junction 
London, ES 2AZ Tel: 01-249 5624 

WW- 108 FOR FURTHER DETAILS 

P&P 

£2.75 
£2.75 
£2 .75 
£3.00 

WIRELESS WORLD. DECEMBER 1979 

ANY MAKE-UP OR 

COPY QUERIES 

CONTACT 

JOHN GIBBON· 

OR TONY FAYERS 

01-2&1 8353 

K•A~fl A 150 MIXER AMPLIFIER 
150 WATTS SINE WAVE POWER / ............................ ..... " .. £149.50 

inc. VAT 

Mono, all purpose, reliable, strongly made (3/a" Ali frame) . 
Double anodised facia . Full electronic short circuit protection . 
Six independent inputs : Dual Phono. RIAA. change-over fader for Discos. 
TwinJackoutputsockets: 80 150W; 40100W; 16080W. (R .M.S .) 

K.A.C. Electronic lnv. Ltd., 20 Priory St., Tonbridge. Kent 
CALL FOR DEM or PHONE (0732) 358109 FOR LEAFLET 

WW-037 FOR FURTHER DETAILS 

~rsholf INTEGRAL TUNERMODULE 7254 

Write or telephone for free brochure 
which gives full technical details and 
application notes for this and other 
Larsholt products . 

Price : 9005 (Kit) 
£33 .50 + £5 .02 VAT 

The 7254 tunerset is Larsholt's latest integrated tunerhead, IF and decoder. It combines a tunerhead IC system that incorporates PIN diode age action with a 
balanced mixer for exceptional strong signal performance in crowded European FM conditions. The AFC is driven via an operational amplifier into the main 
tuning voltage lines, thereby tracking all tuned circuits simultaneously . 
- 7254 is prepared for digital frequency reading by an inbuilt buffer stage. General construction is consistent with Larsholt's established reputation as 
manufacturers of high quality electronic modules. 

Price: 7254£27.50 + £4.12VAT 

LARSHOLT ELECTRONICS 
OK 4622 HAVDRUP- DENMARK 

Ex-stock from : 
AMBIT INTERNATIONAL 
200 North Service Road 

Brentwood, Essex CM14 4SG 
Tel. (0277) 230909 

WW- 009 FOR FURTHER DETAILS 

0 to 60 MINUTES CLOCKWORK TIMER ~~; i~leV~~ :';!f. ~3S~.AC Contacts (no dial). £1.50. P&P 30p 

MERCURY SWITCH 
Size 27m x 5mm. 10 for £5.00 P&P 30p. total 
::;~u£'"9 VAT £6.10. Min . quantity 10. 

230 VOLT AC FAN 
·ASSEMBLY 

Pc;mertul continuously rated AC motor complete 
With 5 blade 6~" or 4 blade 3'~ aluminium fan . 
~,rr ;:~)uoed price £3.00 P&P 65p (£4.20 inc. 

N.M.S. 

21-WAY SELECTOR 
SWITCH with reset coil 
Th~ ingenious electro mechanical device can be 
sw1tched up to 21 positions and can be reset from 
any position by energising the reset coil. 
230/240V AC operation. Unit is mounted on 
strong chassis. Complete with cover. Price £6.50 
P&P 75p (£7.19 inc. VAT & P) . N.M .S. 

A.E.G. CONTACTOR 

~ 
;~ 

Type LS6/L11. Coil 240V 50Hz. Contacts- 3 make: 600V .: 20 amp . 1 
~~ks.600V . 20 amp. Price : £5.50 + 50p P&P (£6.90 inc. VAT. & P) 

TORIN BLOWER ~-
220 / 24ov AC Aperture 10X4\',cm overall size ~-. · · · 16X14cm. Prtce £3.75 P&P 75p (incl VAT ,:$.-·~ 
£5.18) . Other types available. SAE for details . §; .. ~. . N.M .S. \~· .-# . . 

24V DC BLOWER UNIT ,,_ . 
USA made_ 24V DC 0 .8 amp biower that operates wah on 12V 0 4 am 
DC producmg 3~ cu ft man at normal aar pressure . Maximum hous.ing di~ 
11Om~. depth _1nc mo_tor 75mm, nozzle length 19mm, dia 22mm . Ideal 
:~~t~~~;)'.O~I~e~wpment, car. caravan, etc. £4.50 P&P 75p (£6.04 

SMITH BLOWER. 
Type FFB 1706. Small quiet smooth runn ing . 240V. AC operation 
Outpu_t ape~ture 45x40cm . Overall size 135X165cm. Flan ~ mountmg. Pnce £4.25 P&P 75p. (Total : £5.75 incl. p & VAT) . N.M .Sg. 

MINIATURE UNISELECTOR 
i~~V J~Tw&~~ bank (3 non-bridging. 1 homing). £3.00 P&P 35p (£3.8& 

MICRO SWITCHES 
~uv~f'~~~;:r1£~:;;:~~h v~~~ ~ML46. 1 o for £2.50 •. ··- · 
Type 3 115M 906T 10 for £2.50 post paid (£2.88 inc. VAT & P). . • 
BF lever operated 20A . c/o. mf . Unimax USA t 0 for £4 00 
P&P 50p (mm. order 10) (£5.18 inc. VAT & p) · 
D.P. C/ 0 lever m / sw•tch, mfg. by Cherry Co, USA. Precious metal low ;~;s~n~e~tacts. 10 for £2.50. P&P 30p. Total inc . VAT £3.22 '(min 

HEAVY DUTY 
SOLENOID 
Mfg . by Magnetic Devices. 240V AC . 
Intermittent operation . Approx. 201b . pull at 
1.251n. Ex. equip . Tested . Price £4.75 + 
75p P&P (£1.33 inc. VAT & P). A & T 
PYEEYTHER 
240V AC Solenoid. Apwox 11b pull, '!.'' 

~~~e~£~~~~7~a~~~a~n~) :.~es £1 .00 P&P 
WESTOOL TYPE MM8 MODEL 2 

•· . . , · .. :( ': . . 
0 0 · 

t£~~~A~~A~r-r"& ~r• ~bJ~~ at y, inch . Rating 1 Price £1.50 P&P 20p 
18-24V DC 70 ohm Coil Solenoid . Push or Pull . Adjustable travel to 31 16m. F1tted With_ mounting brackets and spa rk suppressor . Size : 100 
~A~~~) 25mm. Pnce: 3 for £2.40 + 30p P&P (min. 3 off) (£3.10 inc . 

240V AC SOLENOID OPERATE~D·~ FLUID VALVE · · 
Ra.ted 1 p.s.i. will handl~ up. to 7 p .s.i._ Forged brass ·. body, sta1nl_~s steel core and spnng % 1n. b .s.p . inlet 
outlet. Precas1on made . British mfg. 
Pnce £3.50 Post 50p (£4.60 me. VAT & P). N.M.S. I 
INSULATION TESTERS . 
(NE~ 0. 
Test to lEE spec. Rugged metal construction . suitable 
~~~~~~~i~ f~~~~~~~~~oh~s~~~t :speed clutch. Size L. 
500 VOLTS 500 megohms 

1000 volt~~Q'lg0P,:~~~~~£57 . 27 inc. VAT & P) .tQ. 

New c construction , v · enam 
embedded winding . heavy duty brush assembly. 

25 
W oontmuously rated. 

20
P 1::J.91 ?~c25V;To6. 150,250. 500. 1k, 1.5k ohm £2.40 Post (£3 
62 

i~ & P) . 50 WATT 250 ohm £2.90 Post 25p 
300~1!50~/ ~~;1 &5

[)
2 
15~~:A~ 115/10/25150/100/250/ VAT & P) · 0 m . £5.90 Post 35p (£7.19 1nc 

:~~~~:~~~rsa~:'R~:~:a~:~i~~~e~~i-n Nos. 1-9, 1 Y2 in . dia brass 

SPECIAL OFFER 
BERCO type L RHEOSTAT 
~5J'.~m 300 wan 1.86 amp £7.50 P&P 50p (Total £9 .20 inc VAT) 

3 phase AC motor, 220/ or 380/440V, 1.425 rpm V. hp cont. Direct 
coupled to yY1Iham Allday Alcosa carbon vane blower / vacuum pump . 0 . 9 elm 8 hg . Pnce £22.00 P&P £2.00 (£27.60 inc. VAT & P) N.M.S. 

:J.ijjii]:Jf111jl1]:l3f11ii1]:J. 
HY-LIGHT STROBE KIT Mk IV iC ~r~~t"~~~~~~O~~~hght tube. Solid state timi~g and triggering * 1-fe De · ned opera tion . Speed adjustable 1-20 fps 
(so .,~lied ~~lar?e) roombess, halls, ate. light output greater than many * iC oue stro .. Prtce£22.00 + £1.50p&p. (Incl. total iC ~~;~10~;'~~-~~~~n~f't•pjnd reflector for Hy-light £8.80 *: 

'fC ~~:.:~Y-UGHT STROBE KIT Pnce £33 + £1 50 p&p (Inc Total *' iC ULTRA VIOLET BLACK LIGHT * 
FLUORESCENT TUBES . * 'fC 4ft 40 watt £8.70 (callers only £10 inc VAT). 2ft 20 watt £6 20 · * 1 iC ~~t 7

8
5p (£7.991nc. VAT & P) . (For use _in stan bi-pin fittings) Mini on watt £2.80. Post 35p (£3.62 me. VAT & P) . 9in 6 .watt * +c ~~29~~~~~;_~<grinc VAT &P) 6in4wan £2 .25Post 3sp * 

-tc ~~~e~~u~~~~t ~~~ l~~~:~~c6·; A~ ,&0~) 1 r~~~ua~~iTa3b?:f~( 1 "!v * . 'fC DC op, £3.50 plus P&P 45p (£4.54 inc. VAT & P) ' 'fC 400 watt uv lamp and ballast complete £31 .50. Post £3 (£39.68 *; 
;~~-4V3AJin~ . ~AT4~~,Watt UV lamp only £11 .25. Post £1.20 . * 

iC·~············••* · ·· ···· ·· · · · - ~ -

SQUAD LIGHT •. . · .. . I 
A new conception in light control ·- :; ' -. . Four _channels each capable of • , ' ~ - ' · · 
handl•ng 750 watts of spotlights . L~ 
or dozens of sm_all mains lamps. S~v~n progr;;;SatlspeeCfCO~'troit'"ad Ius 

.nash modulation. effectively g1vmg 14 different displays . M~es 
~un~-t_o-hght obsolete. Completely electrically and mechanically noise ree . nceonly£60.70(£69.81 incVAT&P). 

• S.A .E. (Foolscap) fo r further details. Post 75p 

WIDE RANGE OF DISCO LIGHTING 
EQUIP_MENT SAE. (Foolscap) for details 

XENON FLASH 
GUN TUBES 
Range of Xenon tubes available from 
stock . S.A.E. for full details 

R E LAYS Wide range of AC and DC relays available 
from stock. Phone or write in your en . 
quiries. 

i~/240V AC Relaya: Arrow. 2 c / o. 15 amp £1 .50 (£1 .96 inc. VAT 

T.E.C. open type 3 c/o. 10 amp £1 .10 (£1.50 inc. VAT & P) 
DC Relaya: Open type 9 / 12V 3 c/o 7 amp £1 .00 (£1.38 in~ . VAT & p ~~ef ?V

7
1 c/o 7 amp octal base. £1 .00 (£1.38 me . VAT & P) . Seale~ 

1 7 
c 0 1 ~mpoctalbase.£1 . 25(£1.671nc.VAT &P) .Sealod12V3 

~mo 
1 

amp -pin. £1.35 _(£1.78 inc. VAT & P). 24V. Sealed 3 c/o 7 
an:R~~~~~~~-·35 (£1 .78 Inc. VAT & P) (amps= contact rating ). P&P on 

zthertype~ available .- phone. for details . . N~ M . S . 
.._is:p";;,"~i~c"::.A{£.~2~~ -C • 2 make contacts. new ITT3 for £1.75 

Diamond H heavy duty AC re lay 230 12 40V AC. two c 1 o contacts 25 
~~!s~~t 250V AC£2.50 P&P 50p. (£3.45 inc. VAT+ P&P) . Special 

FRACMO,MOTOR q· . .. :, . - -·.: ;-.. 

56rp·m·.S01bs inch 240V AC reversible, 0 .7 amp .. '. i?- f '. sharplength 35mm. dia. 16mm. weight 6 kilos • 1 I · 1 

~~~rams. Pnce £15.00 P&P £1 .50 (£18.981. . ) . • . - • j 
FRACMO MOTOR . 
1400 rpm HP 1-30 continuously rated 11 5V AC fitted with · 
~nn:t~~~~~Vc~dle ":'ount1ng. Supplied complete with transformer ~-'M . S .- Cop. £10.00 P&P £1.00 (Total £12.65 inc. VAT) . 

PARVALUX MOTOR TYPE 
S.D.2 
12V DC shunt 1 / JOth ph motor. Continuously 
(;~~~~·i~~3A'f;pt~i~S£10.00 P&P 75p 

PARVALUX 230/250V AC 
MOTOR 
Type SD18 240V AC reversible 30 rpm 50tba 
~c~ .. ;nce £15.00 P&P £1.50 (£18.98 inc. VAT) 

CITENCO 
FHP motor type C 7333/15 220 !240V AC 19 
rpm revers1bl~ motor._ torque 14.5 kg . Gear ratio 
144 : 1 . Brand new mel. capacitor. our price 
~1~~~5 + £1.25 P&P (£17.83 inc . VAT & P) . 

~:~~~:~.;;}i~-~i;~~ 0-fTf ::r: ~nchronous geared mot~r t2.90 

~:::,N(T;;af~~!6~4i~~ 0-fT)\"',;sw~chronous geared motor £2.90 

REVERSIBLE MOTOR 230V A.C 
General Electric 230V AC. 1,600 r.p .m . 0 .25 amp. Complete with 
ant1-V1brat1_on mounttn~ bracket and capacitor . 01 A size 11 Omm x 
~g;~4~8;~~- ~;Ts ~~~)20mm long. Ex-equipment tested £3.00. Post 

BIG INCH 
Tiny precision-built 3 rpm USA motor size only 1 x 1 " 1 OOV AC 
operatlo_n suppl1ed with resistor for 230V. AC . Price : £2.00 P&P 2o ' (£2.53mcl. P & VAT) . 4 for £!i.OO postpaid (£5. 75 incl. VAT) . N . M ~~-· 
12'\f DC GEARED MOTOR 
~::~~~tfo~~:~~-m1niature motor , 6/12V DC operation. Incredibly 
Approx speed at 6V 60 rpm 40 ma 
Approx speed at 9V 80 rpm 50 ma 
Approx speed at 12V 1 20 rpm 60 ma 
~~ ~~~m dia, 38mm length, weight 55 gram . Drive spindle 5 mm x 2 

Price: £2.50 post paid (£2.88 inc. VAT) 

REDUCTION DRIVE 
GEARBOX 
~~~~a 1J 2s~ ~~ ~n::r~!::in~beo lf~ x9~12~. ~8u~~t spindle ¥s x 3in. l ~ng . 
Ex-eqUip. tested. Price : £2.00 + SOp P&P (£2.:~1 i;:;,e~~ ~ln~t~uc~1on~ 

'VENNER TYPE' ER~ TIME ~~ ) .. " SWITCH : ~' · :} : 
200/250VAC30amp.2on/2offevery24hrs . atany ; ~-,~':-; .. ,·.·. : 
ma~u~lly pre-~et t1me: 36-hour spring reserve and day ! 
omlt_tl_ng . dev1c~ . Built to h1ghest Electricity Board -...... 

1 
specificatiOn . Pnce £9.00 P&P 75p . (£11.21). R & T. ~ ,.1. 

~e~~.,o~Ro~~~o!PJ~'.!rl ME SWITCH ~~h v".:i'&~e)s~itch. di
1
amb

1
eter 4 x 3 . :ri~: ~~~~~ ~~~7;pc(;~~~~ _ so a11a1 a e w1th solar d ial. A & T. 

AEG TIMESWITCH 
~~~ 12)5~V AC 1 on/ 1 oH every 24 hours. 80 amp contact (ideal storage 
N .Me~s · prmg reserve £10.00 P&P 50p (Total £12.08 inc. VAT) 

AC MAINS TIMER UNIT 
Based c:n an electric clock, with 25 amp, single.: 
pole SWitch, which can be preset for any period up 
t? 12 hrs. ahea~ to switch on for any length of 
t1m~ .. from 10 m_1ns . to 6 hrs. then switch off . An 
additional 60 m1n. audible timer is also incorpO- !itl~~-
rated. Ideal for Ta~ Recorders. lights. Electric 
Blankets etc. Attract1ve satin copper fin ish . Size 
t35 mm x _t30 mm x 60 mm . Price £2.25 . Post 
40p. (Total me. VAT & Post £3.05). N.M.S 

2-CAM PROGRAMMER 
;~~1ze~ 1 rbm, l15V. A .C Motor operat ing 2 Roller Mtcro switches (4 

· an_ e used on 2_~0V AC w1th either 0 .2 5 mfd 250V Condenser 
~&~· ~~3~:~nocu~dA~e~~~\or 7 wat t (not suppl ted) Pnce £2.50 + _SOp 

MINIATURE 24-HOUR 
TIMESWITCH (German mfr) 
240V A C operat1on Spnng reserve ·, 0 
amp con tacts, one on-off every 24 hours METERS (New)- 90mm Cal•b ra ted '" two hou' step s Mm 1mum 

SAE tor leatl!~5.00 Post BOp (£64.17 inc. VAT & P) DIAMET 1i 
on -o ff penqd 6 hours Day Omiasion. ER Unusua l feature wnh these switches 1s that 

AC Amp., Type 62T2 0 1A 0 -SA 0-20A AC Volt l tn ps may be Jemo d 11 YET ANOTHER OUTSTANDING OFFER 0-15V 0 300V DC Amp, Type 65C5 0· 2A 0- 10A , "·.- ! md1vidual days to b~epr~~r:~m~da~~~~~-New IMFD 600V Dubilier wire ended capacitors 10 for £1 50 P&P 50 0-20A, 0-50A DC Volt 0 15V, 0 30V All types £3.50 • qwed. S•ze on ly 3" x 4" . Depth 2 '4"- Price ~.~~ ://'::::::.:~ ·: Callers . . sERVICE:'TRADING CO''"'"'"" ':·;;; ~ ~~.~:;,:·~:";:~;:~;~"' 
- Ample Parking 

57 BRIDGMAN ROAD CHISWICK LONDON W4 588 01 995 1560 

Showroom open Mon-Fri. ACCOUNT CUSTOMERS MIN. ORDER £10.00 

PERSONAL clui.ERS ONLy 
9 LITTLE NEWPORT STREET, 

LONDON, WC2H 7JJ 
Tel. 01-437 0576 
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OLIVETTI PRINTER & 
KEYBOARD type Te 300 

INFRA RED IMAGE 
CONVERTOR type 9606 

(CV 144) 
with PUNCH & READER. Upper case ASCII with V24 

Interface. 240 volt operation. 
1 %x2" diameter. Requires single low current 3KV to 6KV supply. 

Individually boxed . With data . 

£125 each £12.50 each P&P 75p 

Infra Red Lamps also advertised 

TELETYPES KSR33 HONEYWELL VDU 
Upper case ASCII with 20M A Loop. This is a printer with 

Keyboard . (No Punch or Reader on this model). 
1920 Character Upper Case ASCII. With edit and block 

transmission. Limited quantity with data. 

NEW LOW PRICE 
£200 each 

115V 50/60HZ INPUT CROWN replacement 
MOTOR for IBM GOLF
BALL TYPEWRITERS. 

STEPPING MOTORS 
6/12 position with additional where the rotor is 
coils . Device can be used as a tacho. Diagram 
supplied. Will actually work on 5 volts . 12/24 
recommended. 

These run at 20KHZ. They can be modified to be a switching power supply or to provide EHT 
for VDU, Oscilloscopes etc., or the output core could be rewound to provide any 
vo(tage/current within the units rating . As suppUTHEY HAVE MULTIPLE OUTPUTS. A 
schematic ts provided. Size 3V,x4x8Ys". All units supplied with connectors removed to satisfy 
the manufacturers requirements. All units are tested before dispatch . 

115 volt 50HZ 1350-rpm. £1.50 each P&P 75p or 5 for £5 P&P 

£5.50 each P&P £1 .50 

TRANSFORMERS- Standard Mains Input. 
Secondary outputs 
5KV0.125AE15ea . 
3440V 0 .66A with matching 40H Choke £30 the pair 
2300-0. -2300V 0 .44A with matching 20H 400MA choke £30 the pair 
BV 600 Amps £25 
5V-0.20-30-40-50-60V 40.Amps £20. 5KV 300MA £16 
1 2KV 30MA EZO 
3KV SOMA E8ea. 4 Volts 250 Amps £10 ea . 
1().15-25V 100Amps£15 
1 B KV 30M A £80 
22 .5KV 1 10MA £50 ea. 
60KV 0 0273 £150 . 
lnpllt 200V 50HZ Sec 1 OOKV 0.05 £150 
MULTI PURPOSE MAINS TRANSFORMER. 4 windings each winding 
0.10-1 10-125 at4.BA £15 ea . 
425V 50HZ 2 Wire Input. Output B.5KV 2.55KVA. Could be run on 
240V at 1/2 rating. £15 ea . 
STEP DOWN ISOLATING TRANSFORMER. Input 2201250V 50HZ. 
Output 1 1 5V 1 .BKVA. BRAND NEW. These are very conservatively 
rated. £20 ea . 
CAPACITORS 
1 Omfd 1 OKV DC Working £4. ea 
2mld SKY £4 ea 
0 .5 mfd 7 .5KV £4 ea 
200mfd 4KV Rapid discharge £10 ea . 
0 .5 mfd 7.5KV £4 ea 
8 mid 2.5KV £4 ea . 
CARRIAGE on these units will be charged at cost. 

£4.50 each P&P £1.50 ~ £1.50 

INFRA RED QUARTZ LAMPS 230V 620 Watts. Size 1 3Y>' '•W' dia. 
£1 .50 ea. P&P SOp 
BRIDGE RECTIFIER. 2 amp. 50p ea. 
PHOTODIODE DETECTOR 4" fly leads. 25p ea . 
A SUPERIOR KEYBOARD. Size 3•2 \1,.2" high with 1 2 Alma Reed 
SWtches. Blue Keys marked in green 0.9 and a star with one blank . NOW 
£4 ea . P&P 75p 
~~PHENOl 17 way chassis mount edge connectors 0 .1 spacing . 150 

I.E .C. Standard MINS LEAD. Moulded (3 vertical flat pins-<:entre offet) . 
60p ea. P&P 50p 
FANS 115V 13 watts. Size 3\lu3\l.x1\l,"- BRAND NEW. £4.60 ea. 
Secondhand £2.50 ea. P&P 75p. 
MOTOROLA REGULATORS type 7812 1 2V 1 amp. 65p ea. 
Miniature MOTORS 1 'AxYs" dia. New 30p m. 
MOTOR 1 2V DC with pulley and integral semiconductor Speed Control 
New. £1 ea . P&P SOp. 
LEDEX ROTARY SOLENOIDS . 1 1 5VDC. No switch assembly 15p ea. 
DIAMOND H CONTROLS ROTARY SWITCH. Single pole 10 way Printed 
Circuit Mount. New 1 Op ea. 
DELAY LINE. 50 nanosecs . 3 connections ground-in- out. Size2x7 1 
16•51 16". New 25p ea . 
PULSE TRANSFORMER . Sub. min . Size ll>"51 1 6•V. " . Secondary ce ntre 
tapped . New 20p ea . 
MICROSWITCH . V3 style. Button 250V 6A. 15p ea. 
MOTOR by Inland Motor Corp. DC High Torque . Reversible . Usable 
torque at 5V. Max voltage 24V. £2.50 ea . P&P £1 .50 . 
REMO TV type MULTIPLIER . Two high voltage outputs and focus £2 ea . 
P&P £1 . 

LISTS AVAILABLE NOW 

DON'T TAKE CHANCES - use the proper EHT CABLE. 10p per metre or 
£7.50 per 100 metre drum. P&P £1 .50. 
MOTOR by Eastern Air Devices Inc. 1 2 5V reversible with toothed shaft 
(10 teeth W' dia.) size 2V.x2%" dia. 76p ea. P&P £1 . 
PHOTOGRAPHIC LAMPS . Pearl . 230V 500 Watt . Screw ap. 76p ea 
Be• of 12£5.50. P&P £1 .50. 
Decoupling CAPACITORS 0.05mfd 10V- Size 0.25" between leads 
14 " height. 100 for £1. P&P 50p. 
CAPACITORS. 0 .01mfd. Size 5/1 6" between leads. \12" height. 100 for 
£1. P&P 50p. 
MYSTERY I.C. PACK . Some 40pin - good mixture - all new devices. 
25 IC s for £1 P&P SOp. You find out what they are and we w ill buy the 
information from you . 
SUPERB 19" RACK CABINET . Approx . 5ft. high, 2ft . deep. lntrument 
front panel can be adjusted . Chocolate colour. These are new but have 
slight scratches & imperfections hardly noticeable. £35 each . Carr. £4 . 
VACUUM PUMPS- TRAPS ETC. send for list . 

We still have large quantities of miscellaneous items which we have listed at unbelievably low prices. Phone us your address or send a 

postcard for your FREE list. 

TEK scope 545A with H plug-in . £125 ea. 
TEK scope 545A with CA plug-In . . £175 ea. 
H.P. scope t 75A 50 MHZ Dual trace £1.75 aa. 
Single Trace . . . . . . . . . . . . . . . . . £125 n. 
WAYNE KERR Universal Bridge CT375 £75 ea. 
MARCONI Wave Analyser TF2330 . . . . . . . . . . £500 ea. 
MARCONI Aud10 Oscillator TF11 01 20HZ-200KHZ £46 ea. 
MARCONI Valve Volt.r TF 1041 C . . . . . . . . . . £30 ea. 
NOISE GENERATOR CT410- covers audio to VHF . £8 ea. 
NAGARD Pulse Generator 5002C . . . . £50 n. 
MARCONI Wave Analyser type TF455E . . . . . . £50 aa. 
SOLAATRON DVM LM 1420 with AC unit LM 14 77 . £40 ea. 
CALCOMP Drum Plotter type 564 [1,600 
MARCONI Bridge TF86BB £120 
RANK Flutter Meters . . . . . . . . . . . . . . [50 ea. 
HEWLETT PACKARD Signal Gen. 60BD . . . £240 
AVOSignaiGeneratorHF135 . ........ . . . ..... . £120'!•· 
MARCONI Magnification Meter TF 1 245 with TF 1246 £176 
MARCONI Magnification Meter TF1245 with TF1247 £176 
VARICAS- Ex-Equipment . Good condition. B Amps £25 ea. 
20 Amps . . . . . . . . . . . . . . . . . . . £36 ... 
So~ 3-phase available . Please enquire 
Cam age all units £4 ea. 

CRYSTALS 19.2 KHZ 
FLAT METAL CASE . BRAND NEW 

50pNCh 

10-Way Muhi-Colo .. Ribbon Cable. New 40p per metre. P&P SOp 
SPEAKERS 2\',in . 50 ohm 012W. New 40p each. P&P 5Dp 
RAPID DISCHARGE capacitors8mfd 4kV . £5 .. ch. P&P £1 .50. 
GEC UHF 4-button tuner. £2.60 each. P&P 85p 
BIG INCH Motor 1 1 OV AC 3rpm 50 cycle - very small. 50p each. 
P&P SOp 
CENTAUR 115V FANS .Brand new. 4 .5x4.5x 1 .Sin . £4.50 each. P&P 
75p 
Ex-U- EquipmMt- tested &Op eech. P&P 75p. 
POTTER & BRUMFIELD TIMER RELAY. 1 1 5V AC. Heavy duty 2 
pole c/o with 2 second delay . Change R&C for different timing . SOp 
e.:h. P&P 85p. 
CONTACTORS Heavy Duty 24V DC 5 make. £1 Hch. P&P 85p. 
GEC UHFVHF 6 button tuner. £4.50 each . P&P £1 . 
DIGITAL 24 HOUR CLOCK with built-in alarm as used in BRAUN 
Digital clocks . Silent running . large illuminated numerals. AC mains . 
Size 6%x2lta.2'4. ONLY £3.75 each. P&P SOp . 
931A PHOTOMULTIPLIER in stainless steel container w ith window 
and built-i n resistor network. E2each. P&P £1 
SLIDER CONTROL SOOK. Log Single track . Complete w ith knob . 
Length 3 \l, in. 25p each. P&P 25p 
RANCO 250V 16A THERMOSTATS with Control knobs calibrated 
30-200 degree F. £2.50 n ch. P&P £1 . 
SOLID STATE UHF TUNERS 38 mcs £1 each. P&P 75p. 
BRAND REX blue wire wrap . 30 metresfor [1. P&P 25p. 
5in. SOLID RUBBER RINGS (1 in. dia . rubber) . Keep the kids (or dogs) 
happy. 4for £1. P&P £1 .25. 

TRANSFORMERS 
AUT0240V input115V. 1 ampputput. £1.25eech . P&P£1 .25 . 
240V input Sec. 6V 1.66A. ize 2%x2•2 in. Good quality £1.50 each. 
P&P £1. 
240V input Sec. 1 2V 0.92A . Size 2 34x2•2 1n. Good quality. £1.50 
each. P&P £1. 
Z40V Input Sec. 12V 100MA. S1ze 60x40•42mm . 50p each. P&P 
75p . 
240V Input Sec. 12-0-12V SOMA. Size 53-45-40mm . £1 each. P&P 
75p. 
115V Input Sec. 5V 250MA. Size 1 1 1 I 1 6x 1 5 I 16x 1 ll>in. 2 for 50p. 
P&P 7Sp. 

SEMICONDUCTORS 
At2peach. 
1 N3063: 1544. 
At&Oeach. 
BC147 : BC14BB: BC 157 ; BC158; BC237 ; BF 197 ; OA90 ; OA9 1; 
8A 154; BA243 
At25peech. 
TIP31: TIP4 1A; 2N5296; AF139 ; ZTX341 . 
BY12710p; BF18t 20p; BD239 40p; BD241 40p; MJE340AT 40p; 
BD222 50p. 
BD233 & BD234 Comp pair 25W -BOp per pair or 60p each. 
Regulator TBA625 to 20V in- 5V out 100M A. T05 Can. 60p each. 
BF256C - 20p. 
TV AMPLIFIER TBA 120 20p each. 
Integrated Circuito 
7453 6p 
7451 6p 
740t 5p 
7402 1Zp 
7476 20p 
7495 36p 
709 15p 

74H74 
74S04 
74H51 
74S3B 
74W02 
74SOO 

12p 
12p 
7p 

10p 
12p 
12p 

74154 
75325 
SN15862 
MC4028 
7417 
7441 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p each. Gold plate 
faster vers10n SOp each. 

AMt140-4K RAMS STATIC 5 Volt ceramic £4 each. 

TELEPHONES. 706 style Black or Grey £6.50 .. ch. 746 style Black or 
Grey. £7.60 each. Older style Black £2.50 Nch. Postage £1 each . 

HONEYwELL Humidity Controllers 60p each. P&P 40p. 

THYRISTOR TIMERS. Solid State. 15 sees , adjustable (preset) in 
plastic relay case . Standard 7 pin base . Series delay SOp nch. P&P 85p 
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 10p 
each. 
DIGITAL 110 ANALOGUE CONVERTOR. 8-bit will fit standard TTl 
socket . With data. £2.50 each. P&P 25p. 
VARIACS. 2 Amp. Standard 240 Volts £10 each. P&P £1.50 
ELECTROSTATIC VOLTMETERS. 7.5KV £6 each. P&P £1 . 
Other ranges available -please enquire 
TRIMMERS . Sub. min. 0.25to 1.25pf; 1 to 4 .5pf. 7 to 45pf. All at6p 
each. 

Minimum order £3 value of goods. P&P or Carriage and VAT at 15% on total must be added to all orders . 

CALLERS VERY WELCOME $TRICTLY BETWEEN 9am-1pm and 2.5pm Monday to Saturday inc. 
BARCLAYCARD (VISA} and ACCESS taken. Official orders welcome 

CHIL ,-IMEAD L TO 
NORWOOD ROAD, READING TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King 's Road then first right- look on right for door with "Spoked Wheel:') 

WIRELESS WORLD, DECEMBER 1979 

NEW! Cassette copiers from PENTAGON 
S1mple operation - fully 
automatic 16 times speed . 
Ch01ce of one or three copies. 
C32/34 _: outproduces all 
other makes - 75 C60 per 
hour. Budget price from £587 
+VAT. 

ITAM 882 
I 

New Stereo M ixer 
built to a specifica: 
tion not a price! 
Ultra low noise 
+ 8 direct outputs: 
2 outputs with VU 
meters, 2 lim iters . 
XLR m ic in puts 
(balanced) . 3 band 
EO + mid sweep . 
£395 +VAT 

AMPEX ATR-700 
Now every studio can afford legen
dary Ampex performance and 
reliability . Fully professional 
specification including balanced 
mputs/outputs , Cannon connec
tors, v~riable tape speed, sel sync . 
The pnce Will fit this year's budget, 
not next year: s! Sole distribution by 
ITA. 

Model C-1-Mono 
Model C-4-Stereo 

AURA TONE 

The amazing 5C Super Sound Cube . Used in virtually every major studio as a 
s~?ond,~ry mon1tonng source . Ideal for mobile and portable applications. Only 
6 x 6 but 1t sounds enormous! only £38 per pair+ VAT . . 

ORBAN 
Dual c~annel mult ispri.ng reverb unit. Each channel features fo!rrs~~gsU_SfJ:l 
smoot er than s1ngle sprmg systems . "Twang " and "bain g " are vir 

1
fr 

el1mmated by 1ncorporat1ng a floatmg threshold limiter. Bass, mid-ran e E~u=n~ 
bandwidth controls. The best compact reverb unit ava ilable . g · 
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OLIVETTI PRINTER & 
KEYBOARD type Te 300 

INFRA RED IMAGE 
CONVERTOR type 9606 

(CV 144) 
with PUNCH & READER. Upper case ASCII with V24 

Interface. 240 volt operation. 
1 %x2" diameter. Requires single low current 3KV to 6KV supply. 

Individually boxed . With data . 

£125 each £12.50 each P&P 75p 

Infra Red Lamps also advertised 

TELETYPES KSR33 HONEYWELL VDU 
Upper case ASCII with 20M A Loop. This is a printer with 

Keyboard . (No Punch or Reader on this model). 
1920 Character Upper Case ASCII. With edit and block 

transmission. Limited quantity with data. 

NEW LOW PRICE 
£200 each 

115V 50/60HZ INPUT CROWN replacement 
MOTOR for IBM GOLF
BALL TYPEWRITERS. 

STEPPING MOTORS 
6/12 position with additional where the rotor is 
coils . Device can be used as a tacho. Diagram 
supplied. Will actually work on 5 volts . 12/24 
recommended. 

These run at 20KHZ. They can be modified to be a switching power supply or to provide EHT 
for VDU, Oscilloscopes etc., or the output core could be rewound to provide any 
vo(tage/current within the units rating . As suppUTHEY HAVE MULTIPLE OUTPUTS. A 
schematic ts provided. Size 3V,x4x8Ys". All units supplied with connectors removed to satisfy 
the manufacturers requirements. All units are tested before dispatch . 

115 volt 50HZ 1350-rpm. £1.50 each P&P 75p or 5 for £5 P&P 

£5.50 each P&P £1 .50 

TRANSFORMERS- Standard Mains Input. 
Secondary outputs 
5KV0.125AE15ea . 
3440V 0 .66A with matching 40H Choke £30 the pair 
2300-0. -2300V 0 .44A with matching 20H 400MA choke £30 the pair 
BV 600 Amps £25 
5V-0.20-30-40-50-60V 40.Amps £20. 5KV 300MA £16 
1 2KV 30MA EZO 
3KV SOMA E8ea. 4 Volts 250 Amps £10 ea . 
1().15-25V 100Amps£15 
1 B KV 30M A £80 
22 .5KV 1 10MA £50 ea. 
60KV 0 0273 £150 . 
lnpllt 200V 50HZ Sec 1 OOKV 0.05 £150 
MULTI PURPOSE MAINS TRANSFORMER. 4 windings each winding 
0.10-1 10-125 at4.BA £15 ea . 
425V 50HZ 2 Wire Input. Output B.5KV 2.55KVA. Could be run on 
240V at 1/2 rating. £15 ea . 
STEP DOWN ISOLATING TRANSFORMER. Input 2201250V 50HZ. 
Output 1 1 5V 1 .BKVA. BRAND NEW. These are very conservatively 
rated. £20 ea . 
CAPACITORS 
1 Omfd 1 OKV DC Working £4. ea 
2mld SKY £4 ea 
0 .5 mfd 7 .5KV £4 ea 
200mfd 4KV Rapid discharge £10 ea . 
0 .5 mfd 7.5KV £4 ea 
8 mid 2.5KV £4 ea . 
CARRIAGE on these units will be charged at cost. 

£4.50 each P&P £1.50 ~ £1.50 

INFRA RED QUARTZ LAMPS 230V 620 Watts. Size 1 3Y>' '•W' dia. 
£1 .50 ea. P&P SOp 
BRIDGE RECTIFIER. 2 amp. 50p ea. 
PHOTODIODE DETECTOR 4" fly leads. 25p ea . 
A SUPERIOR KEYBOARD. Size 3•2 \1,.2" high with 1 2 Alma Reed 
SWtches. Blue Keys marked in green 0.9 and a star with one blank . NOW 
£4 ea . P&P 75p 
~~PHENOl 17 way chassis mount edge connectors 0 .1 spacing . 150 

I.E .C. Standard MINS LEAD. Moulded (3 vertical flat pins-<:entre offet) . 
60p ea. P&P 50p 
FANS 115V 13 watts. Size 3\lu3\l.x1\l,"- BRAND NEW. £4.60 ea. 
Secondhand £2.50 ea. P&P 75p. 
MOTOROLA REGULATORS type 7812 1 2V 1 amp. 65p ea. 
Miniature MOTORS 1 'AxYs" dia. New 30p m. 
MOTOR 1 2V DC with pulley and integral semiconductor Speed Control 
New. £1 ea . P&P SOp. 
LEDEX ROTARY SOLENOIDS . 1 1 5VDC. No switch assembly 15p ea. 
DIAMOND H CONTROLS ROTARY SWITCH. Single pole 10 way Printed 
Circuit Mount. New 1 Op ea. 
DELAY LINE. 50 nanosecs . 3 connections ground-in- out. Size2x7 1 
16•51 16". New 25p ea . 
PULSE TRANSFORMER . Sub. min . Size ll>"51 1 6•V. " . Secondary ce ntre 
tapped . New 20p ea . 
MICROSWITCH . V3 style. Button 250V 6A. 15p ea. 
MOTOR by Inland Motor Corp. DC High Torque . Reversible . Usable 
torque at 5V. Max voltage 24V. £2.50 ea . P&P £1 .50 . 
REMO TV type MULTIPLIER . Two high voltage outputs and focus £2 ea . 
P&P £1 . 

LISTS AVAILABLE NOW 

DON'T TAKE CHANCES - use the proper EHT CABLE. 10p per metre or 
£7.50 per 100 metre drum. P&P £1 .50. 
MOTOR by Eastern Air Devices Inc. 1 2 5V reversible with toothed shaft 
(10 teeth W' dia.) size 2V.x2%" dia. 76p ea. P&P £1 . 
PHOTOGRAPHIC LAMPS . Pearl . 230V 500 Watt . Screw ap. 76p ea 
Be• of 12£5.50. P&P £1 .50. 
Decoupling CAPACITORS 0.05mfd 10V- Size 0.25" between leads 
14 " height. 100 for £1. P&P 50p. 
CAPACITORS. 0 .01mfd. Size 5/1 6" between leads. \12" height. 100 for 
£1. P&P 50p. 
MYSTERY I.C. PACK . Some 40pin - good mixture - all new devices. 
25 IC s for £1 P&P SOp. You find out what they are and we w ill buy the 
information from you . 
SUPERB 19" RACK CABINET . Approx . 5ft. high, 2ft . deep. lntrument 
front panel can be adjusted . Chocolate colour. These are new but have 
slight scratches & imperfections hardly noticeable. £35 each . Carr. £4 . 
VACUUM PUMPS- TRAPS ETC. send for list . 

We still have large quantities of miscellaneous items which we have listed at unbelievably low prices. Phone us your address or send a 

postcard for your FREE list. 

TEK scope 545A with H plug-in . £125 ea. 
TEK scope 545A with CA plug-In . . £175 ea. 
H.P. scope t 75A 50 MHZ Dual trace £1.75 aa. 
Single Trace . . . . . . . . . . . . . . . . . £125 n. 
WAYNE KERR Universal Bridge CT375 £75 ea. 
MARCONI Wave Analyser TF2330 . . . . . . . . . . £500 ea. 
MARCONI Aud10 Oscillator TF11 01 20HZ-200KHZ £46 ea. 
MARCONI Valve Volt.r TF 1041 C . . . . . . . . . . £30 ea. 
NOISE GENERATOR CT410- covers audio to VHF . £8 ea. 
NAGARD Pulse Generator 5002C . . . . £50 n. 
MARCONI Wave Analyser type TF455E . . . . . . £50 aa. 
SOLAATRON DVM LM 1420 with AC unit LM 14 77 . £40 ea. 
CALCOMP Drum Plotter type 564 [1,600 
MARCONI Bridge TF86BB £120 
RANK Flutter Meters . . . . . . . . . . . . . . [50 ea. 
HEWLETT PACKARD Signal Gen. 60BD . . . £240 
AVOSignaiGeneratorHF135 . ........ . . . ..... . £120'!•· 
MARCONI Magnification Meter TF 1 245 with TF 1246 £176 
MARCONI Magnification Meter TF1245 with TF1247 £176 
VARICAS- Ex-Equipment . Good condition. B Amps £25 ea. 
20 Amps . . . . . . . . . . . . . . . . . . . £36 ... 
So~ 3-phase available . Please enquire 
Cam age all units £4 ea. 

CRYSTALS 19.2 KHZ 
FLAT METAL CASE . BRAND NEW 

50pNCh 

10-Way Muhi-Colo .. Ribbon Cable. New 40p per metre. P&P SOp 
SPEAKERS 2\',in . 50 ohm 012W. New 40p each. P&P 5Dp 
RAPID DISCHARGE capacitors8mfd 4kV . £5 .. ch. P&P £1 .50. 
GEC UHF 4-button tuner. £2.60 each. P&P 85p 
BIG INCH Motor 1 1 OV AC 3rpm 50 cycle - very small. 50p each. 
P&P SOp 
CENTAUR 115V FANS .Brand new. 4 .5x4.5x 1 .Sin . £4.50 each. P&P 
75p 
Ex-U- EquipmMt- tested &Op eech. P&P 75p. 
POTTER & BRUMFIELD TIMER RELAY. 1 1 5V AC. Heavy duty 2 
pole c/o with 2 second delay . Change R&C for different timing . SOp 
e.:h. P&P 85p. 
CONTACTORS Heavy Duty 24V DC 5 make. £1 Hch. P&P 85p. 
GEC UHFVHF 6 button tuner. £4.50 each . P&P £1 . 
DIGITAL 24 HOUR CLOCK with built-in alarm as used in BRAUN 
Digital clocks . Silent running . large illuminated numerals. AC mains . 
Size 6%x2lta.2'4. ONLY £3.75 each. P&P SOp . 
931A PHOTOMULTIPLIER in stainless steel container w ith window 
and built-i n resistor network. E2each. P&P £1 
SLIDER CONTROL SOOK. Log Single track . Complete w ith knob . 
Length 3 \l, in. 25p each. P&P 25p 
RANCO 250V 16A THERMOSTATS with Control knobs calibrated 
30-200 degree F. £2.50 n ch. P&P £1 . 
SOLID STATE UHF TUNERS 38 mcs £1 each. P&P 75p. 
BRAND REX blue wire wrap . 30 metresfor [1. P&P 25p. 
5in. SOLID RUBBER RINGS (1 in. dia . rubber) . Keep the kids (or dogs) 
happy. 4for £1. P&P £1 .25. 

TRANSFORMERS 
AUT0240V input115V. 1 ampputput. £1.25eech . P&P£1 .25 . 
240V input Sec. 6V 1.66A. ize 2%x2•2 in. Good quality £1.50 each. 
P&P £1. 
240V input Sec. 1 2V 0.92A . Size 2 34x2•2 1n. Good quality. £1.50 
each. P&P £1. 
Z40V Input Sec. 12V 100MA. S1ze 60x40•42mm . 50p each. P&P 
75p . 
240V Input Sec. 12-0-12V SOMA. Size 53-45-40mm . £1 each. P&P 
75p. 
115V Input Sec. 5V 250MA. Size 1 1 1 I 1 6x 1 5 I 16x 1 ll>in. 2 for 50p. 
P&P 7Sp. 

SEMICONDUCTORS 
At2peach. 
1 N3063: 1544. 
At&Oeach. 
BC147 : BC14BB: BC 157 ; BC158; BC237 ; BF 197 ; OA90 ; OA9 1; 
8A 154; BA243 
At25peech. 
TIP31: TIP4 1A; 2N5296; AF139 ; ZTX341 . 
BY12710p; BF18t 20p; BD239 40p; BD241 40p; MJE340AT 40p; 
BD222 50p. 
BD233 & BD234 Comp pair 25W -BOp per pair or 60p each. 
Regulator TBA625 to 20V in- 5V out 100M A. T05 Can. 60p each. 
BF256C - 20p. 
TV AMPLIFIER TBA 120 20p each. 
Integrated Circuito 
7453 6p 
7451 6p 
740t 5p 
7402 1Zp 
7476 20p 
7495 36p 
709 15p 

74H74 
74S04 
74H51 
74S3B 
74W02 
74SOO 

12p 
12p 
7p 

10p 
12p 
12p 

74154 
75325 
SN15862 
MC4028 
7417 
7441 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p each. Gold plate 
faster vers10n SOp each. 

AMt140-4K RAMS STATIC 5 Volt ceramic £4 each. 

TELEPHONES. 706 style Black or Grey £6.50 .. ch. 746 style Black or 
Grey. £7.60 each. Older style Black £2.50 Nch. Postage £1 each . 

HONEYwELL Humidity Controllers 60p each. P&P 40p. 

THYRISTOR TIMERS. Solid State. 15 sees , adjustable (preset) in 
plastic relay case . Standard 7 pin base . Series delay SOp nch. P&P 85p 
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 10p 
each. 
DIGITAL 110 ANALOGUE CONVERTOR. 8-bit will fit standard TTl 
socket . With data. £2.50 each. P&P 25p. 
VARIACS. 2 Amp. Standard 240 Volts £10 each. P&P £1.50 
ELECTROSTATIC VOLTMETERS. 7.5KV £6 each. P&P £1 . 
Other ranges available -please enquire 
TRIMMERS . Sub. min. 0.25to 1.25pf; 1 to 4 .5pf. 7 to 45pf. All at6p 
each. 

Minimum order £3 value of goods. P&P or Carriage and VAT at 15% on total must be added to all orders . 

CALLERS VERY WELCOME $TRICTLY BETWEEN 9am-1pm and 2.5pm Monday to Saturday inc. 
BARCLAYCARD (VISA} and ACCESS taken. Official orders welcome 

CHIL ,-IMEAD L TO 
NORWOOD ROAD, READING TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King 's Road then first right- look on right for door with "Spoked Wheel:') 

WIRELESS WORLD, DECEMBER 1979 

NEW! Cassette copiers from PENTAGON 
S1mple operation - fully 
automatic 16 times speed . 
Ch01ce of one or three copies. 
C32/34 _: outproduces all 
other makes - 75 C60 per 
hour. Budget price from £587 
+VAT. 

ITAM 882 
I 

New Stereo M ixer 
built to a specifica: 
tion not a price! 
Ultra low noise 
+ 8 direct outputs: 
2 outputs with VU 
meters, 2 lim iters . 
XLR m ic in puts 
(balanced) . 3 band 
EO + mid sweep . 
£395 +VAT 

AMPEX ATR-700 
Now every studio can afford legen
dary Ampex performance and 
reliability . Fully professional 
specification including balanced 
mputs/outputs , Cannon connec
tors, v~riable tape speed, sel sync . 
The pnce Will fit this year's budget, 
not next year: s! Sole distribution by 
ITA. 

Model C-1-Mono 
Model C-4-Stereo 

AURA TONE 

The amazing 5C Super Sound Cube . Used in virtually every major studio as a 
s~?ond,~ry mon1tonng source . Ideal for mobile and portable applications. Only 
6 x 6 but 1t sounds enormous! only £38 per pair+ VAT . . 

ORBAN 
Dual c~annel mult ispri.ng reverb unit. Each channel features fo!rrs~~gsU_SfJ:l 
smoot er than s1ngle sprmg systems . "Twang " and "bain g " are vir 

1
fr 

el1mmated by 1ncorporat1ng a floatmg threshold limiter. Bass, mid-ran e E~u=n~ 
bandwidth controls. The best compact reverb unit ava ilable . g · 
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£125.oo 
SAFGAN 

ST-45 
SINGLE TRACE 
OSCILLOSCOPE 

e 10mv/div e 5MHz e BRITISH 

ST-45 SPECIFICATION 
VERTICAL SYSTEM 
Sensitivity: 10mv/div-5v/div in 9 cal . steps. 
Bandwidth (3d B) 
DC Coupled: OC-5MHz 
ACCoupled: 5Hz·5MHz. 
Risetime: 70nsec. 
Input Impedance: 1MO +22 PF approx . (for all 
ranges) 500 for 1 Omv I div-50mv I div 
Input coupling: AC. GND, DC. 
Accuracy: :!' 5% . 

HORIZONTAL SYSTEM 
Time base speeds: 
50ms/div-1 ~sec/div in 15 cal. steps w ith X5 
Multiplier to 250msec/div and X5 Expansion to 
200nsec/div. 
External -X sensitivity: 1 vI div. 
External -X Bandwidth: 500KHz. 
Accuracy: :!' 5%. 

ACCESSORIES ' 
Pas5ive Probe switched (X1; REF; x 10) 100 MHz 
bandwidth £11.50 +VAT . 
BNC to 4mm Socket Adaptor £2.11i + VAT 

TRIGGER 
lnteml!l : 0 .5div (10Hz-2MHz). 1 div (2MHz-5MHz) 
External: 100Mv (10MHz-2MHz), 200mv (2MHz-
5MHz) 
Bright Line Auto; 
trace free·runs in absence Of signal 
Trigger Level: Selects triggering point 
Trigger (+)ve and (-)ve slope selection 

DISPLAY 
Graticule: Blue, ruled Bx 10 div's (6 .4cmx8cm) 
CIU: Thom-Brimar 1. 5Kv Monoaccelerator I P31 

GENERAL 
Power con5Umption : 1 OVA approx . 
Mains selection : 200V-220V-240V rms (40Hz-
60MHz) 
Weight: 1 Olbs-4. 5kg approx 
Case. aluminium with black pvc finish and black 
handle; front panel white with black control knobs 
Black feet and tilt-bar . 

ORDERS TO: SAFGAN ELECTRONICS LTD. 
56 Bishops Wood, St. Johns, Woking 
Surray GU21 3QB or Tel: Woking 66836. 
Please send me. . . .ST-45. . . .Probe. .Adoptor 

I enclose PO I cheque (Goods+ 15% VAT+ £3 .00 p&p) 

Name 

Address 

"Ex. VAT. UK 

HI-FI & AUDIO 
test equipment 
RE104 Synthesized Signal 

RESOl 

Generator. 

Fully Programmable 
Stereo Generator 

For further information on these instruments and 
others in the Radiometer Electronics range of 
test equipment, please contact Danbridge (UK) 
the sole UK sales & service representative. 

WW - 100 FOR FURTHER DETAILS 
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LINES FROM OUR VAST STOCKS -IMMEDIATE DELIVERY. 
TAA661B (14-pin OIL) I.C. T.V . Sound & F.M. 
amplifier-detector by Ates on P. circuit board with 
other parts . Complete with data and connections. 
lOp. 10 for £5. 1 00 for 40p ea. 500 for 35p ea . 
AV0-8 METER MOVEMENTS for m ilitary 
vErsion. Precision 37 .5 micro-amp (50~a with 

NEW STOCKS BELOW MANUFACTURERS' 
PRICES. Postage & packing add SOp per order. 
CALCULATOR CHIPS Genera l instrument 
GIMT4 on anti-static foam 24 pin D.I.L. socket for 
use with Bowmar display £1 .50 ea. Pack of 25 
chips £25. 1 00 for £30. 500 for £350. 
DiSPLAYS BY HEWLETT-PACKARD. Seven 
segment DL707 (5082-7750) 95p. Common 
anode half inch red display, brand new 1n makers 
cartons, 6 for £5. 50 for 70p ••· 1,000 for Slip 
ea . 
T8A 120A. TV. I.C . amplifier Siemens 55p, 10 
for £5, 1 00 for £50. 1, 000 for £31i0. 
BECKMAN 500 kcs Triggerable clocking 
oscillator for use with calculator chips Sv supply 
,;th circuit £1, 10 for £8, 100 for £85. 
BURROUGHS 8 DIGIT Panaplex calculator 
display 7 segment 0.25" digits . Neon type with 
red bezel socket and data. £1.91i ea. 10 for £17, 
100 for £140. 
HONEYWELL PROXIMITY DETECTOR inte-
gral amplifier Bv D.C. £3.50 ea. 10 for £30. 
MULLARD TBA800. I.C. audio amplifier, 15p 
ea . 10 for £8, 100 for £70,500 for £300. 
RCACA3089. F.M.IF £1.50, 10 for £12. 
RCA CA3010AO. F.M . decoder £2.50, 10 for 
£20, 1 00 for £175. 
BU 205 MULLARD. £1.50 ea , 1 0 for £12, 1 00 
for£100. 
2N301i5 SOV version T03 power. 10 for £3.50, 
100for £28,500 for £125. 1.000 for £200. 
BUZOB T03 Texas T.V. Power transistors, £1.75 
ea . 10 for £15, 100 for £120, 1,000 for £1 ea . 
MCU10P-SN7611SN·F:M. STEREO DE
CODER, £1.20 each, 10 for £1 ea. 1 00 for Blip 
ea 
MULLARD AD181-AD11i2 Metched peirs• 1 
pair80p,10pairs£6,100pairs£50. 
Cartons of 600 pairs £250 EX-STOCK 
RADIATION DETECTORS Quartz Fi bre 
Dosimeters. Pen type with cl ip with lens and scale 
0-50R . Originally over £5 OUR PRICE 95p 
EACH, 10 for £8. 100 for £50. 1,000 for £500. 
CLOCKING OSCILLATOR (Pya-Dynamics). 
thick film 1mHZsupply Sv 19x25x8mm 85p, 10 
for f3, 1 00 for £80, 500 for £250. 
1V TUNERS by Mullard. U .H .F. 38 mcs size 
3'Ax2'Ax1 'A £2.50 ea . 10 for £20, 100 for 
£175, 500 for £750, 1,000 for £1,250. 
MULLARD TUNER MODULES with data. 
LP1171 combined AM/FM IF str i p £3 .50. 
LP117g FM front end with AM tuning gang, used 
with LP1171 £3.50. LP1171 and 89 pair £5.75, 
1 0 pairs for £50. 100 pairs for £400. 
CA3085 RCA POSITIVE VARIABLE REG. 
5volt 1OOm amp variable 1 .8-24v 55p ea. 10 for 
£5, 1 00 for £35, 1, 000 for £300. 
MULLARD LP1157 AM tuner modules with 
circuit £2.50 ea . 10 for £20, 100 for £175. 
LUSTRAPHONE RIBBON 'MIKE £1.50, + pre 
amp on chassis 3x2x 1 in, 10 for £12.50. 

integral shunt) movement £10.50. 
UND 

High quality TV sound from your Hi-Fi 
Simply plug into aerial socket of your FM 
tuner, £1i.50 (UK P&P 50p) 
As reviewed by " Popular Hi-Fi", July · 7 9. 

PHOTO CONDUCTIVE CELL £1 .25. High 
power Cds cell 600 mw for control circuits 
Resistance 800 ohm to 4K. Max volts 240. Size 
1'/:zxV,in.1 0for£11,100for£100. 
DYNAMIC MICROPHONE .. Low imp. Foster 
inset. £1 .45, 1 0 for £11, 1 00 for £100. 
UHF TUNER BY GEC. 38mc/swith slow motion 
tuning . Size 5x3x2in . £3 ea . 10 for £25, 100 for 

~~ ~~~r :.~;::TURE VARICAP TUNER 
500pf with tuning knob , size 3x1 V>X1 'l:zin. £1.25 
ea. 10 for £10, 1 00 for £85. 
ATE$ U14552 AUDIO I.C. AMPLIF.IER 14 
PIN D.I.L. 300m watts 55p each , 10 for £4.50. 
100for £35. 

. GENERAL ELECTRIC 2+2 watt I.C. stereo 
audio chips with circuit & data £1.95 each. 
RCA CD4028AE 16 pin D .I. L. presettage 
up-dowri counter 85p each, 25 for £15, 100 for 
£50, 1,000 for £351i (in anti static tubes of 25) . 
U.H.F. TV TUNER (preamp) with BF180 55p 
each. Buili on P.C. board 2 x 2in (sold without 
data), 10 for £4.50, 1 00 for £35, 1 , 000 for 

) 

£250. 
MARCONII.C. Oscillator Datii(T099 can) 30p 
each. 10 for £2. 100 for £15, 1,000 for £125. 
PLESSEY SL432A I.C. IF amplifier (T099 can 
85p each. 1 0 for Sl, 1 00 for £39, 500 for £1 50. 
V.H.F. MODULATORS for TV games li5p eec:h. 
2 transistor -on built P .C. sizes 2 x 2 K 1'.4 in, 10 
for £4, 1 00 for £35, 500 for £1 50. 
A. F. Filters for above modulators 20p each with 
romponents and coi ls on built p. circuit . size 2 x 2 
x 1 'A in, 10 for £3.50, 100 for £30, 500 for 
£125. 
HIGH VOLAGE 1V TRIPLER DIODES BY 
I.T.T. stick type per 10 £1.50, per 100 £18, per 
1,000£15. 
TBAB25 ATES voltage regulators 55p ea. 5 volts 
100m/amps(T099)per 10£4.50, per 100£39, 
per 1.000£280, 12v TBA625A. Also 
til PIN low profile D.I.L. sockets 12p, 10for £1 
100for £8, 1,000 for 6p each . 
THYRISTORS, Motorola 2N5061 0 .8 amp 60 
volt19p,10for15p,100for13p.1 ,000for11p 

r 
each. 
ULTRASONIC TRANSDUCERS. 40KCs. pai 
£2.95, 10 pairs £25, 100 pairs £220. 

All mail to: 
404 Edgware Road 
London W2 England 
Phone 01-7231008 

·-~~ 

EXPORT ORDERS add 1 0% for carriage TELEX 262284. REF 1400. 

J D ELECTRONICS 

ELECTRONIC VALVES 
COMPARE OUR PRICES 

BELOW ARE A FEW EXAMPLES 
FROM OUR EXTENSIVE ST_OCK 

082 1.00 5656 7.00 EF37A 3.00 X61M 2.00 
oca 1.50 6442 15.00 EF91 1.00 CV131 1.50 
003 1.50 A2134 8.00 EF92 1.50 CV138 1.00 
3824W 7.00 A2521 9.00 EF95 1.00 CV140 0.75 
3D21A 15.00 BT17 45.00 EL38 8.00 CV371 12.00 
6AG5 0.90 DM2 10.00 EL41 1.20 CV395 8.00 
6AS6 1.00 DM160 3.00 El85 3.00 CV416 3.50 
6AT6 1.25 E88CC 3.20 ass 1.75 CV850 1.00 
6BJ6 1.00 EA76 1.75 EY84 6.00 CV2179 8.00 
6BR7 5.00 ECC81 0.75 GXAltiJ 8.00 CV2492 3.20 
6CH6 4.50 ECC82 0.75 ME1400 4.00 CV3998 5.00 
6J4WA 4.00 ECC83 0.75 QQV0&40A 15.00 CV4044 8.00 

r 

{VAT EXTRA) 
Please contact us for quantity discounts and types not listed 
above. Export enquiries welcome. All our valves are tested 
and guaranteed. We supply Government Departments 
Universities and major manufacturers. 

UNIT 06, PEAR INDUSTRIAL ESTATE 
STOCKPORT ROAD WEST 

LOWER BREDBURY 
STOCKPORT, CHESHIRE SK6 2BP 

TEL: 061-406 2441 
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INTRODUCING THE UV141 

EPROM ERASER 

I 
' 

EPROM ERASER UV141 

€f!~5f TIME MAIN$ ERASE 

FE ATURES: • • • • • • • 
Us 
Se 

G 

14 Eprom capacity . 
5 to 50 minute timer caters for all Eproms . 
Safety Interlocked to prevent eye and skin damage 
Fast erase times (typical ly 20 minutes for 2 708) . · 
Convement slide-tray loading of devices . 
Rugged construction. 
Price only £78 +VAT (price includes delivery) . 
Model UV 1 40 also available: Similar to UV 141 but without timer. 

PRICE £61 .50 +VAT (price includes delivery) 
e the Reader Enquiry Service or write or telephone for further information 
nd cheques/official orders to : · 

P INDUSTRIAL ELECTRONICS. LIMITED 
SK ARDON WORKS, SKARDON PLACE, NORTH HILL, PLYMOUTH 

Brea 

PL48HA 
TEL. (0752) 28627 

TRADE AND EXPORT ENQUIRIES WELCOME 

.WW- 047 FOR FURTHER DETAILS . 

Royal Hortic~ltural Halls 
Elverton Street 
Westminster London SWl 
December4-Bth 1979 
(10.00a.m. to 6.00p.m.) 
Admission £1 (Students 70p) 
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Bread board is more than just bits and pieces. True there are 
onents there in their thousands (and at bargain prices, too, in 
cases) . But there are computers (min is, micros, Apple II, 
Star, PET, Honzon , Cromenco) demonstrations of 6-level 

comp 
many 
North 
chess , printers, v.d.u .s, monitors and applications software. There 

ts, games, test equipment. Radio Station S22 is broadcasting 
ghout , an electronic organ is being built from scratch. You can 
eather details direct from Tiros M and examine your own voice 
orm. 

are ki 
throu 
getw 
wavef 

All thi sand more you can see, buy and build at your leisure
hs qf enjoyment. mont 

Bread board's a challenge to the true professional. 

Ref. VA (Watta) 
113 0-115-210-240V 
64 0-1 1 5-21 0-240V 

6
j 0-1 .. 1 5-200,-220-240V 

£ 
2.73 . 
4.41 
5.89 

12.09 
20.64 
25.61 
38.30 
65.13. 

84 
93 
95 
73 
80s 

· 57s 
,o-1.~-115-~00-220-240 84.55 

. 98.45 

f-...,.~~~~~~~~2,;,-!~J Pri 0-120; 0-.100~ 120 ; (120V or 2~0~~:0V) Sec 
1 0-36-48 twice to g1ve 7 2v or 9 2v 

2A £13.35 PP £1 .40 4A £20.65 PP £2.11 
3A £16.17 PP £1.70 5A £29.30 PP £2.47 

METAL OXIDE RESISTORS 5% •;.w 
(Eiectrosil) 
24K-4(00 - 5600-1K-1K8 - 2K4 - 1K1-270K 
- 1K6 - 82K - 20K-8200-16K-180K-3900 - 3K 
- 5100- 300K- 220K- 2K - 100K- 22K- 130K-
47K - 1 K2 . £1 .50 1 DO . 
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£125.oo 
SAFGAN 

ST-45 
SINGLE TRACE 
OSCILLOSCOPE 

e 10mv/div e 5MHz e BRITISH 

ST-45 SPECIFICATION 
VERTICAL SYSTEM 
Sensitivity: 10mv/div-5v/div in 9 cal . steps. 
Bandwidth (3d B) 
DC Coupled: OC-5MHz 
ACCoupled: 5Hz·5MHz. 
Risetime: 70nsec. 
Input Impedance: 1MO +22 PF approx . (for all 
ranges) 500 for 1 Omv I div-50mv I div 
Input coupling: AC. GND, DC. 
Accuracy: :!' 5% . 

HORIZONTAL SYSTEM 
Time base speeds: 
50ms/div-1 ~sec/div in 15 cal. steps w ith X5 
Multiplier to 250msec/div and X5 Expansion to 
200nsec/div. 
External -X sensitivity: 1 vI div. 
External -X Bandwidth: 500KHz. 
Accuracy: :!' 5%. 

ACCESSORIES ' 
Pas5ive Probe switched (X1; REF; x 10) 100 MHz 
bandwidth £11.50 +VAT . 
BNC to 4mm Socket Adaptor £2.11i + VAT 

TRIGGER 
lnteml!l : 0 .5div (10Hz-2MHz). 1 div (2MHz-5MHz) 
External: 100Mv (10MHz-2MHz), 200mv (2MHz-
5MHz) 
Bright Line Auto; 
trace free·runs in absence Of signal 
Trigger Level: Selects triggering point 
Trigger (+)ve and (-)ve slope selection 

DISPLAY 
Graticule: Blue, ruled Bx 10 div's (6 .4cmx8cm) 
CIU: Thom-Brimar 1. 5Kv Monoaccelerator I P31 

GENERAL 
Power con5Umption : 1 OVA approx . 
Mains selection : 200V-220V-240V rms (40Hz-
60MHz) 
Weight: 1 Olbs-4. 5kg approx 
Case. aluminium with black pvc finish and black 
handle; front panel white with black control knobs 
Black feet and tilt-bar . 

ORDERS TO: SAFGAN ELECTRONICS LTD. 
56 Bishops Wood, St. Johns, Woking 
Surray GU21 3QB or Tel: Woking 66836. 
Please send me. . . .ST-45. . . .Probe. .Adoptor 

I enclose PO I cheque (Goods+ 15% VAT+ £3 .00 p&p) 

Name 

Address 

"Ex. VAT. UK 

HI-FI & AUDIO 
test equipment 
RE104 Synthesized Signal 

RESOl 

Generator. 

Fully Programmable 
Stereo Generator 

For further information on these instruments and 
others in the Radiometer Electronics range of 
test equipment, please contact Danbridge (UK) 
the sole UK sales & service representative. 
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LINES FROM OUR VAST STOCKS -IMMEDIATE DELIVERY. 
TAA661B (14-pin OIL) I.C. T.V . Sound & F.M. 
amplifier-detector by Ates on P. circuit board with 
other parts . Complete with data and connections. 
lOp. 10 for £5. 1 00 for 40p ea. 500 for 35p ea . 
AV0-8 METER MOVEMENTS for m ilitary 
vErsion. Precision 37 .5 micro-amp (50~a with 

NEW STOCKS BELOW MANUFACTURERS' 
PRICES. Postage & packing add SOp per order. 
CALCULATOR CHIPS Genera l instrument 
GIMT4 on anti-static foam 24 pin D.I.L. socket for 
use with Bowmar display £1 .50 ea. Pack of 25 
chips £25. 1 00 for £30. 500 for £350. 
DiSPLAYS BY HEWLETT-PACKARD. Seven 
segment DL707 (5082-7750) 95p. Common 
anode half inch red display, brand new 1n makers 
cartons, 6 for £5. 50 for 70p ••· 1,000 for Slip 
ea . 
T8A 120A. TV. I.C . amplifier Siemens 55p, 10 
for £5, 1 00 for £50. 1, 000 for £31i0. 
BECKMAN 500 kcs Triggerable clocking 
oscillator for use with calculator chips Sv supply 
,;th circuit £1, 10 for £8, 100 for £85. 
BURROUGHS 8 DIGIT Panaplex calculator 
display 7 segment 0.25" digits . Neon type with 
red bezel socket and data. £1.91i ea. 10 for £17, 
100 for £140. 
HONEYWELL PROXIMITY DETECTOR inte-
gral amplifier Bv D.C. £3.50 ea. 10 for £30. 
MULLARD TBA800. I.C. audio amplifier, 15p 
ea . 10 for £8, 100 for £70,500 for £300. 
RCACA3089. F.M.IF £1.50, 10 for £12. 
RCA CA3010AO. F.M . decoder £2.50, 10 for 
£20, 1 00 for £175. 
BU 205 MULLARD. £1.50 ea , 1 0 for £12, 1 00 
for£100. 
2N301i5 SOV version T03 power. 10 for £3.50, 
100for £28,500 for £125. 1.000 for £200. 
BUZOB T03 Texas T.V. Power transistors, £1.75 
ea . 10 for £15, 100 for £120, 1,000 for £1 ea . 
MCU10P-SN7611SN·F:M. STEREO DE
CODER, £1.20 each, 10 for £1 ea. 1 00 for Blip 
ea 
MULLARD AD181-AD11i2 Metched peirs• 1 
pair80p,10pairs£6,100pairs£50. 
Cartons of 600 pairs £250 EX-STOCK 
RADIATION DETECTORS Quartz Fi bre 
Dosimeters. Pen type with cl ip with lens and scale 
0-50R . Originally over £5 OUR PRICE 95p 
EACH, 10 for £8. 100 for £50. 1,000 for £500. 
CLOCKING OSCILLATOR (Pya-Dynamics). 
thick film 1mHZsupply Sv 19x25x8mm 85p, 10 
for f3, 1 00 for £80, 500 for £250. 
1V TUNERS by Mullard. U .H .F. 38 mcs size 
3'Ax2'Ax1 'A £2.50 ea . 10 for £20, 100 for 
£175, 500 for £750, 1,000 for £1,250. 
MULLARD TUNER MODULES with data. 
LP1171 combined AM/FM IF str i p £3 .50. 
LP117g FM front end with AM tuning gang, used 
with LP1171 £3.50. LP1171 and 89 pair £5.75, 
1 0 pairs for £50. 100 pairs for £400. 
CA3085 RCA POSITIVE VARIABLE REG. 
5volt 1OOm amp variable 1 .8-24v 55p ea. 10 for 
£5, 1 00 for £35, 1, 000 for £300. 
MULLARD LP1157 AM tuner modules with 
circuit £2.50 ea . 10 for £20, 100 for £175. 
LUSTRAPHONE RIBBON 'MIKE £1.50, + pre 
amp on chassis 3x2x 1 in, 10 for £12.50. 

integral shunt) movement £10.50. 
UND 

High quality TV sound from your Hi-Fi 
Simply plug into aerial socket of your FM 
tuner, £1i.50 (UK P&P 50p) 
As reviewed by " Popular Hi-Fi", July · 7 9. 

PHOTO CONDUCTIVE CELL £1 .25. High 
power Cds cell 600 mw for control circuits 
Resistance 800 ohm to 4K. Max volts 240. Size 
1'/:zxV,in.1 0for£11,100for£100. 
DYNAMIC MICROPHONE .. Low imp. Foster 
inset. £1 .45, 1 0 for £11, 1 00 for £100. 
UHF TUNER BY GEC. 38mc/swith slow motion 
tuning . Size 5x3x2in . £3 ea . 10 for £25, 100 for 

~~ ~~~r :.~;::TURE VARICAP TUNER 
500pf with tuning knob , size 3x1 V>X1 'l:zin. £1.25 
ea. 10 for £10, 1 00 for £85. 
ATE$ U14552 AUDIO I.C. AMPLIF.IER 14 
PIN D.I.L. 300m watts 55p each , 10 for £4.50. 
100for £35. 

. GENERAL ELECTRIC 2+2 watt I.C. stereo 
audio chips with circuit & data £1.95 each. 
RCA CD4028AE 16 pin D .I. L. presettage 
up-dowri counter 85p each, 25 for £15, 100 for 
£50, 1,000 for £351i (in anti static tubes of 25) . 
U.H.F. TV TUNER (preamp) with BF180 55p 
each. Buili on P.C. board 2 x 2in (sold without 
data), 10 for £4.50, 1 00 for £35, 1 , 000 for 

) 

£250. 
MARCONII.C. Oscillator Datii(T099 can) 30p 
each. 10 for £2. 100 for £15, 1,000 for £125. 
PLESSEY SL432A I.C. IF amplifier (T099 can 
85p each. 1 0 for Sl, 1 00 for £39, 500 for £1 50. 
V.H.F. MODULATORS for TV games li5p eec:h. 
2 transistor -on built P .C. sizes 2 x 2 K 1'.4 in, 10 
for £4, 1 00 for £35, 500 for £1 50. 
A. F. Filters for above modulators 20p each with 
romponents and coi ls on built p. circuit . size 2 x 2 
x 1 'A in, 10 for £3.50, 100 for £30, 500 for 
£125. 
HIGH VOLAGE 1V TRIPLER DIODES BY 
I.T.T. stick type per 10 £1.50, per 100 £18, per 
1,000£15. 
TBAB25 ATES voltage regulators 55p ea. 5 volts 
100m/amps(T099)per 10£4.50, per 100£39, 
per 1.000£280, 12v TBA625A. Also 
til PIN low profile D.I.L. sockets 12p, 10for £1 
100for £8, 1,000 for 6p each . 
THYRISTORS, Motorola 2N5061 0 .8 amp 60 
volt19p,10for15p,100for13p.1 ,000for11p 

r 
each. 
ULTRASONIC TRANSDUCERS. 40KCs. pai 
£2.95, 10 pairs £25, 100 pairs £220. 

All mail to: 
404 Edgware Road 
London W2 England 
Phone 01-7231008 

·-~~ 

EXPORT ORDERS add 1 0% for carriage TELEX 262284. REF 1400. 

J D ELECTRONICS 

ELECTRONIC VALVES 
COMPARE OUR PRICES 

BELOW ARE A FEW EXAMPLES 
FROM OUR EXTENSIVE ST_OCK 

082 1.00 5656 7.00 EF37A 3.00 X61M 2.00 
oca 1.50 6442 15.00 EF91 1.00 CV131 1.50 
003 1.50 A2134 8.00 EF92 1.50 CV138 1.00 
3824W 7.00 A2521 9.00 EF95 1.00 CV140 0.75 
3D21A 15.00 BT17 45.00 EL38 8.00 CV371 12.00 
6AG5 0.90 DM2 10.00 EL41 1.20 CV395 8.00 
6AS6 1.00 DM160 3.00 El85 3.00 CV416 3.50 
6AT6 1.25 E88CC 3.20 ass 1.75 CV850 1.00 
6BJ6 1.00 EA76 1.75 EY84 6.00 CV2179 8.00 
6BR7 5.00 ECC81 0.75 GXAltiJ 8.00 CV2492 3.20 
6CH6 4.50 ECC82 0.75 ME1400 4.00 CV3998 5.00 
6J4WA 4.00 ECC83 0.75 QQV0&40A 15.00 CV4044 8.00 

r 

{VAT EXTRA) 
Please contact us for quantity discounts and types not listed 
above. Export enquiries welcome. All our valves are tested 
and guaranteed. We supply Government Departments 
Universities and major manufacturers. 

UNIT 06, PEAR INDUSTRIAL ESTATE 
STOCKPORT ROAD WEST 

LOWER BREDBURY 
STOCKPORT, CHESHIRE SK6 2BP 

TEL: 061-406 2441 

WW-OS4 FOR FURTHER DETAILS 

.WIR ELESS WORLD. DECEM~ER 1979 

INTRODUCING THE UV141 

EPROM ERASER 

I 
' 

EPROM ERASER UV141 

€f!~5f TIME MAIN$ ERASE 

FE ATURES: • • • • • • • 
Us 
Se 

G 

14 Eprom capacity . 
5 to 50 minute timer caters for all Eproms . 
Safety Interlocked to prevent eye and skin damage 
Fast erase times (typical ly 20 minutes for 2 708) . · 
Convement slide-tray loading of devices . 
Rugged construction. 
Price only £78 +VAT (price includes delivery) . 
Model UV 1 40 also available: Similar to UV 141 but without timer. 

PRICE £61 .50 +VAT (price includes delivery) 
e the Reader Enquiry Service or write or telephone for further information 
nd cheques/official orders to : · 

P INDUSTRIAL ELECTRONICS. LIMITED 
SK ARDON WORKS, SKARDON PLACE, NORTH HILL, PLYMOUTH 

Brea 

PL48HA 
TEL. (0752) 28627 

TRADE AND EXPORT ENQUIRIES WELCOME 

.WW- 047 FOR FURTHER DETAILS . 

Royal Hortic~ltural Halls 
Elverton Street 
Westminster London SWl 
December4-Bth 1979 
(10.00a.m. to 6.00p.m.) 
Admission £1 (Students 70p) 

dboard '79 

Bread board is more than just bits and pieces. True there are 
onents there in their thousands (and at bargain prices, too, in 
cases) . But there are computers (min is, micros, Apple II, 
Star, PET, Honzon , Cromenco) demonstrations of 6-level 

comp 
many 
North 
chess , printers, v.d.u .s, monitors and applications software. There 

ts, games, test equipment. Radio Station S22 is broadcasting 
ghout , an electronic organ is being built from scratch. You can 
eather details direct from Tiros M and examine your own voice 
orm. 

are ki 
throu 
getw 
wavef 

All thi sand more you can see, buy and build at your leisure
hs qf enjoyment. mont 

Bread board's a challenge to the true professional. 

Ref. VA (Watta) 
113 0-115-210-240V 
64 0-1 1 5-21 0-240V 

6
j 0-1 .. 1 5-200,-220-240V 

£ 
2.73 . 
4.41 
5.89 

12.09 
20.64 
25.61 
38.30 
65.13. 

84 
93 
95 
73 
80s 

· 57s 
,o-1.~-115-~00-220-240 84.55 

. 98.45 

f-...,.~~~~~~~~2,;,-!~J Pri 0-120; 0-.100~ 120 ; (120V or 2~0~~:0V) Sec 
1 0-36-48 twice to g1ve 7 2v or 9 2v 

2A £13.35 PP £1 .40 4A £20.65 PP £2.11 
3A £16.17 PP £1.70 5A £29.30 PP £2.47 

METAL OXIDE RESISTORS 5% •;.w 
(Eiectrosil) 
24K-4(00 - 5600-1K-1K8 - 2K4 - 1K1-270K 
- 1K6 - 82K - 20K-8200-16K-180K-3900 - 3K 
- 5100- 300K- 220K- 2K - 100K- 22K- 130K-
47K - 1 K2 . £1 .50 1 DO . 
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ROHDE & SCHWARZ 
TV Demodulator. AMF. 55-90MHz 
Sel~tive UHF V /Meter. Bands 4 & 5 . USVF 
Selectomat Voltmeter USWV. £450. 
UHF Sig . Gen type SDR 0 .3-1 GHz. £750. 
UHF Signal Generator SCH. £175. 
Polyskop SWOB I. £450. 
Videoskop SWOF with sideband adapter . 
Modulator I Demodulator BN 1 7 9 50 I 2 . 

-Video Test Signal Generator type SPF . 
UHF Sig . Gen. type SCR. 1-1 :9GHz. 

MARCONI 
TF2360R TV Transmitter Sideband Analyser 
TM6936R UHF Converter for above. 
TF1101 RC oscillators £65. 
TF 1099 20M Hz sweep generator. 
TF 1 041 B Valve Voltmeter £65. 
TF1152A/1. Power meter. 25W. 500MHz. £75. 
TF1020A Power Meter. 100W. 250MHz. £85. 
TF890A/ 1 RF Test Set. £395 
TF 1400 Pulse Generator £65. 
TF675F Pulse Generator. 
TF1 066 AM/FM Signal Generator. £550. 

F. RALFE ELECTRONICS: 

AIRMEC Display oscilloscope. 4 beam. 
AIRMEC 314A Voltmeter. 300mV(FSD)-300V. 
BRANDENBURG EHT Generator. 50KV . 1 mA. 
DERRJTRON 1 KW Power Amplifier with control equipment for 
vibration testing etc. 
GAUMONT KALEE Flutter Meter 
GERTSCH Frequency Meter and Dev Meter. 20-1 OOOMHz. 
£350. 
HEWLETT PACKARD 302A Wave Analyser 
HEWLETT PACKARD 5g5A Sweep Oscillator £350. TF 801 B/ 3S Signal Generator £175. 

i--------'----------------1 BOONTON 202H AM/FM Signal Generator 
BOONTON Model 80 Sig. Gen . 2-400MHz £95. 
RACAL type 801 R. 1 OOmHz Digital Frequency Counter BECKMAN TURNS COUNTER DIALS 

Miniature type (22mm diam.). Counting up to 
15 turn "Helipots." Brand new with mounting 
instructions. Only £2.50 each. 
Wandel & Gotterman Equipment 
Level Meter 0. 2-1600KHz 

.Level Oscillator0.2-1600KHz 
Level Transmitter 0 .3-1 350KHz 

TELETYPE KSR. One remaining. ' 
SOLARTRON LM1420.2. DVM . 6 ranges to 1KV. 
MUIRHEAD type K-134-A Wave Analyser . Portable . 
RADIOMETER AFM/ 1. Dev/Mod Meter. 3.5-320MHz. £185. 
TAYLOR Model 62A AM I FM Signal Generators. £85. 
WEINSHEL Power supply Modulator type M03. 
BRUEL & KJOER type 1 504 Deviation Bridge 
BRUEL & KJOER Vibrati01i equipment 1018. Carrier Frequency Level Meter 

1---------------------j BRUEL & KJOER Frequency analyser 2105 
ADVANCE CONSTANT VOLTAGE BRUEL & KJOER Microphone amplifier 2603 £195. 
TRANSFORMERS BRUEL & KJOER Type 3301 Automatic frequency response 
Input 190-260V AC . Output constant recorder 200Hz. £750. 
220 Volts .. 250W . £25. (£2 carriage) MUIRHEAD-PAMETRADA D489EM Wave Analyser 

1-----------------------l TEKTRONIX 555 scope with plug-ins types CA (2 off), 21, 2 2 
PYE RESISTANCE BOXES TEKTRONIX 515A Oscilloscope 
5 decade resistance boxes measuring from TEKTRONIX 545 main frames. £210. Choice of plug-in units 
11.111 ohm to 0.001 ohm £20 extra 

l-------------'----------l TEKTRONIX 585A oscilloscope with '82' P.l. DC-80MHz 
LABORATORY OVENS.- Gallenkamp, 3 cu. 
ft. £145. Also Morgan Grundy 1 cu. ft. £55. 
20-WAY JACK SOCKET STRIPS. 3 pole 
type with two normally closed contacts. £2.50 
each ( + 25p pp) . Type 31 6 three pole plugs for 
above- 20p ea. (pp free) . 

NOTICE. All the pre-owned equipment shown has been 
carefully tested in our workshop and reconditioned where 
necessary. It is sold in first-class operational condition and most 
items carry our three months' guarantee. Calibration and 
certificates can be arranged at cost. Overseas enquiries 
welcome. PLEASE ADD 15% VAT TO ALL PRICES. 
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DC POWER SUPPLIES 
*APT 10459/8 12-14V. 5 Amps. £25. (+£1 
pp). 
*APT 10459/8. 24V. 5 Amps. £25. (+£1 pp). 
*APT Your voltage requirements from 6V to 
36V.@ 5 Amps. £25. (+£1 pp) . 
*Mu/lard Dual supplies. Brand new with hand
book. Pas & Neg 12V at 1A and 0.4A resp. 
Dims 9x4x5in. £10. (+£1 pp). 
*LAMBDA Brand new with book. 5V.4A. 
(110 AC Input through, so) ONLY £10. (+£1 
pp) . 

'*FARNELL. Current limited. Dimensions 
7x5x4in. Following range available. 
5 Volts @ 3 Amps. 1 3-1 7 Volts@ 2 Amps. 
30 Volts@ 1 Amp. Price only £11. (+£1 pp). 
All the above power supply units .. 230V .. AC 
input (except Lambda type) and .. 118b~ised 
and regulated and fused. All are fully tested 

. before despatch and guaranteed· in first class 
order throughout. As with all our equipment, 
there is a money back guarantee. 

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. 
RADIOMETER AFM/ 1 3 .5-320MHz. AM /FM. 
RACAL409 3-600MHz AM/FM . 

'CENTAUR' IN$TRUMENT 
COOLING FANS 

Made by Rotron Holland. These are very high 
quality, quiet running fans, specially designed 
for the cooling of all types of electronic equip
ment. Measures 4.5x4.5x1.5in. 115VAC . 11 
Watts. The list price of these is over £1 0 each . 
Also 230V. AC available. 1 5V. £4.50. 
(postage 25p). 230V £5. 

Finger guards for above - 50p each. Also 
small type Papst fans as above measuring 
8x8x3.8cms. 26 cu . ft/ min . 11 OV only £4.00 
(PP 25p). RS price for all these fans are now 
around £12.50 each!!! 
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E ~=~~~~04~~~~s~~~~~!!l ~~~~~~~~l:~~kc~~Pw~~.i5~6~;r~.~~id: ~~~~E~~~~~~~~0~i~~-g~.\~:? :oi~!r!~!~~~-~tlunt. Prod11ces thermal E 
• ~1.00 post. noise 15 .. 5<iB 200/250v. AC £80.50. • 
: INSULATION TEST SET 0 to 10 KV, negative earth, with Ionisation Amplifier, LOW SPEED TAPE COMPARATOR (Datronie) %"tape, £46.00 + £5 carr. : 
: 100!230 Volts. AC £48.87 + £3.45 carr. MUiRHEAD i>5i4 t.M.s.: 'i2v·. tit or 100-250v. AC volts input. Range : 
• MARCONI FREQUENCY METER 1026/4: 2000MHz 'as new' condition. £34.50 100-40,000Hz. £17.25 + carr. £4.50. · : 
• or secondhand condition £25.87. AUTOTUTOR MARK II: (Viewer Training Aid) 230v. AC. Designed for use in • 
: 1026/2: l00-160MHz £34.50 'as new' or £25.87 secondhand. Carriage for all intrinsic programming method, info stored on microfilm and projected : 
: types £3.00. through optical system onto viewing screen. £132.25. : 
: TELEPRINTER TYPE 7B: Pageprinter 24v. DC power supply, speed 50 bauds STORNO TRANSMITTER COF. 632. 250v. AC 79-450 MHz Tx only base : 

5 ~~~;t~~~~~~~~~~~~t£<r8~/s~~~~~~;:n~;;;;~~~~ ~4~5~· Model, as above ~~~~i~::T. Low Imp. £5.35 + 75p post. . 5 
:. AUTOTRANSFORMER: 230!115v. 50c/s, 1000watts. Mounted in strong steel MARCONI UNIVERSAL BRIDGE. Type TF868 £92.00 +carr. £4.00. : 
: case 5" x 6'12'' x 7". Bitumen impregnated £13.80 + carriage £3.00. MUIRHEAD DECADE OSCILLATOR TYPE 8900: £92.00 + carr. £5.00. : 
: 'CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range SIEMENS POWER METER REL3U/84/ Alb: 0-12kmHz lmw 500mw 6 ranges. : 
• 3,000-lO,OOOkHz. Mains 230v 50hZ. Measures crystal current under oscillatory O.l7dB 50 ohms, £92.00 + carr. £3.00. • 
: conditions and the equivalent resistance. Crystal freq. can be tested in CV.l596 CATHODE RAY TUBE: (09D, 09G), 4" screen, green electrostatic : 
: conjunction with a freq. meter £28.75, carriage £3.00. base Bl2B, HT1200 volts, heater 4 volts £11.50. : 
: BC-221 FREQUENCY METER: 125-20,000kc/s complete with original RADAR RECEIVING ANTENNA TYPE X443 Mk.D: Suitable for detecting : 
• calibration charts £24.15 + carr. £3.00. signals on X, K, J arid Q bands. 9gHz-60gHz. Complete with waveguide horns, • 

ANTENNA MAST 36ft: Aluminium base dia. 3" tapering to 2" at top. Complete associated crystals. Transistorised amplifier and geared motor, etc. £143.75. : 
red hazard lights, guys, etc. Approx. weight 3 tons. £1l5 + carriage £10.00. Carriage approx. £5.00. : 
ADVANCE PLUG-IN UNIT. Sweep delay time base TG10287 £80.50 + £2.00 VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 2 X 4" : 
post. gauges indicating 0-20lbs p.s.i. 0-30lbs vacuum. With stand, hand pump, etc. • 
FIELD FLUID SAMPLING SET TYPE TP/SKP/10,000 with thermal control £34.50 + £4.00 carr. : 
milliporer oil sampling kit £132.25 + carr. £4.00. : 
RING TOROIDAL DUST CORES: Size 2'12'' outside, 1%" inside, 5/16" thick. . • 
Box of two £1. 15 +. 40p post. • 
ROTARY INVERTER TYPE PE-218E: Input 24-28v. DC 80 amps, 4,800rpm. BARGAIN MAPS : 
Output llv. AC 13 amp 4ooc/s. 1Ph. P.F.9. £23,00 + £4.oo carr. Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. • 

R.F.POWERRADIATION METER CT.477. Covering X, Sand L bands, £I32.25 ONC-E! -U.K. in full and pa~~c~u~n~~-;ope. Scale 1:1,000,000. : 

: ;E~f~f'i~~OUNIT: 200-250v AC input, 24v. DC at 26 amps output continuous JNC-9N- N. Europe, U.K .. Sca-ndinavia. Scale 1:2.000.000. - : 
: rating. £40.25 + carr. £5.00 JN-21N- Europe (Mediterranean). Scale 1:2,000,000. : 
: MARCONI PLUG-IN TIME BASE UNIT TM6967 £54. SIZE 58" x 42". colour. Many others. Please send S.A.E. for list. • 
• ROTARY CONVERTER: 24v DC input, 230v AC, 100 watts output. £28.75 + Price each 70p (inc. P + p) : 
: carr. £4.00. • 25 x Maps (either same type OR assorted) £10.00 + £1.00 p + p. : 
: TELEGRAPH DISTORTION TEST . SET (TYPES 5CBV and 5BV) 230v. AC lUx Maps (either same type OR assorted) £6.00 (inc. p + p) . : 

• £28.75 + carr. £3.50. : 
: RESONATOR PERFORMANCE CTC.424 8.5 to 9.0 kmc/s 3 em £80.50 + post -
: £2.00. All prices include VAT at 15% i: 
: INVERTER 24v. DC input 400 cycles lpH 6600 r.p.m. 20ov. peak. £8.05 + £2.00 Carriage quotes given are for 50-mile radius of Herts. : 
11111 post. .., : : - -·w·. M' .. ~- - L' L" s The Maltings, Station Road To avoid disappointment please telephone to arrange ·=--

SA WBRIDGEWORTH, Herts. appointment if wishing to view equipment 
_ Tel: Bishop's Stortford (0279) 725872 . S 
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7400 
74500 
7401 
7402 
7403 
7404 

" 74804 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
74C14 
7416 
7417 
7420 
7421 
7422 
7423 

.7425 
7426 
7427 
7428 ' 
17p 
7432 
7433 
7437 
7438 
7440 
7441 
7442A 
7443 
7444 
7445 
7446A 
7447A 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 ' 
7476 
7400 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74116 
74118 
74119 

. 74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74135 
74136 
74137 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
74188 
74190 
74191 

. 74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74200 
74221 

11p 
80p 
174» ,,., 
14p 
14p 
90p 
18p 
32p 
32p 
17p 
111p 
11ip 
:Mp 
2CJp 
30p 
SOp 
90p 
Z7p 
Z7p 
17p 
40p 
22ft 
34p 
30p 
40p 
34p 

3117430 · 

30p 
40p 
35p 
3&p, 
17p 
70p 
lOp 

1174» 
112p 
100p 
l3p 
SOp 
lOp 
17p 
17p 
17p 
17p 
17p 
36p 
30p 
34p 
30p 
30p 
35p 
SOp 

100p 
84p 
90p 

100p 
110p 
:Mp 

175p 
30p 
80p 
46p 
30p 
84p 
70p 
85p 

110p 
130p 

= 34p 
55p 
55p 
70p 

200p 
130p 
210p 
110p 
28p 
46p 
46p 
55p 
lOp 
75p 
75p 
SOp 
75p 
SOp 
SOp 

200p 
90p 

190p 
1!10p 
100p 

70p 
70p 

100p 
90p 
80p 
70p 

190p 
100p 
100p 
100p 
lOOp 
12Cip 
130p 
120p 
200p 
2AOp 
450p 
120p 

I 90p 
85p 
top 
top 

110p 
93p 

180p 
top 

1!10p 
150p 
500p 
325p 

90p 
top 
top 
lOp 
top 
95p 
85p 
80p 

150p 
150p 
£10 

140p 
250p 
290p 
110p 
110p 
1!10p 
1!10p 
20IIp 
100p 
100p 
100p 
100p 
200p 
200p 

74490 Z25p 
74LSSERIES 
74LSOO 14p 
74LS02 16p 
74LS03 18p 
74LS04 16p 
74LS05 25p 
74L.S08 22p 
74LS10 20p 
74LS11 40p 
74LSt3 40p 
74LS14 72p 
74LS15 4&p 
74LS20 2CJp 
74LS21 40p 
74LS27 38p 
74LS30 20p 
74LS32 Z7p 
74LS42 70p 
74LS47 90p 
74LS51 24p 
74LS55 30p 
74LS73 SOp 
74LS74 36p 
74LS75 40p 
74LS76 4&p 
74lS83 110p 
•74LS85 100p 
74LS86 40p 
74LS90 40p 
74LS92 70p 
74lS93 80p 
74lS96 110p 
74LS107 4&p 
74LS109 80p 
74LS112 100p 
74LS113 90p 
74lS114 4&p 
74LS122 80p 
74LS123 70p 
74LSt 24 180p 
74LS125 lOp 
74LS126 lOp 
74LS132 85p 
74LS133 30p , 
74LS136 55p 
74LS138 75p 
74LS139 75p 
74LS145 120p 
74LS147 22IOp 
74LS148 175p 
74LS151 100p 
74LS153 lOp 
7 4LS 1 54 20IIp 
74LS155 lOp 
74LS156 lOp 
74lS157 lOp 
74LS158 lOp 
74lS160 130p 
74LS161 100p 
74LS162 140p 
74LS163 100p 
74LS164 120p 
74LS165 190p 
74lSt 66 180p 
74LS173 110p 
74LS174 110p 
74LS175 110p 
74LS181 3ZOp 
74LS190 100p 
74LS191 100p 
74LS192 100p 
74LS193 100p 
74lS195 140p 
74LS196 12Cip 
74LS197 12Cip 
74LS221 140p 
74LS240 175p 
74LS241 175p 
74lS242 110p 
74lS243 170p 
74LS244 185p 
74LS245 250p 
74LS247 140p 
74lS248 140p 
741.5249 140p 
74LS251 140p 
74lS253 140p 
741.5257 120p 
74lS258 110p 
74LS259 190p 
7 4LS266 1 ClOp 
74LS273 171ip 
74LS279 90p 
7 4lS298 248p 
74LS324 200p 
7 4LS348 20IIp 
74l5365 100p 
74LS367 100p 
7 4LS368 100p 
74LS373 180p 
74LS374 1t!ip 
7 4lS3 78 200p 
74LS390 110p 
74LS393 110p 
7 4L.S445 140p 
74LS668 100p 
74LS669 100p 
74LS670 400p 

4000SERIES 
4(XX) 15p 
4001 17p 
4002 17p 
4006 95p 
4007 18p 
4008 lOp 
4009 40p 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 

1311ERIES 
9301 160p 0.1 0 .15 

~~~ ~~~ ~= 2.5X375" (~~ 
4022 9310 275p g~;; 75" 5577p ~p 
4023 9311 Z75p 3.75X5" p 

~~~ =I ~m ~= 3.75X17" ~ 1::: 
4026 130p 93l6 225p 4.75X17.9" 290p _ 
4027 SOp 932l 225p Pkt oil()() pins 50p 
4028 84p 9322 150p . face Cutter 86p 
4029 100p 9334 3&0p- Insertion tool 118p 
4030 55p : 9368 200p Vem Wiring Pen 
4031 - 200p,' 9370 2011p + 2 wire 

::i~! = 9374 20IIp. c: + CO!T'bs 
4035 110p ·j-'--:U-:N:'ENl::':'"I-:.C:.:---~""'t_:::::;,::::., ____ _;,q 
4036 2l5p AYl-{)212 1100p ~~~~ 1soP 
~~~ . g:;: AYl -1313 l88p ~~~~B = 
4039 . 2l5p :~1:~g ~ NE562B 42Sp 

~ 15 :~tg~~ = ~~~~ = 
4043 90p . AY5-1315 IIOOp NE567 

1
55p 

4044 90p AY5-1317A 775p NE571 lz': 
~~ ~=; ~ = ~~g~4A 1::: 
:g:~ ::: CA3000E ~ ~~9~N £11 
4050 48p CA3006 48p 5N76013N ~= 
4051 80p ~:!a ~= ~7766002133NNO 120p 
4052 80p CA3130E 100p 140p 

~ 1= CA3l40E SOp ~~~~~~NO = 
4055 125p CA3160E 100p SP8515 750p 
4056 135p CA3lSl E t40p TAA621 27Sp 
4059 IIOOp CA31 62E 450p TBA641 B 11 Z25p 
4060 115p CA31 89E 400p TBA651 20IIp 
4063 120p ' OAC1408-8 200p 1BA800 top 
4006 55p FX209 7SOp TBA610 100p 

4067 450p :~~: = ~~ 1::: 
~~ = lf356P 85p TDA1004 300p 
4070 30p lf358P 75p ~1008 3ZOp 
4071 22p · lMlOC 425p TDA1010 225p 
4072 22p LM301 A 30p TDA 1 022 1100p 
4073 22p LM311 120p TDA1024 120p 
4075 22p LM318 200p TDA10348 250p 
4076 107p LM3l9 225p TDA1170 250p 
4081 22p LM324 !iOp TDA2002V 325p 

4082 22p ~~~ = iP~i~20 320p 
::~ 1~ LM377 175p 11.072 :::: 
4093 90p LM380 71ip TL074 150p 
4094 250p LM381AN 110p TL081 45p 
4095 95p lM 709 38p TL082 95p 

AC126 25p 
AC12718 20p 
AC176 25p 
AC187/8 25p 
AF116 SOp 
A0149 70p 
AD161/2 45p 
AU107 200p 
8C107 /8 11p 
BC109 11p 
BC117 20p 
BC147 18 lip 
BC149 lOp 
8C157/8 10p 
BC159 11p 
BC169C 12p 
BC172 12p 
BC17718 17p 
8C179 18p 
BC182/3 tOp 
BC184 11p 
8C187 30p 
BC212/3 11p 
8C214 174» 
8C237 15p 
BC327 18p 
BC337 18p 
BC338 18p 
BC461 38p 
8C477/8 30p 
8C516/7 50p 
BC5478 16p 
BC548C lip 
BC549C 18p 
BC5578 16p 
BC559C 18p 
BCY70 18p 
BCY71/2 22ft 
80131/2 SOp 
80135/6 54p 
80139 56p 
80140 lOp 
80189 lOp 
80232 85p 
80233 75p 
80235 85p 
80241 70p 
60242 -70p 
BDX53B 150p 
BDY56 200p 
8F200 32p 
8F244B 35p 
BF256B 70p 
8F257/8 32p 

4096 1115p LM71 0 !iOp TLOB4 130p 
4097 340p LM725 350p 11.170 !iOp 2102-2L 
4098 107p LM733 100p UAA170 200p 21076 
4099 2011p LM741 18p UAA180 200p 2111-2 
40100 220p LM747 70p UON6118 320p 2112-2 
40101 ·132p LM748 250p3&p UDN6184 3ZOp 2114 
40102 181lp LMZ9l 7 ULN2003 100p 2114-2L 
40103 180p LM3900 70p XR2206 400p 4027 
401 04 91p LM3909 70p XR2207 400p 4044 
40105 119p LM3911 130p XR2211 1100p 4116 
40106 80p LM391 4 250p XR2216 l76p 5101 
40107 80p LM4136 120p XR2240 400p 6810 
40108 470p MCl3lDP 150p 2N414 90p 745201 
40109 100p MC1458 48p ZN419C POA 82516 

~~ ~~ = ~g::~~L = ~:~~ 135p R7103M01/PROMI 

4411 1100p ~~:: 12Cip 2N1034E = 74S188 
4502 120p MK50398 ~= ~~~~ 800p 745287 
:;;g~ = MM57160 820p l400p 745387 

4508 290p I:~~Giijj~~iR;----....,..---1 74S470 
451o 119p I 74S471 

4511 1!10p lA +w _..., ~~~~~j 
:~~~ ~ ,fy ~~~~ = ;::;>~ ~ ~~13~ 
4515 300p 15V 7815 lOp 7915 70p 93446 :m ~= ~rv ~~~~ = ~~1: ::: ~:.8 
4526 108p lOOmA T0-92 1600 
4527 1!10p 5V 78L05 30p 79L05 70p 2650A 
4528 100p 12V 78L12 30p 79L12 70p 5502 

• 4538 120p 1 5V ?~Ll 5 30p 79L 1 5 70p 6800 
4543 180p OTHER REGULATORS TBA625B 120p li802 
4553 450p LM309K 1 78HGKC 725p 8080A 
:~g 2~ LM317T 78H05KC 625p ~6'8060 
4569 250p ~~~~K ;~~O~T2C = 280A 

:m = EPROM$ 
4584 80p 2N5777 · 45p ORP60 90p 1702A 
4724 250p OCP71 130p ORP61 top 2516 
40014 90p ORP12 90p TIL78 70p 2708 

=~ ~ ~~SO~RS Tlllll 90p 2716 
14411 1100p MCT26 100p TIL112 90p 
14412 1100p MCS2400 190p TIL116 90p 

~~~ 1= LEDS 
14599 290p 0 ·125" 

co22100 350p ~:J~9 Red ~~ 
CD22101 700p TIL211 Gr 20p 
CD22102 700p TIL212Ye 25p 

TIL216Red 18p 
DISPLAYS 
3015F 200p 
Ol704 140p 
Ol707 Red 140p 

707Gr 140p 
.DL747 Red 225p 

747Gr 225p 
FND357 
FND500 
FND507 
MAN3640 
MAN4640 

0.2" 
TIL22D Red 16p 
TIL222 Gr 18p 
TIL228 Red 22p 
MV5491 T5 120p 
Oips 3p 

NS85881 570p 
TIL311 600p 
TIL31213 1 10p 
TIL321/2 130p 
TIL330 140p 
77 50 I 60 200p 
DRIVERS 
9638 200p 
9370 200p 
UDN6118 320p 
UON6184 320p 

SUPPORT 
DEVICES 
3245 
6532 
6820 
6821 
6850 
8205 
8212 
8216 
8224 
8228 
8251 
8253 
8255 
8257 
8259 
2801'10 
280CTC 
MC14411 
MC14412 

BF259 
BFR39 
BFR40 
BFR41 
BFR79 
BFR80 
BFR81 
BFX29 
BFX30 34p 
BFX84/5 40p 
BFX86/7 30p 
BFXBB 30p 
BFW10 90p 
8FY50 30p 
BFY51!2 30p 
BFY56 33p 
BFY90 90p 
BRY39 46p 
8SX1 9/20 20p 
8Ut04 225p 
BU105 1a0p 
BU108 250p 
BU109 225p 
BU205 20IIp . 
BU20B 20IIp 
BU406 145p 

' E300 SOp 
E308 50p 
E310 50p 
MJ2501 225p 
MJ2955 80p 
MJ3001 225p 
MJE340 50p 
MJE2955 100p 
MJE3055 70p 
MPF102 45p 
MPF103/4 40p 
MPF105/6 40p 
MPS6 531 !iOp 
MPS6534 SOp 
MPSAOO 30p 
MPSA12 SOp 
MPSA13 SOp 
MPSA20 50p. 
MPSA43 50p 
MPSA56 32p 
MPSA70 50p 
MPSU06 83p 
MPSU07 90p 
MPSU45 90p 
MPSU65 78p 
OC2B 130p 
OC35 130p 
R20088 200p 
R2010B 20IIp 

'J1 P29A 40p 

TIP29C 
i'IP30A 
TIP30C 
TIP31A 
TIP31C 
TIP32A 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
TIP36A 
TIP36C 
TIP41A 
TIP41C 
TIP42A 
TIP42C 
TIP54 
TIP120 
TIP122 
TIP142 
TIP147 
TIP2955 
TIP4055 
TIS43 
nss3 
ZfX108 
ZfX300 
ZfX500 
ZfX502 
ZfX504 
2N457A 
2N696 
2N697 
2N698 
2N706A 
2N708A 
2N918 
2N930 
2N1131/2 
2N1613 
2N1711 
2N2102 
2N2160 
2N2219A 
2N2222A 
2N2369A 
2N2484 
2N2646 
2N2904/5 
2N2906A 
2N2907A 
2N2926 
2N3053 

UART 
AY-3-1015P 
AY-5-1013P 
IM6402 
TMS6011NC 

CHARACTER 
GENERATORS 

500p 
400p 
500p 
400p 

3257ADC 990p 
MCM6576 £10 
R0-3-2513 U.C. 600p 

12p 
20p 

9p 
15p 
15p 
9p 
9p 
9p 
9p 

lOp 
4p 

lOA 40(JJ 200p 
25A 40fN 400p 

- ZENERS 
2.7V-33V 
400mW 9p 
lW 15p 

T1UAC5 
PLASTIC 
3A40(JII 60p 
3A 500V 65p 
6A40av 70p 
6A <:7J(N 88p 
8A400V 75p 
SA 50(JII 95p 
12A40fN Blip 
12A500V 105p 
16A 400V 110p 
16A 500V 130p 
T2800D 130p 

7p 1--------
4p 

HECllFIERS 

5p 
6p 

lA SOV 19p 
lA lOOV 20p 
lA 400V 25p 
1A 600V 30p 

THYRISTORS 
lA 50V 40p 
lA 400V 65p 
3A40fN 90p 
8A 600V 140p 
1 2A 400V 160p 
16A lOOV 160p 
16A 400V lBOp 
16A 600V 220p 
BT106 110p 
C106D 45p 
MCR101 36p 
2N3525 120p 
2N4444 140p 
2N5060 34p 
2N5064 40p 

2A 50V 30p 1------_. 
2A lOOV 35p 
2A 400V 45p 
3A 200V 60p 
3A 600V 72p 
4A lOOV 95p 
4A 400V 100p 
6A 50V BOp 
6A lOOV lOOp 
6A 400V 120p 

LOUD
SPEAKERS 
Size 
21'2'' 64R 70p 
2V," 8R 70p 
2" 8R 80p 
11'2'' BR BOp 

LOW PROFILE OIL SOCKETS BY TEXAS 

8 pin 10p 
14pin 11p 
16 pin 12p 

18 pin 22p 
20 pin 25p 
~2 pin 2Bp 

WlRE WRAP SOCKETS BY TEXAS 
8 pin 30p 18 ptn 70p 

14 pin 40p 20 pm 75p 
16 pin 55p 22 pin BOp 

24 pin 30p 
28 pin 3Bp 
40pin 48p 

24 pin 90p 
28 pin 110p 
40pin 140p 

120p 
500p 
225p 
300p 
525p 
600p 
375p 
lOOp 
lOOp 
510p 
350p 
325p 
325p 

~~l4m~;~ 1~= hiiJaiMiiiii'Aiffiii:E--A:;;:;N;T;:;E;;;X~S;cO;-;-LOD;;;j~--;-----"1 
SWrTCHES IRONS 

KEYBOARD Toggle · C-1 5W 

700p !~-~~~~ £9 ~~~i ~ g~-~-Ww 
225p DPDT 70p 2 5 
~= J-,.-TRA--NS_F_O_R_M_E_RS----:-1 OPDT (centre off) B5p ;PARE BITS 

650p (prim 220/240V) :;'e'!'ktomake ~~ C/CX/CCN 
&SOp 6-0-6 1 OOmA 8Bp Push latching 5PCO X25 

1~= ~~12 1~~ =~ SLIDE OPOT ~ ~~~XR/~~~EMENTS 
4()0p 0-1 20 12500mA 280p ROCKER SP5T 2Bp CCN == ~~59V1(~VA) ;7~ ~~~~~ :?tfo~LA IRONS 

1000p ~21~~ 350p' l~:~~ 
20-24-30 lA 340p' 2P/5VV 

£12 15-0-151A 265p' 
£20 (Please add 50p p&p charge J-.--CR-Y_ST_A_L_S _ _,; 

(Suitable for 20 X 14 pin or 

400p 
415p 
415p 
415p 

46p 
50p 

1BOp 
200p 

550p 
5501! 

270p 
£10 to all malked ·above our nor- lOOK Hz :wop 

900p mal p&p charge). 1 MHz 370p 

~~= rR-E-SI_ST_O_R_S_H_igo_MI __ -1 ~~~~~~z ~~ 
16 X 16 pin OIL ICs) OIP 
Breadboard as above with tracks 

~~ ~ Stab 5% E12 3.579545MHz 
£12.60 Carbon Film 4MHz 

for 31 way connector 340p 
V.Q Boards for ICs 105p 
(No track cutting) 

500p 
£29 

800p 
£29 

'4W lOR-1M 7p/5pcs 
one value 

'hW lOR-10M 5p/3pcs 
one value 

Miniature Presets 
Hor/Vert 100R-1M 12p 
Ca-ban Trnck PotS 

5K-1M Log or un 
400p Single 30p 

8.867237MHz 
10.7MHz 
18MHz 
26.690MHz 
27.145MHz 

. EDGEBOARD CONNECTORS 0.156" PITCH 
0 2 X 10 way B5p 2 X 22 way 135p 

~~ :~~ ~= 2x25way 150p 

110p 
110p 

£12 

1 = ~~le with Switch ~ COUNTERS TTL & ECL 

500p E,~D5E:. ~~ 560c;';"o6~ ;:m~ :~ MC4024 325p = 60p ICM7216B £20 ~0C1410644 3~= 
225p LOG lOK 50p ~~~6~b~A ~= · 10231 350p 

~r-------------~-----------------L--------------~ 
525p 
700p 

1200p 
SSOp 

1100p 
1400p 

6!10p 
650p 

1100p 
1100p 

DATA BOOKS 
TILs, ,CMOs, Linears, Memories, etc, by Mfrs stocked . 

Please send S.A.E. for details. 

175p 
100p 
lOOp 
3SOp 
180p 
175p 
175p 
230p 
3llOp 
375p 
375p 
3llOp 
400p 
360p 

'11READB0AftDS 
EXP350 3.6" x 2.1" 
(Up to 3 x 14 pin ICs) 
EXP650 3.6" x 2.4" 
(Up to 1 x 40 pin IC) 
EXP300 6" X ).1" 
(Uto 6 x 14 pin ICs) 
EXP600 6" X 2.4" 
(Up to 1 x 40 pin OCs) 

PROTOBOARD (R) SOLDERLESS BREAD· 
BOARDS . 

16 KEY KEYPAD 
(Reed Switches) 
UHF Modulators 

£4.00 

£3.75' 
£0.25 

COMPUTER KITS 

IC TEST CLIPS 

£3.15 

£3.60 

£5.75 

£6.30 

Socket Strips/Bus Strips/Binding Posts mounted 
on sturdy base plate. 
PB6 6 x 14 OIL ICs £9.20 
PB100 lOx 14 OIL ICs .~11.BO 
PB102 12x14 OIL ICs £22.95 
PB103 24 x 14 OIL ICs £34.45 
PB104 32 x 14 DIL ICs £45.95 
(The above boards are suitable for all OIL ICs.) 

Reed Switches (12VA) 
LOGIC PROBE 
MULTIMETER5 
SUPERTESTER 680R 
MICROTEST 80R 
TMK500 
Pocket multi meter, 

£1B.OO 

£33.00 
£17.00 
-=22.00 . 

£4.75 

MEMORY MAPPED VDU INTERFACE KIT 

SER IAL 1/P VDU INTERFACE KIT 
ELF 11 MICROCOMPUTER KIT 
ELF II WIRED AND TESTED 
GIANT MONITOR BOARD KIT FOR ELF II 
4K STATIC RAM BOARD FOR ELF II 
ASCII KEYBOARD KIT 
(Please add 7 5p p&p to all above items). 

£45.00 
£56.00 
£79.15 
£99.95 
£35.00 
£69.44 
£50.5B 

We carry a la;ge stock of 74 and 74LS TILs. CMOS, Linears, Memories, etc. and can normally offer 
ex-stock deilvenes. We welcome inquiri~s for volume quantities both from local and overseas buyers. 
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ROHDE & SCHWARZ 
TV Demodulator. AMF. 55-90MHz 
Sel~tive UHF V /Meter. Bands 4 & 5 . USVF 
Selectomat Voltmeter USWV. £450. 
UHF Sig . Gen type SDR 0 .3-1 GHz. £750. 
UHF Signal Generator SCH. £175. 
Polyskop SWOB I. £450. 
Videoskop SWOF with sideband adapter . 
Modulator I Demodulator BN 1 7 9 50 I 2 . 

-Video Test Signal Generator type SPF . 
UHF Sig . Gen. type SCR. 1-1 :9GHz. 

MARCONI 
TF2360R TV Transmitter Sideband Analyser 
TM6936R UHF Converter for above. 
TF1101 RC oscillators £65. 
TF 1099 20M Hz sweep generator. 
TF 1 041 B Valve Voltmeter £65. 
TF1152A/1. Power meter. 25W. 500MHz. £75. 
TF1020A Power Meter. 100W. 250MHz. £85. 
TF890A/ 1 RF Test Set. £395 
TF 1400 Pulse Generator £65. 
TF675F Pulse Generator. 
TF1 066 AM/FM Signal Generator. £550. 

F. RALFE ELECTRONICS: 

AIRMEC Display oscilloscope. 4 beam. 
AIRMEC 314A Voltmeter. 300mV(FSD)-300V. 
BRANDENBURG EHT Generator. 50KV . 1 mA. 
DERRJTRON 1 KW Power Amplifier with control equipment for 
vibration testing etc. 
GAUMONT KALEE Flutter Meter 
GERTSCH Frequency Meter and Dev Meter. 20-1 OOOMHz. 
£350. 
HEWLETT PACKARD 302A Wave Analyser 
HEWLETT PACKARD 5g5A Sweep Oscillator £350. TF 801 B/ 3S Signal Generator £175. 

i--------'----------------1 BOONTON 202H AM/FM Signal Generator 
BOONTON Model 80 Sig. Gen . 2-400MHz £95. 
RACAL type 801 R. 1 OOmHz Digital Frequency Counter BECKMAN TURNS COUNTER DIALS 

Miniature type (22mm diam.). Counting up to 
15 turn "Helipots." Brand new with mounting 
instructions. Only £2.50 each. 
Wandel & Gotterman Equipment 
Level Meter 0. 2-1600KHz 

.Level Oscillator0.2-1600KHz 
Level Transmitter 0 .3-1 350KHz 

TELETYPE KSR. One remaining. ' 
SOLARTRON LM1420.2. DVM . 6 ranges to 1KV. 
MUIRHEAD type K-134-A Wave Analyser . Portable . 
RADIOMETER AFM/ 1. Dev/Mod Meter. 3.5-320MHz. £185. 
TAYLOR Model 62A AM I FM Signal Generators. £85. 
WEINSHEL Power supply Modulator type M03. 
BRUEL & KJOER type 1 504 Deviation Bridge 
BRUEL & KJOER Vibrati01i equipment 1018. Carrier Frequency Level Meter 

1---------------------j BRUEL & KJOER Frequency analyser 2105 
ADVANCE CONSTANT VOLTAGE BRUEL & KJOER Microphone amplifier 2603 £195. 
TRANSFORMERS BRUEL & KJOER Type 3301 Automatic frequency response 
Input 190-260V AC . Output constant recorder 200Hz. £750. 
220 Volts .. 250W . £25. (£2 carriage) MUIRHEAD-PAMETRADA D489EM Wave Analyser 

1-----------------------l TEKTRONIX 555 scope with plug-ins types CA (2 off), 21, 2 2 
PYE RESISTANCE BOXES TEKTRONIX 515A Oscilloscope 
5 decade resistance boxes measuring from TEKTRONIX 545 main frames. £210. Choice of plug-in units 
11.111 ohm to 0.001 ohm £20 extra 

l-------------'----------l TEKTRONIX 585A oscilloscope with '82' P.l. DC-80MHz 
LABORATORY OVENS.- Gallenkamp, 3 cu. 
ft. £145. Also Morgan Grundy 1 cu. ft. £55. 
20-WAY JACK SOCKET STRIPS. 3 pole 
type with two normally closed contacts. £2.50 
each ( + 25p pp) . Type 31 6 three pole plugs for 
above- 20p ea. (pp free) . 

NOTICE. All the pre-owned equipment shown has been 
carefully tested in our workshop and reconditioned where 
necessary. It is sold in first-class operational condition and most 
items carry our three months' guarantee. Calibration and 
certificates can be arranged at cost. Overseas enquiries 
welcome. PLEASE ADD 15% VAT TO ALL PRICES. 

WIRELESS WORLD, DECEMBER 1979 

DC POWER SUPPLIES 
*APT 10459/8 12-14V. 5 Amps. £25. (+£1 
pp). 
*APT 10459/8. 24V. 5 Amps. £25. (+£1 pp). 
*APT Your voltage requirements from 6V to 
36V.@ 5 Amps. £25. (+£1 pp) . 
*Mu/lard Dual supplies. Brand new with hand
book. Pas & Neg 12V at 1A and 0.4A resp. 
Dims 9x4x5in. £10. (+£1 pp). 
*LAMBDA Brand new with book. 5V.4A. 
(110 AC Input through, so) ONLY £10. (+£1 
pp) . 

'*FARNELL. Current limited. Dimensions 
7x5x4in. Following range available. 
5 Volts @ 3 Amps. 1 3-1 7 Volts@ 2 Amps. 
30 Volts@ 1 Amp. Price only £11. (+£1 pp). 
All the above power supply units .. 230V .. AC 
input (except Lambda type) and .. 118b~ised 
and regulated and fused. All are fully tested 

. before despatch and guaranteed· in first class 
order throughout. As with all our equipment, 
there is a money back guarantee. 

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. 
RADIOMETER AFM/ 1 3 .5-320MHz. AM /FM. 
RACAL409 3-600MHz AM/FM . 

'CENTAUR' IN$TRUMENT 
COOLING FANS 

Made by Rotron Holland. These are very high 
quality, quiet running fans, specially designed 
for the cooling of all types of electronic equip
ment. Measures 4.5x4.5x1.5in. 115VAC . 11 
Watts. The list price of these is over £1 0 each . 
Also 230V. AC available. 1 5V. £4.50. 
(postage 25p). 230V £5. 

Finger guards for above - 50p each. Also 
small type Papst fans as above measuring 
8x8x3.8cms. 26 cu . ft/ min . 11 OV only £4.00 
(PP 25p). RS price for all these fans are now 
around £12.50 each!!! 

:.tJIIJ 111111111111111 II I IIi 1111111111111011 11'1111 i'JUU rJ IIIII UIIIUIUlliiiiiiiiJIIIIJIIIIIIIIIUIIJUJIIIIIII niiiii.IIIIIIIIII:; - . 
E ~=~~~~04~~~~s~~~~~!!l ~~~~~~~~l:~~kc~~Pw~~.i5~6~;r~.~~id: ~~~~E~~~~~~~~0~i~~-g~.\~:? :oi~!r!~!~~~-~tlunt. Prod11ces thermal E 
• ~1.00 post. noise 15 .. 5<iB 200/250v. AC £80.50. • 
: INSULATION TEST SET 0 to 10 KV, negative earth, with Ionisation Amplifier, LOW SPEED TAPE COMPARATOR (Datronie) %"tape, £46.00 + £5 carr. : 
: 100!230 Volts. AC £48.87 + £3.45 carr. MUiRHEAD i>5i4 t.M.s.: 'i2v·. tit or 100-250v. AC volts input. Range : 
• MARCONI FREQUENCY METER 1026/4: 2000MHz 'as new' condition. £34.50 100-40,000Hz. £17.25 + carr. £4.50. · : 
• or secondhand condition £25.87. AUTOTUTOR MARK II: (Viewer Training Aid) 230v. AC. Designed for use in • 
: 1026/2: l00-160MHz £34.50 'as new' or £25.87 secondhand. Carriage for all intrinsic programming method, info stored on microfilm and projected : 
: types £3.00. through optical system onto viewing screen. £132.25. : 
: TELEPRINTER TYPE 7B: Pageprinter 24v. DC power supply, speed 50 bauds STORNO TRANSMITTER COF. 632. 250v. AC 79-450 MHz Tx only base : 

5 ~~~;t~~~~~~~~~~~~t£<r8~/s~~~~~~;:n~;;;;~~~~ ~4~5~· Model, as above ~~~~i~::T. Low Imp. £5.35 + 75p post. . 5 
:. AUTOTRANSFORMER: 230!115v. 50c/s, 1000watts. Mounted in strong steel MARCONI UNIVERSAL BRIDGE. Type TF868 £92.00 +carr. £4.00. : 
: case 5" x 6'12'' x 7". Bitumen impregnated £13.80 + carriage £3.00. MUIRHEAD DECADE OSCILLATOR TYPE 8900: £92.00 + carr. £5.00. : 
: 'CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range SIEMENS POWER METER REL3U/84/ Alb: 0-12kmHz lmw 500mw 6 ranges. : 
• 3,000-lO,OOOkHz. Mains 230v 50hZ. Measures crystal current under oscillatory O.l7dB 50 ohms, £92.00 + carr. £3.00. • 
: conditions and the equivalent resistance. Crystal freq. can be tested in CV.l596 CATHODE RAY TUBE: (09D, 09G), 4" screen, green electrostatic : 
: conjunction with a freq. meter £28.75, carriage £3.00. base Bl2B, HT1200 volts, heater 4 volts £11.50. : 
: BC-221 FREQUENCY METER: 125-20,000kc/s complete with original RADAR RECEIVING ANTENNA TYPE X443 Mk.D: Suitable for detecting : 
• calibration charts £24.15 + carr. £3.00. signals on X, K, J arid Q bands. 9gHz-60gHz. Complete with waveguide horns, • 

ANTENNA MAST 36ft: Aluminium base dia. 3" tapering to 2" at top. Complete associated crystals. Transistorised amplifier and geared motor, etc. £143.75. : 
red hazard lights, guys, etc. Approx. weight 3 tons. £1l5 + carriage £10.00. Carriage approx. £5.00. : 
ADVANCE PLUG-IN UNIT. Sweep delay time base TG10287 £80.50 + £2.00 VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 2 X 4" : 
post. gauges indicating 0-20lbs p.s.i. 0-30lbs vacuum. With stand, hand pump, etc. • 
FIELD FLUID SAMPLING SET TYPE TP/SKP/10,000 with thermal control £34.50 + £4.00 carr. : 
milliporer oil sampling kit £132.25 + carr. £4.00. : 
RING TOROIDAL DUST CORES: Size 2'12'' outside, 1%" inside, 5/16" thick. . • 
Box of two £1. 15 +. 40p post. • 
ROTARY INVERTER TYPE PE-218E: Input 24-28v. DC 80 amps, 4,800rpm. BARGAIN MAPS : 
Output llv. AC 13 amp 4ooc/s. 1Ph. P.F.9. £23,00 + £4.oo carr. Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. • 

R.F.POWERRADIATION METER CT.477. Covering X, Sand L bands, £I32.25 ONC-E! -U.K. in full and pa~~c~u~n~~-;ope. Scale 1:1,000,000. : 

: ;E~f~f'i~~OUNIT: 200-250v AC input, 24v. DC at 26 amps output continuous JNC-9N- N. Europe, U.K .. Sca-ndinavia. Scale 1:2.000.000. - : 
: rating. £40.25 + carr. £5.00 JN-21N- Europe (Mediterranean). Scale 1:2,000,000. : 
: MARCONI PLUG-IN TIME BASE UNIT TM6967 £54. SIZE 58" x 42". colour. Many others. Please send S.A.E. for list. • 
• ROTARY CONVERTER: 24v DC input, 230v AC, 100 watts output. £28.75 + Price each 70p (inc. P + p) : 
: carr. £4.00. • 25 x Maps (either same type OR assorted) £10.00 + £1.00 p + p. : 
: TELEGRAPH DISTORTION TEST . SET (TYPES 5CBV and 5BV) 230v. AC lUx Maps (either same type OR assorted) £6.00 (inc. p + p) . : 

• £28.75 + carr. £3.50. : 
: RESONATOR PERFORMANCE CTC.424 8.5 to 9.0 kmc/s 3 em £80.50 + post -
: £2.00. All prices include VAT at 15% i: 
: INVERTER 24v. DC input 400 cycles lpH 6600 r.p.m. 20ov. peak. £8.05 + £2.00 Carriage quotes given are for 50-mile radius of Herts. : 
11111 post. .., : : - -·w·. M' .. ~- - L' L" s The Maltings, Station Road To avoid disappointment please telephone to arrange ·=--

SA WBRIDGEWORTH, Herts. appointment if wishing to view equipment 
_ Tel: Bishop's Stortford (0279) 725872 . S 
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7400 
74500 
7401 
7402 
7403 
7404 

" 74804 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
74C14 
7416 
7417 
7420 
7421 
7422 
7423 

.7425 
7426 
7427 
7428 ' 
17p 
7432 
7433 
7437 
7438 
7440 
7441 
7442A 
7443 
7444 
7445 
7446A 
7447A 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 ' 
7476 
7400 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74104 
74105 
74107 
74109 
74110 
74111 
74116 
74118 
74119 

. 74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74135 
74136 
74137 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
74188 
74190 
74191 

. 74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74200 
74221 

11p 
80p 
174» ,,., 
14p 
14p 
90p 
18p 
32p 
32p 
17p 
111p 
11ip 
:Mp 
2CJp 
30p 
SOp 
90p 
Z7p 
Z7p 
17p 
40p 
22ft 
34p 
30p 
40p 
34p 

3117430 · 

30p 
40p 
35p 
3&p, 
17p 
70p 
lOp 

1174» 
112p 
100p 
l3p 
SOp 
lOp 
17p 
17p 
17p 
17p 
17p 
36p 
30p 
34p 
30p 
30p 
35p 
SOp 

100p 
84p 
90p 

100p 
110p 
:Mp 

175p 
30p 
80p 
46p 
30p 
84p 
70p 
85p 

110p 
130p 

= 34p 
55p 
55p 
70p 

200p 
130p 
210p 
110p 
28p 
46p 
46p 
55p 
lOp 
75p 
75p 
SOp 
75p 
SOp 
SOp 

200p 
90p 

190p 
1!10p 
100p 

70p 
70p 

100p 
90p 
80p 
70p 

190p 
100p 
100p 
100p 
lOOp 
12Cip 
130p 
120p 
200p 
2AOp 
450p 
120p 

I 90p 
85p 
top 
top 

110p 
93p 

180p 
top 

1!10p 
150p 
500p 
325p 

90p 
top 
top 
lOp 
top 
95p 
85p 
80p 

150p 
150p 
£10 

140p 
250p 
290p 
110p 
110p 
1!10p 
1!10p 
20IIp 
100p 
100p 
100p 
100p 
200p 
200p 

74490 Z25p 
74LSSERIES 
74LSOO 14p 
74LS02 16p 
74LS03 18p 
74LS04 16p 
74LS05 25p 
74L.S08 22p 
74LS10 20p 
74LS11 40p 
74LSt3 40p 
74LS14 72p 
74LS15 4&p 
74LS20 2CJp 
74LS21 40p 
74LS27 38p 
74LS30 20p 
74LS32 Z7p 
74LS42 70p 
74LS47 90p 
74LS51 24p 
74LS55 30p 
74LS73 SOp 
74LS74 36p 
74LS75 40p 
74LS76 4&p 
74lS83 110p 
•74LS85 100p 
74LS86 40p 
74LS90 40p 
74LS92 70p 
74lS93 80p 
74lS96 110p 
74LS107 4&p 
74LS109 80p 
74LS112 100p 
74LS113 90p 
74lS114 4&p 
74LS122 80p 
74LS123 70p 
74LSt 24 180p 
74LS125 lOp 
74LS126 lOp 
74LS132 85p 
74LS133 30p , 
74LS136 55p 
74LS138 75p 
74LS139 75p 
74LS145 120p 
74LS147 22IOp 
74LS148 175p 
74LS151 100p 
74LS153 lOp 
7 4LS 1 54 20IIp 
74LS155 lOp 
74LS156 lOp 
74lS157 lOp 
74LS158 lOp 
74lS160 130p 
74LS161 100p 
74LS162 140p 
74LS163 100p 
74LS164 120p 
74LS165 190p 
74lSt 66 180p 
74LS173 110p 
74LS174 110p 
74LS175 110p 
74LS181 3ZOp 
74LS190 100p 
74LS191 100p 
74LS192 100p 
74LS193 100p 
74lS195 140p 
74LS196 12Cip 
74LS197 12Cip 
74LS221 140p 
74LS240 175p 
74LS241 175p 
74lS242 110p 
74lS243 170p 
74LS244 185p 
74LS245 250p 
74LS247 140p 
74lS248 140p 
741.5249 140p 
74LS251 140p 
74lS253 140p 
741.5257 120p 
74lS258 110p 
74LS259 190p 
7 4LS266 1 ClOp 
74LS273 171ip 
74LS279 90p 
7 4lS298 248p 
74LS324 200p 
7 4LS348 20IIp 
74l5365 100p 
74LS367 100p 
7 4LS368 100p 
74LS373 180p 
74LS374 1t!ip 
7 4lS3 78 200p 
74LS390 110p 
74LS393 110p 
7 4L.S445 140p 
74LS668 100p 
74LS669 100p 
74LS670 400p 

4000SERIES 
4(XX) 15p 
4001 17p 
4002 17p 
4006 95p 
4007 18p 
4008 lOp 
4009 40p 
4010 
4011 
4012 
4013 
4014 
4015 
4016 
4017 

1311ERIES 
9301 160p 0.1 0 .15 

~~~ ~~~ ~= 2.5X375" (~~ 
4022 9310 275p g~;; 75" 5577p ~p 
4023 9311 Z75p 3.75X5" p 

~~~ =I ~m ~= 3.75X17" ~ 1::: 
4026 130p 93l6 225p 4.75X17.9" 290p _ 
4027 SOp 932l 225p Pkt oil()() pins 50p 
4028 84p 9322 150p . face Cutter 86p 
4029 100p 9334 3&0p- Insertion tool 118p 
4030 55p : 9368 200p Vem Wiring Pen 
4031 - 200p,' 9370 2011p + 2 wire 

::i~! = 9374 20IIp. c: + CO!T'bs 
4035 110p ·j-'--:U-:N:'ENl::':'"I-:.C:.:---~""'t_:::::;,::::., ____ _;,q 
4036 2l5p AYl-{)212 1100p ~~~~ 1soP 
~~~ . g:;: AYl -1313 l88p ~~~~B = 
4039 . 2l5p :~1:~g ~ NE562B 42Sp 

~ 15 :~tg~~ = ~~~~ = 
4043 90p . AY5-1315 IIOOp NE567 

1
55p 

4044 90p AY5-1317A 775p NE571 lz': 
~~ ~=; ~ = ~~g~4A 1::: 
:g:~ ::: CA3000E ~ ~~9~N £11 
4050 48p CA3006 48p 5N76013N ~= 
4051 80p ~:!a ~= ~7766002133NNO 120p 
4052 80p CA3130E 100p 140p 

~ 1= CA3l40E SOp ~~~~~~NO = 
4055 125p CA3160E 100p SP8515 750p 
4056 135p CA3lSl E t40p TAA621 27Sp 
4059 IIOOp CA31 62E 450p TBA641 B 11 Z25p 
4060 115p CA31 89E 400p TBA651 20IIp 
4063 120p ' OAC1408-8 200p 1BA800 top 
4006 55p FX209 7SOp TBA610 100p 

4067 450p :~~: = ~~ 1::: 
~~ = lf356P 85p TDA1004 300p 
4070 30p lf358P 75p ~1008 3ZOp 
4071 22p · lMlOC 425p TDA1010 225p 
4072 22p LM301 A 30p TDA 1 022 1100p 
4073 22p LM311 120p TDA1024 120p 
4075 22p LM318 200p TDA10348 250p 
4076 107p LM3l9 225p TDA1170 250p 
4081 22p LM324 !iOp TDA2002V 325p 

4082 22p ~~~ = iP~i~20 320p 
::~ 1~ LM377 175p 11.072 :::: 
4093 90p LM380 71ip TL074 150p 
4094 250p LM381AN 110p TL081 45p 
4095 95p lM 709 38p TL082 95p 

AC126 25p 
AC12718 20p 
AC176 25p 
AC187/8 25p 
AF116 SOp 
A0149 70p 
AD161/2 45p 
AU107 200p 
8C107 /8 11p 
BC109 11p 
BC117 20p 
BC147 18 lip 
BC149 lOp 
8C157/8 10p 
BC159 11p 
BC169C 12p 
BC172 12p 
BC17718 17p 
8C179 18p 
BC182/3 tOp 
BC184 11p 
8C187 30p 
BC212/3 11p 
8C214 174» 
8C237 15p 
BC327 18p 
BC337 18p 
BC338 18p 
BC461 38p 
8C477/8 30p 
8C516/7 50p 
BC5478 16p 
BC548C lip 
BC549C 18p 
BC5578 16p 
BC559C 18p 
BCY70 18p 
BCY71/2 22ft 
80131/2 SOp 
80135/6 54p 
80139 56p 
80140 lOp 
80189 lOp 
80232 85p 
80233 75p 
80235 85p 
80241 70p 
60242 -70p 
BDX53B 150p 
BDY56 200p 
8F200 32p 
8F244B 35p 
BF256B 70p 
8F257/8 32p 

4096 1115p LM71 0 !iOp TLOB4 130p 
4097 340p LM725 350p 11.170 !iOp 2102-2L 
4098 107p LM733 100p UAA170 200p 21076 
4099 2011p LM741 18p UAA180 200p 2111-2 
40100 220p LM747 70p UON6118 320p 2112-2 
40101 ·132p LM748 250p3&p UDN6184 3ZOp 2114 
40102 181lp LMZ9l 7 ULN2003 100p 2114-2L 
40103 180p LM3900 70p XR2206 400p 4027 
401 04 91p LM3909 70p XR2207 400p 4044 
40105 119p LM3911 130p XR2211 1100p 4116 
40106 80p LM391 4 250p XR2216 l76p 5101 
40107 80p LM4136 120p XR2240 400p 6810 
40108 470p MCl3lDP 150p 2N414 90p 745201 
40109 100p MC1458 48p ZN419C POA 82516 

~~ ~~ = ~g::~~L = ~:~~ 135p R7103M01/PROMI 

4411 1100p ~~:: 12Cip 2N1034E = 74S188 
4502 120p MK50398 ~= ~~~~ 800p 745287 
:;;g~ = MM57160 820p l400p 745387 

4508 290p I:~~Giijj~~iR;----....,..---1 74S470 
451o 119p I 74S471 

4511 1!10p lA +w _..., ~~~~~j 
:~~~ ~ ,fy ~~~~ = ;::;>~ ~ ~~13~ 
4515 300p 15V 7815 lOp 7915 70p 93446 :m ~= ~rv ~~~~ = ~~1: ::: ~:.8 
4526 108p lOOmA T0-92 1600 
4527 1!10p 5V 78L05 30p 79L05 70p 2650A 
4528 100p 12V 78L12 30p 79L12 70p 5502 

• 4538 120p 1 5V ?~Ll 5 30p 79L 1 5 70p 6800 
4543 180p OTHER REGULATORS TBA625B 120p li802 
4553 450p LM309K 1 78HGKC 725p 8080A 
:~g 2~ LM317T 78H05KC 625p ~6'8060 
4569 250p ~~~~K ;~~O~T2C = 280A 

:m = EPROM$ 
4584 80p 2N5777 · 45p ORP60 90p 1702A 
4724 250p OCP71 130p ORP61 top 2516 
40014 90p ORP12 90p TIL78 70p 2708 

=~ ~ ~~SO~RS Tlllll 90p 2716 
14411 1100p MCT26 100p TIL112 90p 
14412 1100p MCS2400 190p TIL116 90p 

~~~ 1= LEDS 
14599 290p 0 ·125" 

co22100 350p ~:J~9 Red ~~ 
CD22101 700p TIL211 Gr 20p 
CD22102 700p TIL212Ye 25p 

TIL216Red 18p 
DISPLAYS 
3015F 200p 
Ol704 140p 
Ol707 Red 140p 

707Gr 140p 
.DL747 Red 225p 

747Gr 225p 
FND357 
FND500 
FND507 
MAN3640 
MAN4640 

0.2" 
TIL22D Red 16p 
TIL222 Gr 18p 
TIL228 Red 22p 
MV5491 T5 120p 
Oips 3p 

NS85881 570p 
TIL311 600p 
TIL31213 1 10p 
TIL321/2 130p 
TIL330 140p 
77 50 I 60 200p 
DRIVERS 
9638 200p 
9370 200p 
UDN6118 320p 
UON6184 320p 

SUPPORT 
DEVICES 
3245 
6532 
6820 
6821 
6850 
8205 
8212 
8216 
8224 
8228 
8251 
8253 
8255 
8257 
8259 
2801'10 
280CTC 
MC14411 
MC14412 

BF259 
BFR39 
BFR40 
BFR41 
BFR79 
BFR80 
BFR81 
BFX29 
BFX30 34p 
BFX84/5 40p 
BFX86/7 30p 
BFXBB 30p 
BFW10 90p 
8FY50 30p 
BFY51!2 30p 
BFY56 33p 
BFY90 90p 
BRY39 46p 
8SX1 9/20 20p 
8Ut04 225p 
BU105 1a0p 
BU108 250p 
BU109 225p 
BU205 20IIp . 
BU20B 20IIp 
BU406 145p 

' E300 SOp 
E308 50p 
E310 50p 
MJ2501 225p 
MJ2955 80p 
MJ3001 225p 
MJE340 50p 
MJE2955 100p 
MJE3055 70p 
MPF102 45p 
MPF103/4 40p 
MPF105/6 40p 
MPS6 531 !iOp 
MPS6534 SOp 
MPSAOO 30p 
MPSA12 SOp 
MPSA13 SOp 
MPSA20 50p. 
MPSA43 50p 
MPSA56 32p 
MPSA70 50p 
MPSU06 83p 
MPSU07 90p 
MPSU45 90p 
MPSU65 78p 
OC2B 130p 
OC35 130p 
R20088 200p 
R2010B 20IIp 

'J1 P29A 40p 

TIP29C 
i'IP30A 
TIP30C 
TIP31A 
TIP31C 
TIP32A 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
TIP36A 
TIP36C 
TIP41A 
TIP41C 
TIP42A 
TIP42C 
TIP54 
TIP120 
TIP122 
TIP142 
TIP147 
TIP2955 
TIP4055 
TIS43 
nss3 
ZfX108 
ZfX300 
ZfX500 
ZfX502 
ZfX504 
2N457A 
2N696 
2N697 
2N698 
2N706A 
2N708A 
2N918 
2N930 
2N1131/2 
2N1613 
2N1711 
2N2102 
2N2160 
2N2219A 
2N2222A 
2N2369A 
2N2484 
2N2646 
2N2904/5 
2N2906A 
2N2907A 
2N2926 
2N3053 

UART 
AY-3-1015P 
AY-5-1013P 
IM6402 
TMS6011NC 

CHARACTER 
GENERATORS 

500p 
400p 
500p 
400p 

3257ADC 990p 
MCM6576 £10 
R0-3-2513 U.C. 600p 

12p 
20p 

9p 
15p 
15p 
9p 
9p 
9p 
9p 

lOp 
4p 

lOA 40(JJ 200p 
25A 40fN 400p 

- ZENERS 
2.7V-33V 
400mW 9p 
lW 15p 

T1UAC5 
PLASTIC 
3A40(JII 60p 
3A 500V 65p 
6A40av 70p 
6A <:7J(N 88p 
8A400V 75p 
SA 50(JII 95p 
12A40fN Blip 
12A500V 105p 
16A 400V 110p 
16A 500V 130p 
T2800D 130p 

7p 1--------
4p 

HECllFIERS 

5p 
6p 

lA SOV 19p 
lA lOOV 20p 
lA 400V 25p 
1A 600V 30p 

THYRISTORS 
lA 50V 40p 
lA 400V 65p 
3A40fN 90p 
8A 600V 140p 
1 2A 400V 160p 
16A lOOV 160p 
16A 400V lBOp 
16A 600V 220p 
BT106 110p 
C106D 45p 
MCR101 36p 
2N3525 120p 
2N4444 140p 
2N5060 34p 
2N5064 40p 

2A 50V 30p 1------_. 
2A lOOV 35p 
2A 400V 45p 
3A 200V 60p 
3A 600V 72p 
4A lOOV 95p 
4A 400V 100p 
6A 50V BOp 
6A lOOV lOOp 
6A 400V 120p 

LOUD
SPEAKERS 
Size 
21'2'' 64R 70p 
2V," 8R 70p 
2" 8R 80p 
11'2'' BR BOp 

LOW PROFILE OIL SOCKETS BY TEXAS 

8 pin 10p 
14pin 11p 
16 pin 12p 

18 pin 22p 
20 pin 25p 
~2 pin 2Bp 

WlRE WRAP SOCKETS BY TEXAS 
8 pin 30p 18 ptn 70p 

14 pin 40p 20 pm 75p 
16 pin 55p 22 pin BOp 

24 pin 30p 
28 pin 3Bp 
40pin 48p 

24 pin 90p 
28 pin 110p 
40pin 140p 

120p 
500p 
225p 
300p 
525p 
600p 
375p 
lOOp 
lOOp 
510p 
350p 
325p 
325p 

~~l4m~;~ 1~= hiiJaiMiiiii'Aiffiii:E--A:;;:;N;T;:;E;;;X~S;cO;-;-LOD;;;j~--;-----"1 
SWrTCHES IRONS 

KEYBOARD Toggle · C-1 5W 

700p !~-~~~~ £9 ~~~i ~ g~-~-Ww 
225p DPDT 70p 2 5 
~= J-,.-TRA--NS_F_O_R_M_E_RS----:-1 OPDT (centre off) B5p ;PARE BITS 

650p (prim 220/240V) :;'e'!'ktomake ~~ C/CX/CCN 
&SOp 6-0-6 1 OOmA 8Bp Push latching 5PCO X25 

1~= ~~12 1~~ =~ SLIDE OPOT ~ ~~~XR/~~~EMENTS 
4()0p 0-1 20 12500mA 280p ROCKER SP5T 2Bp CCN == ~~59V1(~VA) ;7~ ~~~~~ :?tfo~LA IRONS 

1000p ~21~~ 350p' l~:~~ 
20-24-30 lA 340p' 2P/5VV 

£12 15-0-151A 265p' 
£20 (Please add 50p p&p charge J-.--CR-Y_ST_A_L_S _ _,; 

(Suitable for 20 X 14 pin or 

400p 
415p 
415p 
415p 

46p 
50p 

1BOp 
200p 

550p 
5501! 

270p 
£10 to all malked ·above our nor- lOOK Hz :wop 

900p mal p&p charge). 1 MHz 370p 

~~= rR-E-SI_ST_O_R_S_H_igo_MI __ -1 ~~~~~~z ~~ 
16 X 16 pin OIL ICs) OIP 
Breadboard as above with tracks 

~~ ~ Stab 5% E12 3.579545MHz 
£12.60 Carbon Film 4MHz 

for 31 way connector 340p 
V.Q Boards for ICs 105p 
(No track cutting) 

500p 
£29 

800p 
£29 

'4W lOR-1M 7p/5pcs 
one value 

'hW lOR-10M 5p/3pcs 
one value 

Miniature Presets 
Hor/Vert 100R-1M 12p 
Ca-ban Trnck PotS 

5K-1M Log or un 
400p Single 30p 

8.867237MHz 
10.7MHz 
18MHz 
26.690MHz 
27.145MHz 

. EDGEBOARD CONNECTORS 0.156" PITCH 
0 2 X 10 way B5p 2 X 22 way 135p 

~~ :~~ ~= 2x25way 150p 

110p 
110p 

£12 

1 = ~~le with Switch ~ COUNTERS TTL & ECL 

500p E,~D5E:. ~~ 560c;';"o6~ ;:m~ :~ MC4024 325p = 60p ICM7216B £20 ~0C1410644 3~= 
225p LOG lOK 50p ~~~6~b~A ~= · 10231 350p 

~r-------------~-----------------L--------------~ 
525p 
700p 

1200p 
SSOp 

1100p 
1400p 

6!10p 
650p 

1100p 
1100p 

DATA BOOKS 
TILs, ,CMOs, Linears, Memories, etc, by Mfrs stocked . 

Please send S.A.E. for details. 

175p 
100p 
lOOp 
3SOp 
180p 
175p 
175p 
230p 
3llOp 
375p 
375p 
3llOp 
400p 
360p 

'11READB0AftDS 
EXP350 3.6" x 2.1" 
(Up to 3 x 14 pin ICs) 
EXP650 3.6" x 2.4" 
(Up to 1 x 40 pin IC) 
EXP300 6" X ).1" 
(Uto 6 x 14 pin ICs) 
EXP600 6" X 2.4" 
(Up to 1 x 40 pin OCs) 

PROTOBOARD (R) SOLDERLESS BREAD· 
BOARDS . 

16 KEY KEYPAD 
(Reed Switches) 
UHF Modulators 

£4.00 

£3.75' 
£0.25 

COMPUTER KITS 

IC TEST CLIPS 

£3.15 

£3.60 

£5.75 

£6.30 

Socket Strips/Bus Strips/Binding Posts mounted 
on sturdy base plate. 
PB6 6 x 14 OIL ICs £9.20 
PB100 lOx 14 OIL ICs .~11.BO 
PB102 12x14 OIL ICs £22.95 
PB103 24 x 14 OIL ICs £34.45 
PB104 32 x 14 DIL ICs £45.95 
(The above boards are suitable for all OIL ICs.) 

Reed Switches (12VA) 
LOGIC PROBE 
MULTIMETER5 
SUPERTESTER 680R 
MICROTEST 80R 
TMK500 
Pocket multi meter, 

£1B.OO 

£33.00 
£17.00 
-=22.00 . 

£4.75 

MEMORY MAPPED VDU INTERFACE KIT 

SER IAL 1/P VDU INTERFACE KIT 
ELF 11 MICROCOMPUTER KIT 
ELF II WIRED AND TESTED 
GIANT MONITOR BOARD KIT FOR ELF II 
4K STATIC RAM BOARD FOR ELF II 
ASCII KEYBOARD KIT 
(Please add 7 5p p&p to all above items). 

£45.00 
£56.00 
£79.15 
£99.95 
£35.00 
£69.44 
£50.5B 

We carry a la;ge stock of 74 and 74LS TILs. CMOS, Linears, Memories, etc. and can normally offer 
ex-stock deilvenes. We welcome inquiri~s for volume quantities both from local and overseas buyers. 
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MARCONI INSTS. 
Tf2012 U H F.F M. 51!;J !'lal 
GeneratQr. 40G-520MHz Very low 
noise & freq. dnft 

Unless otherwise stated all 
equipment offered in the 
Electronic Brokers 4-page 
advertisement is 
refurbished and in the case 
of Test Equipment also 
calibrated. Test equipment 
is guaranteed for 1 2 

. months; computer 
peripherals for 3 months. 

Hours of Business: 
9 a.m.-5 p.m., Mon.-Fri. 
Closed lunch 1-2 p.m. 

A copy of our trading 
conditions is available on 
requ&st. 

£.900 •. 00 

Add 15% 
VAT to ALL 
PRICES 

Carriage and 
Packing 
charge extra 
on all items 
unless 
otherwise 
stated. 

WW -113 FOR FURTHER DETAILS 

70S5 Micropf-ocessor Controtled D M M. 
Without prooessor optlol'l 

Wtth .pr<Jcessor o ptlOf'l 

WAYN1EKERR 

£975.08 
£1308.00 

B64·2 Autobalanc;e Urmt. Btid ge .11!-GAG AO 
Typu~ally 0 .1% accuracy l.C R & G Iii. · av.V . 
meaSoutemems 

HEWLETT PACKARD 
5'12 ofGil D.M .M . 3490A 
AC-DCvolts 
and resistance 
Self check fiiClli ty 

only £550.00 
Current new price , 

£1,871.00 

1703A Storage Oscilloscope 
3 5MHz Delayed Sweep. 

Storage Dual Channel £1850.00 

MARCONI INSTRUMENTS 
TF 23008 . FM I AM Modulation Meter 
Carner Freq 4 to 1 200M Hz . Dev1 at ion 
range up to 500KHz 
Measures AM depth up to 95 %, at 
carrier freqs up to 400MHz 

4449 3 'h D1git DMM 
AC-DC Voltage and Current and resista nce 
SUPERB VA LUE AT ONLY 
QUANTITI ES AVAILABLE UNUSED 

£950.00 

£49.50 

HEWLETT PACKARD 
203A Variable Phase Sine & Square Wave Generator 
0.005Hz-60kHz. Up to 5V into 6000 . Phase range 0.360° between 
reference 0/P and variable 0/ P. sine and square simultaneous 

651 B Oscillator . 
10Hz-1OM Hz . 0 .1 mV-316V into 50 or 6000 Sine Wave only . Metered 0/P 

608D VHF Signal Generator. 
10-420MHz. 0.1 ~V-0 . 5V into 50D AM : 0-95% . 

608E VHF Signal Generator 
10-480MHz. 0 .1 ~V- 1V into 500 AM 0 -95%@ 400Hz or 1kHz 

608F VHF Generator. · 
10-455MHz. 0 .1 ~V into 500 AM 0-95%@ 400Hz and 1kHz. 
External pulse modulation 

612A UHF Signal Generator. 
540-1230MHz. 0 .1 ~ V-0 . 5V into 500 AM: 0 . 90% Ext. pulse mod 

4204A Decade Oscillator . 

e 
I 

£495.00 

£415.00 

£420.00 

£450.00 

£450.00 

£850.00 

1 OHz-1 MHz. Max 0 I P 1 OV into 6000 . Attenuator range BOd B in 1 OdB steps 
with variable in between ranges . Metered 0/P . Sine wave only £750.00 

8640A AM-FM Signal Generator. 
500kHz-51 2M Hz . 0 .013uV-2V irito 500 AM 0·1 00% FM 0-4120kHz 
but dependent on CW frequency range . Mod. frequency 400Hz and 1kHz £1800.00 

MARCONI INSTRUMENTS 
TF 1 44H I 4 AM Signal Generator 
10KHz-72MHz. 2uV-2V 0 /Pinto 50 ohms AM 0 -80%@ 400Hz and 1kHz 

TF144H/4S AM Signal Generator . 
Same spec as 144H I 4 but hermetically sealed meters 

TF144HIS AM Signal Generator 
Similar spec to TF 144H I 4S. 

TF801 D/1 AM Signal Generator. 
10kHz-470MHz. 0 .1 ~V-1V il'lto 500 . AM 0-90%@ 1kHz 

TF801 D/8S AM Signal Generator . 
Similar spec to TF801 D/ 1 

TF801D/5M1 AM Signal Generator. 
10-400MHz 0 .1 ~ V-1 V into 500 . AM 0-90%@ 1kHz. Demodulator 
output, 75MHz Crystal 

TF995B/2 AM/FM Signal Generator . 

£750.00 

£550.00 

£350.00 

£400.00 

£600.00 

£450.00 

200kHz-220M Hz 11JV-200mV into 750. AM 0 -50%@ 1 .5kHz-1kHz and 400Hz . 
FM 0-:"- 25kHzanct0-775kHz@ 1 .5kHz . 1kHz and 400Hz rate . Supplied 
With 500 matching pad £675.00 

TF1066B/6 AM Signal Generator. 
10-470MHz. 0 . 2~V-200mV into 500 . AM 0 -40%@ 1 or 5kHz . FM 0-400kHz 
@ 1 or 5kHz rate £675.00 

TF1101 R-C Oscillator. 
20Hz-200kHz. 1 mV-20V into 6000. Metered 0/ P £100.00 

TF1370A R-C Oscillator . 
later version of TF1370 Main difference is four switched low 0 I P impedances 
of 75, 100, 130 and 6000 £275.00 

TF2000 AF Oscillator 
20Hz-20kHz . 0 / P up to 4 .3 6V via 0-1 1 1 dB attenuator . 0 I P Z 7 5, 1 50 or 6000 . 
Metered 0 / P. Attenuator can be used separately de-550kHz@ 6000 £325.00 

ondUser 
men I 

0 I P 0-111 dB attenuator 

TF21 01 MF Oscillator. 
30Hz-550kHz. 0 I P continuously variable up to 1.1 V into 6000 

TF21 02M/ 1 AF Oscillator . 
3Hz-30kHz. 1 OV into 6000 

TF2909 Grey Scale Generator 
Suitable for Monochrome & colour systems. 

TF2950/5 Mobile Radio Test Set. 

£900.00 

£299.00 

£115.00· 

£195.00 

£600.00 

65-1 OBMHz. 138-1 BOM Hz. 420-4 70M Hz . AM I FM Generator, 1kHz audio oscillator, 
RF power meter, AF mV /meter, AM/FM modulation meter . £-

125
0.00 

Mains/ battery operation . 

RACAL 
I 

9081 Synthesized Signal Generator. 
Frequency Range 5-520MHz. AM, FM, Phase & Pulse modulation. 

SINGER 
FM-1 0 Decad~ Switched FM Signal 
Generator. 
Up to 500MHz. 

PHILIPS 

PM 5167 Function Generator. 

£1900.00 

£1200.00 

1 MHz- 1OM Hz. Sine, square, :"-pulse. ramp, triangle, single shot with variable phase . . 
0/P 40V Pk-Pk into 500 Reduced frequency range on triangle and -j: pulse . 
Variable DC offset, ext sweep. £675.00 

PM5326 AM /FM Signal Generator with digital readout of frequency . 
100kHz-125MHz. Up to 50mV into 750 AM@ 30%@ 1kHz. 
FM.@ -j: 22 .kHz@ 1kHz. Ext counter 0-999 .99kHz. 

PM5326X AM /FM Signal Generator. 
Same spec as PM 5326 but ext . counter up to 99 . 999MHz. 

PM5127 Function Generator. 
Sine/square / triangle /pulse signals . External sweep . Variable DC offset. 
Variable width. Frequency range 1 OOmHz-1 M Hz. 

PM 5108 Function Generator. 
Sine, square, triangle signals. Variable DC offset . TTL output. 
Stepped and continuous attenuation . Frequency range 1 Hz-1 MHz 

TELONIC 

SM2000 Sweeper Main Frame withE-3M RF Plug-In Unit. 
530MHz-3. 1. 12GHz. 0.4V max 0/ Pinto ·500 . Sweep speed 0 .01 5-1 OOS. 
Sweep width up to 8% of range 

£695.00 

£735.00 

£395.00 

£250.00 

£475.00 

2003 Sweeper Main Frame c/w 3302 , 3331 , 3341. 33 51 , 3360 and 33 70 
modules. Frequency range 0-300MHz. sweep width 0-1 00% of the range 
0-62dB o/p attenuator tn 1 dB steps. 0 I P Z 7 5 Sweep time 0 .01-50S. Internal 
'5 & 10MHz markers. Internal AM /FM modulation. Internal detector £1150.00 

TEXSCAN 
VS40 Sweep Generator. 
Frequency range 1 MHz-300MHz. 

WAVETEK 
135 Lii'I/Log Sweep Function Generator. 0 .2Hz-2MHz. 1 OV into 500 
Sine square, triangle. Sweep time 10 ~ S-1 OOOOS . 

144 Sweep Function Generator . 0 .005Hz-1 OM Hz. 1 5V into 500 . 
Output attenuator 0-60dB in 1 OdB steps. Sil'le, square, trial'lgle, pos and 
neg pulse. Sweep time 1 0~ S-1 OOOS. 

1801 A RF Sweep Generator . 
1-950MHz in 2 ranges . 0 . 7V max 0 I Pinto 7 50 . 0 I P attenuator 70dB in 
1 dB increments . Sweep width 200kHz-5000MHz. Sweep time 1 OmS-1 OOS . 

£650.00 

£275.00 

£325.00 

£435.00 
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Oscilloscopes, DVMs, Counters, Recorders, DEC Computers, VDUs, Teletypes, etc. 
Largest stocks - most cost effective. 

LATEST EDITION JUST OUT. SENT FREE IN UK. 
Airmail to overseas addresses £2.00 

MARCO;N:I I 'NSTS. SO:LA .R·T·RON HEWLETT PACKARD 
Tf 2 ·16~ 1';4 F. Auen.uato.r 
0.11 h:fa. Steps of 0 1 o:S ., 1 '? fi! .... -~·0-• 
OC-lMHz 600ft zo. •v v 

MARCONI INSTS. 
Tf2012 U H F.F M. 51!;J !'lal 
GeneratQr. 40G-520MHz Very low 
noise & freq. dnft 

Unless otherwise stated all 
equipment offered in the 
Electronic Brokers 4-page 
advertisement is 
refurbished and in the case 
of Test Equipment also 
calibrated. Test equipment 
is guaranteed for 1 2 

. months; computer 
peripherals for 3 months. 

Hours of Business: 
9 a.m.-5 p.m., Mon.-Fri. 
Closed lunch 1-2 p.m. 

A copy of our trading 
conditions is available on 
requ&st. 

£.900 •. 00 

Add 15% 
VAT to ALL 
PRICES 

Carriage and 
Packing 
charge extra 
on all items 
unless 
otherwise 
stated. 
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70S5 Micropf-ocessor Controtled D M M. 
Without prooessor optlol'l 

Wtth .pr<Jcessor o ptlOf'l 

WAYN1EKERR 

£975.08 
£1308.00 

B64·2 Autobalanc;e Urmt. Btid ge .11!-GAG AO 
Typu~ally 0 .1% accuracy l.C R & G Iii. · av.V . 
meaSoutemems 

HEWLETT PACKARD 
5'12 ofGil D.M .M . 3490A 
AC-DCvolts 
and resistance 
Self check fiiClli ty 

only £550.00 
Current new price , 

£1,871.00 

1703A Storage Oscilloscope 
3 5MHz Delayed Sweep. 

Storage Dual Channel £1850.00 

MARCONI INSTRUMENTS 
TF 23008 . FM I AM Modulation Meter 
Carner Freq 4 to 1 200M Hz . Dev1 at ion 
range up to 500KHz 
Measures AM depth up to 95 %, at 
carrier freqs up to 400MHz 

4449 3 'h D1git DMM 
AC-DC Voltage and Current and resista nce 
SUPERB VA LUE AT ONLY 
QUANTITI ES AVAILABLE UNUSED 

£950.00 

£49.50 

HEWLETT PACKARD 
203A Variable Phase Sine & Square Wave Generator 
0.005Hz-60kHz. Up to 5V into 6000 . Phase range 0.360° between 
reference 0/P and variable 0/ P. sine and square simultaneous 

651 B Oscillator . 
10Hz-1OM Hz . 0 .1 mV-316V into 50 or 6000 Sine Wave only . Metered 0/P 

608D VHF Signal Generator. 
10-420MHz. 0.1 ~V-0 . 5V into 50D AM : 0-95% . 

608E VHF Signal Generator 
10-480MHz. 0 .1 ~V- 1V into 500 AM 0 -95%@ 400Hz or 1kHz 

608F VHF Generator. · 
10-455MHz. 0 .1 ~V into 500 AM 0-95%@ 400Hz and 1kHz. 
External pulse modulation 

612A UHF Signal Generator. 
540-1230MHz. 0 .1 ~ V-0 . 5V into 500 AM: 0 . 90% Ext. pulse mod 

4204A Decade Oscillator . 

e 
I 

£495.00 

£415.00 

£420.00 

£450.00 

£450.00 

£850.00 

1 OHz-1 MHz. Max 0 I P 1 OV into 6000 . Attenuator range BOd B in 1 OdB steps 
with variable in between ranges . Metered 0/P . Sine wave only £750.00 

8640A AM-FM Signal Generator. 
500kHz-51 2M Hz . 0 .013uV-2V irito 500 AM 0·1 00% FM 0-4120kHz 
but dependent on CW frequency range . Mod. frequency 400Hz and 1kHz £1800.00 

MARCONI INSTRUMENTS 
TF 1 44H I 4 AM Signal Generator 
10KHz-72MHz. 2uV-2V 0 /Pinto 50 ohms AM 0 -80%@ 400Hz and 1kHz 

TF144H/4S AM Signal Generator . 
Same spec as 144H I 4 but hermetically sealed meters 

TF144HIS AM Signal Generator 
Similar spec to TF 144H I 4S. 

TF801 D/1 AM Signal Generator. 
10kHz-470MHz. 0 .1 ~V-1V il'lto 500 . AM 0-90%@ 1kHz 

TF801 D/8S AM Signal Generator . 
Similar spec to TF801 D/ 1 

TF801D/5M1 AM Signal Generator. 
10-400MHz 0 .1 ~ V-1 V into 500 . AM 0-90%@ 1kHz. Demodulator 
output, 75MHz Crystal 

TF995B/2 AM/FM Signal Generator . 

£750.00 

£550.00 

£350.00 

£400.00 

£600.00 

£450.00 

200kHz-220M Hz 11JV-200mV into 750. AM 0 -50%@ 1 .5kHz-1kHz and 400Hz . 
FM 0-:"- 25kHzanct0-775kHz@ 1 .5kHz . 1kHz and 400Hz rate . Supplied 
With 500 matching pad £675.00 

TF1066B/6 AM Signal Generator. 
10-470MHz. 0 . 2~V-200mV into 500 . AM 0 -40%@ 1 or 5kHz . FM 0-400kHz 
@ 1 or 5kHz rate £675.00 

TF1101 R-C Oscillator. 
20Hz-200kHz. 1 mV-20V into 6000. Metered 0/ P £100.00 

TF1370A R-C Oscillator . 
later version of TF1370 Main difference is four switched low 0 I P impedances 
of 75, 100, 130 and 6000 £275.00 

TF2000 AF Oscillator 
20Hz-20kHz . 0 / P up to 4 .3 6V via 0-1 1 1 dB attenuator . 0 I P Z 7 5, 1 50 or 6000 . 
Metered 0 / P. Attenuator can be used separately de-550kHz@ 6000 £325.00 

ondUser 
men I 

0 I P 0-111 dB attenuator 

TF21 01 MF Oscillator. 
30Hz-550kHz. 0 I P continuously variable up to 1.1 V into 6000 

TF21 02M/ 1 AF Oscillator . 
3Hz-30kHz. 1 OV into 6000 

TF2909 Grey Scale Generator 
Suitable for Monochrome & colour systems. 

TF2950/5 Mobile Radio Test Set. 

£900.00 

£299.00 

£115.00· 

£195.00 

£600.00 

65-1 OBMHz. 138-1 BOM Hz. 420-4 70M Hz . AM I FM Generator, 1kHz audio oscillator, 
RF power meter, AF mV /meter, AM/FM modulation meter . £-

125
0.00 

Mains/ battery operation . 

RACAL 
I 

9081 Synthesized Signal Generator. 
Frequency Range 5-520MHz. AM, FM, Phase & Pulse modulation. 

SINGER 
FM-1 0 Decad~ Switched FM Signal 
Generator. 
Up to 500MHz. 

PHILIPS 

PM 5167 Function Generator. 

£1900.00 

£1200.00 

1 MHz- 1OM Hz. Sine, square, :"-pulse. ramp, triangle, single shot with variable phase . . 
0/P 40V Pk-Pk into 500 Reduced frequency range on triangle and -j: pulse . 
Variable DC offset, ext sweep. £675.00 

PM5326 AM /FM Signal Generator with digital readout of frequency . 
100kHz-125MHz. Up to 50mV into 750 AM@ 30%@ 1kHz. 
FM.@ -j: 22 .kHz@ 1kHz. Ext counter 0-999 .99kHz. 

PM5326X AM /FM Signal Generator. 
Same spec as PM 5326 but ext . counter up to 99 . 999MHz. 

PM5127 Function Generator. 
Sine/square / triangle /pulse signals . External sweep . Variable DC offset. 
Variable width. Frequency range 1 OOmHz-1 M Hz. 

PM 5108 Function Generator. 
Sine, square, triangle signals. Variable DC offset . TTL output. 
Stepped and continuous attenuation . Frequency range 1 Hz-1 MHz 

TELONIC 

SM2000 Sweeper Main Frame withE-3M RF Plug-In Unit. 
530MHz-3. 1. 12GHz. 0.4V max 0/ Pinto ·500 . Sweep speed 0 .01 5-1 OOS. 
Sweep width up to 8% of range 

£695.00 

£735.00 

£395.00 

£250.00 

£475.00 

2003 Sweeper Main Frame c/w 3302 , 3331 , 3341. 33 51 , 3360 and 33 70 
modules. Frequency range 0-300MHz. sweep width 0-1 00% of the range 
0-62dB o/p attenuator tn 1 dB steps. 0 I P Z 7 5 Sweep time 0 .01-50S. Internal 
'5 & 10MHz markers. Internal AM /FM modulation. Internal detector £1150.00 

TEXSCAN 
VS40 Sweep Generator. 
Frequency range 1 MHz-300MHz. 

WAVETEK 
135 Lii'I/Log Sweep Function Generator. 0 .2Hz-2MHz. 1 OV into 500 
Sine square, triangle. Sweep time 10 ~ S-1 OOOOS . 

144 Sweep Function Generator . 0 .005Hz-1 OM Hz. 1 5V into 500 . 
Output attenuator 0-60dB in 1 OdB steps. Sil'le, square, trial'lgle, pos and 
neg pulse. Sweep time 1 0~ S-1 OOOS. 

1801 A RF Sweep Generator . 
1-950MHz in 2 ranges . 0 . 7V max 0 I Pinto 7 50 . 0 I P attenuator 70dB in 
1 dB increments . Sweep width 200kHz-5000MHz. Sweep time 1 OmS-1 OOS . 

£650.00 

£275.00 

£325.00 

£435.00 



ec ronic . 
49/53 Pancras Road London NW12QB Tel: 01-837 7781. Telex 298694 

HEWLETT PACKARD 
Spectrum Analyser Sy st em 
141 T Display · 
8552A IF Sectio n 
8554L RF Sectio n 

500K_Hz-1250MHz 

TOTAL PRICE £5,250 

BRIDGES 
GENERAL RADIO 
lmmitance Bridge 1607A £750 
1 608A LCR Bridge. Accu.racy 

typically .05% £1,450 

MARCONI INSTS. , 
Univ. Bridge TFJ 3 13A (0.1 %) 

£790 
In Situ Univ . Br idge TF270 1 

£395 
Univ . Bridge TF13 13 £395 

WAYNE KERR 
Univ. Bridge B221 (0 .1 %) £275 
Univ. Bridge B521 (1 %) £120 
Low Impedance Adaptor Q2 2 1 

CALIBRATION 
EQUIPMENT 
NEWLETT PACKARD 

£75 

DC Voltage Source & Differential 
Voltmeter 740B £850 

DC Vo ltag e Source & AC I DC 
Diff . Voltmeter 741 B £975 

FLUKE 
.833AB AC/DC Differentia l Volt-

meter £975 

TEKTRONIX 
Time Mark Generator 184 £275 
Time Mark Generator 2901 

£450 
5nS Pulse Generator 2101 £525 
Pulse Generator 1 09 £320 

SOUND LEVEL METERS 
. BRUEL & KJAER 

Sound Level Meter 2203 £500 

GENERAL RADIO 
Portab le So und Level Meter 

1983 £190 
1933 & 193 5 Portable Sound 

Level Meter w ith data cassette 
recorder £2,600 

Portab le Sound Leve l Me t er 
1981 ~575 

DIGITAL COUNTERS 
GOULD ADVANCE 
500MHz Counter TC15 + 15P1 

£495 
80MHz Counter TC17 or TC17A 

. . £195 

FLUKE 
125MHz Multi-Function Counter 

191 OA-01 £285 
125MHz Multi-Function Counter 

1910A . . £199 
5 20MHz Communications 

Counter 1920A-06 £490 
125MHz Multi-Function Counter 

1925A . . £405 
125MHz Univ. Timer Counte r. 

1953A-15-16 ·. £850 
PHILIPS 
80MHz Timer Counter PM 661 2 

. . £405 
1 GHz Timer Counter PM6615 

£795 
80MHz Freq . Counter PM6661 · 

. . . £185 
5 12MHz'Freq Counter PM6645 

£710 
520MHz Automat i c Freq . 

Counters PM6664 £305 
520MHz Counter PM6614 

£450 
80MHz 9 digit Univ . Counter 

PM6611/02 £350 
50MHz 6 digit Timer Counter 

£150 
RACAL 
520MHz Counter 991 5 £395 
SYSTRON DONNER 
50MHz Counter Timer 6250 

£175 
LF Freq. Counter 6220 £160 

DIGITAL VOLTMETERS 
& MUL TIMETERS 
ADVANCE 
True R.M .S. Voltmeter DRM6 

£150 
DATRON 
5 112 digit D.M.M. 10 5 1 £995 
FLUKE 
4V2 digit D.M.M. 8040A-01 

£220 
4V2 digit D.M .M . 8600A £290 
4 1/2 digit D.M .M. 8600A-OJ 

8300A D.M .M. 
8800A D.M.M . 5Y2 digit 
HEWLETT PACKARD 

£335 
£199 
£599 

5Y2 dig it D.M .M . 34702A + 
34740A £295 

PHILIPS 
4 digit D.M .M . PM2424 £300 
4V2 digit DC. D.V .M . PM2443 

£430 
3V2 digit D.M .M. PM2513 £90 
3V2 digit D.M .M . PM2513A£95 
Autoranging D.M.M . PM2514 

£125 
Autorang ing D.M .M PM2527 

D.M .M . PM2517E 
D.M.M . PM2522A 
SCHLUM BERGER
SOLARTRON 

£400 
£120 
£200 

5 V2 digit Di g ita I Multi meter 
A243 £675 

4 112 digit D.M .M . 7050 £350 
D.M .M . (Microprocessor Con-

trolled) 7065 £1,150 
-with processor opt ion £1,450 

OSCILLOSCOPE 
PROBES 
ELECTRONIC BROKERS 
{NEW) 
X1 Probe Kit EB90 £9 
X1 0 Probe Kit EB91 £11 
X1X1 0 Probe Kit EB95 £15 

MISCELLANEOUS 
AVO 
Electronj c Multi meter EA 11 3 

£85 
Multimeter M odel 8 Mk V £65 

BIOMATION 
16 Channe l Log ic Ana lyser 1650 

£4,100 
BOONTON 
True R.M .S. Voltmeter 93A 

£375 
BRADLEY 
DC Voltage Calib ra tor 126 B 

£275 
DATA LABS 
Power Lin e Disturba nce Moni to r 

£300 
DYMAR 
LFWave Ana lyser 1 771 £375 
AM/FM Mod . M eter 178 5 

£300 
LF Distortion Meter 1 765 £250 
GERTSCH 
Complex Ratio Bri dge CR 1 B 

£600 
GENERAL RADIO 
Vibration Analyser 1 9 11 A 

. . £2,100 
HEWLETT PACKARD 
Power Meter 432A+ 4 78 £450 
Camera 195A £295 
Camera 198A . £200 
True R.M. S. Voltmeter 3400A 

£50 5 
Microwave Freq . Conve r te r 

2590B £595 
1 6 Channel Log ic A nal ys e r 

1 600A £2,050 
MARCONI INSTRUMENTS 
AF Transmission Test Set 

TF2332 £425 
M F Transm i ssio n Te st Set 

TF2333 £600 
Quant ization Disto rtion Tester 

TF2343 £400 
Deviat ion Meter TF79 1 D £195 
El ectron ic Voltmeters TF 260 4 

£250 
Q meter system TF12 4 5 I 4 6 I 4 7 

£875 
Divider TF 24 22 £75 
Sine Sq. Pulse & Bar Generator 

TF290 5 £450 
'Grey Scale Generator TF2909 

£600 
AM/ FM Mod . Meter TF2300 A 

£550 
Mobile Radio Test Set TF2950/ 

5 .. . ' ... . . ... £1,250 
RF Mil li voltmete r TF260 3 £525 
Diff Voltmeter TF2606 £200 
D.F.M . TF2331 £475 
Wave Ana lyser TF23 30A £725 
PHILIPS 
Pulse Generato r PM57 15 £575 
AC M illivoltmeter PM24 54B 

£299 
Pulse Generator PM57 76 £700 
Pattern Generator PM 5 50 1 · 

£180 
Wow & Flutter PM6307 £~75 

OSCILLOSCOPES 
ADVANCE 
Storage Scope OS2200 £745 
COSSOR 
35MHz Dual Trace CDU 1 50 

£450 
50M Hz Dua l Trace 4000 £525 
75MHz Dua l Trace 4 100 £695 
HEWLETT PACKARD 
500KHz High Sensitivity 1 30C 

£345 
75MHz Dual Trace 1707B £925 
T. D.R. System 140A + 1415A 

£1,200 
T. D.R. System 1408 + 1415A 

£1,500 
PHILIPS 
5M Hz Ba t tery M iniscope 

PM 30 10 £325 
15 M Hz Po rtable Dual Trace 

PM32 11 £450 
25 MH z Portable Dual Trace 

PM 32 12 £625 
25 MH z Portable Dual Trace 

PM 3214 £700 
1 20 M Hz Po rtable Dual Trace 

PM 3260 £1,095 
1 OOMHz Portable Dual Trace 

PM3262 £1,300 
50MHz Storage Scope PM 3243 

£2,000 
TEKTRONIX 
1 OMHz Dual Trace Battery Mini-

scope 3 26 £900 
24MHz Dual Trace 545B + CA 

£299 
50MHz Dual Trace 54 7 + 1 A 1 

£775 
1 OO MHz Dual Trace 465 

. £1,250 
150 MHz Dual Trace 454 

£1,250 
500 M Hz Dua l Trace 7904, 

7A26 , 7A 19, 7A2 1, 7B92 
. £6 ,350 

2 5MHz Sp lit Screen Storage 
Scope 434 £1,600 

Large stocks of Plug Ins for 500 
series main f rames at new low 
prices. Details on request. 
TELEQUIPMENT 
1 OMHz Sin gle T race 

S54AR (Mint) 
50 MHz Dual Trace D75 
Curve Tracer <::T71 

RECORDERS 
A M PEX 

P7CRT 
£175 
£675 
£400 

FM / DR Tape Recorder PR2200 
£6,500 

BRUSH 
Multipoi n t 8 Channel Chart 

Recorder 8 16 £695 
HEWLETT PACKARD 
XYT Plotter 70 35 £650 
PHILIPS 
Single Channel Chart Recorder 

PM 811 0 £225: 
RACAL 
Store 4FM Tape Recorder 

. £2,600 
RECORD 
3in . Chart Recorder 500uA 1 & 

6 in/ hour £75 
SHANDON SOUTHERN 
6 Cha nnel Recorder 10-650 

£725 
WATANABE 
6 Chan ne l Chart Recorder 

MC64 1 £2,250 
YOKOGAWA 
2 Channel Chart Record er 3 04 7 

£530 

o.l in 
in is 

Superb specification including full edit capability, 
direct cursor addressing, 5 switch-selectable baud 
rates (110.g600) detachable keyboard, printer port, 
standard ~5232 (V.24) Interface. 

HAZELTINE H-2000A ~~~ £395 

TEXAS 733ASR 
Automa1 rc Sen d Recerve Term rna l util rsrnq 
h r ~Jh·pe rlorm ance twm cassette dnve for fast 
ttme-sav tn D tr3n sm iS SIOn and off -l1 n e storane 
£1.450 . 

9" d r a~Jonal P4 phosphor tube Bandwrdth 12M Hz 
l-- 3dBl Inpu t voltage 220V 50 60 Hz 24W Output 
voltacJe .. 1 5V DC (shon c~r c urt protected) + 1 2kV DC 
1 2 6V rms Separat e howontal and ve rt rc al sync 
Supplied co mplete wrt h h r~Jh and low vo l t a ~1e power 
supplrcs ampllf re r an d attrnct rve mould ed .rlast rc 
hous~r1g 111 cl udrnn spoce for keyboard Fu ll technrcal 
manu al pro vrded £95 (total rncludrn>J carn age and VAT 
! 12:11 

econdUser 
eripherals 

DEC PDP11 /04-
SPECIAL PURCHASE 
PDP1 1 /04-MD g. slot 51/.o" Processor with 28kW core 
and Dl11 W interface £4,500. 
PDP11 /04-BD g.slot 5'14" Processor with 8kW MOS and 
Dl11 W interface £3,250. 

TYPEWRITER QUALITY impact printe r wi t h 
switch-selectable print speeds of 10, 30 and 1 20cps. 80 
print positions with adjustable pin-feed paper tractor. full 
upper and lower case ASCII character set. current loop 
(20mA) interface £695. 

NEW ASCII KEYBOARDS 
KB 756 ROM-encode d 56"station keybo ards w ith full 128 
ASCII character set. Stan dar d TTL logic . Power 
Yequ1rements + 5 - 12V. S u p p lied wi th full technical data 
and ci rc ui t ry (see n ext c olu m n for prices) . 

DEC EQUIPMENT 
BA 11 -ES Expander Box £750 
KW11 P Programmable Clock £345 
Mg301-YB Bootstrap Module £250 
MM11 -LP 8kAdd-on Core with backplane (11-05 . 11 -35) £750 
PDP8E- Series- large stocks of add-on core and option modules . 
PDP11 -05 Processor , 5 '1.'' chassis, 8kW core . ... PRICI; £1,850 

(additional core available in 8k increments) 
PR11 High-speed paper tape reader and con trol £1,450 
RK05j Add-on disk drive £ 1,750 
RK05K-11 Disk packs £35 
TC11 TU56 DEC tape drive and control £1,395 

COMPUTER PERIPHERALS 
CENTRONICS 10 1 M atrix print er 
64 ASCII uppercase character set. 165 characters per second . 132 
print co lumns. 5 X 7 dot matrix. Parallel input . PR ICE: £750 

· SCOPE DATA SERIES 200 PRINTER 
240 cps 90 column receive-only matrix printer. Full upper and lower 
case ASCII character set. Standard RS232 interface Electro-sensitive 
printing ensuring quiet operation . BRAND NEW SURPLUS, New 
low price £495. 
SEALECTRO PATCH BOARDS 
Programme boards for switching and interconnecting input/output 
circuits. 11 X 20 XY matrix. Interconnection is by means of shorting . 
Skip and component holding pins (not included) . Dimensions 
7W'X 5%"X 1 ' '.PRI CE £12 .50 (mail order total £14 .59). 
CALCOMP 565 DIGITA L DRUM PLOTTER Y-Axis 11". X-Axis 
120' . Maximum speed 300 increments 4 .2" per second . Input 
positive or negative polar.ity pulses, amplitude greater tha n 1 OV, rise 
time less than 10 microsec., minimum pulse with 4 microsec. Source 
impedance less than 500 ohms. PRICE £1,250. 
NEW SHUGART FLOPPY DISC D RIVES 
SA400 Minifloppy - 1 1 OKB capacity, 35 tracks, tran sfer rate 
125"bit/sec . AVaccess time. 550 msec. Power requirements + 5V DC 
+ 12V DC. PRICE £ 195. . 
SA900 Floppy- 400KB capacity . 77 tracks, transfer rate 250k-bit/ 
sec AV access time 280msec . Power requirements + 24V DC+ 5V DC 
- 5V DC. PRICE £395 • 
TEXAS SILENT 700 TERMINA L 
Model 725 Portable w ith integra l acoustic coupler and ca rrying case 
£695. 
Model742 Programmable. From £1,750 
HAZELT INE "Glass Teletype" V DUs 
12" screen. choice of 2 switch-selectable baud rates (f rom range 
110/9600)standard RS232 (V.24) Interface 
Model. H-1 000 ( 12 lines of 90 characters) £350 
Model H-1 200 (24 lines of 90 characters) £375 

· ICL TERMIPRINTER 7075 
TYPEWRITER-QUA LITY Keyboard Send /Rece ive Impact Printer 
providing full upper and lower case character set, switch-selectable 
print speeds of 1 0 , 1 5 and 30cps, 11 8-column print line with pin" feed 
platen suitable for paper rolls or continuous stationery (paper width 
12 .85") Standard V.24 (RS232) interface . PRICE: £575 

DIGITRONICS PAPER PUNCH 
TAPE 
Solenoid-actuated unit capable of punching 5 to 8 channel tapes 
asynchronously . Basic punch con tains 8 data, 1 sp rocket and 2 
transport solenoids plus end-of-tape switch . Pulse amplitude 27V DC. 
Very compact unit measuring only 6Y>"X8"X5Y,", w eight gY,Ibs . 
Model P120 (20cps) £75. Model P 135 (35cps) £95 

NEWASC II 
K9756 56 key-stations mounted on PCB £49.50 
KB756MF. as above, f itted with metal mounting 

(mail order 
total) 

£58 .65 

frame for extra rigidity ' £55 .0 0 £64.98 
Optional Extras 
KB 15P Edge Connector 
KB701 Plastic Enclosure 
KB 702 Steel Enclosu re 
KB71 0 Numeric Pad 
KB2376 Spare ROM Encoder 
DC51 2 AC-DC Convertor 
LATEST ADDITION TO THE RAN GE 

£3 .2 5 
£12 .50 
£25.0 0 

£8.00 
£1 2.50 

£7.50 

£4.31 
£1 5 .24 
£30.48 . 

£9.78 
£1 4.95 

£9 .20 

K9771 71 Station keyboard incorporating separate numeric I cursor 
control pad and installed in custom-built steel enclosure wi th textured 
enamel finish. Case dimensions: 17Y•"X7Y>"X3%". Tota l weight: 
4kg. 
PRICE £95 (mail order total £11 5) 
D25S Connector for KB 771 
Quant ity Discounts available 

£4.25 £5.46 

NEW KEYTOP /KEYSWITCH KITS - ACSII CHARACTER SET. 
BRAND NEW SURPLUS 
Pack of 58 keytops and keyswitches comprising 49 "Qwerty" set. TTY 
format + 9 Edit! Function keys . 
PRICE £15 (mail order total £ 18.98) 

Electronic 
Brokers 
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ec ronic . 
49/53 Pancras Road London NW12QB Tel: 01-837 7781. Telex 298694 

HEWLETT PACKARD 
Spectrum Analyser Sy st em 
141 T Display · 
8552A IF Sectio n 
8554L RF Sectio n 

500K_Hz-1250MHz 

TOTAL PRICE £5,250 

BRIDGES 
GENERAL RADIO 
lmmitance Bridge 1607A £750 
1 608A LCR Bridge. Accu.racy 

typically .05% £1,450 

MARCONI INSTS. , 
Univ. Bridge TFJ 3 13A (0.1 %) 

£790 
In Situ Univ . Br idge TF270 1 

£395 
Univ . Bridge TF13 13 £395 

WAYNE KERR 
Univ. Bridge B221 (0 .1 %) £275 
Univ. Bridge B521 (1 %) £120 
Low Impedance Adaptor Q2 2 1 

CALIBRATION 
EQUIPMENT 
NEWLETT PACKARD 

£75 

DC Voltage Source & Differential 
Voltmeter 740B £850 

DC Vo ltag e Source & AC I DC 
Diff . Voltmeter 741 B £975 

FLUKE 
.833AB AC/DC Differentia l Volt-

meter £975 

TEKTRONIX 
Time Mark Generator 184 £275 
Time Mark Generator 2901 

£450 
5nS Pulse Generator 2101 £525 
Pulse Generator 1 09 £320 

SOUND LEVEL METERS 
. BRUEL & KJAER 

Sound Level Meter 2203 £500 

GENERAL RADIO 
Portab le So und Level Meter 

1983 £190 
1933 & 193 5 Portable Sound 

Level Meter w ith data cassette 
recorder £2,600 

Portab le Sound Leve l Me t er 
1981 ~575 

DIGITAL COUNTERS 
GOULD ADVANCE 
500MHz Counter TC15 + 15P1 

£495 
80MHz Counter TC17 or TC17A 

. . £195 

FLUKE 
125MHz Multi-Function Counter 

191 OA-01 £285 
125MHz Multi-Function Counter 

1910A . . £199 
5 20MHz Communications 

Counter 1920A-06 £490 
125MHz Multi-Function Counter 

1925A . . £405 
125MHz Univ. Timer Counte r. 

1953A-15-16 ·. £850 
PHILIPS 
80MHz Timer Counter PM 661 2 

. . £405 
1 GHz Timer Counter PM6615 

£795 
80MHz Freq . Counter PM6661 · 

. . . £185 
5 12MHz'Freq Counter PM6645 

£710 
520MHz Automat i c Freq . 

Counters PM6664 £305 
520MHz Counter PM6614 

£450 
80MHz 9 digit Univ . Counter 

PM6611/02 £350 
50MHz 6 digit Timer Counter 

£150 
RACAL 
520MHz Counter 991 5 £395 
SYSTRON DONNER 
50MHz Counter Timer 6250 

£175 
LF Freq. Counter 6220 £160 

DIGITAL VOLTMETERS 
& MUL TIMETERS 
ADVANCE 
True R.M .S. Voltmeter DRM6 

£150 
DATRON 
5 112 digit D.M.M. 10 5 1 £995 
FLUKE 
4V2 digit D.M.M. 8040A-01 

£220 
4V2 digit D.M .M . 8600A £290 
4 1/2 digit D.M .M. 8600A-OJ 

8300A D.M .M. 
8800A D.M.M . 5Y2 digit 
HEWLETT PACKARD 

£335 
£199 
£599 

5Y2 dig it D.M .M . 34702A + 
34740A £295 

PHILIPS 
4 digit D.M .M . PM2424 £300 
4V2 digit DC. D.V .M . PM2443 

£430 
3V2 digit D.M .M. PM2513 £90 
3V2 digit D.M .M . PM2513A£95 
Autoranging D.M.M . PM2514 

£125 
Autorang ing D.M .M PM2527 

D.M .M . PM2517E 
D.M.M . PM2522A 
SCHLUM BERGER
SOLARTRON 

£400 
£120 
£200 

5 V2 digit Di g ita I Multi meter 
A243 £675 

4 112 digit D.M .M . 7050 £350 
D.M .M . (Microprocessor Con-

trolled) 7065 £1,150 
-with processor opt ion £1,450 

OSCILLOSCOPE 
PROBES 
ELECTRONIC BROKERS 
{NEW) 
X1 Probe Kit EB90 £9 
X1 0 Probe Kit EB91 £11 
X1X1 0 Probe Kit EB95 £15 

MISCELLANEOUS 
AVO 
Electronj c Multi meter EA 11 3 

£85 
Multimeter M odel 8 Mk V £65 

BIOMATION 
16 Channe l Log ic Ana lyser 1650 

£4,100 
BOONTON 
True R.M .S. Voltmeter 93A 

£375 
BRADLEY 
DC Voltage Calib ra tor 126 B 

£275 
DATA LABS 
Power Lin e Disturba nce Moni to r 

£300 
DYMAR 
LFWave Ana lyser 1 771 £375 
AM/FM Mod . M eter 178 5 

£300 
LF Distortion Meter 1 765 £250 
GERTSCH 
Complex Ratio Bri dge CR 1 B 

£600 
GENERAL RADIO 
Vibration Analyser 1 9 11 A 

. . £2,100 
HEWLETT PACKARD 
Power Meter 432A+ 4 78 £450 
Camera 195A £295 
Camera 198A . £200 
True R.M. S. Voltmeter 3400A 

£50 5 
Microwave Freq . Conve r te r 

2590B £595 
1 6 Channel Log ic A nal ys e r 

1 600A £2,050 
MARCONI INSTRUMENTS 
AF Transmission Test Set 

TF2332 £425 
M F Transm i ssio n Te st Set 

TF2333 £600 
Quant ization Disto rtion Tester 

TF2343 £400 
Deviat ion Meter TF79 1 D £195 
El ectron ic Voltmeters TF 260 4 

£250 
Q meter system TF12 4 5 I 4 6 I 4 7 

£875 
Divider TF 24 22 £75 
Sine Sq. Pulse & Bar Generator 

TF290 5 £450 
'Grey Scale Generator TF2909 

£600 
AM/ FM Mod . Meter TF2300 A 

£550 
Mobile Radio Test Set TF2950/ 

5 .. . ' ... . . ... £1,250 
RF Mil li voltmete r TF260 3 £525 
Diff Voltmeter TF2606 £200 
D.F.M . TF2331 £475 
Wave Ana lyser TF23 30A £725 
PHILIPS 
Pulse Generato r PM57 15 £575 
AC M illivoltmeter PM24 54B 

£299 
Pulse Generator PM57 76 £700 
Pattern Generator PM 5 50 1 · 

£180 
Wow & Flutter PM6307 £~75 

OSCILLOSCOPES 
ADVANCE 
Storage Scope OS2200 £745 
COSSOR 
35MHz Dual Trace CDU 1 50 

£450 
50M Hz Dua l Trace 4000 £525 
75MHz Dua l Trace 4 100 £695 
HEWLETT PACKARD 
500KHz High Sensitivity 1 30C 

£345 
75MHz Dual Trace 1707B £925 
T. D.R. System 140A + 1415A 

£1,200 
T. D.R. System 1408 + 1415A 

£1,500 
PHILIPS 
5M Hz Ba t tery M iniscope 

PM 30 10 £325 
15 M Hz Po rtable Dual Trace 

PM32 11 £450 
25 MH z Portable Dual Trace 

PM 32 12 £625 
25 MH z Portable Dual Trace 

PM 3214 £700 
1 20 M Hz Po rtable Dual Trace 

PM 3260 £1,095 
1 OOMHz Portable Dual Trace 

PM3262 £1,300 
50MHz Storage Scope PM 3243 

£2,000 
TEKTRONIX 
1 OMHz Dual Trace Battery Mini-

scope 3 26 £900 
24MHz Dual Trace 545B + CA 

£299 
50MHz Dual Trace 54 7 + 1 A 1 

£775 
1 OO MHz Dual Trace 465 

. £1,250 
150 MHz Dual Trace 454 

£1,250 
500 M Hz Dua l Trace 7904, 

7A26 , 7A 19, 7A2 1, 7B92 
. £6 ,350 

2 5MHz Sp lit Screen Storage 
Scope 434 £1,600 

Large stocks of Plug Ins for 500 
series main f rames at new low 
prices. Details on request. 
TELEQUIPMENT 
1 OMHz Sin gle T race 

S54AR (Mint) 
50 MHz Dual Trace D75 
Curve Tracer <::T71 

RECORDERS 
A M PEX 

P7CRT 
£175 
£675 
£400 

FM / DR Tape Recorder PR2200 
£6,500 

BRUSH 
Multipoi n t 8 Channel Chart 

Recorder 8 16 £695 
HEWLETT PACKARD 
XYT Plotter 70 35 £650 
PHILIPS 
Single Channel Chart Recorder 

PM 811 0 £225: 
RACAL 
Store 4FM Tape Recorder 

. £2,600 
RECORD 
3in . Chart Recorder 500uA 1 & 

6 in/ hour £75 
SHANDON SOUTHERN 
6 Cha nnel Recorder 10-650 

£725 
WATANABE 
6 Chan ne l Chart Recorder 

MC64 1 £2,250 
YOKOGAWA 
2 Channel Chart Record er 3 04 7 

£530 

o.l in 
in is 

Superb specification including full edit capability, 
direct cursor addressing, 5 switch-selectable baud 
rates (110.g600) detachable keyboard, printer port, 
standard ~5232 (V.24) Interface. 

HAZELTINE H-2000A ~~~ £395 

TEXAS 733ASR 
Automa1 rc Sen d Recerve Term rna l util rsrnq 
h r ~Jh·pe rlorm ance twm cassette dnve for fast 
ttme-sav tn D tr3n sm iS SIOn and off -l1 n e storane 
£1.450 . 

9" d r a~Jonal P4 phosphor tube Bandwrdth 12M Hz 
l-- 3dBl Inpu t voltage 220V 50 60 Hz 24W Output 
voltacJe .. 1 5V DC (shon c~r c urt protected) + 1 2kV DC 
1 2 6V rms Separat e howontal and ve rt rc al sync 
Supplied co mplete wrt h h r~Jh and low vo l t a ~1e power 
supplrcs ampllf re r an d attrnct rve mould ed .rlast rc 
hous~r1g 111 cl udrnn spoce for keyboard Fu ll technrcal 
manu al pro vrded £95 (total rncludrn>J carn age and VAT 
! 12:11 

econdUser 
eripherals 

DEC PDP11 /04-
SPECIAL PURCHASE 
PDP1 1 /04-MD g. slot 51/.o" Processor with 28kW core 
and Dl11 W interface £4,500. 
PDP11 /04-BD g.slot 5'14" Processor with 8kW MOS and 
Dl11 W interface £3,250. 

TYPEWRITER QUALITY impact printe r wi t h 
switch-selectable print speeds of 10, 30 and 1 20cps. 80 
print positions with adjustable pin-feed paper tractor. full 
upper and lower case ASCII character set. current loop 
(20mA) interface £695. 

NEW ASCII KEYBOARDS 
KB 756 ROM-encode d 56"station keybo ards w ith full 128 
ASCII character set. Stan dar d TTL logic . Power 
Yequ1rements + 5 - 12V. S u p p lied wi th full technical data 
and ci rc ui t ry (see n ext c olu m n for prices) . 

DEC EQUIPMENT 
BA 11 -ES Expander Box £750 
KW11 P Programmable Clock £345 
Mg301-YB Bootstrap Module £250 
MM11 -LP 8kAdd-on Core with backplane (11-05 . 11 -35) £750 
PDP8E- Series- large stocks of add-on core and option modules . 
PDP11 -05 Processor , 5 '1.'' chassis, 8kW core . ... PRICI; £1,850 

(additional core available in 8k increments) 
PR11 High-speed paper tape reader and con trol £1,450 
RK05j Add-on disk drive £ 1,750 
RK05K-11 Disk packs £35 
TC11 TU56 DEC tape drive and control £1,395 

COMPUTER PERIPHERALS 
CENTRONICS 10 1 M atrix print er 
64 ASCII uppercase character set. 165 characters per second . 132 
print co lumns. 5 X 7 dot matrix. Parallel input . PR ICE: £750 

· SCOPE DATA SERIES 200 PRINTER 
240 cps 90 column receive-only matrix printer. Full upper and lower 
case ASCII character set. Standard RS232 interface Electro-sensitive 
printing ensuring quiet operation . BRAND NEW SURPLUS, New 
low price £495. 
SEALECTRO PATCH BOARDS 
Programme boards for switching and interconnecting input/output 
circuits. 11 X 20 XY matrix. Interconnection is by means of shorting . 
Skip and component holding pins (not included) . Dimensions 
7W'X 5%"X 1 ' '.PRI CE £12 .50 (mail order total £14 .59). 
CALCOMP 565 DIGITA L DRUM PLOTTER Y-Axis 11". X-Axis 
120' . Maximum speed 300 increments 4 .2" per second . Input 
positive or negative polar.ity pulses, amplitude greater tha n 1 OV, rise 
time less than 10 microsec., minimum pulse with 4 microsec. Source 
impedance less than 500 ohms. PRICE £1,250. 
NEW SHUGART FLOPPY DISC D RIVES 
SA400 Minifloppy - 1 1 OKB capacity, 35 tracks, tran sfer rate 
125"bit/sec . AVaccess time. 550 msec. Power requirements + 5V DC 
+ 12V DC. PRICE £ 195. . 
SA900 Floppy- 400KB capacity . 77 tracks, transfer rate 250k-bit/ 
sec AV access time 280msec . Power requirements + 24V DC+ 5V DC 
- 5V DC. PRICE £395 • 
TEXAS SILENT 700 TERMINA L 
Model 725 Portable w ith integra l acoustic coupler and ca rrying case 
£695. 
Model742 Programmable. From £1,750 
HAZELT INE "Glass Teletype" V DUs 
12" screen. choice of 2 switch-selectable baud rates (f rom range 
110/9600)standard RS232 (V.24) Interface 
Model. H-1 000 ( 12 lines of 90 characters) £350 
Model H-1 200 (24 lines of 90 characters) £375 

· ICL TERMIPRINTER 7075 
TYPEWRITER-QUA LITY Keyboard Send /Rece ive Impact Printer 
providing full upper and lower case character set, switch-selectable 
print speeds of 1 0 , 1 5 and 30cps, 11 8-column print line with pin" feed 
platen suitable for paper rolls or continuous stationery (paper width 
12 .85") Standard V.24 (RS232) interface . PRICE: £575 

DIGITRONICS PAPER PUNCH 
TAPE 
Solenoid-actuated unit capable of punching 5 to 8 channel tapes 
asynchronously . Basic punch con tains 8 data, 1 sp rocket and 2 
transport solenoids plus end-of-tape switch . Pulse amplitude 27V DC. 
Very compact unit measuring only 6Y>"X8"X5Y,", w eight gY,Ibs . 
Model P120 (20cps) £75. Model P 135 (35cps) £95 

NEWASC II 
K9756 56 key-stations mounted on PCB £49.50 
KB756MF. as above, f itted with metal mounting 

(mail order 
total) 

£58 .65 

frame for extra rigidity ' £55 .0 0 £64.98 
Optional Extras 
KB 15P Edge Connector 
KB701 Plastic Enclosure 
KB 702 Steel Enclosu re 
KB71 0 Numeric Pad 
KB2376 Spare ROM Encoder 
DC51 2 AC-DC Convertor 
LATEST ADDITION TO THE RAN GE 

£3 .2 5 
£12 .50 
£25.0 0 

£8.00 
£1 2.50 

£7.50 

£4.31 
£1 5 .24 
£30.48 . 

£9.78 
£1 4.95 

£9 .20 

K9771 71 Station keyboard incorporating separate numeric I cursor 
control pad and installed in custom-built steel enclosure wi th textured 
enamel finish. Case dimensions: 17Y•"X7Y>"X3%". Tota l weight: 
4kg. 
PRICE £95 (mail order total £11 5) 
D25S Connector for KB 771 
Quant ity Discounts available 

£4.25 £5.46 

NEW KEYTOP /KEYSWITCH KITS - ACSII CHARACTER SET. 
BRAND NEW SURPLUS 
Pack of 58 keytops and keyswitches comprising 49 "Qwerty" set. TTY 
format + 9 Edit! Function keys . 
PRICE £15 (mail order total £ 18.98) 

Electronic 
Brokers 
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CONVERTERS+ AUTO/MAINSINVERTERS 
+ FULL 2-YEAR GUARANTEE 

SINEWAVE INVERTERS 
A new range of units designed to power 
equipment requiring a smooth waveform. _ 
Assembled in tough instrument cases with 
carrying handles. 
DC input: 1 2v or 24v types . 
AC output : 240v or 11 Ov types . 
Frequency 50Hz + -3% typical panel meter 
indicates output voltage. Reverse polarity 
protection . Separate driver I output trans
formers. DC and AC circuitry fused . Mains 
output via 13A type socket_ 

DO/ 1-1 00 watts." 8"x6"x6" 
DD/2-150watts 8"x6"x6" 
DD/3-200 watts'. 8"x6"x6" 

£88.00 
£125.00 
£160.00 

CASED INVERTERS 
Assembled in attractive instrument cases with · 
carrying handles. 

Squarewave output• or filtered DC input: 12v 
or 24v types . Frequency: 50Hz +-5%. AC 
output 240v or 11 Ov types .off load . Panel 
voltage meter indicator . Reverse polarity, 
protection. DC and AC circuitry fused . Mains 
output via 13A type slot. 

SD/ 1-8"x6"x6" 150 watts . . 
SO/ 2-8"x6"x6" 200 watts .. 
SDI3-1 O"x6"x6" 300 watts 
SO I 4-1 O"x6"x6'' 400 watts 
SD I 5-1 O"x8"x6" 500 watts 
SD I 6-1 O"x8"x6" 600 watts 
SO I 7-12"x8"x6" 800 watts 
SO I 8-1 2"x8"x6" 1 000 watts 

£42.00 
£54.00 
£67.0 0 
£78 .00 
£90.00 

£1 0 1.00 
£1 20 .00 -
£1 40.00 

Remember to state input required. 1 2v DC or 
24v and output 11 Ov AC or 240v AC . Filter 
extra 18%. 

AUTO/MAINS INVERTER UNITS 
These units maintain a source of AC mains 
power throughout any interrupt ions in the 
domestic supply. Assembled in smart instru
ment cases the un its incorporate a built-in 
inverter, battery charger and fu ll automatic 
switching circuits . Ma ins input required 
2201240v AC. Mains output d irect 220/ 
240v AC. Inverter output 220/ 240v AC 
0/F. Frequency 50Hz+ -4% . 

Inverter smoothed square wave out. Panel 
voltage meter indicator. AC output via 1 31' 
type socket. 

AM I 1-1 O"x5"x4", 1 00 watts 
AM I 2-1 O"x5"x4", 1 50 watts 
AM I 3-1 O"x5"x4", 200 watts 
AM I 4-12"x6"x5", 300 watts 
AM I 5-12"x6"x5", 400 watts 
AMI6-12"x6"x5", 500 watts 
AM I 7-1 2"x6"x6" , 600 watts 
AM I 8-1 2"x6"x6", 800 watts 
AM I 9-14"x8"x8.", 1, 000 watts 

. - £44.00 

. . £56.00 
£68.00 
£90.00 

£101 .00 
£116.00 
£130.00 
£150.00 
£170.00 

State input required . 12v DC or 24v DC. 

SPECIAL CONVERTERS 
Tough ABS units with transistors mounted on 
aluminium panel . 

TT /1 -1 2v DC in I 24v DC 40w out 
TT /2-12v DC in/48v DC 40w out 
TT I 3-24v DC in I 48v DC 40w out 
TT I 4-24v DC in I 1 2v DC 40w out 

Terms of Business: 

£16 .00 
£16 .00 
£15.00 
£15.00 

Carriage U.K. inclusive in prices. Overseas 
charged at cost F.O .B. Cheque, P.O., cash 
with orders . Official orders welcome but 
priority given to cash customers . Cased, etc, 
sizes subject to alteration . Delivery : some 
goods ex-stock, others up to 28 days average. 

DC TO DC CONVERTERS 
Simple, effective, low cost range of con
verters . 
Epoxy resin encapsulised units, mounting by 
nylon tags. 
DC input via 1 mm panana sockets. 
DC output via 2mm banana sockets. 
Output is capacitor smoothed and Zener 
diode regulated. 
CCI 1-1 V2v DC in I 6v DC out 1 OOma . .. 

. . . . . . . . . . . . . . . . . . . . . . £14.00 
CCI2-1 %v DC in/9v DC out 1 OOma .. . . 

. . . . . . . . . . . . ... . £14.00 
CC/3-3v DC in/6v DC out 1 OOma £12.00 
CC/4-3v DC in/9v DC out 100ma £12.00 
CCI 5-3v DC in I 12v DC out 1 OOma £12.00 
CC/6-3vDCin/18vDCout 100ma £12.00 
CC/7-3vDCin/24vDCout 100ma £1 4.00 
CC/8-3v DC in/35v DC out 1 OOma £14.00 
CC/9-3vDCin/45vDCout 100ma £1 4 .00 
CCI 1 0-6v DC in I 12v DC out 1 OOma .. . 

. . . . . . . . . . . . . . . . . . £12.00 
CCI 11-6V DC in/24v DC out 100ma - . 

. . . ! ....... . ..... ... . £ 12.00 
CCI 1 2-6v DC in I 30v DC out 1 OOma£ 12.00 
CCI 14-6v DC in I 40v DC out 1 OOma . . 

. . . . . ..... . . . .. . . .. £1 4 .00 
CCI 1 5-6v DC in I 50v DC out 1 OOma . . 

. . . . . . . . . . . . . . . . . . . . £1 4 .00 
CCI 1 6-6v DC in I 60v DC out 1 OOma ... 

. . . . . . . . . . . . . . . . - £14.00 
CC/17-6v DC in /80v DC out 1 OOma ... 

. . . . . . . . . . . . . . . . . . £14.00 
All types approx. size 1 %"x2"x3%" . 

INVERTER PANELS 
A range of simple aluminium sheet assembled 
units with no frilly extras, inputs and outputs 
by polarity coloured fly leads. 
PAN/1-12v DC in/240v AC 25w out . .. 

. . .. . . . .. · . . . . ..... .... £11 .00 
PAN/2-12v DC in/240v AC 40w out ... 

. . . . . . . . . . . ... . ... .. £1 4.00 
PANI3-12v DC in/240v AC 100w out 

. . . . . . . . . . . . . £19 .00 
PAN /4-1 2v DC in I 11 Ov AC 40w out . .. 

. . . . . . . . . . . . . . . . . . . . . . £14.00 
Square wave outputs . AC voltages listed are 
off load. 

·-----------------------------~------------------------------~----------------------------! 

ELONHURST LIMITED Telephone: 01-748 5778 

104A BRACKENBURY ROAD, LONDON, W.6 Telex: 8954665. GITS & ELECT. 
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FOTOLAK 
POSI'! I VE LIG H T SE N SITIVE A ERO S O L L ACQU E R -

Enables YOU to produce perfect printed circuits in minutes! 
Method Spray cleaned board with lacquer . When dry, place positive master of 

required circuit on now sensitized surface. E>1pose to daylight, develop and etch. 

Any number _of exact copies can of course be made from one master. W idely 

used in industry for prototype work . 

FOTOLAK 
Developer 

Ferric Chloride 

£2 .00 

30p 

- . 50p \ 

Pre-coated 1/1 6 Fibre-glass board 

204mm x 114mm £1.50 

204mm x 228mm £3.00 
408mm x 228mm £600 
467mm x 305mm £9 .00 

Plain Copper-clad Fibre-glass . Singie-sided · 

Appr ox. 3 . 18mm thick sq. ft . 
Appr6x~ 200-mm thick sq ___ it ~ - --£21'Jo- -~ ~ -

Approx . 1 .00mm thick sq. ft. £1 . 50 

Clear Acetate Sheet for making master, 260mm x 260mm 

Postage and packing 65p per order . VAT 15% on tota l 

Do uble-sideir 
• £1 . 50 

- £1 75 
1 2p 

G. F. MILWARD ELECTRONIC COMPONENTS LIMITED 
369 Aium Rock R oad, Birmingh a m BB 3D R . Telephone: 0 2 1 -327 2 33 9 

FOR THOSE WHO REQUIRE A VERY tOW 
DISTORTION AUDIO SIGNAL GENERATOR 

We do riot claim our Model A0146 
Signal Generator is distortionless. 
However it is so low that only the most 
sophisticated Analyser can detect it. 
Developed from a Linsley Hood design 
Spec. Sine wave distortion below 
.0015°/o outout 1v rms. Freq. 
coverage 1Ohz-1OOkHz Coarse and 
fine attenuation into 600 ohms. 
Also provides square wave output . Tax extra £5 .40 

P.P. £2 .00 

TELERADIO I;LEC"rRONICS 
325 FORE STREET, EDMONTON, LONDON N 9 OPE 
01-807 3719 Closed Thursdays . S.A .E. for lists. 
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find out about .... 
THE NEW 

SEMICON 
INTERNATIONAL 

semiconductor 
INDEXES 

Accepted as the finest books of their kind. Wodd
wide usage_ for testing and primary select ion purpos~s. 
Maximum ratings and major characte rist ics of a very 
wi~e range of discrete and integrated devices. Over 
25,000 entries in each volume including USA, Euro
pean and Japanese sou rces. Each single line entry 
includes references from which terminations, possible 
substitutes and al ternative manufact urers may be 

.obtained. 
The loose-leaf binder form allows easy updating by 
ou r subscriber up-date service -free fo r the f irst year. 

UK prices 
Volume 1 Transistors £16.00 
Volume 2 Diode/SCRs £ 16.00 
Volume 3 ICs £24.00 

Updating 
£7.20 pa. 
£7.20 pa. 
£8.30 pa. 

MICROFICH and MAGTAPE OUTPUTS AVAILABLE 

SEMICON INDEXES LIMITED 
7, King's Parade, King's Road, FLEET. Han ts. GU1 3 9AB. UK. 

Telephone: 025.1 4.28526 

AGENTS IN MANY COUNTRIES 

••••••••••••••••••••••••••• • • 
: STEREO DISC AMPLIFIER 3 • 
• • e A reference amp lifier f or disc monitoring and transf er when e 
• replay signals of the highest quality are required. • 

• • 
• • • • • 

• • • • • •• • • • •. Please ring or write for six page specification l$aflet . • 

:Dominus P.o.sox1. : 
e Cranleigh, S~rrey G_U6 7JF. Tel. 04866 6477 : 

••••••••••••••••••••••••••• 

VALVE ___ . s 
£ - -

A1065 1.40 EL82 0.10 PY81 /800 0.70 A2293 8.50 EL84 0.90 PY82 0.60 A2900 8.00 EL86 1.05 PY83 0.60 ARB 0.70 EL90 1.50 PY88 0.80 AAP3 0.70 EL91 3.25 PY500 1.55 ATP4 0.60 EL95 0.80 PY809 6.45 B12H 3.35 EL504 1.85 PY801 0.70 CY31 1.20 EL802 1.70 OOV03/10 
DAF96 0.10 EL822 7.50 2.85 DET22 21.95 EM31 0.85 OOV03/12 
DF96 0.70 EMOO 0.70 2.85 
DK96 1.05 EM81 0.70 OOV06/40A 
OH76 1.00 EMB4 0.50 16.1 0 
OL92 0.60 EM87 1.15 OVD3-12 2.80 
DY86 I 8 7 0.65 EY51 0.55 SCL/400 4.50 
OY002 0.65 EY81 0.55 SCL/600 4.50 
E55L 13.80 EY86/87 0.85 SP61 0.95 EBBCC/01 1.60 EYBB 0.65 TT21 11.80 E180CC 1.60 EZBO 0.56 U25 1.15 E180F 6.80 EZ81 0.70 U26 1.00 E182CC 3.95 GY501 1.05 U27 1.15 
EA76 2.25 GZ32 .0.75 U191 0.85 EABCBO 0.60 GZ33 3.95 U281 0.65 
EB91 0.85 GZ34 2.30 U301 0.65 
EBC33 1.15 GZ37 2.80 usoo 11.50 
EBFBO 0.60 KT66 5.75 U801 0.90 
EBF83 0.60 KT88 7.20 UABCBO 0.90 
EBF89 0.80 MH4 1.15 UAF42 0.85 
EC52 0.50 ML6 1.15 UBF80 0.70 
ECC81 0.65 N78 10.45 UBF89 0.60 
ECC82 0.60 OA2 0.65 UBL1 1.15 
ECC83 0.65 062 0.70 UBL21 2.50 
ECCB4 0.55 PABC80 0.60 UCC84 0.75 
ECC85 0.60 PC85 0.60 UCC85 0.80 
ECC86 1.40 PCBS 0.95 UCF80 0.90 
ECC88 0.75 PC88 0.85 UCH81 0.70 
ECC 189 0.95 PC900 1.45 UCL82 0.86 
ECFBO 0.60 PCC84 0.75 UF41 0.90 
ECF82 0.55 PCC89 0.65 UF80 0.60 
ECF801 0.90 PCC189 0.75 UF85 0.70 
ECH34 1.15 PCF80 0.95 UL41 0.85 
ECH35 1.70 PCF82 0.50 UL84 0.85 
ECH42 0.95 PCFB4 0.75 UMOO 0.70 
ECH81 0.60 PCF86 0.80 UMB4 0.70 
ECH84 1.20 PCF200 1.05 UY82 0.65 
ECL80 0.70 PCF201 1.05 UY85 0.60 
ECL82 0.65 PCF801 1.05 VR105/30 2.15 
ECL83 1.40 PCF802 0.75 VR150/30 1.45 
ECL85 0.75 PCF805 2.10 X66 1.05 
ECL86 0.75 PCF806 0.95 X6 1M 1.70 
EF37A 1.70 PCFBOB 2.05 zaoou 3.45 
EF39 3.30 PCH200 0.95 Z801U 4.00 
EF40 0.90 PCL81 0.70 Z900T 2.55 
EF41 0.65 PCL82 0.75 1A3 0.70 
EF80 0.50 PCL84 0.80 1L4 0.50 
EF83 1.70 PCL86 0.80 1R5 0.65 
EF85 0.55 PCL805185 1S4 0.45 
EF86 1.40 0.85 155 0.45 
EF91 1.30 P0500 4.36 1T4 0.45 
EF92 0.85 PFL200 2.80 1U4 0.80 
EF95 0.95 PL36 0.95 1X2B 1.30 
EF183 0.85 PL81 0.85 2021 0.80 
EF184 1.85 PL82 0.60 2K25 12.40 
EF804 2.30. PL83 0.60 2X2 0.90 
EFL200 0.95 PLB4 0.75 3A4 0.70 
EH90 0.80 PL504 ' 1.60 306 0.50 
EL32 1.10 PL50B 1.50 3021 23.00 
EL34 1.75 PL509 3.65 3E29 6.60 
EL37' 3.45 PL802 3.15 3S4 0.60 
EL38 4.60 PLLBO 3.45 58-/ 254M 8.80 
EL41 0.95 PY33 0.70 58 / 255M 8.60 
EL81 1.20 PY80 0.70 58/258M 6.80 

WE CAN ACT AS YOUR 
CONSULTANTS 

for MICRO COMPUTERS 
& TEST EQUIPMENT 

TELUROMETER MRA3 DISTANCE MEASURERS 
LOW RESISTANCE HEADPHONES TYPE CLB £1.50. 
40p postage. VAT 15%. 

CONTINUANCE TELEPHONE DRUM YC00433 

SPECIAL VALVES 
4CX lOOOA YL 1420 
4CX 5000A YL 1430 
BM 25L YL 1440 
BW 153 GXU 6 
OM 25LB cv 1597 

36' AERIAL M ASTS consisting of 6 sect ions s· 8' · x 
2'/4 .. d ia. Complete with all accessories to erect and 
instal. 

FOR EXPORT ONLY 
M u llard C 11. High power installation , 
1 OOOW. Technical details and prices 
available on request. 

NEWt AMERICAN STYLE CRADLE 

TELEPHONE AMPLIFIER 

Latest transistorised Teiephone Amplifier is 
completely automat ic with detachable 
plu(J-in speaker. Placing the receiver on 1o 
the cradle act ivates a switch for immed iate 
two-way conve rsation wi t hout ho ld ing the 
hand-set. Many people can l isten at a time 
Increase eff iciency in office, shop. work- ! 
shop . Perfecl for .. conference .. cal ls : leaves 
lh e users hands free to make notes. co nsul t 
files . No long waiting. On / O i f sw i t c h , 
volume con trol. Model with !ape-recordi n g 
faci lity £19 .g5 + VAT £1 .60. P.&P . 89p. 
C.W .O . 1 0 -day p rice refund g uara ntee . 
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Minimum ' VALVES VAT 
Order £1.00' IS INCLUDED 

-5R4GY 1.30 6L6GT 1.75 25L6GT 0.95 
5U4G 1.10 6L7G 0.75 25Z4G 0.85 
5V4G 0.80 6L18 0 .70 30C15 1.15 
5Y3GT 0.80 6LD20 30C17 1.35 

1.15 6Q7G 0.95 30C18 2.10 5Z3 
5Z4G 0.85 6SA7 0.65 (See PCF805) 
5Z4GT 0.90 6SG7 0.90 30F5 1.15 
6AB7 0.70 6SJ 7 0.80 30F12 1.70 
6AC7 0.70 6SJ7GT 0.60 30FL12 1.45 
6AH6 1.15 6SK7 1.05 30FL14 2.05 
AK5 0.65 6SL7GT 0.85 30L15 1.15 
6AK8 0.80 6SN7GT 0.85. 30L17 1.15 
AL5 0.50 6507 0.85 30P12 1.15 
6AL5W 0.80 6V6GT 0.95 30PL1 1.15 
6AM5 1.85 6X4 0.70 30PL13 1.25 
6AM6 0.75 6X5GT 0.65 30PL14 1.25 
6AN8 3.60 6Y6G 1.10 35L6GT 1.15 
6AQ5 0.90 6Z4 0.75 35W4 0.80 
6AQ5W 1.45 6-30L2 2.05 35Z4GT 0.85 
6A56 0.90 787 0.90 50C5 1.35 
6AT6 0.85 7V4 0.90 50C06G 1.45 
6AU6 0.65 902 0.70 75 1.25 
6AV6 0.60 906 0.85 75C1 1.05 
6AX4GT 0.95 10C2 0.70 76 0.95 
6AX5GT 1.15 10F18 0.10 78 0.95 
687 0.85 10P13 0.70 80 0.90 

0.50 11E2 12.40 85A2 2.55 6BA6 
6BE6 0.60 12A6 0.70 723A/B 12.80 
6BG6G 1.15 12AT6 0.55 803 6.95 
6B.J6 1.25 12AT7 0.65 805 20.70 

0.70 12AU7 0.60 807 1.15 6B07A 
6BR7 2.70 12AV6 0.80 813 . 13.30 
6BW6 3.20 12AX7 0.65 8298 16.00 
6BW7 1.15 12BA6 0.60 832A 5.20 
6C4 0.70 12BE6 1.25 866A 3.20 
6C6 0.70 12BH7 1.1 0 931A 6.90 
6CH6 7.50 12C8 0.65 954 0.60 
6CL6 1.70 12E1 4.95 955 0.70 
6CY5 1.15 12J5GT 0.55 956 0.60 
606 0.85 12K7GT 0.70 957 1.05 
6EA8 3.20 12KBGT 0.60 1625 1.15 
6F6GB 0.85 12Q7GT 0.65 1629 0.85 
6F8G 0.86 125C7 0.65 2051 1.20 
6F12 0.90 125H7 0.85 5763 4.40 
6F14 0.90 12SJ7 0.65 5842 7.50 
6Fl5 1.30 12507 0.85 5933 3.50 
6F17 1.15 12Y4 0.55 6057 1.05 
6F24 4.75 1306 0.70 8060 1.05 
6F33 4.75 1457 1.15 6064 1.05 
6H6 1.90 19A05 0.90 6065 1.40 
6J4 1.60 19G3 11.50 6067 1.15 
6J4WA 2.00 19G6 6.90 6080 4.90 
6J5GT 1.35 19H5 19.55 6146 4.95 
6J6 0.85 2001 0.75 61468 5.20 
6J7 0.90 20F2 0.75 6360 2.30 
6J7G 0.60 20E1 1.30 
6K7 0.80 20P1 0.65 
6K7G 0.50 20P3 0.80 
6K8GT 0.65 20P4 1.30 
6L6M 2.15 20P5 1.30 

VI D ECON TUBE TYP E P 8 6 3B 

Engli s h E l ectr ic - £ 2 0 

VALVES AND 
TRANSISTORS 

Telephone enquiries for valves, transistors , etc .; retail 
749 3934; trade and export 743 0899 

PRICES MAY VARY 
POSTAGE: £1 -£2 20p ; £2-£3 30p; 

£3- £5 40p; £5-£10 60p; over £1 Ofree. 

HIGH VACUUM VARIABLE CAPACITORS - ceram1c 
envelopes - UC 1000A / 20 1 150 ~VMMHC 1000 60-
1000"F. 20kv-150A RF max~27MH z 
TEST SET FT2 for testing Transcetvers A40 . A41 . A42 
and CPRC26 
UNIVERSAL W IRELESS TRAIN ING SET No 1 Mk 2 
YA 8316 to train 32 operators simultaneously on key and 
phone. Complete installation conststs of 3 ktts packed 1n 3 
special transit cases 
HARNESS "A" & "8" CONTROL UNITS "A" "R" 
'"J1 .. ''J2, .. Microphones No 5. 6. 7 connectors. frames . 
carrier sets etc 
THYRATRONS GLASS ENVELOPE. MIL 5948/ 
1754. Us 25KV TA 1.25A. P-12 5M 
IGNITION BK 484/5552A. Max. 1200 KVA Anode· 
Current 140A 
AERIAL M ATCHING UNITS up to 5 amps 

COLOMOR 
(ELECTRONICS L TD.) 

170 Goldhawk Rd., London W.12: 
Tel. 01-743 0899 

Open Monday to Friday 
9-12.30, 1.30-5.30 p.m. 

per pair 
_ _ __ ~ + VAT~f-.4~12 ' 
Made to High Safely and Teleco m munica
tions Sta ndards. The modern way of instant 
2-way communicalions . Supplied with 3-
core w ire . J ust plug into power socket. 
Ready for use. Cryslal clear com munications 
from office to office . Operates over Y2 -mile 
range on the same mains phase . On-off 
switch , volume control. Useful as office 
intercom, surgery and homes, between .
office and warehouse : Full price refund if 
returned in 10 days . Six months ' service 

'.guamnt ee. P &P . ggp 

WEST LONDON DIRECT SUPPLIES (W/W) 
169 Kensington High Street , London W .S _ __ _... __ ..J 
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CONVERTERS+ AUTO/MAINSINVERTERS 
+ FULL 2-YEAR GUARANTEE 

SINEWAVE INVERTERS 
A new range of units designed to power 
equipment requiring a smooth waveform. _ 
Assembled in tough instrument cases with 
carrying handles. 
DC input: 1 2v or 24v types . 
AC output : 240v or 11 Ov types . 
Frequency 50Hz + -3% typical panel meter 
indicates output voltage. Reverse polarity 
protection . Separate driver I output trans
formers. DC and AC circuitry fused . Mains 
output via 13A type socket_ 

DO/ 1-1 00 watts." 8"x6"x6" 
DD/2-150watts 8"x6"x6" 
DD/3-200 watts'. 8"x6"x6" 

£88.00 
£125.00 
£160.00 

CASED INVERTERS 
Assembled in attractive instrument cases with · 
carrying handles. 

Squarewave output• or filtered DC input: 12v 
or 24v types . Frequency: 50Hz +-5%. AC 
output 240v or 11 Ov types .off load . Panel 
voltage meter indicator . Reverse polarity, 
protection. DC and AC circuitry fused . Mains 
output via 13A type slot. 

SD/ 1-8"x6"x6" 150 watts . . 
SO/ 2-8"x6"x6" 200 watts .. 
SDI3-1 O"x6"x6" 300 watts 
SO I 4-1 O"x6"x6'' 400 watts 
SD I 5-1 O"x8"x6" 500 watts 
SD I 6-1 O"x8"x6" 600 watts 
SO I 7-12"x8"x6" 800 watts 
SO I 8-1 2"x8"x6" 1 000 watts 

£42.00 
£54.00 
£67.0 0 
£78 .00 
£90.00 

£1 0 1.00 
£1 20 .00 -
£1 40.00 

Remember to state input required. 1 2v DC or 
24v and output 11 Ov AC or 240v AC . Filter 
extra 18%. 

AUTO/MAINS INVERTER UNITS 
These units maintain a source of AC mains 
power throughout any interrupt ions in the 
domestic supply. Assembled in smart instru
ment cases the un its incorporate a built-in 
inverter, battery charger and fu ll automatic 
switching circuits . Ma ins input required 
2201240v AC. Mains output d irect 220/ 
240v AC. Inverter output 220/ 240v AC 
0/F. Frequency 50Hz+ -4% . 

Inverter smoothed square wave out. Panel 
voltage meter indicator. AC output via 1 31' 
type socket. 

AM I 1-1 O"x5"x4", 1 00 watts 
AM I 2-1 O"x5"x4", 1 50 watts 
AM I 3-1 O"x5"x4", 200 watts 
AM I 4-12"x6"x5", 300 watts 
AM I 5-12"x6"x5", 400 watts 
AMI6-12"x6"x5", 500 watts 
AM I 7-1 2"x6"x6" , 600 watts 
AM I 8-1 2"x6"x6", 800 watts 
AM I 9-14"x8"x8.", 1, 000 watts 

. - £44.00 

. . £56.00 
£68.00 
£90.00 

£101 .00 
£116.00 
£130.00 
£150.00 
£170.00 

State input required . 12v DC or 24v DC. 

SPECIAL CONVERTERS 
Tough ABS units with transistors mounted on 
aluminium panel . 

TT /1 -1 2v DC in I 24v DC 40w out 
TT /2-12v DC in/48v DC 40w out 
TT I 3-24v DC in I 48v DC 40w out 
TT I 4-24v DC in I 1 2v DC 40w out 

Terms of Business: 

£16 .00 
£16 .00 
£15.00 
£15.00 

Carriage U.K. inclusive in prices. Overseas 
charged at cost F.O .B. Cheque, P.O., cash 
with orders . Official orders welcome but 
priority given to cash customers . Cased, etc, 
sizes subject to alteration . Delivery : some 
goods ex-stock, others up to 28 days average. 

DC TO DC CONVERTERS 
Simple, effective, low cost range of con
verters . 
Epoxy resin encapsulised units, mounting by 
nylon tags. 
DC input via 1 mm panana sockets. 
DC output via 2mm banana sockets. 
Output is capacitor smoothed and Zener 
diode regulated. 
CCI 1-1 V2v DC in I 6v DC out 1 OOma . .. 

. . . . . . . . . . . . . . . . . . . . . . £14.00 
CCI2-1 %v DC in/9v DC out 1 OOma .. . . 

. . . . . . . . . . . . ... . £14.00 
CC/3-3v DC in/6v DC out 1 OOma £12.00 
CC/4-3v DC in/9v DC out 100ma £12.00 
CCI 5-3v DC in I 12v DC out 1 OOma £12.00 
CC/6-3vDCin/18vDCout 100ma £12.00 
CC/7-3vDCin/24vDCout 100ma £1 4.00 
CC/8-3v DC in/35v DC out 1 OOma £14.00 
CC/9-3vDCin/45vDCout 100ma £1 4 .00 
CCI 1 0-6v DC in I 12v DC out 1 OOma .. . 

. . . . . . . . . . . . . . . . . . £12.00 
CCI 11-6V DC in/24v DC out 100ma - . 

. . . ! ....... . ..... ... . £ 12.00 
CCI 1 2-6v DC in I 30v DC out 1 OOma£ 12.00 
CCI 14-6v DC in I 40v DC out 1 OOma . . 

. . . . . ..... . . . .. . . .. £1 4 .00 
CCI 1 5-6v DC in I 50v DC out 1 OOma . . 

. . . . . . . . . . . . . . . . . . . . £1 4 .00 
CCI 1 6-6v DC in I 60v DC out 1 OOma ... 

. . . . . . . . . . . . . . . . - £14.00 
CC/17-6v DC in /80v DC out 1 OOma ... 

. . . . . . . . . . . . . . . . . . £14.00 
All types approx. size 1 %"x2"x3%" . 

INVERTER PANELS 
A range of simple aluminium sheet assembled 
units with no frilly extras, inputs and outputs 
by polarity coloured fly leads. 
PAN/1-12v DC in/240v AC 25w out . .. 

. . .. . . . .. · . . . . ..... .... £11 .00 
PAN/2-12v DC in/240v AC 40w out ... 

. . . . . . . . . . . ... . ... .. £1 4.00 
PANI3-12v DC in/240v AC 100w out 

. . . . . . . . . . . . . £19 .00 
PAN /4-1 2v DC in I 11 Ov AC 40w out . .. 

. . . . . . . . . . . . . . . . . . . . . . £14.00 
Square wave outputs . AC voltages listed are 
off load. 

·-----------------------------~------------------------------~----------------------------! 

ELONHURST LIMITED Telephone: 01-748 5778 

104A BRACKENBURY ROAD, LONDON, W.6 Telex: 8954665. GITS & ELECT. 

WW-089 FOR FURTHER DETAILS 

FOTOLAK 
POSI'! I VE LIG H T SE N SITIVE A ERO S O L L ACQU E R -

Enables YOU to produce perfect printed circuits in minutes! 
Method Spray cleaned board with lacquer . When dry, place positive master of 

required circuit on now sensitized surface. E>1pose to daylight, develop and etch. 

Any number _of exact copies can of course be made from one master. W idely 

used in industry for prototype work . 

FOTOLAK 
Developer 

Ferric Chloride 

£2 .00 

30p 

- . 50p \ 

Pre-coated 1/1 6 Fibre-glass board 

204mm x 114mm £1.50 

204mm x 228mm £3.00 
408mm x 228mm £600 
467mm x 305mm £9 .00 

Plain Copper-clad Fibre-glass . Singie-sided · 

Appr ox. 3 . 18mm thick sq. ft . 
Appr6x~ 200-mm thick sq ___ it ~ - --£21'Jo- -~ ~ -

Approx . 1 .00mm thick sq. ft. £1 . 50 

Clear Acetate Sheet for making master, 260mm x 260mm 

Postage and packing 65p per order . VAT 15% on tota l 

Do uble-sideir 
• £1 . 50 

- £1 75 
1 2p 

G. F. MILWARD ELECTRONIC COMPONENTS LIMITED 
369 Aium Rock R oad, Birmingh a m BB 3D R . Telephone: 0 2 1 -327 2 33 9 

FOR THOSE WHO REQUIRE A VERY tOW 
DISTORTION AUDIO SIGNAL GENERATOR 

We do riot claim our Model A0146 
Signal Generator is distortionless. 
However it is so low that only the most 
sophisticated Analyser can detect it. 
Developed from a Linsley Hood design 
Spec. Sine wave distortion below 
.0015°/o outout 1v rms. Freq. 
coverage 1Ohz-1OOkHz Coarse and 
fine attenuation into 600 ohms. 
Also provides square wave output . Tax extra £5 .40 

P.P. £2 .00 

TELERADIO I;LEC"rRONICS 
325 FORE STREET, EDMONTON, LONDON N 9 OPE 
01-807 3719 Closed Thursdays . S.A .E. for lists. 

WW-059 FOR FURTHER DETAILS 

WIRELESS WORLD, DECEMBER 1979 

find out about .... 
THE NEW 

SEMICON 
INTERNATIONAL 

semiconductor 
INDEXES 

Accepted as the finest books of their kind. Wodd
wide usage_ for testing and primary select ion purpos~s. 
Maximum ratings and major characte rist ics of a very 
wi~e range of discrete and integrated devices. Over 
25,000 entries in each volume including USA, Euro
pean and Japanese sou rces. Each single line entry 
includes references from which terminations, possible 
substitutes and al ternative manufact urers may be 

.obtained. 
The loose-leaf binder form allows easy updating by 
ou r subscriber up-date service -free fo r the f irst year. 

UK prices 
Volume 1 Transistors £16.00 
Volume 2 Diode/SCRs £ 16.00 
Volume 3 ICs £24.00 

Updating 
£7.20 pa. 
£7.20 pa. 
£8.30 pa. 

MICROFICH and MAGTAPE OUTPUTS AVAILABLE 

SEMICON INDEXES LIMITED 
7, King's Parade, King's Road, FLEET. Han ts. GU1 3 9AB. UK. 

Telephone: 025.1 4.28526 

AGENTS IN MANY COUNTRIES 

••••••••••••••••••••••••••• • • 
: STEREO DISC AMPLIFIER 3 • 
• • e A reference amp lifier f or disc monitoring and transf er when e 
• replay signals of the highest quality are required. • 

• • 
• • • • • 

• • • • • •• • • • •. Please ring or write for six page specification l$aflet . • 

:Dominus P.o.sox1. : 
e Cranleigh, S~rrey G_U6 7JF. Tel. 04866 6477 : 

••••••••••••••••••••••••••• 

VALVE ___ . s 
£ - -

A1065 1.40 EL82 0.10 PY81 /800 0.70 A2293 8.50 EL84 0.90 PY82 0.60 A2900 8.00 EL86 1.05 PY83 0.60 ARB 0.70 EL90 1.50 PY88 0.80 AAP3 0.70 EL91 3.25 PY500 1.55 ATP4 0.60 EL95 0.80 PY809 6.45 B12H 3.35 EL504 1.85 PY801 0.70 CY31 1.20 EL802 1.70 OOV03/10 
DAF96 0.10 EL822 7.50 2.85 DET22 21.95 EM31 0.85 OOV03/12 
DF96 0.70 EMOO 0.70 2.85 
DK96 1.05 EM81 0.70 OOV06/40A 
OH76 1.00 EMB4 0.50 16.1 0 
OL92 0.60 EM87 1.15 OVD3-12 2.80 
DY86 I 8 7 0.65 EY51 0.55 SCL/400 4.50 
OY002 0.65 EY81 0.55 SCL/600 4.50 
E55L 13.80 EY86/87 0.85 SP61 0.95 EBBCC/01 1.60 EYBB 0.65 TT21 11.80 E180CC 1.60 EZBO 0.56 U25 1.15 E180F 6.80 EZ81 0.70 U26 1.00 E182CC 3.95 GY501 1.05 U27 1.15 
EA76 2.25 GZ32 .0.75 U191 0.85 EABCBO 0.60 GZ33 3.95 U281 0.65 
EB91 0.85 GZ34 2.30 U301 0.65 
EBC33 1.15 GZ37 2.80 usoo 11.50 
EBFBO 0.60 KT66 5.75 U801 0.90 
EBF83 0.60 KT88 7.20 UABCBO 0.90 
EBF89 0.80 MH4 1.15 UAF42 0.85 
EC52 0.50 ML6 1.15 UBF80 0.70 
ECC81 0.65 N78 10.45 UBF89 0.60 
ECC82 0.60 OA2 0.65 UBL1 1.15 
ECC83 0.65 062 0.70 UBL21 2.50 
ECCB4 0.55 PABC80 0.60 UCC84 0.75 
ECC85 0.60 PC85 0.60 UCC85 0.80 
ECC86 1.40 PCBS 0.95 UCF80 0.90 
ECC88 0.75 PC88 0.85 UCH81 0.70 
ECC 189 0.95 PC900 1.45 UCL82 0.86 
ECFBO 0.60 PCC84 0.75 UF41 0.90 
ECF82 0.55 PCC89 0.65 UF80 0.60 
ECF801 0.90 PCC189 0.75 UF85 0.70 
ECH34 1.15 PCF80 0.95 UL41 0.85 
ECH35 1.70 PCF82 0.50 UL84 0.85 
ECH42 0.95 PCFB4 0.75 UMOO 0.70 
ECH81 0.60 PCF86 0.80 UMB4 0.70 
ECH84 1.20 PCF200 1.05 UY82 0.65 
ECL80 0.70 PCF201 1.05 UY85 0.60 
ECL82 0.65 PCF801 1.05 VR105/30 2.15 
ECL83 1.40 PCF802 0.75 VR150/30 1.45 
ECL85 0.75 PCF805 2.10 X66 1.05 
ECL86 0.75 PCF806 0.95 X6 1M 1.70 
EF37A 1.70 PCFBOB 2.05 zaoou 3.45 
EF39 3.30 PCH200 0.95 Z801U 4.00 
EF40 0.90 PCL81 0.70 Z900T 2.55 
EF41 0.65 PCL82 0.75 1A3 0.70 
EF80 0.50 PCL84 0.80 1L4 0.50 
EF83 1.70 PCL86 0.80 1R5 0.65 
EF85 0.55 PCL805185 1S4 0.45 
EF86 1.40 0.85 155 0.45 
EF91 1.30 P0500 4.36 1T4 0.45 
EF92 0.85 PFL200 2.80 1U4 0.80 
EF95 0.95 PL36 0.95 1X2B 1.30 
EF183 0.85 PL81 0.85 2021 0.80 
EF184 1.85 PL82 0.60 2K25 12.40 
EF804 2.30. PL83 0.60 2X2 0.90 
EFL200 0.95 PLB4 0.75 3A4 0.70 
EH90 0.80 PL504 ' 1.60 306 0.50 
EL32 1.10 PL50B 1.50 3021 23.00 
EL34 1.75 PL509 3.65 3E29 6.60 
EL37' 3.45 PL802 3.15 3S4 0.60 
EL38 4.60 PLLBO 3.45 58-/ 254M 8.80 
EL41 0.95 PY33 0.70 58 / 255M 8.60 
EL81 1.20 PY80 0.70 58/258M 6.80 

WE CAN ACT AS YOUR 
CONSULTANTS 

for MICRO COMPUTERS 
& TEST EQUIPMENT 

TELUROMETER MRA3 DISTANCE MEASURERS 
LOW RESISTANCE HEADPHONES TYPE CLB £1.50. 
40p postage. VAT 15%. 

CONTINUANCE TELEPHONE DRUM YC00433 

SPECIAL VALVES 
4CX lOOOA YL 1420 
4CX 5000A YL 1430 
BM 25L YL 1440 
BW 153 GXU 6 
OM 25LB cv 1597 

36' AERIAL M ASTS consisting of 6 sect ions s· 8' · x 
2'/4 .. d ia. Complete with all accessories to erect and 
instal. 

FOR EXPORT ONLY 
M u llard C 11. High power installation , 
1 OOOW. Technical details and prices 
available on request. 

NEWt AMERICAN STYLE CRADLE 

TELEPHONE AMPLIFIER 

Latest transistorised Teiephone Amplifier is 
completely automat ic with detachable 
plu(J-in speaker. Placing the receiver on 1o 
the cradle act ivates a switch for immed iate 
two-way conve rsation wi t hout ho ld ing the 
hand-set. Many people can l isten at a time 
Increase eff iciency in office, shop. work- ! 
shop . Perfecl for .. conference .. cal ls : leaves 
lh e users hands free to make notes. co nsul t 
files . No long waiting. On / O i f sw i t c h , 
volume con trol. Model with !ape-recordi n g 
faci lity £19 .g5 + VAT £1 .60. P.&P . 89p. 
C.W .O . 1 0 -day p rice refund g uara ntee . 
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Minimum ' VALVES VAT 
Order £1.00' IS INCLUDED 

-5R4GY 1.30 6L6GT 1.75 25L6GT 0.95 
5U4G 1.10 6L7G 0.75 25Z4G 0.85 
5V4G 0.80 6L18 0 .70 30C15 1.15 
5Y3GT 0.80 6LD20 30C17 1.35 

1.15 6Q7G 0.95 30C18 2.10 5Z3 
5Z4G 0.85 6SA7 0.65 (See PCF805) 
5Z4GT 0.90 6SG7 0.90 30F5 1.15 
6AB7 0.70 6SJ 7 0.80 30F12 1.70 
6AC7 0.70 6SJ7GT 0.60 30FL12 1.45 
6AH6 1.15 6SK7 1.05 30FL14 2.05 
AK5 0.65 6SL7GT 0.85 30L15 1.15 
6AK8 0.80 6SN7GT 0.85. 30L17 1.15 
AL5 0.50 6507 0.85 30P12 1.15 
6AL5W 0.80 6V6GT 0.95 30PL1 1.15 
6AM5 1.85 6X4 0.70 30PL13 1.25 
6AM6 0.75 6X5GT 0.65 30PL14 1.25 
6AN8 3.60 6Y6G 1.10 35L6GT 1.15 
6AQ5 0.90 6Z4 0.75 35W4 0.80 
6AQ5W 1.45 6-30L2 2.05 35Z4GT 0.85 
6A56 0.90 787 0.90 50C5 1.35 
6AT6 0.85 7V4 0.90 50C06G 1.45 
6AU6 0.65 902 0.70 75 1.25 
6AV6 0.60 906 0.85 75C1 1.05 
6AX4GT 0.95 10C2 0.70 76 0.95 
6AX5GT 1.15 10F18 0.10 78 0.95 
687 0.85 10P13 0.70 80 0.90 

0.50 11E2 12.40 85A2 2.55 6BA6 
6BE6 0.60 12A6 0.70 723A/B 12.80 
6BG6G 1.15 12AT6 0.55 803 6.95 
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VI D ECON TUBE TYP E P 8 6 3B 

Engli s h E l ectr ic - £ 2 0 

VALVES AND 
TRANSISTORS 

Telephone enquiries for valves, transistors , etc .; retail 
749 3934; trade and export 743 0899 

PRICES MAY VARY 
POSTAGE: £1 -£2 20p ; £2-£3 30p; 

£3- £5 40p; £5-£10 60p; over £1 Ofree. 

HIGH VACUUM VARIABLE CAPACITORS - ceram1c 
envelopes - UC 1000A / 20 1 150 ~VMMHC 1000 60-
1000"F. 20kv-150A RF max~27MH z 
TEST SET FT2 for testing Transcetvers A40 . A41 . A42 
and CPRC26 
UNIVERSAL W IRELESS TRAIN ING SET No 1 Mk 2 
YA 8316 to train 32 operators simultaneously on key and 
phone. Complete installation conststs of 3 ktts packed 1n 3 
special transit cases 
HARNESS "A" & "8" CONTROL UNITS "A" "R" 
'"J1 .. ''J2, .. Microphones No 5. 6. 7 connectors. frames . 
carrier sets etc 
THYRATRONS GLASS ENVELOPE. MIL 5948/ 
1754. Us 25KV TA 1.25A. P-12 5M 
IGNITION BK 484/5552A. Max. 1200 KVA Anode· 
Current 140A 
AERIAL M ATCHING UNITS up to 5 amps 

COLOMOR 
(ELECTRONICS L TD.) 

170 Goldhawk Rd., London W.12: 
Tel. 01-743 0899 

Open Monday to Friday 
9-12.30, 1.30-5.30 p.m. 

per pair 
_ _ __ ~ + VAT~f-.4~12 ' 
Made to High Safely and Teleco m munica
tions Sta ndards. The modern way of instant 
2-way communicalions . Supplied with 3-
core w ire . J ust plug into power socket. 
Ready for use. Cryslal clear com munications 
from office to office . Operates over Y2 -mile 
range on the same mains phase . On-off 
switch , volume control. Useful as office 
intercom, surgery and homes, between .
office and warehouse : Full price refund if 
returned in 10 days . Six months ' service 

'.guamnt ee. P &P . ggp 

WEST LONDON DIRECT SUPPLIES (W/W) 
169 Kensington High Street , London W .S _ __ _... __ ..J 



132 WIRELESS WORLD, DECEMBER 1979 

:RADIO SHACK LTD forit~la);M31: 

Ham Bands with 1. 5-30 M Hz receive with buTit-in· 1 50 M Hz 
frequency counter plus option of 0-1 . 5 M Hz receive and I or any 
transceiving application 1.8-30 MHz. 

RADIO SHACK LTD 
For Communications equipment including Trio products and 
Trio testgea r. 

:we are situated just around the corner from West Hampstead Underground Station · 
(Bakerloo line). A few minutes· walk away is West Hampstead Midland Region 
station and West End Lane on theBr()ad Street Line . We are on ti:Je follpwing .. Bus 
. routes: 28. 59, 1.59 . Hours of opening are g.5 Monday to Friday. Closed for Lunch 
1-rsaturday we <tr€! open· 9- ~ 2.30 only . World wide exports . 

DRAKE *SALES *SERVICE 

RADIO SHACK LTD 
188 BROADHURST GARDENS, LONDON NW& 3AY 

Giro Account No. 588 7151.-'relephone: On~24 7174 

Cables: Radio s·hack, London, NW6. Telex: 23718 

riD 
MECHANISM 
WITH ALARM 

ACMAINS 
SIZE 63/a x 23/a x 23/4 

Your receipt is a 2-year 
guarant-

HENRY'S RADIO 
404 EOGWARE ROAD, 
LONDON 1ED 

to our 
counters we have produced a 

200M Hz COUNT~R KIT specially for Home Constructors. 
Our new KF200 counter, although small, is a no-compromise design. 
ltoffeTS: 

* - . A fullS-digit LED display. * A frequency range of 10Hz to 200M Hz. . , * An accuracy of 10Hz at_ 30M Hz, 50Hz at 150M Hz in normal home 
environments. * ·s/6 voh operation from batteries or mains PSU (not supplied). * Powercon.Umption of only 1W maximum. * A cryst~l C:,sciilator at SMHz which doesn't need any· special 
setting up equipment. * Small11ize 4'; x · 2" x 1 ;, * Uses only 4 i.c.s. * .Assembly time of about two hours. * '.full illustrated assembly instructions. 

Ttie KF200 is supplied as 1 PCB assembly, which may be split, if 
required, to give a separate display unit. (Suitable for direct driving an 8 : 
digit common cathode display).' The unit is available in kit or 

assembled/tested module form. Prices (INCLUDING V.AT): 

Counter Kit £72.00 Module £85:oo 
(Add 75p for Post and Packing) 

ThisCATRONICS model KF200complements our DFM5, a 250 MHz; 
7 DIGIT MAINS/12v HIGH QUALITY Frequency Counter, and the 
DFM 500- a REAL 500 MHz- try some of the others actually at this 

frequency. 
Both are absolute value fo; -iriiifi8;j"and areBvllllable now with bfltter th11n 1 in iii 

reference oscillators as IS models. 

SPECIAL PRICES INCLUDIN.G VAT: _ 
DFMS £i37.SO .DFM5/S £177.50 
DFMS00£164.00 DFMSOO~~o4:so 

Add £5 for Special Packing & Securicor Deliver( . . 

Barclaycards & Access Welcome~ Please quote card no~ . , 

at _,0 n I. C' S. ~~!!.l;!:~t~P·· 922) 
20 WALLINGTON SQUARE . 
WALLINGTON, SURREY 
Tel. 01-669 6700 

WW- 922 FOR FURTHER DETAILS 

HOME COMPUTING BARGAIIIIS. Full keyboard, 
casoett11 in.,rtace. use your tv as vdu: Ohio Scientific 
Superboard II fully built 8K basic 4K ram. £1U + 
VAT. TandvTRSBOievel 2 basic 16K ram. UIO + 
VA.T. 
SIIIICLAIR I'RODUCTS New 1OM Hz scope. £141; 
pfm200 £1Z.II; case . £3.40; adaptor £3.40; 
connector kit £t1.Z7; Microvision tv £11; adaptor 
£1.A; pdm35 £21.71; adaptor £3.40; case 
UAO; dm350 £71.12; dm450 £102.17; dm235 
£1Z.M; rechorg""ble batts . £7.ft; adaptor £3.14; 
case £1. Enterprise pmg. calculator + accessories 
£Z3.Z7. 
COMPUftll GAMES Ch'""' challenger 7 £84. Star 
dl'""' £12. Checkers Challenger rAe. Voice chal
lenge<~- Ch- champion 6 £11. Atari video 
oompu11n £147. Cartridges £14.1Z. 
COMPOIIIEIII'TS 1N4148 O.lp; IN4002 3.1p; 
741 ,..., bc182, bc184. tx:212. bc214. bc5481p; 
resistors V.W5%E1210Rto10M 1p.O.Ipbr50+ 
ofonevalue . 16Velectrolytics .5. I. 2 , 5. 10. 22mf 
lip; 100m! lp; 1000mf 10p. 1 lb FeCI £1.30. Dale 
pen ...... 40 sq ins pcb 118p. Polystyrene capacitors 
Et 2 63V 10 to 1000pf 3p; 1 n2 to 1 On 4p; ceramic 
capacitors 50V E6 22pl to 4 7n Zp. ZeneJS 400mW 
E242v7to 33v7p. PresetpotssubminO. tW 100to 
4M71p. 
1V GAMES AY-3-88500 + kit £1.13. Rille kit 
£1.Z7. AY-3-8600 +kit £17.28. Stunt cycle chip+ · 
kit £11.72. AY-3-8603 chip £13.13. 
TRANSFORMERS 6-0-6V t OOma 71p; I 'I.! a 
£2.80. ~9V 74ma 71p; 1a £2.22; 2a £Z.BI. 
12.Q.12V IOOma IZp; Ia £2.71. 

IC AUDIO AMI'S WtTH PCB. JC1 2 6W £2.oe. 
JC20 tOW D. 14. 
IIATRIIY BJMIIIIATORS 3-way type 6/7'h/9v 
300ma D. 1.tl. 1 OOma radio type wilh priiHtudt 
9v £1.17. 9+9v £4.71. Car convenor t 2v input. 
output 4'h 1617 'h 19v BOOma £Z.M. 
IIATTERY EUMIIIIATOil 1Crr8 I 00ma radio types 
with~ 4 11.v £1.41; Sv £1.4e; 9v £1.41; 
4'h + 4'hv £1.12; 6 + 6v £1 .. U; 9 + 9v £1.1Z; 
stabilized 8-way types 314'hl617'hl91 t 2/15/ 
18v tOOma £Z.IIO; 1 Amp £&.10. Stabilised power 
kits 2-t8v HlOma £Z.ta: 1-30v 1A 0.11: 1-30v 
2A £11.24. 12v car convertor 617V•I9v lA £1.11. 
T.OEC AIIIO C8C BREADSOARDS a-dec £3.71; 
t-<lec U.A; u-Oeca £4.11; u-decb £7.11; 16 dit 

• adaptor £2.11; exp 4b £2.14; exp300 £1.11; 
exp 350D.IZ: exp325 £1.84. 
-AK AUDIO MODULES s450 £2.4.03; ALSO 
£4.17: paiOO £17.33; spm80 £4.17; bmt80 
£1.08; stereo 30 £20.17; AL30 £4.04; pot 2 
£7.77; pst 2 £1 .42; ma60 £H.23. 

SWAI\ILEY 
ELECTRONICS 

Dept. WW, 32 GoldMI Rd ..• Swanley, Kttr1t. . 
Post 30p ·extra. prices include VAT u~less stated . 
Official and·overseas orders welcome. L1sts 24p post 
free. 

FREQUENCY COUNTERS- OSCILLOSCOPES- OFF-AIR RECEIVERS 

20 MODELS AVAILABLE INCLUDING LED 

250M Hz 
801 B/M 

£250 
Crystal 
oven 

3 parts 109 

VERSIONS 

401A 
8018/M 
901M 
1001M 

50MHz 6 Digit £150 
. 250M Hz 8 Digit £250 
520MHz 8 Digit £325 

1-2GHz 8 Digit £550 

MAINS 
12V. BATTERY 

PORTABLE 
OSCILLOSCOPE 

-
MODEL 
S1500 
15MHz 

Dual Trace 
£280 

A professional standard model dual trace DC to15MHz. Usable to 2'5MHz 
with alternate, chop and single-channel A orB amplifier selection, 5mv /em, 
accuracy 3%. Excellent triggering wide range time base. 

R.'C.S. ELECTRONICS, WOLSEY ROAD, ASHFORD, MIDDX. ASHFORD 53661 
SUPPLIERS TO: M inistry of Defence, G.P.O., B. B.C., N .P. L. Government Depts., Crystal Manufacturen~ and EIBctronic L.bonltories world-wide 

WW-041 t'OR FURTHER DETAILS 

'WIRELESS WORLD, DECEMBER 1979 

HfHDTHf! ltEW 
BffOHf IT BfCOI1fS OlD 

Company news changes fast in the electronics 
industry-butit can't outpace Electronics Weekly. 
Mergers, new projects, major policy changes, the 
battles for markets ... the whole electronics business 
scene is covered week by week; and interviews with 
leading industrialists provide insights into the way 
the top companies are developing their business. 

You couldn't have a more valuable briefing on the 
company situation- but its value obviously 
depreciates if you receive Electronics Weekly late, 
and·are the last to know about developments that may 
vitally affect your business and your customers. 

For only .15p a week you could see Electronics 
Weekly ahead of everyone. Fill in and post this 
coupon ... and news about your industry will always 
be new! 

r·•······----------~ I To: Subscription Department, IPC Business Press Ltd., I 
Oakfield House, Perrymount Road, Haywards Heath, Sussex 

I Please send me Electronics Weekly for a year. I enclose I 
I cheque/p.o. for u~ £8 (inclusive of p&p). Overseas $20.80 I 

payable to IPC Busmess Press Ltd. 
I I 
IName ___________________________________ l 
I I 
1 Address---------- ------ --1 

I I 
I I 
I I 
.. ' ww .. 

------------------
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If we told you the best way 
to talk to your staff ••• 

-what -would you say? 
We can tell you how to talk to your secretary, your 

accounts clerk, your foreman -or to all of them at once. We 
can now offer you the first really practical and economical 
duplex intercom -for all communication needs. 

• The first 100% British designed and manufactured duplex 
intercom system 
• Employs the smallest known control unit 
• Offers paging facility as standard 
• Conference facility up to 8 stations-also standard 
• Uses less cable than competitive systems. 

Easier to install- More standard facilities-And less 
expensive than most ~ther systems 

II Barkway Electronics Ltd, Barkway, Royston, 
Herts SG8 SEE 
Telephone Barkway (0763 84) 666 
Telex 817651. Barcom . G 

WIRELESS WORLD, DECEMBER 1979 

carbon film ~ESISTORS. 
PRICES REDUCED. SEND FOR DETAILS NOW 

·-· .. - · .. "-:-·~__.. ... ..... :._ ...... _ .... .............. ......... .... ·---.... ........ 
~-... . ......... 

'AERO SERVICES L TO. 
'42~44X4tl"Wesfbciurl'1e Grove 
London W2 !:)SF .. · 
Tel. 01-727 5641 ' Telex 2f:) 1306. 

WW- 024 FOR FURTHER DETAILS 

SCIE. N. CE •:~=;e~tic~los~ pi~&P·1 D T.T.L. Data £5.00 D Linear Control Data £2.50 
D Interface Circuits Data £3.50 D Optoelectronics Data £3.50 
D Power Semiconductor Data £3.20 

Texas Instruments Ltd, Supply Division, 
MS21, Manton Lane, Bedford Tel: 0234 67466 

Slough: 186 High Street, Slough, Berks. Tel: 0753 70531 

Manchester: Knightsbridge Mall, Arndale Centre, 
Market Street, Manchester. Tel: 061-832 6238 

D Transistor and Diode Vol. I £3.50 · 

OTHER T.l. BOOKS I 
D Optoelectronics Theory and Practice £7.50 
D Semiconductor Circuit Design Vols. I to IV £6.50 each 

D Volume V £7.95 
0 Understanding Solid State Electronics £1.20 

I o Understanding Digital Electronics £3.50 I 
0 Software Design for Microprocessors £12.00 
D 9900 Assembly Language Guide £4.00 
D 9900 Family Systems Design £8.00 
D Calculating Better Decisions (SR51-II) £5.00 

I 
o Calculator Decision Making Source Book (TI-51111) £5.00 I 
D Calculator Analysis for Business and Finance (TI-42 MBA) £7.00 
D Sourcebook forProgrammableCalculator.s (TI-58/58C/59)£11.45 

Tl-59 PAKETIES 
Each pakette contains complete listings of programmes suitable 

I for use with the Tl Programmable 59 calculator £5.95 each I 
D Electronic Engineering D Oil/Gas/Energy 
0 Black Body Radiation 0 Printer Utility 
o Astrology 0 Programming Aids 
D Marketing/Sales D Fluid Dynamics 

I D Mathematics 0 3D Graphics I 
D Production Planning D Lab Chemistry 
D Tl-59 Fun (Games Pakette) 

I NAME I 
ADDRESS ________________________________ __ 

- -
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J. L. Linsley-Hood High Quality Cassette .Recorders 
LINSLEY-HOOD CASSETTE RECORDER 1 LINSLEY HOOD CASSETTE RECORDER 2 
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.We are_ the Designer Approved suppliers of kits for this excellent design . The Author's. 
reputat1on tells all you need to kn_ow about the circuitry and Hart expertise and 
expenence guarantees the eng1neenng des1gn of the kit . Advanced features include: 

Our new improved performance model of the Linsley Hood Cassette Recorder 
Incorporates our VFL g 10 vertical front mechanism and circuit modifications to 
increase dynamic range. Board layouts have been altered and improved but retain 
the outstandingly successful mother and daughter arrangement used on our Linsley 
Hood Cassette Recorder 1. · · 

High quality separate VU meters with excellent ballistics . Controls. switches arid 
sockets mounted on PCB to eliminate difficult wiring. Proper moulded escutcheon 
for cassette aperture Improves appearance and removes the need for the cassette 
transport to be. set back behind a narrow finger trapping slot. Easy to use, robust 
Lenco mechamsm. Switched b1as and equalisation for different tape formulations. 
All wiring is terminated with plugs and sockets for easy assembly and test. 
Soph1st1cated modular PCB system gives a spacious, easily built and tested layout. 

.All th~se features added to the high quality metalwork make this a most satisfying kit 
to bu1ld. Also mcluded at no extra cost is our new HS15 Sendust Alloy record/play 
head, avall.able separately at £7.60 plus VA1, but included FREE as part of the 
complete k1t at £81.50 plus VAT. 

This latest version has the following extra features: Ultra low wow-and-flutter of 
.09%- easily meets DIN Hi-fi spec. Deck controls latch in rewind modes and do not 
have to be held . Full Auto stop on all modes. Tape counter with memory rewind. Oil 
damped cassette door. Latching record button for level setting. Dual concentric input 
level controls . Phone output. Microphone input facility if required Record interlock 
prevents re-recording on valued cassettes. Frequency generating feedback servo 
dnve motor with built-in speed control for thermal stability . All these desirable and 
useful features added to ·the excellent design of the Linsley-Hood circuits and the 
quality of the components used makes this new kit comparable with built-up units of . 
much h1gher cost than the modest £94.90 + VAT we ask for the complete kit. 

REPRINTS of the 3 articles describing this design 45p No VAT . 
REPRINT of Postscript article 30p No VAT. 

VFL 910. Vertical front loading Super Hi-fi deck, as used in our new Linsley-Hood, 
Cassette Recorder 2 . £31.99 +VAT. Set of knobs £1.46 +VAT. 

LENCO CASSETTE MECHANISMS 
We hold stocks of a range of Lenco tape transports for all uses. we can also supply 
spare parts . For example : 
CRV Motors complete £4.00 plus VAT. 
CRV Drive Belts 90p plus VAT·. 

CASSETTE HEADS 
A large range of cassette heads for domestic. industrial and audio visual purposes is 
available from us. The very best stereo head that we can find is our H S 1 5 Sen dust 
Alloy Super Head. This has an even better high frequency response than our HS 14 
wh1ch It replaces. Unl1ke cheaper and ferrite types this excellent high frequency 
performance IS combmed w1th a h1gh output, thus maintaining the best possible 
s1gnal to no1se ratio . Price £7.60 plus VAT. 
4-TRACK Record/play head. Scans all 4 tracks on cassette tape. Suitable for 
auto-reverse mechanisms, film sync, quadrophonics and many other purposes 
Standard impedance £7 .40 plus VAT . 

. f.ull details of these and other heads are in our lists . 

ALL UK ORDERS ARE POST FREE 
Please send 9x4 SAE for lists giving fuller details and price breakdowns. 

HART .ELECTRONICS 

SUPER BARGAIN. OFFER 
LENCO FFR CASSETTE DECK 

For those who missed our recent bargain 
CT4s we now are delighted to be able to 
offer Brand New Lenco FFR Decks com~ 
plete with motor speed and.· auto-stop· 
control board fitted and tested . These will 
operate with any supply between 9 and 
1 6 volts. This deck can be used for both 
record and playback applications and is 
fitted with an erase head. A mono 
record/play head is fitted and we can 
supply· an extra stereo head. if ordered 
with the deck at the very special price of 
£2 plus VAT. We also supply, with each 
deck and completely FREE, one of our 
specially moulded escutcheons. This deck 
would normally cost about £2 5 but we are 
able to offer them, while they last, at only 
£9.99 plus VAT. 

We have now completed our redesign 
of this popular amplifier to make it as 
easy to build as our latest kits. The 
power amplifiers are complete 
modules plugging into a power supply 
master board, all possible wiring has 
been eliminated but faith has been 
maintained with the existing metal 
work to enable owners to update if 
they wish . Send for full details in our 
list. 

COME AND SEE US ON STANDS 
C9 & C10 AT BREADBOARD '79 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome 

but please note we are closed all day Saturday 

Instant easy ordering, telephone your requirements and credit card number to us on Oswestry (0691) 2894 

COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel. Godstone (0883) 843221 

P_DP H /03 _SYSTEM with 64K bytes REV 11 A bootstrap. DLV 11 J quad serial I /0, twin RK05 compatible 

~:~~~~~':,~ ~~~~ ;~~r~ln 1it~g~~~ of 5 mbytes. LOGABAX LX180 matrrx pnnter TEKTRONIX Type 602 

MAEL 4000 SYSTEM operating as a high-speed programmable calculator with 1000 steps & 1 14 data 
reg 1sters . System _compr1ses a!l TTL processor with calcUlator-type display & keyboard, ADLER 
correspondence-quality 1/0 type~nter. G NT paper tape reader 1 punch & twin digital cassette tape units with LED 
addr~s readout . Some commerc1al & word-processing software is included with about 50 cassettes . Immaculate 
cond1t1on. £595.00 · 
DEC Model CR11 C!'.RD READER. UNUSED & in immaculate condition . £750.00 
DEC MEMORY type MM11l (many other DEC spares lor I 1 /40, 1 1 I 10 etc .). £195.00 
TELETYPE Model ASR 33. Fully refurbished machines always available from stock. £350.00-£425.00. 
. TELETYPE Model KSR 33. Various oplions available at £150.00. · 
OLIVETTI Model_ 318 TermiRIII. Term inal with 20 mA interlace & 1eader/punch. ASCII coded (spare machine 
needrng attention 1ncl. FA tE). £250.00. 
G.E. TERMIPRINTER. 30 cps Term 1nal featuring RS232 interface & correspondence quality print-out 
£395.00. 
LOGABAX Model LX 1_80 TERMINAL. 180 cps with keyboard & RS232 interlace. £695.00. 
TEXAS S1len1 700 Termrnal. £4Z5.00. 
PERTEC Model6640-9-25 9-track P.E. tape drive. £495.00. 
PERTEC Model6840-75-25 7-track tape drive wi th NOVA controller . BRAND NEW. £496 .00 , 
FLE~OWRIT~R Model 2301 in E. I.A . code with tape reader & pul'lch Suitable for use as Wdrd processor 
terminal, or for N / C tape preparation . £195.00. · ' 

SAG EM Receive Only leleprinter, Baudot-coded. £35.00. 

~i~~~hle~o~~~~L3 ~ :~~h &d!7t~i~~f~ ~i~~i~~~oc~~~~~eK ~i~ct~~~~~~t~~~:~:;~~~~e 6 ~7~~~ ~r1e _ ~ir;ec~t~ cr~~~~~~:: 
both ava1lable at £495.00 and £650.00 respect1vely. 
VERMONT Model 1 004-S Memory Drum. £150.00 
UNIT DATA INCREMENTAL MAGTAPE RECORDER!R_EPRODUCER. £85.00 
PRINTEC Model 100 LINE PRINTER . 100 cps. Parallel TTL Interlace £250.00. 
LOGABAX LX 180 compact 180 cps MATRIX PRINTER . £525.00. 

~~~c~~~~~f;~~~:rinter featuring compact S1ze, optically isolated RS232 input, full width paper 

CDC Model C8101 compact CARD READER with LED diagnostic readout , etc . £250.00 • 
ICL Moclel240 high speed (250 cps) opt1c•l tape reader. £68.00. 
ELLIOTT 250 cps tape reader. As above~ but p1ev1ous model . t38.00. 
~~~~-~~igh-speed tape copier compnsrng BRPE 11 0 punch & electro-mechanical reader . Copies at 110 cps 

~:!~~ ~~~- ~ft~e~~~~~~~1p~~i-t.£~~~g~rating 40 
cps Model :o reader & 20 cps punch in compact free 

* many othe r items ava ilab le, please enquire 
~ eq~.o~iprnent wanted for cash. * VAT & carriage extra all items 
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If we told you the best way 
to talk to your staff ••• 

-what -would you say? 
We can tell you how to talk to your secretary, your 

accounts clerk, your foreman -or to all of them at once. We 
can now offer you the first really practical and economical 
duplex intercom -for all communication needs. 

• The first 100% British designed and manufactured duplex 
intercom system 
• Employs the smallest known control unit 
• Offers paging facility as standard 
• Conference facility up to 8 stations-also standard 
• Uses less cable than competitive systems. 

Easier to install- More standard facilities-And less 
expensive than most ~ther systems 

II Barkway Electronics Ltd, Barkway, Royston, 
Herts SG8 SEE 
Telephone Barkway (0763 84) 666 
Telex 817651. Barcom . G 

WIRELESS WORLD, DECEMBER 1979 

carbon film ~ESISTORS. 
PRICES REDUCED. SEND FOR DETAILS NOW 

·-· .. - · .. "-:-·~__.. ... ..... :._ ...... _ .... .............. ......... .... ·---.... ........ 
~-... . ......... 

'AERO SERVICES L TO. 
'42~44X4tl"Wesfbciurl'1e Grove 
London W2 !:)SF .. · 
Tel. 01-727 5641 ' Telex 2f:) 1306. 

WW- 024 FOR FURTHER DETAILS 

SCIE. N. CE •:~=;e~tic~los~ pi~&P·1 D T.T.L. Data £5.00 D Linear Control Data £2.50 
D Interface Circuits Data £3.50 D Optoelectronics Data £3.50 
D Power Semiconductor Data £3.20 

Texas Instruments Ltd, Supply Division, 
MS21, Manton Lane, Bedford Tel: 0234 67466 

Slough: 186 High Street, Slough, Berks. Tel: 0753 70531 

Manchester: Knightsbridge Mall, Arndale Centre, 
Market Street, Manchester. Tel: 061-832 6238 

D Transistor and Diode Vol. I £3.50 · 

OTHER T.l. BOOKS I 
D Optoelectronics Theory and Practice £7.50 
D Semiconductor Circuit Design Vols. I to IV £6.50 each 

D Volume V £7.95 
0 Understanding Solid State Electronics £1.20 

I o Understanding Digital Electronics £3.50 I 
0 Software Design for Microprocessors £12.00 
D 9900 Assembly Language Guide £4.00 
D 9900 Family Systems Design £8.00 
D Calculating Better Decisions (SR51-II) £5.00 

I 
o Calculator Decision Making Source Book (TI-51111) £5.00 I 
D Calculator Analysis for Business and Finance (TI-42 MBA) £7.00 
D Sourcebook forProgrammableCalculator.s (TI-58/58C/59)£11.45 

Tl-59 PAKETIES 
Each pakette contains complete listings of programmes suitable 

I for use with the Tl Programmable 59 calculator £5.95 each I 
D Electronic Engineering D Oil/Gas/Energy 
0 Black Body Radiation 0 Printer Utility 
o Astrology 0 Programming Aids 
D Marketing/Sales D Fluid Dynamics 

I D Mathematics 0 3D Graphics I 
D Production Planning D Lab Chemistry 
D Tl-59 Fun (Games Pakette) 

I NAME I 
ADDRESS ________________________________ __ 

- -
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J. L. Linsley-Hood High Quality Cassette .Recorders 
LINSLEY-HOOD CASSETTE RECORDER 1 LINSLEY HOOD CASSETTE RECORDER 2 
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.We are_ the Designer Approved suppliers of kits for this excellent design . The Author's. 
reputat1on tells all you need to kn_ow about the circuitry and Hart expertise and 
expenence guarantees the eng1neenng des1gn of the kit . Advanced features include: 

Our new improved performance model of the Linsley Hood Cassette Recorder 
Incorporates our VFL g 10 vertical front mechanism and circuit modifications to 
increase dynamic range. Board layouts have been altered and improved but retain 
the outstandingly successful mother and daughter arrangement used on our Linsley 
Hood Cassette Recorder 1. · · 

High quality separate VU meters with excellent ballistics . Controls. switches arid 
sockets mounted on PCB to eliminate difficult wiring. Proper moulded escutcheon 
for cassette aperture Improves appearance and removes the need for the cassette 
transport to be. set back behind a narrow finger trapping slot. Easy to use, robust 
Lenco mechamsm. Switched b1as and equalisation for different tape formulations. 
All wiring is terminated with plugs and sockets for easy assembly and test. 
Soph1st1cated modular PCB system gives a spacious, easily built and tested layout. 

.All th~se features added to the high quality metalwork make this a most satisfying kit 
to bu1ld. Also mcluded at no extra cost is our new HS15 Sendust Alloy record/play 
head, avall.able separately at £7.60 plus VA1, but included FREE as part of the 
complete k1t at £81.50 plus VAT. 

This latest version has the following extra features: Ultra low wow-and-flutter of 
.09%- easily meets DIN Hi-fi spec. Deck controls latch in rewind modes and do not 
have to be held . Full Auto stop on all modes. Tape counter with memory rewind. Oil 
damped cassette door. Latching record button for level setting. Dual concentric input 
level controls . Phone output. Microphone input facility if required Record interlock 
prevents re-recording on valued cassettes. Frequency generating feedback servo 
dnve motor with built-in speed control for thermal stability . All these desirable and 
useful features added to ·the excellent design of the Linsley-Hood circuits and the 
quality of the components used makes this new kit comparable with built-up units of . 
much h1gher cost than the modest £94.90 + VAT we ask for the complete kit. 

REPRINTS of the 3 articles describing this design 45p No VAT . 
REPRINT of Postscript article 30p No VAT. 

VFL 910. Vertical front loading Super Hi-fi deck, as used in our new Linsley-Hood, 
Cassette Recorder 2 . £31.99 +VAT. Set of knobs £1.46 +VAT. 

LENCO CASSETTE MECHANISMS 
We hold stocks of a range of Lenco tape transports for all uses. we can also supply 
spare parts . For example : 
CRV Motors complete £4.00 plus VAT. 
CRV Drive Belts 90p plus VAT·. 

CASSETTE HEADS 
A large range of cassette heads for domestic. industrial and audio visual purposes is 
available from us. The very best stereo head that we can find is our H S 1 5 Sen dust 
Alloy Super Head. This has an even better high frequency response than our HS 14 
wh1ch It replaces. Unl1ke cheaper and ferrite types this excellent high frequency 
performance IS combmed w1th a h1gh output, thus maintaining the best possible 
s1gnal to no1se ratio . Price £7.60 plus VAT. 
4-TRACK Record/play head. Scans all 4 tracks on cassette tape. Suitable for 
auto-reverse mechanisms, film sync, quadrophonics and many other purposes 
Standard impedance £7 .40 plus VAT . 

. f.ull details of these and other heads are in our lists . 

ALL UK ORDERS ARE POST FREE 
Please send 9x4 SAE for lists giving fuller details and price breakdowns. 

HART .ELECTRONICS 

SUPER BARGAIN. OFFER 
LENCO FFR CASSETTE DECK 

For those who missed our recent bargain 
CT4s we now are delighted to be able to 
offer Brand New Lenco FFR Decks com~ 
plete with motor speed and.· auto-stop· 
control board fitted and tested . These will 
operate with any supply between 9 and 
1 6 volts. This deck can be used for both 
record and playback applications and is 
fitted with an erase head. A mono 
record/play head is fitted and we can 
supply· an extra stereo head. if ordered 
with the deck at the very special price of 
£2 plus VAT. We also supply, with each 
deck and completely FREE, one of our 
specially moulded escutcheons. This deck 
would normally cost about £2 5 but we are 
able to offer them, while they last, at only 
£9.99 plus VAT. 

We have now completed our redesign 
of this popular amplifier to make it as 
easy to build as our latest kits. The 
power amplifiers are complete 
modules plugging into a power supply 
master board, all possible wiring has 
been eliminated but faith has been 
maintained with the existing metal 
work to enable owners to update if 
they wish . Send for full details in our 
list. 

COME AND SEE US ON STANDS 
C9 & C10 AT BREADBOARD '79 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome 

but please note we are closed all day Saturday 

Instant easy ordering, telephone your requirements and credit card number to us on Oswestry (0691) 2894 

COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel. Godstone (0883) 843221 

P_DP H /03 _SYSTEM with 64K bytes REV 11 A bootstrap. DLV 11 J quad serial I /0, twin RK05 compatible 

~:~~~~~':,~ ~~~~ ;~~r~ln 1it~g~~~ of 5 mbytes. LOGABAX LX180 matrrx pnnter TEKTRONIX Type 602 

MAEL 4000 SYSTEM operating as a high-speed programmable calculator with 1000 steps & 1 14 data 
reg 1sters . System _compr1ses a!l TTL processor with calcUlator-type display & keyboard, ADLER 
correspondence-quality 1/0 type~nter. G NT paper tape reader 1 punch & twin digital cassette tape units with LED 
addr~s readout . Some commerc1al & word-processing software is included with about 50 cassettes . Immaculate 
cond1t1on. £595.00 · 
DEC Model CR11 C!'.RD READER. UNUSED & in immaculate condition . £750.00 
DEC MEMORY type MM11l (many other DEC spares lor I 1 /40, 1 1 I 10 etc .). £195.00 
TELETYPE Model ASR 33. Fully refurbished machines always available from stock. £350.00-£425.00. 
. TELETYPE Model KSR 33. Various oplions available at £150.00. · 
OLIVETTI Model_ 318 TermiRIII. Term inal with 20 mA interlace & 1eader/punch. ASCII coded (spare machine 
needrng attention 1ncl. FA tE). £250.00. 
G.E. TERMIPRINTER. 30 cps Term 1nal featuring RS232 interface & correspondence quality print-out 
£395.00. 
LOGABAX Model LX 1_80 TERMINAL. 180 cps with keyboard & RS232 interlace. £695.00. 
TEXAS S1len1 700 Termrnal. £4Z5.00. 
PERTEC Model6640-9-25 9-track P.E. tape drive. £495.00. 
PERTEC Model6840-75-25 7-track tape drive wi th NOVA controller . BRAND NEW. £496 .00 , 
FLE~OWRIT~R Model 2301 in E. I.A . code with tape reader & pul'lch Suitable for use as Wdrd processor 
terminal, or for N / C tape preparation . £195.00. · ' 

SAG EM Receive Only leleprinter, Baudot-coded. £35.00. 

~i~~~hle~o~~~~L3 ~ :~~h &d!7t~i~~f~ ~i~~i~~~oc~~~~~eK ~i~ct~~~~~~t~~~:~:;~~~~e 6 ~7~~~ ~r1e _ ~ir;ec~t~ cr~~~~~~:: 
both ava1lable at £495.00 and £650.00 respect1vely. 
VERMONT Model 1 004-S Memory Drum. £150.00 
UNIT DATA INCREMENTAL MAGTAPE RECORDER!R_EPRODUCER. £85.00 
PRINTEC Model 100 LINE PRINTER . 100 cps. Parallel TTL Interlace £250.00. 
LOGABAX LX 180 compact 180 cps MATRIX PRINTER . £525.00. 

~~~c~~~~~f;~~~:rinter featuring compact S1ze, optically isolated RS232 input, full width paper 

CDC Model C8101 compact CARD READER with LED diagnostic readout , etc . £250.00 • 
ICL Moclel240 high speed (250 cps) opt1c•l tape reader. £68.00. 
ELLIOTT 250 cps tape reader. As above~ but p1ev1ous model . t38.00. 
~~~~-~~igh-speed tape copier compnsrng BRPE 11 0 punch & electro-mechanical reader . Copies at 110 cps 

~:!~~ ~~~- ~ft~e~~~~~~~1p~~i-t.£~~~g~rating 40 
cps Model :o reader & 20 cps punch in compact free 

* many othe r items ava ilab le, please enquire 
~ eq~.o~iprnent wanted for cash. * VAT & carriage extra all items 
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BTS A Service 
for Churches 
·and Charities. 

With extensive experience of 
the needs of broadcasters BTS . 

·can plan and commission an 
efficient and cost-effective 
studio. We recommend and 
supply a wide range of 
equipment to suit all budgets, 
and we can design and 
manufacture specialised items. 

Contact BTS for advice, whether you need a simple 

voice booth, a studio complex or a complete media centre. 
BTS . supplies well-known makes of microphones, 

loudspeakers, tape machines, cassette and tape 
duplication equipment, tapes and cassettes, studio 
hardware. 

Write to Alan Foster for an article on: Design, Planning 
and _Equipment Supply for broadcasters; or Acoustic 
Design and Layout of Studio Buildings; or Sound 
Reinforcement. 

))))) : J ~ j)))) 
Broadcast Training and Services Ltd. 
2 Hills Road Cambridge CB2 1JP England 
Tel: Cambridge (STD 0223) 62392 

·····~·····~·········~········································ 

MAIL ORDER PROTECTION 
SCHEME 

(Limited Liability) 
II you order from mail order advertisers in lhis magazine. except lor ciassilied advertisements. and pay by · 
post in advance of delivery, Wlr.eless World will consider you lor compensation il the advertiser should 
become insolvent or banknpt. provided 

1. You have not received the goods or had your money returned; 111d 
2. You write to the publisher ol Wirelen World explaining the position not earlier than 28 days lrom11he 

day you sent your order and not later lllan 2 months from that day. 

Please do not wait until the laal moment to inform us. When you write. we will tell you how to make your 
claim and wlilt evidence of payment is required. 
We guarantee to meet claims lrom rnden made in accordnce with the above procedure as soon as 
possible after the advertiser has been declared bankrupt or insolvent up to 1 limit of £3.550 
par annum lor any one advertiser so aHected and up to E 10.000 per annum in respect of all iuolvent 
advertisers. Claims may be paid lor higher amounts. or when the above procedure has not been complied 
with, at the discretion of Wireless World; but we do not guanntee to do so in view of the need to set some 
limit to this commitment and to learn quickly of readers' diHiculties. 
This guarantee covers only advance payments sent in dii'IIGt response to an advertisament in this 
magazine !not lor eumple. payments made in responsi'To"Ciialogues, etc .. received u a mutt of 
answering such advertisements. Personal advertisements are excluded. 
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NEW Modern 
home study courses 

in electronics. 
Complete Self-sudy training in:-

I 

1) Basic practical electronics - curcuit diagram 
masters- building oscilloscope and other test 
gear. 
2) Training for Radio Amateur Licence. 

3) Training for City & Guilds and other 
professional examinations. 
a) Servicing ·and maintenance of Radio, T.V. 
and other electronic equipment. 
b) Digital electronic and Computer technology. 

------------------------~, Brochure, without obligation to:- . WWJ
111 

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

NAME 

: ADDRESS 
I 

-------

I _____ ___ ___ (Block cap; please). 

L-------------------------------~ Specialists in electronic training. 
Established over 40 years. 

STABILIZER: FREQUENCY SHIFTERS 

~·: " .:<_~~=-~~ :? 
~~~ . '.;,..,; ...:-: \~ ,.._,. ~ 

l; The Stabilizer is a versatile frequency shiftei for howl 
reduction on both speech and music . It offers variable 
shifts either up or down between 1 and 1 0 Hertz so 
allowing choice of the optimum shi ft for the particular 
acoustics and sound sources involved in each 
installation . 

'"' 

A shifter not only allows more usable gain (4-BdB) but 
also gives a greate r stability margin between the 

"":;:~~W'"j"lf!;J!'~~ t~7=~~ ~fo~~~~g a~:t~~::l 3h~~~n~ . d~~t~~e~~!~e~ 
_.~ conventional system will go from ' ringing· to howling 

+5Hz Axed Shift Circuit Boards· as 
WW July 1973 article, but 
impfoved noiM level, lower dietortion, adjuetment 
tr• oeciiWior Mld IC oocketa: Marl< 3 . 
Small enough to be built inside the cabinets of many 
amplifiers. ' 

. in"ctuding 
c..,llllkHIIIIilllrdt:34 PSU&mains DESIGNER 

... ~Hill 114 alipt4 £44 transformer APPROVED 

CASH WITH ORDER less 5% 
UK POST FREE ADD VAT 15% 

with a gain increase of 1 or 2 dB . 

Available as a boxed unit with either balanced or 
unbalanced signal lines or ra~k mounting version 
offering studio quality 'SHI FT control. duplicated 
jack and XLR connectors and a smart anodised finish 
with engraved front panel. Stabilizers include a signal 
overload LED. a 24Hz high pass fi lter to remove VLF 
signals before connection to power amplifiers and a 
mumetal shrouded mains transformer to achieve low 
noise levels. 

Stereo Disc Amolifier 2 * 10 Outlet Distribution 
Amplifier 2* Peak t"rogramme Meter m<'"ements, 
single and twi n, and PPM2 IEC268-10A Drive 
Circuits *Peak Deviation Meter * Programme and 
Deviat ion Chart Recorders. 

SURREY ELECTRONICS 
The.Forge, Lucks Green, Cn>nleigh, S_;-rrey GU6 7BG. Tel. 04866 5997 

e High tolerance on insert proc ed ure For full details contact: 

e Monochrome or colour e High conversion rate on ageing 

e Standard, quick heat, delta or inline e Long service life 

e Wide range of neck sizes and heater ratings e Neck glass, tube bases, equipment 

e Predictable in use and performance and accessories also supplied 
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Into the '80s with Wireless World 
Special issue appearing January 1980 

The past ten years, as we all know, have shown quite remarkable 
developments in the technology of the many fields covered by Wireless 

World-electronics, radio, communications, television and audio; to name 
but a few. 

What about the next decade? It's not so much a question of whether it 

will be as dramatic as the last, but how much more so. Indeed everybody 
seems to be looking towards the '80s with bated breath and excited 
anticipation. We on Wireless World feel much the same, and to make our 

own distinctive contribution to the scene will be publishing a special issue 
"Into the '80s" in January 1980. 

In this, experts from industry and related fields will be predicting and 

discussing the changes we will all see-changes of course in which your 

company will be playing a major role. Listed below are some of the 
subjects to be covered: 

Radio communications 
Broadcasting 
Audio 
Consumer electronics 
Microelectronics 
Radio navigation and radar 
Measuring instruments 

, In addition to our normally high readership, we know that an even 
greater interest will be created by this issue, so for that month alone an 
even bigger print order is being prepared. 

Advertise with us on the threshold of the 'eighties and tell our discerning 

and forward looking readers what you are offering in the next ten years. 

For more details call Bob Nibbs on 01-261 8622 

137 



138 

BTS A Service 
for Churches 
·and Charities. 

With extensive experience of 
the needs of broadcasters BTS . 

·can plan and commission an 
efficient and cost-effective 
studio. We recommend and 
supply a wide range of 
equipment to suit all budgets, 
and we can design and 
manufacture specialised items. 

Contact BTS for advice, whether you need a simple 

voice booth, a studio complex or a complete media centre. 
BTS . supplies well-known makes of microphones, 

loudspeakers, tape machines, cassette and tape 
duplication equipment, tapes and cassettes, studio 
hardware. 

Write to Alan Foster for an article on: Design, Planning 
and _Equipment Supply for broadcasters; or Acoustic 
Design and Layout of Studio Buildings; or Sound 
Reinforcement. 

))))) : J ~ j)))) 
Broadcast Training and Services Ltd. 
2 Hills Road Cambridge CB2 1JP England 
Tel: Cambridge (STD 0223) 62392 

·····~·····~·········~········································ 

MAIL ORDER PROTECTION 
SCHEME 

(Limited Liability) 
II you order from mail order advertisers in lhis magazine. except lor ciassilied advertisements. and pay by · 
post in advance of delivery, Wlr.eless World will consider you lor compensation il the advertiser should 
become insolvent or banknpt. provided 

1. You have not received the goods or had your money returned; 111d 
2. You write to the publisher ol Wirelen World explaining the position not earlier than 28 days lrom11he 

day you sent your order and not later lllan 2 months from that day. 

Please do not wait until the laal moment to inform us. When you write. we will tell you how to make your 
claim and wlilt evidence of payment is required. 
We guarantee to meet claims lrom rnden made in accordnce with the above procedure as soon as 
possible after the advertiser has been declared bankrupt or insolvent up to 1 limit of £3.550 
par annum lor any one advertiser so aHected and up to E 10.000 per annum in respect of all iuolvent 
advertisers. Claims may be paid lor higher amounts. or when the above procedure has not been complied 
with, at the discretion of Wireless World; but we do not guanntee to do so in view of the need to set some 
limit to this commitment and to learn quickly of readers' diHiculties. 
This guarantee covers only advance payments sent in dii'IIGt response to an advertisament in this 
magazine !not lor eumple. payments made in responsi'To"Ciialogues, etc .. received u a mutt of 
answering such advertisements. Personal advertisements are excluded. 
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NEW Modern 
home study courses 

in electronics. 
Complete Self-sudy training in:-

I 

1) Basic practical electronics - curcuit diagram 
masters- building oscilloscope and other test 
gear. 
2) Training for Radio Amateur Licence. 

3) Training for City & Guilds and other 
professional examinations. 
a) Servicing ·and maintenance of Radio, T.V. 
and other electronic equipment. 
b) Digital electronic and Computer technology. 

------------------------~, Brochure, without obligation to:- . WWJ
111 

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

NAME 

: ADDRESS 
I 

-------

I _____ ___ ___ (Block cap; please). 

L-------------------------------~ Specialists in electronic training. 
Established over 40 years. 

STABILIZER: FREQUENCY SHIFTERS 

~·: " .:<_~~=-~~ :? 
~~~ . '.;,..,; ...:-: \~ ,.._,. ~ 

l; The Stabilizer is a versatile frequency shiftei for howl 
reduction on both speech and music . It offers variable 
shifts either up or down between 1 and 1 0 Hertz so 
allowing choice of the optimum shi ft for the particular 
acoustics and sound sources involved in each 
installation . 

'"' 

A shifter not only allows more usable gain (4-BdB) but 
also gives a greate r stability margin between the 

"":;:~~W'"j"lf!;J!'~~ t~7=~~ ~fo~~~~g a~:t~~::l 3h~~~n~ . d~~t~~e~~!~e~ 
_.~ conventional system will go from ' ringing· to howling 

+5Hz Axed Shift Circuit Boards· as 
WW July 1973 article, but 
impfoved noiM level, lower dietortion, adjuetment 
tr• oeciiWior Mld IC oocketa: Marl< 3 . 
Small enough to be built inside the cabinets of many 
amplifiers. ' 

. in"ctuding 
c..,llllkHIIIIilllrdt:34 PSU&mains DESIGNER 

... ~Hill 114 alipt4 £44 transformer APPROVED 

CASH WITH ORDER less 5% 
UK POST FREE ADD VAT 15% 

with a gain increase of 1 or 2 dB . 

Available as a boxed unit with either balanced or 
unbalanced signal lines or ra~k mounting version 
offering studio quality 'SHI FT control. duplicated 
jack and XLR connectors and a smart anodised finish 
with engraved front panel. Stabilizers include a signal 
overload LED. a 24Hz high pass fi lter to remove VLF 
signals before connection to power amplifiers and a 
mumetal shrouded mains transformer to achieve low 
noise levels. 
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The.Forge, Lucks Green, Cn>nleigh, S_;-rrey GU6 7BG. Tel. 04866 5997 

e High tolerance on insert proc ed ure For full details contact: 

e Monochrome or colour e High conversion rate on ageing 

e Standard, quick heat, delta or inline e Long service life 

e Wide range of neck sizes and heater ratings e Neck glass, tube bases, equipment 

e Predictable in use and performance and accessories also supplied 
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Into the '80s with Wireless World 
Special issue appearing January 1980 

The past ten years, as we all know, have shown quite remarkable 
developments in the technology of the many fields covered by Wireless 

World-electronics, radio, communications, television and audio; to name 
but a few. 

What about the next decade? It's not so much a question of whether it 

will be as dramatic as the last, but how much more so. Indeed everybody 
seems to be looking towards the '80s with bated breath and excited 
anticipation. We on Wireless World feel much the same, and to make our 

own distinctive contribution to the scene will be publishing a special issue 
"Into the '80s" in January 1980. 

In this, experts from industry and related fields will be predicting and 

discussing the changes we will all see-changes of course in which your 

company will be playing a major role. Listed below are some of the 
subjects to be covered: 

Radio communications 
Broadcasting 
Audio 
Consumer electronics 
Microelectronics 
Radio navigation and radar 
Measuring instruments 

, In addition to our normally high readership, we know that an even 
greater interest will be created by this issue, so for that month alone an 
even bigger print order is being prepared. 

Advertise with us on the threshold of the 'eighties and tell our discerning 

and forward looking readers what you are offering in the next ten years. 

For more details call Bob Nibbs on 01-261 8622 
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Advertisements accepted 
up to 12 noon Friday, 
November 30th for January 
issue, subject to space being 
available. 

DISPLAYE~ APPOINTMENTS VACANT: £10.00 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £1.50 per line, minimum three lines. 
BOX NUMBERS: 70p ~xtra. (Replies should be addressed to the Box Number in the 
adv~rtis~ment, c / o Wireless World, Dorset House , Stamford Stree( London SEJ 9LU) 
PHONE: Neil McDonnell on 01-261 8508 · · · · · 
Classified Advertisement Rates are currently zero rated for the purpose of V.A . T. ... ~· 

~ . 

ROHDE&SCHWARZ 
Independent concern represented 111 80 countries 

SENIOR TEST AND CALIBRATION 
ENGINEERS 

With a background in RF and microwaves, experienced in ana logue . digital 
technrques, logrc and microprocessor controlled ATE . 

also vacancies exist tor 

TEST & CALIBR~ TION ENGINEERS 
w1th knowledqe of one or more of the above techn1qu es 

We offer an exceptional salary *Performance related bonus scheme* Training 
abroad* Prospects of promotron *A wide va rrety of work* A happy atmosphere 
* Non-contrrbutory pension scheme* Subsidrsed restaurant . 

Please write or phone to 

Mr. Z Eres (Technical Manager) extension 43 

Electron iC Instruments & Comm un,cat1ons Equ1 pment 

a\leley 
e ectric LTo 

Roebuck Road 
Chessington 
Surrey KT9 1 LP 
01-397 8771 

The Government Communications Centre at Milton 
Keynes now requires several of the above qualified staff 
~o contribute to the Centre's growing reputation . Our work 
1s often novel, always challenging and requiring a high 
level of dedication and application to the task. The fields 
of work are increasingly offering new opportunities for 
caree~ ~evel~pm~nt and experience in VHF, HF general 
and d1g1tal c1rcmtry, design and development. 

Minimum qualification needed is HNC. 
S~lari~s ranging up to £6737 per annum depending on 

qualificatiOns and experience. 

We ~re situated close to Milton Keynes, a fast growing 
town .w1th ~a_n?' modern entertainment, shopping and 
sporhr:g fac1hbes. The area is crossed by several mail! 
travellmg routes and reasonably priced housing is 
available . 

Please apply for an application form to the Recruitment 
Officer, HM Government Communications Centre 
Hanslope Park, Hanslope, Milton Keynes, MK19 7BH. 

The Centr.e- is vital to your career. 

MARTIN-BAKER (ENGINEERING) CO. L TO. 
has a vacancy for an 

ELECTRONIC 
TECHNICIAN 

AT CHALGROVE AIRFIELD, OXFORD 

The successful applicant will be required to assist small 
team, on commissioning and operation of telemetry and 
instrumentation systems for ejection seat trials. 

QUALIFICATIONS -Ability to make prototype units 
from rough draw.ings and test to specifications using 
standard test equ1pment. Knowledge and experience of 
U.H.F. Trans/Recs., tape recorders and logic systems. 
(Gained as a radio amateur perhaps). 

Salary range £5 500-£5 700 per annum . Weekly paid. 
40-hour week . 22 days' holiday per year, non
contributory pension scheme after five years . 

Enquiries to: Mr. G. B. Thompson, Martin-Baker 
(Eng) Co. Ltd.,, Chalgrove Airfield, Oxford OX9 
7RJ. Telephone: 0865-890251. 

(9807) 
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Join the Successful Team 

Our equipment can be found in Radio and TV studios and transmitting stations 
across the world, and in many stations throughout the U.K. 

Our £8 million share of the recently awarded IBA fourth channel transmitter 
contract, and our continuing success in the transmitter field worldwide, means we 
now have attractive openings for transmitter development engineers at all levels. 
We're looking for people with the ability to take responsibility for all aspects of design in T.V., F.M. and 
A.M. sound broadcast transmitters. 

You should be qualified to at least H.N.D.level with a minimum of around two years development 
experience - but the most important qualities are the interest and enthusiasm to be part of this 
successful team. 

Telephone our Chief Engineer to talk about the job on Friday afternoons (reversing charges if necessary), 
or write for an application form to the Personnel Department. 

UNIVERSITY OF LONDON 

AUDI-VISUAL CENTRE 

requ ire · 

TECHNICAL 
ASSISTANTS 

Preferably with a strong interest in elec
tronics, to operate and maintain video, 
sound and other equipment . Main duties · 
Video tape copying, camera operation , 
electronic servicing and assistance in pro
duction of audio-visual materials . 

Salary range: £3049-£4098 (under rev iew) . 

Starting point dependent on qualifications 
and experience. No application forms . Apply 
toTheDirector(TA).ULAVC, 11 Bedford 
Square, London WC1 B 4RA. 

(9834) 

Pye TVT Limited 
PO Box41 Coldhams Lane Cambridge England CB1 3JU 
Tel: Cambridge (0223) 45115. Telex: 81103 

(9890) 

Electronics & Computer lest 
To£7,500 

Use your C&G/ONC/ HNC/Forces Training and good 
DIGITAL!ANALOGUE/ RF experience to advantage. Work
ing with state-of-the-art MINI/MICRO PROCESSOR ; 
LASER; ATE; COMMUNICATIONS; NUCLEONIC; C_CTV 
and similar equipment. Most UK areas; from Techmc1an 
to Manager. 

For free confidential counselling and practical career 
advice contact GRANT WILSON ref : GW470. 
TECHNOMARK, 11 Westbourne Grove, London W2 4UA. 

Tel: 01-229 9239 {01-229 4218-24 hrs). 
Engineering Recruifment Consultants. 

UNIVERSITY OF 
KEELE 

Department of 
Physics 

ELECTRONICS 
Technician required for teaching 
and research laboratorie!:i. 
Appointment at Grade 5 for 
which the salary scale is £3700-
£4320 (£3926-£4584 from 
April 1st, 1 980). 
Application forms and further 
particulars available from the . 
Profl=lssor of Physics, The Univer
sity , Keele , Staffs., ST5 5BG, to 
whom applications should be 
returned by November 26th, 
1979. 

(9879) 
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ROHDE&SCHWARZ 
Independent concern represented 111 80 countries 

SENIOR TEST AND CALIBRATION 
ENGINEERS 

With a background in RF and microwaves, experienced in ana logue . digital 
technrques, logrc and microprocessor controlled ATE . 

also vacancies exist tor 

TEST & CALIBR~ TION ENGINEERS 
w1th knowledqe of one or more of the above techn1qu es 

We offer an exceptional salary *Performance related bonus scheme* Training 
abroad* Prospects of promotron *A wide va rrety of work* A happy atmosphere 
* Non-contrrbutory pension scheme* Subsidrsed restaurant . 

Please write or phone to 

Mr. Z Eres (Technical Manager) extension 43 

Electron iC Instruments & Comm un,cat1ons Equ1 pment 

a\leley 
e ectric LTo 

Roebuck Road 
Chessington 
Surrey KT9 1 LP 
01-397 8771 

The Government Communications Centre at Milton 
Keynes now requires several of the above qualified staff 
~o contribute to the Centre's growing reputation . Our work 
1s often novel, always challenging and requiring a high 
level of dedication and application to the task. The fields 
of work are increasingly offering new opportunities for 
caree~ ~evel~pm~nt and experience in VHF, HF general 
and d1g1tal c1rcmtry, design and development. 

Minimum qualification needed is HNC. 
S~lari~s ranging up to £6737 per annum depending on 

qualificatiOns and experience. 

We ~re situated close to Milton Keynes, a fast growing 
town .w1th ~a_n?' modern entertainment, shopping and 
sporhr:g fac1hbes. The area is crossed by several mail! 
travellmg routes and reasonably priced housing is 
available . 

Please apply for an application form to the Recruitment 
Officer, HM Government Communications Centre 
Hanslope Park, Hanslope, Milton Keynes, MK19 7BH. 

The Centr.e- is vital to your career. 

MARTIN-BAKER (ENGINEERING) CO. L TO. 
has a vacancy for an 

ELECTRONIC 
TECHNICIAN 

AT CHALGROVE AIRFIELD, OXFORD 

The successful applicant will be required to assist small 
team, on commissioning and operation of telemetry and 
instrumentation systems for ejection seat trials. 

QUALIFICATIONS -Ability to make prototype units 
from rough draw.ings and test to specifications using 
standard test equ1pment. Knowledge and experience of 
U.H.F. Trans/Recs., tape recorders and logic systems. 
(Gained as a radio amateur perhaps). 

Salary range £5 500-£5 700 per annum . Weekly paid. 
40-hour week . 22 days' holiday per year, non
contributory pension scheme after five years . 

Enquiries to: Mr. G. B. Thompson, Martin-Baker 
(Eng) Co. Ltd.,, Chalgrove Airfield, Oxford OX9 
7RJ. Telephone: 0865-890251. 

(9807) 
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Join the Successful Team 

Our equipment can be found in Radio and TV studios and transmitting stations 
across the world, and in many stations throughout the U.K. 

Our £8 million share of the recently awarded IBA fourth channel transmitter 
contract, and our continuing success in the transmitter field worldwide, means we 
now have attractive openings for transmitter development engineers at all levels. 
We're looking for people with the ability to take responsibility for all aspects of design in T.V., F.M. and 
A.M. sound broadcast transmitters. 

You should be qualified to at least H.N.D.level with a minimum of around two years development 
experience - but the most important qualities are the interest and enthusiasm to be part of this 
successful team. 

Telephone our Chief Engineer to talk about the job on Friday afternoons (reversing charges if necessary), 
or write for an application form to the Personnel Department. 

UNIVERSITY OF LONDON 

AUDI-VISUAL CENTRE 

requ ire · 

TECHNICAL 
ASSISTANTS 

Preferably with a strong interest in elec
tronics, to operate and maintain video, 
sound and other equipment . Main duties · 
Video tape copying, camera operation , 
electronic servicing and assistance in pro
duction of audio-visual materials . 

Salary range: £3049-£4098 (under rev iew) . 

Starting point dependent on qualifications 
and experience. No application forms . Apply 
toTheDirector(TA).ULAVC, 11 Bedford 
Square, London WC1 B 4RA. 

(9834) 

Pye TVT Limited 
PO Box41 Coldhams Lane Cambridge England CB1 3JU 
Tel: Cambridge (0223) 45115. Telex: 81103 

(9890) 

Electronics & Computer lest 
To£7,500 

Use your C&G/ONC/ HNC/Forces Training and good 
DIGITAL!ANALOGUE/ RF experience to advantage. Work
ing with state-of-the-art MINI/MICRO PROCESSOR ; 
LASER; ATE; COMMUNICATIONS; NUCLEONIC; C_CTV 
and similar equipment. Most UK areas; from Techmc1an 
to Manager. 

For free confidential counselling and practical career 
advice contact GRANT WILSON ref : GW470. 
TECHNOMARK, 11 Westbourne Grove, London W2 4UA. 

Tel: 01-229 9239 {01-229 4218-24 hrs). 
Engineering Recruifment Consultants. 

UNIVERSITY OF 
KEELE 

Department of 
Physics 

ELECTRONICS 
Technician required for teaching 
and research laboratorie!:i. 
Appointment at Grade 5 for 
which the salary scale is £3700-
£4320 (£3926-£4584 from 
April 1st, 1 980). 
Application forms and further 
particulars available from the . 
Profl=lssor of Physics, The Univer
sity , Keele , Staffs., ST5 5BG, to 
whom applications should be 
returned by November 26th, 
1979. 

(9879) 
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LECTURER 
Engineering Training Department 

Wood Norton, Evesham, Worcestershire 
The duties will include the training of BBC Engineers and Technicians in 
the principles and practice of broadcast engineering. 
Lecturers in the Department are required to develop specialist knowledge 
and skills within the broadcasting field and to maintain close contact with 
relevant departments of the BBC. 
They organise and present information to students having a wide range of 
ages, backgrounds, abilities and attitudes using modem educational methods. 
The successful candidate, male or female, should have a good degree in a 
relevant subject such as Electronics or Communications, and up-to-date 
knowledge and experience of training techniques. Direct experience of 
. broadcast engineering, although desirable, is not expected. 
The post is based at the Corporation's Engineering Training Centre near 
Evesham, Worcestershire and work away from base is necessary occasionally. 
Re-location expenses for householders will be considered. 
The salary scale, depending on experience, would initially be between 
£5935 and £7085 per annum, increasing annually, subject to satisfactory 
performance to a maximum of £9130 per annum. 
For more information and an application form, please write to: 
Head of Training Section (Engineering), BBC, Wood Norton Hall, 
Evesham, Worcestershire quoting reference 79.E.2492/WW Closing date 
for completed application forms is: 14 days after publication. 

[]J[]J{B 

SENIOR ENGINEER 
TECHNICAL SERVICES 

UP TO £6,700 + CAR 
Neve Electronics International Ltd . are the leading suppliers of professional sound control 
systems for the world's music recording, broadcast and film industries. 

The company based at Mel bourn, Cambridgeshire, offers an attractive working environment and 
excellent condition of employment. 

The position is a senior one within the Technical Service Dept . and candidates should hold a 
relevant academic qualification or be able to demonstrate a very high level of ability, together with 
experience in analogue and digital equipment. 

Reporting to the Head of Service the successful candidate will be responsible for commissioning 
and providing techn ica l services for the company's products world wide and will also act as the 
deputy for the head of service . 

The salary will reflect the importance of the job and the calibre of the person likely to fill it 
. effectively. Jn add ition the situation affords the opportunity to join a technically interesting and 

progressive company. Extensive re-location assistance will be offered where appropriate together 
with the usual employment benefits . ' 

Please write with career details to: 
Valerie Chapm an 

NEVE ELECTRONICS 
INTERNATIONAL LTD. 

Cambridge House, Melbourn, Royston, H erts. SG8 
&AU 

Tel. Royston (0763) 60776 
(9865) 
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SOMERSET DIVISION 

INSTRUMENT I 
ELECTRONIC 

TECHNICIANS 
Salary ranges 
£371 7-£4125 
£4266-4722 

£4887-£5235 

Salary range offered will depend 
upon age, qualifications and ex
perience . 

The Authority, in association with 
its various functions, operate a 
wide range of instrumentation 
and associated telemetry and 
control systems. Technicians are 
required to carry out mainte
nance, repair and commissioning 
work on installations throughout 
the county. 

Candidates who should be 
qualified at ONC I H NC level 
should have had at least two 
years' relevant experience in 
electrical/ electronic servicing . 
They should possess a good 
working knowledge of modern 
digital electronics . A basic 
knowledge of computers and 
programming would be an ad-

1vantage. 

Persons appointed will be based 
at Bridgwater and should hold a 
current driving licence. Mileage 
allowance payable for use of own 
vehicle. 

Applications to Division Per
sonnel Officer, Wessex Water 
Authority, P.O. Box 9, K ing 
Square, Bridgwater. Tel. 
57333. 

WESSEX WATER 

TEST 
ENGINEER 

Philip Drake Electronics require a Test 
Engineer to work w ith Intercom and 
Programme Quality audio equipment 
for the Radio and Television Broadcast 
Industry. Experience in the design and 
testing of audio equipment is desir
able, and qualifications would be an 

advantage. Contact : 
Alan Brill 

PHILIP DRAKE ELECTRONICS 
23 Redan Place, London, W2 4SA 

01-221 1476 
(9869) 

for 
FIELD .SERVICE ENGINEERS. 

BASIC SALARIES TO 
£8,000 +CA R 

(9879) 
-

30 Windmill S1reet. London, W 1 
01-637 5551 

ELECTRONICS 
ENGINEERS 

'Ricardo have an international reputation in internal combustion engine 
research and development and are Consulting Engineers to the 
majority of the world's engine manufacturers. They urgently require 
Electronics Engineers for highly varied and challeng ing instrumenta
tion work. Current projects include the design and implementation of 
automated engine test bed systems, including the applicat ion of 
microprocessors to engine control. 

Applicants should preferably have a BSc in Electronics, Physics or a 
related subject with a few years' experience in either electronics or 
instrumentation. 

The appointments offer competitive salary levels and excellent fringe 
benefits including an annual bonus, free life assurance, a subsidised 
canteen and generous assistance with relocation where necessary. 

Apply in writing or telephone Mr. R. Barrow , Personnel Manager, 
Ricardo Consulting Engineers Ltd ., Bridge Works , Shoreham-by-Sea , 
West Sussex BN4 5FG . Telephone : (07917) 5611 . 

R~R[() 
(981 0) 

ELECTRONIC 
TECHNICIAN 

REES INSTRUMENTS L TO. 

have vacancies for Electron ic Technic ian Engineers at their Old 
Woking h!3adquarters. The successful applicant will be vvork i!19 as 
part of a small progressive team engaged on specia list CCTV system 
production. · 

The duties will include test and faul t diagnosis on sub-m iniature CCTV . 

Whilst ac~demi~ qual ificati?ns are des irable , appl icants w ith ex
perience in the f1e~d of TV will a ~ so be considered . Company offers a 
37Y2 hour week With four weeks annual holiday. · 

If you are interested,. telephone Woking 62221 , ext. 229 for an 
application form. br wnte to : 

Mrs. F. Griffith-Jones 

RE~_S INSTRUMENTS LTD. 

Westminster House, High Street 
Old Woki~g, Surrey 

(9849) 
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LECTURER 
Engineering Training Department 

Wood Norton, Evesham, Worcestershire 
The duties will include the training of BBC Engineers and Technicians in 
the principles and practice of broadcast engineering. 
Lecturers in the Department are required to develop specialist knowledge 
and skills within the broadcasting field and to maintain close contact with 
relevant departments of the BBC. 
They organise and present information to students having a wide range of 
ages, backgrounds, abilities and attitudes using modem educational methods. 
The successful candidate, male or female, should have a good degree in a 
relevant subject such as Electronics or Communications, and up-to-date 
knowledge and experience of training techniques. Direct experience of 
. broadcast engineering, although desirable, is not expected. 
The post is based at the Corporation's Engineering Training Centre near 
Evesham, Worcestershire and work away from base is necessary occasionally. 
Re-location expenses for householders will be considered. 
The salary scale, depending on experience, would initially be between 
£5935 and £7085 per annum, increasing annually, subject to satisfactory 
performance to a maximum of £9130 per annum. 
For more information and an application form, please write to: 
Head of Training Section (Engineering), BBC, Wood Norton Hall, 
Evesham, Worcestershire quoting reference 79.E.2492/WW Closing date 
for completed application forms is: 14 days after publication. 

[]J[]J{B 

SENIOR ENGINEER 
TECHNICAL SERVICES 

UP TO £6,700 + CAR 
Neve Electronics International Ltd . are the leading suppliers of professional sound control 
systems for the world's music recording, broadcast and film industries. 

The company based at Mel bourn, Cambridgeshire, offers an attractive working environment and 
excellent condition of employment. 

The position is a senior one within the Technical Service Dept . and candidates should hold a 
relevant academic qualification or be able to demonstrate a very high level of ability, together with 
experience in analogue and digital equipment. 

Reporting to the Head of Service the successful candidate will be responsible for commissioning 
and providing techn ica l services for the company's products world wide and will also act as the 
deputy for the head of service . 

The salary will reflect the importance of the job and the calibre of the person likely to fill it 
. effectively. Jn add ition the situation affords the opportunity to join a technically interesting and 

progressive company. Extensive re-location assistance will be offered where appropriate together 
with the usual employment benefits . ' 

Please write with career details to: 
Valerie Chapm an 

NEVE ELECTRONICS 
INTERNATIONAL LTD. 

Cambridge House, Melbourn, Royston, H erts. SG8 
&AU 

Tel. Royston (0763) 60776 
(9865) 
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SOMERSET DIVISION 

INSTRUMENT I 
ELECTRONIC 

TECHNICIANS 
Salary ranges 
£371 7-£4125 
£4266-4722 

£4887-£5235 

Salary range offered will depend 
upon age, qualifications and ex
perience . 

The Authority, in association with 
its various functions, operate a 
wide range of instrumentation 
and associated telemetry and 
control systems. Technicians are 
required to carry out mainte
nance, repair and commissioning 
work on installations throughout 
the county. 

Candidates who should be 
qualified at ONC I H NC level 
should have had at least two 
years' relevant experience in 
electrical/ electronic servicing . 
They should possess a good 
working knowledge of modern 
digital electronics . A basic 
knowledge of computers and 
programming would be an ad-

1vantage. 

Persons appointed will be based 
at Bridgwater and should hold a 
current driving licence. Mileage 
allowance payable for use of own 
vehicle. 

Applications to Division Per
sonnel Officer, Wessex Water 
Authority, P.O. Box 9, K ing 
Square, Bridgwater. Tel. 
57333. 

WESSEX WATER 

TEST 
ENGINEER 

Philip Drake Electronics require a Test 
Engineer to work w ith Intercom and 
Programme Quality audio equipment 
for the Radio and Television Broadcast 
Industry. Experience in the design and 
testing of audio equipment is desir
able, and qualifications would be an 

advantage. Contact : 
Alan Brill 

PHILIP DRAKE ELECTRONICS 
23 Redan Place, London, W2 4SA 

01-221 1476 
(9869) 

for 
FIELD .SERVICE ENGINEERS. 

BASIC SALARIES TO 
£8,000 +CA R 

(9879) 
-

30 Windmill S1reet. London, W 1 
01-637 5551 

ELECTRONICS 
ENGINEERS 

'Ricardo have an international reputation in internal combustion engine 
research and development and are Consulting Engineers to the 
majority of the world's engine manufacturers. They urgently require 
Electronics Engineers for highly varied and challeng ing instrumenta
tion work. Current projects include the design and implementation of 
automated engine test bed systems, including the applicat ion of 
microprocessors to engine control. 

Applicants should preferably have a BSc in Electronics, Physics or a 
related subject with a few years' experience in either electronics or 
instrumentation. 

The appointments offer competitive salary levels and excellent fringe 
benefits including an annual bonus, free life assurance, a subsidised 
canteen and generous assistance with relocation where necessary. 

Apply in writing or telephone Mr. R. Barrow , Personnel Manager, 
Ricardo Consulting Engineers Ltd ., Bridge Works , Shoreham-by-Sea , 
West Sussex BN4 5FG . Telephone : (07917) 5611 . 

R~R[() 
(981 0) 

ELECTRONIC 
TECHNICIAN 

REES INSTRUMENTS L TO. 

have vacancies for Electron ic Technic ian Engineers at their Old 
Woking h!3adquarters. The successful applicant will be vvork i!19 as 
part of a small progressive team engaged on specia list CCTV system 
production. · 

The duties will include test and faul t diagnosis on sub-m iniature CCTV . 

Whilst ac~demi~ qual ificati?ns are des irable , appl icants w ith ex
perience in the f1e~d of TV will a ~ so be considered . Company offers a 
37Y2 hour week With four weeks annual holiday. · 

If you are interested,. telephone Woking 62221 , ext. 229 for an 
application form. br wnte to : 

Mrs. F. Griffith-Jones 

RE~_S INSTRUMENTS LTD. 

Westminster House, High Street 
Old Woki~g, Surrey 

(9849) 
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@PIONEER 
Product Evaluation 
Engineer Electronics 

. c.£8,000 p.a. lver, Bucks. 
Our Client, Pioneer High Fidelity (G.B.) 
Limited is engaged in the importation 
and m-arketing of their highly success
ful and top quality range of Hi-Fi equip
ment. They are looking for a Product 
Evaluation Engineer to work in their 
head office in lver, Bucking hamshire. 
If you are aged over 28, have a univer
sity degree or equivalent qualification 
in electronics and have five years' 
experience on the technical side of high 
quality sound reproduction and radio 
equipment, preferably Hi-Fi, we would 
like to hear from you. 
You should be able to tackle advanced 
technical problems and be confident 
that you can contribute to an already · 

high performance product range. You 
will have the most up-to-date and 
sophisticated test equipment to assist 
you in this. 
Pioneer will negotiate a salary of around 
£8,000 p.a. and will provide the fringe 
benefits normally associated with a 
progressive company~ In appropriate 
cases, they will also pay reasonable 
relocation expenses. 
Please write stating age, current salary 
and how you meet our Clients require
ments quoting reference PE/ 4055/ WW 
on both letter and envelope. Men and 
women are invited to apply. No 
information will be disclosed to our 
Client without permission. 

[eJ ~~!~IPS MEDICAL SYSTEMS 

ENGINEERS 
For Diagnostic Medical Apparatus 
We require several suitably qualified, 
technicaL personnel, to train in our 
headquarters in Eindhoven, Netherlands, 
as Installation and Service Engineers to 
install and maintain the very latest in 
advanced diagnostic apparatus. 

After the comprehensive training is 
completed, you will be offered a contract 
with us somewhere outside the U.K. for 
a period of at least two years. 

We feel that you should be at least 
twenty years old, preferably single, and 
be in possession of an ONC in electronics, 
C&G Technician Certificate or equivalent. 

Experience of the medical field is 

advantageous but not essential for these 
positions. 

If you feel that you have the 
qualifications to take this opportunity of 
joining a major Company in this field, 
then you will be amply rewarded with a 
job that is both satisfying and financially 
very worth while. 

Although Philips Eindhoven would be 
the employer, please contact initially: 
Mr. 0. J. Skinner, Regional Co-ordinator, 
Philips Medical Systems, Kelvin House, 
63/75 Glenthorne Road, Hammersmith, 
London W6 OLJ. Tel . No. 01-7411666. 

(9851) 
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1-Landon Eclucdon Authority 
London College of Fumhure 

DEPARTMENT OF MUSICAL 
INSTRUMENT 
TECHNOLOGY 

(ELECTRONICS) 

LECTURER GRADE 
. I 

Is required as soon as possible to teach 
electronics to Technician Education Council 
(T.E.C.) Diploma level in subjects related to 
electronic musical instruments and audio 
frequency engineering. 

The person appointed should have a C & G 
Final or HNC/HND in electronics and a 
practical knowledge of electronic music 
systems. 

Slllary: On an incremental scale within the 
range of £3.480-£5,g88 plus supplement 
of £6 per month, subject to formal approval 
(plus £474 Inner London All9wance), star
ting point depending on qualifications. 
training and experience. 

Application form and further details avail
able from: 

Senior A*niniatnltive Officer 
London College of Furniture 

41-71 Commercial Road 
London E 1 1 LA 

Tel. No. 01-247 1953 
(9873) 

IMPERIAL COLLEGE 

ELECTRONICS 
TECHNICIAN 

-GRADE5 

To assist with the construction , develop- ' 
ment. servicing and testing of electronic 
equipment in the Department of Chemical 
Engineering. 

The job consists of service and maintenance 
of a wide variety of electronic laboratory 
instruments, test equipment, computer 
terminals and printers. There will also be 
opportunity to work on the construction, 
development and modification of specialised 
electronic equipment involving both analo
gue and digital techniques such as 
amplifiers, controllers, data loggers and 
microprocessor based systems. · 

Candidates should hold a minimum 
qualification of O.N.C. or !}<luivalent and 
have 7 years' experience. , · 

Salary scale £4.480-£5.100 inc. under 
review 1.10.79 with further minimum 
increase of £226-£264 from 1 .4.80. 

· Post is superannuable; there is a generous 
sick pay scheme. The working week is 37 
and a half hours; 5 weeks' annual holiday 
plus several days in addition to public 
holidays at Christmas and Easter. There is a 
modern staff club and excellent facilities 
with sports centre, swimming pool. 

Apply to Mr. J. S. Oakley, Departmental 
Superintendent, Chemical Engineering 
~~ Imperial College, London, 
S.W.7. Tel. 01-589 5111, ext. 1912. 

(9847) 

APPOINTMENTS 
IN 

ELECTRONICS 
£5-£10,000 
Take your p1ck of the 
permanent posts 111· 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE -- SOFTWARE 

F,11 flee expt'lt Jd~tce .Hlli 

ttn tnedt,lte Jetton on sa lary ,111d 
c,Heer 1111provement. 'phone or 
write to. Mike Gernat BSc. 

'1t~~!J£!!!A~u!K 
11 Westbourne Grove 

London W2. 01229 9239 
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Staying true to type is our 
business. 
Were Linotype-Pau l. world 
leaders in the design 
development and marketing 
of an advanced range of 
photo-typesetting equipment 
Our h1ghly so;::>histicated 
com outer-controlled 
machines are revolution ising 
the graphics industry and 
setting increasingly higher 
standards of type production 
Keeping our systems on the 
leading edge of technology is 
our aim --and to back us 1n 

We need your skills 
to stay true to 

equivalent. you could build a 
great career with us A 

knowledge of analogue 
circuitry would be an added 

advantage. 

our efforts we need more skilled electron ics test 
eng1neers. 

e 
The work"iS deeply inte resting 

and stimulating - -and never 
routine Staff facilities include 
superb working conditions. 

sick pay scheme. a 
subsid1sed canteen and 

relocation expenses where 
appropriate 

And salary structures are 
highly competitive 

Posts are open to both men 
and women For full details. wri te or telephone to the 

Personnel Department. Linotype-Pau l Umited . 
If you have 2-3 years experience ot test1 ng complex 
digital equipment. Ideall y re1nforced by ONC or 

Runnings Road. Chellenham . Te l Cheltenham 45001 

Linotype-Paul_(9
_______.
827

> 

Some of your best work will be thrown away. 
None of it will be wasted. 

Engineers at UEL can be 
expected to work on a series of 
projects as di\'erse as can be 
imagined. 

As l3aders in the 
manufacture of communications 
systems. we\·e recently 
pioneered a unique railvvays 
communicating system. And 
since we\·e alvvays been 
Europeanleadersinthe 
manufacture of Sonobuovs. we 
must warn vou that some. of 
vour best \\:ork will be thrown 
;m·av. Into the ocean. that is. to 
prO\:ide a \'ita! contribution to 
this country's defence netvvork. 

\'Ve foster an unrindlecl 
atmosphere of creati\'e. 
enthusias;1c and inspired 
engineering in which a good 
idea is applied in the most 
unlikely capacity. If you hun~ 
the kind of talent which 
responds to this sort of em·iron-

,ment. \\'e hm e se\·eral positions 
which are bound to interest you . 

Senior Electronic 
Engineers and 
Engineers 
£5500-£7500 Aged 22-45 
HNCIHNIJ or Degree in Electronics. 
preferably a Chartered Engineer. to 
design analogue systems and 
circuits, technical staff control and 
infrequent trm·el to trials locations 
in the UK and abroad. 
Preference \-\'ill be gi\·en to 
Engineers with R.F. experience. 

Transducer 
Engineer 
£4500-£7500 
High Wycombe 
To contribute to the design. 
de\'elopment and trials of electro
acoustic undervvater tnmsducf!rs in 
connection with se\'eral interesting 
projec:ts ill uur lmnsclucer laboratory. 
A degree or equiudent in either , 
physics or eiectronics with kbdly 

experience of government or 
industrial development establish
ments is required. 

Development 
Technicians 
£3500-£4500 Aged 25-45 
C & G Electronic/Radio!TV!Telecomms 
Certificate up to Part 1 or intermediate 
level desirable. Duties to include 
building and testing prototypes, 
developing nnalogue circuits and 
assisting development enginfmrs. 
For all the above vacancies Wl! offer 
highly competitive salaries, generous 
benefits and stimulating highly 
rewarding careers. 
For more information and an early interview, 
please telephone Gavin Rendall on 
01-578 0081 or write to: 
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@PIONEER 
Product Evaluation 
Engineer Electronics 

. c.£8,000 p.a. lver, Bucks. 
Our Client, Pioneer High Fidelity (G.B.) 
Limited is engaged in the importation 
and m-arketing of their highly success
ful and top quality range of Hi-Fi equip
ment. They are looking for a Product 
Evaluation Engineer to work in their 
head office in lver, Bucking hamshire. 
If you are aged over 28, have a univer
sity degree or equivalent qualification 
in electronics and have five years' 
experience on the technical side of high 
quality sound reproduction and radio 
equipment, preferably Hi-Fi, we would 
like to hear from you. 
You should be able to tackle advanced 
technical problems and be confident 
that you can contribute to an already · 

high performance product range. You 
will have the most up-to-date and 
sophisticated test equipment to assist 
you in this. 
Pioneer will negotiate a salary of around 
£8,000 p.a. and will provide the fringe 
benefits normally associated with a 
progressive company~ In appropriate 
cases, they will also pay reasonable 
relocation expenses. 
Please write stating age, current salary 
and how you meet our Clients require
ments quoting reference PE/ 4055/ WW 
on both letter and envelope. Men and 
women are invited to apply. No 
information will be disclosed to our 
Client without permission. 

[eJ ~~!~IPS MEDICAL SYSTEMS 

ENGINEERS 
For Diagnostic Medical Apparatus 
We require several suitably qualified, 
technicaL personnel, to train in our 
headquarters in Eindhoven, Netherlands, 
as Installation and Service Engineers to 
install and maintain the very latest in 
advanced diagnostic apparatus. 

After the comprehensive training is 
completed, you will be offered a contract 
with us somewhere outside the U.K. for 
a period of at least two years. 

We feel that you should be at least 
twenty years old, preferably single, and 
be in possession of an ONC in electronics, 
C&G Technician Certificate or equivalent. 

Experience of the medical field is 

advantageous but not essential for these 
positions. 

If you feel that you have the 
qualifications to take this opportunity of 
joining a major Company in this field, 
then you will be amply rewarded with a 
job that is both satisfying and financially 
very worth while. 

Although Philips Eindhoven would be 
the employer, please contact initially: 
Mr. 0. J. Skinner, Regional Co-ordinator, 
Philips Medical Systems, Kelvin House, 
63/75 Glenthorne Road, Hammersmith, 
London W6 OLJ. Tel . No. 01-7411666. 
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1-Landon Eclucdon Authority 
London College of Fumhure 

DEPARTMENT OF MUSICAL 
INSTRUMENT 
TECHNOLOGY 

(ELECTRONICS) 

LECTURER GRADE 
. I 

Is required as soon as possible to teach 
electronics to Technician Education Council 
(T.E.C.) Diploma level in subjects related to 
electronic musical instruments and audio 
frequency engineering. 

The person appointed should have a C & G 
Final or HNC/HND in electronics and a 
practical knowledge of electronic music 
systems. 

Slllary: On an incremental scale within the 
range of £3.480-£5,g88 plus supplement 
of £6 per month, subject to formal approval 
(plus £474 Inner London All9wance), star
ting point depending on qualifications. 
training and experience. 

Application form and further details avail
able from: 

Senior A*niniatnltive Officer 
London College of Furniture 

41-71 Commercial Road 
London E 1 1 LA 

Tel. No. 01-247 1953 
(9873) 

IMPERIAL COLLEGE 

ELECTRONICS 
TECHNICIAN 

-GRADE5 

To assist with the construction , develop- ' 
ment. servicing and testing of electronic 
equipment in the Department of Chemical 
Engineering. 

The job consists of service and maintenance 
of a wide variety of electronic laboratory 
instruments, test equipment, computer 
terminals and printers. There will also be 
opportunity to work on the construction, 
development and modification of specialised 
electronic equipment involving both analo
gue and digital techniques such as 
amplifiers, controllers, data loggers and 
microprocessor based systems. · 

Candidates should hold a minimum 
qualification of O.N.C. or !}<luivalent and 
have 7 years' experience. , · 

Salary scale £4.480-£5.100 inc. under 
review 1.10.79 with further minimum 
increase of £226-£264 from 1 .4.80. 

· Post is superannuable; there is a generous 
sick pay scheme. The working week is 37 
and a half hours; 5 weeks' annual holiday 
plus several days in addition to public 
holidays at Christmas and Easter. There is a 
modern staff club and excellent facilities 
with sports centre, swimming pool. 

Apply to Mr. J. S. Oakley, Departmental 
Superintendent, Chemical Engineering 
~~ Imperial College, London, 
S.W.7. Tel. 01-589 5111, ext. 1912. 
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Were Linotype-Pau l. world 
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the graphics industry and 
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equivalent. you could build a 
great career with us A 
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Some of your best work will be thrown away. 
None of it will be wasted. 

Engineers at UEL can be 
expected to work on a series of 
projects as di\'erse as can be 
imagined. 
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manufacture of communications 
systems. we\·e recently 
pioneered a unique railvvays 
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which are bound to interest you . 

Senior Electronic 
Engineers and 
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£5500-£7500 Aged 22-45 
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preferably a Chartered Engineer. to 
design analogue systems and 
circuits, technical staff control and 
infrequent trm·el to trials locations 
in the UK and abroad. 
Preference \-\'ill be gi\·en to 
Engineers with R.F. experience. 

Transducer 
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£4500-£7500 
High Wycombe 
To contribute to the design. 
de\'elopment and trials of electro
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connection with se\'eral interesting 
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A degree or equiudent in either , 
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ments is required. 

Development 
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£3500-£4500 Aged 25-45 
C & G Electronic/Radio!TV!Telecomms 
Certificate up to Part 1 or intermediate 
level desirable. Duties to include 
building and testing prototypes, 
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Site Survey Engineer 
Radio Communication Eq~ipment

Excellent Salary+ Car 
Multitone design and manufacture a world beating 

range of radio communication equipment, we're now 
beginning an exciting expansion programme, designed to 
consolidate our market position in the 1980's. 

In line with these plans, we're now looking to appoint 
an experienced Site Survey Engineer'to undertake radio 
coverage surveys in the UK and occasionally overseas. This 
will involve working away from home for up to two weeks 
at a time. 

Your main area of involvement will be the setting up of 
small transmitting stations and measuring the coverage 
achieved. This will occasionally entail climbing antenna 
masts, normally not more than 100ft., and using a pump-up 
antenna mast where existing facilities do not exist. 

You musttherefore be qualified to at least City & Guilds 
standard and p"referably have some previous radio experience. 

For this responsible and demanding post, we offer an 
excellent salary together with a benefit package which 
includes a company car, pension plan and free life 
assurance. Our general attitude to business ensures that 
promotion prospects are both genuine and progressive. 

For more information, write to or telephone: 

The Personnel Department, 
Multitone Electric Co. Ltd., 
6-28, Underwood Street, London N1 7JT I L • L 9854 

Tei,:01-2537611 mu lllOne 

We are a German group of companies which during the past 10 years have built up a 
reputation in banking, government and industry in the field of computer controlled · 
Video Motion Detector Systems, Access Control Systems and Automation of 
Buildings. Development and execution of complete systems is done by us. 

For our Data Processing Division reporting directly to the management we are 
looking for the 

LEADING ANALYSER 
SYSTEMS ENGINEER 

AND OPERATORS 
Qualification for these attractive positions are several years experience in proces
sing. preferably with DEC PDP-11 Computers and with calculation of hardware and 
software. Experience with microprocessors of Intel and Motorola would be an 
advantage. 

Please write to Mr. T. H. Stolskij 
Inform Systems GMBH 

Heyestrasse 35,4000 Duesseldorf 12 
(9880) 
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WALSGRAVE HOSPITAL 

Clinical Physics and 
Bio-Engineering Department 

A Career in Electronics 
with the NHS 

MEDICAL 
PHYSICS 

TECHNICIANS 
Grade II and Ill 

are required in the above Department 
to join a team involved in the mainte
nance and development of a wide 
range of electronic equipment 
associated with patient care, diag
nosis and treatment. A knowledge of 
diagnostic maintenance of instrumen
tation and/or minicomputers is desir
able. 
Candidates for the post should hold an 
ONC, H NC or equivalent qualification . 

Salary Scales: 
Medical Physics Technician Grade II 
£5148 rising to £6396 per annum 
(£554 7 rising to £6 91 8 with eHect 
from 1st January, 1980). 
Medical Physics Technician Grade Ill 
£4320 rising to £5511 per annum 
(£4605 rising to £5952 with eHect 
from 1st January, 1980). 

Application forms and job description 
(quoting ref. WW) from Sector Ad
ministrator, Walsgrave Hospital. Clif
ford Bridge Road, Coventry. 
Telephone Coventry 613232, Ext. 
618. (9820) 

ROYAL COLLEGE OF ART 

A TELEVISION 
TECHNICIAN 

is required in the School of Film and 
Television to assist in the daily opera
tion and maintenance of colour televi
sion studio and mobile equipment. A 
sound knowledge of colour television 
systems is essential and some ex
perience with studio equipment 
would be an advantage. Candidates 
should hold C & G Part II Certificate or 
equivalent although Part I Certificate 
holders may be considered . The salary 
will be in the range £4480-5100 
(£4 706-£5364 from April 1, 1 980) 
according to qualifications and ex
perience . 4 weeks' holiday. 

Interested applicants s_hould write 
giving full details of previous ex
perience, etc ., to : Assistant Regist
rar (Staff), Royal College of .Art, 
Kensington Gore, SW7 2EU. 

(9818) 

AUDIO VISUAL 
AIDS TECHNICIANS 

£5,034-£5,457 per annum 

Two experienced Techn icians are re
quired by the Croydon Education 
Service to maintain and repair a range 
of Audio and Video equipment in
cluding TV receiv~rs in schools . 

Commencing salary in the scale will 
be according to qualification and 
experience . 

In appropriate cases assistance 
towards removal and lodging ex
penses will be paid. 

CROYDON 

Apply in writing , giving details of age, 
qualifications, present post, relevant 
work experience and the names and 
addresses of two referees , to the 
Superintendent , Education Service 
Centre, Princess Road, Croydon, Sur
rey CRO 2QZ, or telephone the 
Superintendent, Mr . A . Bevan 
(telephone number 01-684 9393) for 
further details. 

(9836) 
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Radio Technicians 
Work in Com111unications R&D 

·and. add to your skills 

At the Government Communications Headquarters we 
carry out research and development in radio 
communications and their security, including related 
computer applications . Practically every type of system is 
under investigation, including long-range radio, satellite, 
microwave and telephony. 

Your job as a Radio Technician will concern you in 
developing, constructing, installing, commissioning, 
testing, and maintaining our equipment. In performing 
these tasks you will become familiar with a wide range of . 
processing equipment in the audio to microwave range, 
involving modern logic techniques, microprocessors, and 
computer systems. Such work will take you to the frontiers 
of technology on a broad front and widen your area of 
expertise- positive career a~sets whatever the future 
brings. In the rapidly expanding field of digital 
communications, valuable experience in modern logic and 
software techniques will be gained . 

Training is comprehensive: special courses, both in-house 
and with manufacturers, will develop particular aspects of 
your knowledge and you will be encouraged to take 
advantage of appropriate day release facilities . 

You could travel- we are based in Cheltenham, but we 
have other centres in the UK, most of which, like 
Cheltenham, are situated in environmentally attractive 
locations. All our centres require resident Rad io 
Technicians and can call for others to make working visits . 
There will also be some opportunities for short trips 
abroad, or for longer periods of service overseas . 

You should be at least 1 9 years of age, hold or expect to 
obtain shortly the City and Guilds Telecommunications 
Technician Certificate Part I (Intermediate), or its 
equivalent and have a sound knowledge of the princip_les 
of telecommunications and radio, together with 
experience of maintenance and the use of test equipment. 
If you are, or have been in HM Forces your Service trade 
may allow us to dispense with the need for formal 
qualifications. 

Pay scales for Radio Technicians start at £3900 per 
annum, rising to £5530, and promotion will put you on 
the road to posts carrying substantially more; there are 
also opportunities for overtime and on-call work , paying 
good rates. 

Get full details from our Recruitment 
Officer, Robby Robinson, on 
Cheltenham {0242)'21491, Ext 2269, or 
write to him at GCHQ, Oakley, Priors 
Road, Cheltenham, Glos GL52 5AJ. We 
will invite suitable applicants (expenses paid) 
for interview at Cheltenham . · 

Recruitment Office 

(;ov('rnnwnt Communications Ht·aclquart l·rs 

Oakley, Priors Road. Cheltenham CL!>2 SAl (9813) 

ELECTRONICS 
TECHNICIAN Nene Colle~e Northampton 

tOPJOBSIN 
ELECTRONICS 

Vacancy with established Sound 
and Lighting Company in West 
London. Some experience essen
tial , but must be willing to work . 
and learn, so no posers, bal
lerinas or cowboys need apply . ' 

'Phone Paul 01-579 2535 
(9870) 

TESTERS, TEST TEC.HNICIANS, 
TEST EN·GINEERS. Earn what 
you're really worth in London 
working for a Wor.!d rLeader in 
Radio & Telecommunications, Phone 
L.en :Porter on 01-874 7281, or write : 
REIDirF'ON TELEOOMMUNICATIONS 
Ltd. , Broomhill Road, Wandsworth, 
London, SW18 (9856 

Applications are invited for the temporary post of 

SENIOR LECTURER 
IN ELECTRICAL 
ENGINEERING 

Candidates should be graduates or Chartered Engineers with recent 
industrial experience. The successful applicant will be able to lecture m 
one of the'iields of Industrial Control-' Power or Electronics. 

The post terminates on 30 August, 1 980. 

Salary scale £6,597-£8,253, point of entry depending on previous 
experience . 

Application forms and further particulars are available from: 
The Senior Administrative Officer 

.Nene College, Moulton Park. Northampton NN2 7AL 
(9868) 

Posts in Computers, Medical, 
Comms, etc. ONC to Ph .D. Free 
service . 

- ... -
Phone or write BUREAUTECH. 
AGY. 46 SELVAGE LANE, 
LONDON, NW7. 01-959 
3517. ... . (8994) 
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Site Survey Engineer 
Radio Communication Eq~ipment

Excellent Salary+ Car 
Multitone design and manufacture a world beating 

range of radio communication equipment, we're now 
beginning an exciting expansion programme, designed to 
consolidate our market position in the 1980's. 

In line with these plans, we're now looking to appoint 
an experienced Site Survey Engineer'to undertake radio 
coverage surveys in the UK and occasionally overseas. This 
will involve working away from home for up to two weeks 
at a time. 

Your main area of involvement will be the setting up of 
small transmitting stations and measuring the coverage 
achieved. This will occasionally entail climbing antenna 
masts, normally not more than 100ft., and using a pump-up 
antenna mast where existing facilities do not exist. 

You musttherefore be qualified to at least City & Guilds 
standard and p"referably have some previous radio experience. 

For this responsible and demanding post, we offer an 
excellent salary together with a benefit package which 
includes a company car, pension plan and free life 
assurance. Our general attitude to business ensures that 
promotion prospects are both genuine and progressive. 

For more information, write to or telephone: 

The Personnel Department, 
Multitone Electric Co. Ltd., 
6-28, Underwood Street, London N1 7JT I L • L 9854 

Tei,:01-2537611 mu lllOne 

We are a German group of companies which during the past 10 years have built up a 
reputation in banking, government and industry in the field of computer controlled · 
Video Motion Detector Systems, Access Control Systems and Automation of 
Buildings. Development and execution of complete systems is done by us. 

For our Data Processing Division reporting directly to the management we are 
looking for the 

LEADING ANALYSER 
SYSTEMS ENGINEER 

AND OPERATORS 
Qualification for these attractive positions are several years experience in proces
sing. preferably with DEC PDP-11 Computers and with calculation of hardware and 
software. Experience with microprocessors of Intel and Motorola would be an 
advantage. 

Please write to Mr. T. H. Stolskij 
Inform Systems GMBH 

Heyestrasse 35,4000 Duesseldorf 12 
(9880) 
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WALSGRAVE HOSPITAL 

Clinical Physics and 
Bio-Engineering Department 

A Career in Electronics 
with the NHS 

MEDICAL 
PHYSICS 

TECHNICIANS 
Grade II and Ill 

are required in the above Department 
to join a team involved in the mainte
nance and development of a wide 
range of electronic equipment 
associated with patient care, diag
nosis and treatment. A knowledge of 
diagnostic maintenance of instrumen
tation and/or minicomputers is desir
able. 
Candidates for the post should hold an 
ONC, H NC or equivalent qualification . 

Salary Scales: 
Medical Physics Technician Grade II 
£5148 rising to £6396 per annum 
(£554 7 rising to £6 91 8 with eHect 
from 1st January, 1980). 
Medical Physics Technician Grade Ill 
£4320 rising to £5511 per annum 
(£4605 rising to £5952 with eHect 
from 1st January, 1980). 

Application forms and job description 
(quoting ref. WW) from Sector Ad
ministrator, Walsgrave Hospital. Clif
ford Bridge Road, Coventry. 
Telephone Coventry 613232, Ext. 
618. (9820) 

ROYAL COLLEGE OF ART 

A TELEVISION 
TECHNICIAN 

is required in the School of Film and 
Television to assist in the daily opera
tion and maintenance of colour televi
sion studio and mobile equipment. A 
sound knowledge of colour television 
systems is essential and some ex
perience with studio equipment 
would be an advantage. Candidates 
should hold C & G Part II Certificate or 
equivalent although Part I Certificate 
holders may be considered . The salary 
will be in the range £4480-5100 
(£4 706-£5364 from April 1, 1 980) 
according to qualifications and ex
perience . 4 weeks' holiday. 

Interested applicants s_hould write 
giving full details of previous ex
perience, etc ., to : Assistant Regist
rar (Staff), Royal College of .Art, 
Kensington Gore, SW7 2EU. 

(9818) 

AUDIO VISUAL 
AIDS TECHNICIANS 

£5,034-£5,457 per annum 

Two experienced Techn icians are re
quired by the Croydon Education 
Service to maintain and repair a range 
of Audio and Video equipment in
cluding TV receiv~rs in schools . 

Commencing salary in the scale will 
be according to qualification and 
experience . 

In appropriate cases assistance 
towards removal and lodging ex
penses will be paid. 

CROYDON 

Apply in writing , giving details of age, 
qualifications, present post, relevant 
work experience and the names and 
addresses of two referees , to the 
Superintendent , Education Service 
Centre, Princess Road, Croydon, Sur
rey CRO 2QZ, or telephone the 
Superintendent, Mr . A . Bevan 
(telephone number 01-684 9393) for 
further details. 

(9836) 
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Radio Technicians 
Work in Com111unications R&D 

·and. add to your skills 

At the Government Communications Headquarters we 
carry out research and development in radio 
communications and their security, including related 
computer applications . Practically every type of system is 
under investigation, including long-range radio, satellite, 
microwave and telephony. 

Your job as a Radio Technician will concern you in 
developing, constructing, installing, commissioning, 
testing, and maintaining our equipment. In performing 
these tasks you will become familiar with a wide range of . 
processing equipment in the audio to microwave range, 
involving modern logic techniques, microprocessors, and 
computer systems. Such work will take you to the frontiers 
of technology on a broad front and widen your area of 
expertise- positive career a~sets whatever the future 
brings. In the rapidly expanding field of digital 
communications, valuable experience in modern logic and 
software techniques will be gained . 

Training is comprehensive: special courses, both in-house 
and with manufacturers, will develop particular aspects of 
your knowledge and you will be encouraged to take 
advantage of appropriate day release facilities . 

You could travel- we are based in Cheltenham, but we 
have other centres in the UK, most of which, like 
Cheltenham, are situated in environmentally attractive 
locations. All our centres require resident Rad io 
Technicians and can call for others to make working visits . 
There will also be some opportunities for short trips 
abroad, or for longer periods of service overseas . 

You should be at least 1 9 years of age, hold or expect to 
obtain shortly the City and Guilds Telecommunications 
Technician Certificate Part I (Intermediate), or its 
equivalent and have a sound knowledge of the princip_les 
of telecommunications and radio, together with 
experience of maintenance and the use of test equipment. 
If you are, or have been in HM Forces your Service trade 
may allow us to dispense with the need for formal 
qualifications. 

Pay scales for Radio Technicians start at £3900 per 
annum, rising to £5530, and promotion will put you on 
the road to posts carrying substantially more; there are 
also opportunities for overtime and on-call work , paying 
good rates. 

Get full details from our Recruitment 
Officer, Robby Robinson, on 
Cheltenham {0242)'21491, Ext 2269, or 
write to him at GCHQ, Oakley, Priors 
Road, Cheltenham, Glos GL52 5AJ. We 
will invite suitable applicants (expenses paid) 
for interview at Cheltenham . · 

Recruitment Office 

(;ov('rnnwnt Communications Ht·aclquart l·rs 

Oakley, Priors Road. Cheltenham CL!>2 SAl (9813) 

ELECTRONICS 
TECHNICIAN Nene Colle~e Northampton 

tOPJOBSIN 
ELECTRONICS 

Vacancy with established Sound 
and Lighting Company in West 
London. Some experience essen
tial , but must be willing to work . 
and learn, so no posers, bal
lerinas or cowboys need apply . ' 

'Phone Paul 01-579 2535 
(9870) 

TESTERS, TEST TEC.HNICIANS, 
TEST EN·GINEERS. Earn what 
you're really worth in London 
working for a Wor.!d rLeader in 
Radio & Telecommunications, Phone 
L.en :Porter on 01-874 7281, or write : 
REIDirF'ON TELEOOMMUNICATIONS 
Ltd. , Broomhill Road, Wandsworth, 
London, SW18 (9856 

Applications are invited for the temporary post of 

SENIOR LECTURER 
IN ELECTRICAL 
ENGINEERING 

Candidates should be graduates or Chartered Engineers with recent 
industrial experience. The successful applicant will be able to lecture m 
one of the'iields of Industrial Control-' Power or Electronics. 

The post terminates on 30 August, 1 980. 

Salary scale £6,597-£8,253, point of entry depending on previous 
experience . 

Application forms and further particulars are available from: 
The Senior Administrative Officer 

.Nene College, Moulton Park. Northampton NN2 7AL 
(9868) 

Posts in Computers, Medical, 
Comms, etc. ONC to Ph .D. Free 
service . 

- ... -
Phone or write BUREAUTECH. 
AGY. 46 SELVAGE LANE, 
LONDON, NW7. 01-959 
3517. ... . (8994) 
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UNIVERSITY OF CAMBRIDGE 

o.p.nm.rt of Biochemi.try 

SENIOR 
ELECTRONICS 
TECHNICIAN 

and 

ELECTRONICS 
TECHNICIAN 

,ill· 

,ts 
Candidates must have a minimumofONC or 

equivalent together with at le~st four years 
experience in one of the followmg :-

Two members of staff are required in the 
Electronic and Technical services group, 
This group plays a key role in the Depart
ment by servicing, repairing and modifying 
laboratory equipment in ·the Teaching and 
Research laboratories. The wide range of 
scientific instrumentation involves analo
gue, digital and micro processor techniques, 
Members of the group are also responsible, 
in consultation with academic and other 
technical staff, for the development and 
construction of new equipment. 

Laboratory 
.4 uency Standards Laboratory 

~quency Laboratory 

(Ref. T.l) 

(Ref. T.2) 

(Ref. T.3) 

(Ref. T.4) 

(Ref. T.5) 

Good ex~rience in electronics essential for 
senior post . 

Minimum qualifications ONC in electronics 
or City & Guilds. 

,pair Laboratory 
.1 Physical Laboratory 

Technician post up to £3958. Senior post 
salary up to £4456 per annum. 

Applications including curriculum vitae and 
the names of two referees should be sent to: 

_; salaries, suitable 
.:!i ve free furnished 

;ar, full medical cover and 
y four months with air 

Telephone for an application form, quoting 
the relevant reference number, to Gordon 
Newton, Lansdowne Recruitment Limited, 
Design House, The Mall, London W5 5LS. 
Tel: (OJ) 579 9642/6665. 

The Superintendent, Department of 
Bioc:hmlistry, University of Cambridge, 
Tennia Court Road, Cambridge CB2 
10W. . 

(9817) 

RADIO • 
AND RADAR 

ENGINEER 
DUNSFOLD AERODROME 
This is a worthwhile position for a man or a woman 
wishing to strengthen a small team responsible for 
servicing and maintaining air traffic radio/radar 
installations. 

Applicants should have a minimum of 5 years' current 
air traffic radio/radar equipment maintenance 
experience. 

We will pay you an attractive salary and facilities 
include a subsidised Canteen and an active Sports and 

Social Club. 

Please write or telephone quoting WW I 70, to: 

The Personnel Officer, British Aerospace, 
Aircraft Group, Kingston- Brough Division, 
Dunsfold Aerodrome, Nr. Godalming, 
Surrey. Telephone: Cranleigh 2121 

(9889) 

(9891) 

SERVI'CEMAN. London-based tele· 
phone answerin¥ machine comp~ny 
r·equire immed1ately a part-t1me 
Serviceman to do repair work on 
a wide range of telephone answer
lng machines. For further details 
tel: 01-373 8503. (9863 

Our client, a major U.K. electronics company involved 
in providing a range of services to me ~q industry, 
requires:-

TELECOMMUNICATIONS ENGINEER 
(Aberdeen) £10,000 p.a. 

Working on a rota system of 2 weeks offshore/2 weeks 
field break. maintaining vital offshore communications 
systems, on equipment ranging from hand-held port
ables to tropospheric scatter. This challenging position 
demands a high degree of technical ability coupled 
with self-motivation. Preference will be given to 
applicants with HNC qualifications (or Forces 
equivalent). 

RADIO TECHNICIANS (Aberdeen) 
Average earnings in excess of £8,500 p.a. plus:-
- Generous field break allowance for offshore work 
- 4 weeks holiday p.a. 
The work involves installation and maintenance of a 
wider range of marine radio equipment. Applicants 
must be capable of operating on their own in a 
demanding industry where the rewards are high for 
initiative and hard work. 

PROJECT ENGINEER (Great Yarmouth) 
Involving experience of a wide range of communica
tions systems. This position will entail project planning 
at Head Office in East Angl ia, and work in both off
shore and onshore locations in the U.K. and overseas. 
Excellent salary and company benefits exist, along 
with good opportunities for career advancement. 

Assistance with relocation will be given for all these 
positions. 

Applications in confidence to: 
Dept. 14E, BRJ APPOINTMENTS, 

26 PAR~ PLACE, STEVENAGE S!31 1DF. 
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Installation Engineers around the World 
M.E.L. a Division of Philips Electronic and Associated Industries is 

committed to the Development, Manufacture and Marketing of advanced 
Linear Accelerator~. They are installed in major hospitals throughout the 
world. These machmes play an important role in the treatment of Cancer, a 
subject which demands sustained development, sophisticated equipment 
and highly professional Engineers. · 

If you are a self-reliant mature and adaptable Engineer prepared to 
spend periods of six to sixteen weeks away from base, join our team and 
share the challenge and rewards of worldwide installation work. 

You will need to be qualified to HNC level with a good knowledge of 
semi-conductor and digital circuitry and ideally with experience of modern 
high power radar and computer systems. , 

Based in Crawley, Sussex midway between London and Brighton you 
could become involved in projects as far afield as the U.S.A. , Austria, 
Switzerland, Yugoslavia, Holland, China, Saudi Arabia, Brazil and Norway 
So if you are looking for the opportunity to carry out worthwhile medical 
installation work on a worldwide basis, get in touch- NOW. 

John Shuttleworth, Personnel Officer, ME.L., Manor Royal, Crawley, 
Sussex. Telephone: Crawley 28787. 

(9877) 

Thomas Mercer Limited are developing a range of electronic 
precision gauging equipment which incorporates the latest micro
processor techniques, and they now wish to increase their staff by 
appointing an: 

<$? 
ROHDE&SCHWARZ 

Independent concern represented in 80 countries 

ELECTRONIC 
ENGINEER 

The Electronic Engineer will be required to design hardware related to 
Intel 8080 microprocesser support I .C.'s, to design analogue and 
digital circuits and to progress the completed system through to 
delivery to the customer. He/she will be given training to write 
software in assembler and machine code. 

The successful ap,:..icant will probably be a young engineer, who has 
preferably one year's experience in microprocessor applications. 

Applications should be made by completion of an application form 
obtainable from: 

Mrs. T. I~ Breed, Personnel Officer 

THOMAS MERCER LIMITED 
Eywooci Road, St. Albans, Herta. 

Telephone: St. Albans 55313 
(9876) 

INSPECTOR 
QUALITY ASSURANCE DEPARTMENT 

ROHDE & SCHWARZ are one of the world's leading manufacturers of 
communication and instrumentation equ1pment for the RF market. A career 
opportunity exists at AVELEY/ROHDE AND SCHWARZ U.K . Ltd., for an 
experienced ELECTRONIC INSPECTOR who will be required to maintain our 
very high reputation for quality and reliability on both new and serviced 
equipment. 

We operate at the forefront of technology therefore candidates will be expected 
to hold at least ONC or equivalent qualification in electronics. Wide ranging 
experience in electronics and Q.A, mspect1on IS essential . . 

If you consider you are a suitable candidate and would like to be part of our 
friendly team please telephone 01-397 8771 for an application form . 

We offer an attractive salary together with pleasant working conditions at our 
Chessington office. 

Ring now! 

Electronic Instruments & Communications Equipment 

aveley 
e ectric Lro 

Roebuck Road 
Chesaington 
Surrey KT9 1 LP 
01-397 8771 



Site 
Rar 

:l;I0-12,000 tax free 

WIRELESS WORLD, DECEMBER 1979 

UNIVERSITY OF CAMBRIDGE 

o.p.nm.rt of Biochemi.try 

SENIOR 
ELECTRONICS 
TECHNICIAN 

and 

ELECTRONICS 
TECHNICIAN 

,ill· 

,ts 
Candidates must have a minimumofONC or 

equivalent together with at le~st four years 
experience in one of the followmg :-

Two members of staff are required in the 
Electronic and Technical services group, 
This group plays a key role in the Depart
ment by servicing, repairing and modifying 
laboratory equipment in ·the Teaching and 
Research laboratories. The wide range of 
scientific instrumentation involves analo
gue, digital and micro processor techniques, 
Members of the group are also responsible, 
in consultation with academic and other 
technical staff, for the development and 
construction of new equipment. 

Laboratory 
.4 uency Standards Laboratory 

~quency Laboratory 

(Ref. T.l) 

(Ref. T.2) 

(Ref. T.3) 

(Ref. T.4) 

(Ref. T.5) 

Good ex~rience in electronics essential for 
senior post . 

Minimum qualifications ONC in electronics 
or City & Guilds. 

,pair Laboratory 
.1 Physical Laboratory 

Technician post up to £3958. Senior post 
salary up to £4456 per annum. 

Applications including curriculum vitae and 
the names of two referees should be sent to: 

_; salaries, suitable 
.:!i ve free furnished 

;ar, full medical cover and 
y four months with air 

Telephone for an application form, quoting 
the relevant reference number, to Gordon 
Newton, Lansdowne Recruitment Limited, 
Design House, The Mall, London W5 5LS. 
Tel: (OJ) 579 9642/6665. 

The Superintendent, Department of 
Bioc:hmlistry, University of Cambridge, 
Tennia Court Road, Cambridge CB2 
10W. . 

(9817) 

RADIO • 
AND RADAR 

ENGINEER 
DUNSFOLD AERODROME 
This is a worthwhile position for a man or a woman 
wishing to strengthen a small team responsible for 
servicing and maintaining air traffic radio/radar 
installations. 

Applicants should have a minimum of 5 years' current 
air traffic radio/radar equipment maintenance 
experience. 

We will pay you an attractive salary and facilities 
include a subsidised Canteen and an active Sports and 

Social Club. 

Please write or telephone quoting WW I 70, to: 

The Personnel Officer, British Aerospace, 
Aircraft Group, Kingston- Brough Division, 
Dunsfold Aerodrome, Nr. Godalming, 
Surrey. Telephone: Cranleigh 2121 

(9889) 

(9891) 

SERVI'CEMAN. London-based tele· 
phone answerin¥ machine comp~ny 
r·equire immed1ately a part-t1me 
Serviceman to do repair work on 
a wide range of telephone answer
lng machines. For further details 
tel: 01-373 8503. (9863 

Our client, a major U.K. electronics company involved 
in providing a range of services to me ~q industry, 
requires:-

TELECOMMUNICATIONS ENGINEER 
(Aberdeen) £10,000 p.a. 

Working on a rota system of 2 weeks offshore/2 weeks 
field break. maintaining vital offshore communications 
systems, on equipment ranging from hand-held port
ables to tropospheric scatter. This challenging position 
demands a high degree of technical ability coupled 
with self-motivation. Preference will be given to 
applicants with HNC qualifications (or Forces 
equivalent). 

RADIO TECHNICIANS (Aberdeen) 
Average earnings in excess of £8,500 p.a. plus:-
- Generous field break allowance for offshore work 
- 4 weeks holiday p.a. 
The work involves installation and maintenance of a 
wider range of marine radio equipment. Applicants 
must be capable of operating on their own in a 
demanding industry where the rewards are high for 
initiative and hard work. 

PROJECT ENGINEER (Great Yarmouth) 
Involving experience of a wide range of communica
tions systems. This position will entail project planning 
at Head Office in East Angl ia, and work in both off
shore and onshore locations in the U.K. and overseas. 
Excellent salary and company benefits exist, along 
with good opportunities for career advancement. 

Assistance with relocation will be given for all these 
positions. 

Applications in confidence to: 
Dept. 14E, BRJ APPOINTMENTS, 

26 PAR~ PLACE, STEVENAGE S!31 1DF. 

WIRELESS WORLD, DECEMBER 1979 147 
Appointments 

Installation Engineers around the World 
M.E.L. a Division of Philips Electronic and Associated Industries is 

committed to the Development, Manufacture and Marketing of advanced 
Linear Accelerator~. They are installed in major hospitals throughout the 
world. These machmes play an important role in the treatment of Cancer, a 
subject which demands sustained development, sophisticated equipment 
and highly professional Engineers. · 

If you are a self-reliant mature and adaptable Engineer prepared to 
spend periods of six to sixteen weeks away from base, join our team and 
share the challenge and rewards of worldwide installation work. 

You will need to be qualified to HNC level with a good knowledge of 
semi-conductor and digital circuitry and ideally with experience of modern 
high power radar and computer systems. , 

Based in Crawley, Sussex midway between London and Brighton you 
could become involved in projects as far afield as the U.S.A. , Austria, 
Switzerland, Yugoslavia, Holland, China, Saudi Arabia, Brazil and Norway 
So if you are looking for the opportunity to carry out worthwhile medical 
installation work on a worldwide basis, get in touch- NOW. 

John Shuttleworth, Personnel Officer, ME.L., Manor Royal, Crawley, 
Sussex. Telephone: Crawley 28787. 

(9877) 

Thomas Mercer Limited are developing a range of electronic 
precision gauging equipment which incorporates the latest micro
processor techniques, and they now wish to increase their staff by 
appointing an: 

<$? 
ROHDE&SCHWARZ 

Independent concern represented in 80 countries 

ELECTRONIC 
ENGINEER 

The Electronic Engineer will be required to design hardware related to 
Intel 8080 microprocesser support I .C.'s, to design analogue and 
digital circuits and to progress the completed system through to 
delivery to the customer. He/she will be given training to write 
software in assembler and machine code. 

The successful ap,:..icant will probably be a young engineer, who has 
preferably one year's experience in microprocessor applications. 

Applications should be made by completion of an application form 
obtainable from: 

Mrs. T. I~ Breed, Personnel Officer 

THOMAS MERCER LIMITED 
Eywooci Road, St. Albans, Herta. 

Telephone: St. Albans 55313 
(9876) 

INSPECTOR 
QUALITY ASSURANCE DEPARTMENT 

ROHDE & SCHWARZ are one of the world's leading manufacturers of 
communication and instrumentation equ1pment for the RF market. A career 
opportunity exists at AVELEY/ROHDE AND SCHWARZ U.K . Ltd., for an 
experienced ELECTRONIC INSPECTOR who will be required to maintain our 
very high reputation for quality and reliability on both new and serviced 
equipment. 

We operate at the forefront of technology therefore candidates will be expected 
to hold at least ONC or equivalent qualification in electronics. Wide ranging 
experience in electronics and Q.A, mspect1on IS essential . . 

If you consider you are a suitable candidate and would like to be part of our 
friendly team please telephone 01-397 8771 for an application form . 

We offer an attractive salary together with pleasant working conditions at our 
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Electronic Instruments & Communications Equipment 

aveley 
e ectric Lro 

Roebuck Road 
Chesaington 
Surrey KT9 1 LP 
01-397 8771 
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ELECTRONIC 
ENGINEERS 

Here at Bridgend, where we 
:manufacture our Trinitron colour 
televisions , we are proud of the 
reputation we have earned for our 
progressive technology and high 
standards of production. 

We now wish to strengthen our 
technical team and are looking for 
ELECTRONIC ENGINEERS, 
responsible to the Quality Manager, 
who will be involved in development, and 
the solution of technical , circuitry and 
engineering problems associated with 
high volume flow-line production. 

Successfu l candidates, aged 21-30 
years , will have a degree, or equivalent 
qualification, in electronics. Experience 
in a similar industrial environment and a 
knowledge of colour te~evision 
production would be an advantage. 
However, strong consideration will be 
given to graduates whose qualifications 
and appro ach will indicate the level of 
potential and expertise that we are 
looking for. Enthusiasm, and the desire 
to extend practical as well as theoretical 
knowledge are essential. 

Our modern plant is pleasantly 
situated near to the coast in the Vale of 
Glamcirgan midway between Cardiff 
and Swansea. 

Sony operates a progressive payment 
policy and initial salaries will be 
attractive. Conditions of employment are 
excell ent including a first-class 
dining-room, company pension 
scheme, an active sports and social 
club and discount on ALL Sony 
products. 

If you are interested in joining a young 
and progressive company please 
telephone or write for an appl ication 
form to: 

Andrew Goodwin, Personnel Officer, 
Sony (U.K.) Ltd., 
Kingsway Industrial Estate, 
Bridgend. Telephone: Bridgend 55441 
Ext. 230 (9872) 

A leading company in the Phototypesetting Indust ry requires Senior 
Systems Test and Commissioning Eng ineers. 

Capable of testing and installi ng a range of m inicomputer based VDU terminal 
equipment, incorporating the latest in MSI and LSI Techniques in Real-Time 
applications. The right candidates will be qualified to at least H NC level and I or 
have considerable experience in digital electronics with1the knowledge of 74 
Series TTL. A background of word processing or the printing industry would be 
advantageous. The job involves some U .K. and European Travel to handle 
back-upserviceforouragents. Salary : £5 ,500+ . 

JUNIOR 
TEST ENGINEER 

This position requires a young engineer with a degree or Dip . Tech . in Electrical 
Engineering with an electronics bias. 

Some experience in TTL Logic or M icroprocessors would be useful , but a real 
interest in electronics is more valuable . Salary : Circa £3 ,000 . 
The company provides 4 weeks ' holiday and a pension scheme. 

Phone f o r application form to : Miss Bux, Datek Systems Lt d., 849 
Harrow Road, Wembley, Middx. Tel. N o. 0 1-904 0061. 

(9885) 

WIRELESS WORLD, DEC£MBER 1979 

BORDER TELEVISION LTD. 

Vacancies for 

ENGINEERS 
Due to an increase in the establishment, Border 
Television has vacancies for eng ineers w ith 
experience in Television studio engineering 
(Telecine, VTR or Central Apparatus areas). 
The possession of an appropriate qua lif ication, 
while not essentia l, would be an advantage. 
The Company is located on the outskirts of 
Car li sle on ly a few m inu tes' from unspoilt 
countryside and near the Eng lish Lakes . 

Basic salary would be up to £6025, depending 
on qualifications and experience (under 
review). 
Applications should be addressed to: 

The Chief Engineer 
Border Television Ltd. 

CARLISLE 
CA13NT 

MEET CHARLIE'S ANGELS 
AT HAMMERSMITH 

FISH MARKET 

(9862) 

You may have to put up with the odd waft of cod and rotting vegetables 
but at least you can see the new Lyric Theatre . More important you will 
be able to relax and scan thousands of vacancies which include : 
Microprocessor Engineer for Hardware I Software aspects of a Data 
Communication Management System, which allows diagnostics and 
reconfiguration of data networks under remote control. Middlesex . To 
£9,200. 

Exceptional opportunity for young RF Circuit Designer to work on UHF 
Telemetry . Work includes: Interfaces between transducers and radio 
transceivers including filter design . London. To £7,000 + profit share. 

Senior and Junior Design Development Engineers for the new 
generation of Teletext - Viewdata Products . High technology including 
microprocessor controls , interfaces to CRTs and audio telephone 
techniques . To £8,000 . Essex . 

Young RF Engineer to work on phase lock loop techniques associated 
with UHF oscillators, frequency counters and frequency synthesizers. 
Good theoretical background- strong bias towards communications. 
To £7 ,500. 

Senior Engineer for group of consultants engaged on design of 
microprocessor based systems for the process industries . Familiarity 
with M.6800, RPA 1802, GM 1650 an advantage . Berks. Salary 
" wot, ees werf ." 

Computer Engineers for either : Field service, permanent site, technical 
support or systems test . Vacancies throughout U.K. Salaries vary 
enormously. 

For further details of these and other vacancies contact : 

4 HAMMERSMITH GROVE, LONDON, W6 
Tel. 581 -0286 

(9866) 
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The higher the 
technology the more 

sophisticated the equipment 
EMI are pioneers in some of the world's most 

advanced electronics technologies. Achievements 
such as ours- particularly in defence electronics
demand a total commitment to excellence, and 
quality assurance plays a vital role in our success. 

Test and calibration engineering are more than 
peripherals roles at EM I. Joining us as a Test or 
Calibration engineer will mean working with some 
of the world's most advanced systems, using the 
latest automatic test equipment, much of it 
custom-built. If you have gained your experience 
in these fields, a move to EMI now will mean 
greater involvement, good prospects and really 
worthwhile rewards. 

Your work w ill span a wide range of projects, 
including radar systems, and environmental 
testing. Competitive salaries are backed up by the 
EMI benefits package which includes relocation 
assistance, where appropriate, discounts on 

Group products, and excellent health and pension 
arrangements. 

For more information contact Mike Barwell, 
Personnel Department, EMI Limited, FREEPOST, 
135 Blyth Road, Hayes, Middlesex UB31BR. 
Tel: 01-573 3888 or 24hr. Record-a-Call service 
on 01-573 5524. 

A testing use for 
your talents as a 
Test or Calibration 
Engineer with EMI. 

EMI Electronics Limited, Haves 

A rT'If.!mber of the EMI Group of companies - lnternational leaders in music .electronics and leisure. 

DESIGN OF MICROCOMPUTER 
SYSTEMS FOR THE 19·BO's 
VACANCIES EXIST NOW FOR W ELL QUALIFIED STAFF 

DEVELOPMENT ENGINEERS 
able to apply creat ive techniques in a wide variety of 
microprocessor-based applications. We are looking for 
engineers with degree and experienced in designing 
microcomputer systems; also for graduates due to qualify 
July, 1980. 

SOFTWARE SPECIALISTS 
with experience in writing programs in assembler 
language for 6800, 8080, Z80, 2650, 9900 computer 
applications and Nova min icomputers. 

DRAUGHTSMEN 
with experience of P.C. design tor tra ining on Racal - Redac 
C.A.D. equipment about to be insta lled. 

LABORATORY TECHNICIANS 
able to give intelligent and adaptable support to the 
design staff. 
Competitive sa laries, bonuses etc., wi ll be paid in 
keeping with qualifications and experience. 

WRITE, GIVING DETAILS TO: 

QUARNDON ELECTRONICS LTD 
SLACK LANE-DERBY DES SED 

(9833) . 

... 

ELECTRONIC 
ENGINEERS 
We are looking for a number of 
engineers (male/female) to work with 
electronic equipment at our premises 
in the London Area and for small 
numbers of vacancies in Belfast 
and Bristol. Initial Salary 

£517 0 to £5620 in London 
£4720 to £5170 elsewhere 

Plus additional payments for shift or 
irregular hour working. . 
Applicants should have a Degree, 
HND or HNC in Electronic or Electrical 
Engineering or Applied Physics 
OR 
A City & Guilds Full Technological 
Certificate in Telecommunications 
(Course 271). 
All our engineering staff receive 
comprehensive training, so experience 
is not essential. 
Write for further \nformation and 
application form to: The Engineering 
Recruitment Officer, BBC, 
Broadcasting House, London WlA lAA, 
Quoting Ref: 79.E.4119/WW. 

IJJIJJCB (9838) 

(9823) 
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ELECTRONIC 
ENGINEERS 

Here at Bridgend, where we 
:manufacture our Trinitron colour 
televisions , we are proud of the 
reputation we have earned for our 
progressive technology and high 
standards of production. 

We now wish to strengthen our 
technical team and are looking for 
ELECTRONIC ENGINEERS, 
responsible to the Quality Manager, 
who will be involved in development, and 
the solution of technical , circuitry and 
engineering problems associated with 
high volume flow-line production. 

Successfu l candidates, aged 21-30 
years , will have a degree, or equivalent 
qualification, in electronics. Experience 
in a similar industrial environment and a 
knowledge of colour te~evision 
production would be an advantage. 
However, strong consideration will be 
given to graduates whose qualifications 
and appro ach will indicate the level of 
potential and expertise that we are 
looking for. Enthusiasm, and the desire 
to extend practical as well as theoretical 
knowledge are essential. 

Our modern plant is pleasantly 
situated near to the coast in the Vale of 
Glamcirgan midway between Cardiff 
and Swansea. 

Sony operates a progressive payment 
policy and initial salaries will be 
attractive. Conditions of employment are 
excell ent including a first-class 
dining-room, company pension 
scheme, an active sports and social 
club and discount on ALL Sony 
products. 

If you are interested in joining a young 
and progressive company please 
telephone or write for an appl ication 
form to: 

Andrew Goodwin, Personnel Officer, 
Sony (U.K.) Ltd., 
Kingsway Industrial Estate, 
Bridgend. Telephone: Bridgend 55441 
Ext. 230 (9872) 

A leading company in the Phototypesetting Indust ry requires Senior 
Systems Test and Commissioning Eng ineers. 

Capable of testing and installi ng a range of m inicomputer based VDU terminal 
equipment, incorporating the latest in MSI and LSI Techniques in Real-Time 
applications. The right candidates will be qualified to at least H NC level and I or 
have considerable experience in digital electronics with1the knowledge of 74 
Series TTL. A background of word processing or the printing industry would be 
advantageous. The job involves some U .K. and European Travel to handle 
back-upserviceforouragents. Salary : £5 ,500+ . 

JUNIOR 
TEST ENGINEER 

This position requires a young engineer with a degree or Dip . Tech . in Electrical 
Engineering with an electronics bias. 

Some experience in TTL Logic or M icroprocessors would be useful , but a real 
interest in electronics is more valuable . Salary : Circa £3 ,000 . 
The company provides 4 weeks ' holiday and a pension scheme. 

Phone f o r application form to : Miss Bux, Datek Systems Lt d., 849 
Harrow Road, Wembley, Middx. Tel. N o. 0 1-904 0061. 

(9885) 
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BORDER TELEVISION LTD. 

Vacancies for 

ENGINEERS 
Due to an increase in the establishment, Border 
Television has vacancies for eng ineers w ith 
experience in Television studio engineering 
(Telecine, VTR or Central Apparatus areas). 
The possession of an appropriate qua lif ication, 
while not essentia l, would be an advantage. 
The Company is located on the outskirts of 
Car li sle on ly a few m inu tes' from unspoilt 
countryside and near the Eng lish Lakes . 

Basic salary would be up to £6025, depending 
on qualifications and experience (under 
review). 
Applications should be addressed to: 

The Chief Engineer 
Border Television Ltd. 

CARLISLE 
CA13NT 

MEET CHARLIE'S ANGELS 
AT HAMMERSMITH 

FISH MARKET 

(9862) 

You may have to put up with the odd waft of cod and rotting vegetables 
but at least you can see the new Lyric Theatre . More important you will 
be able to relax and scan thousands of vacancies which include : 
Microprocessor Engineer for Hardware I Software aspects of a Data 
Communication Management System, which allows diagnostics and 
reconfiguration of data networks under remote control. Middlesex . To 
£9,200. 

Exceptional opportunity for young RF Circuit Designer to work on UHF 
Telemetry . Work includes: Interfaces between transducers and radio 
transceivers including filter design . London. To £7,000 + profit share. 

Senior and Junior Design Development Engineers for the new 
generation of Teletext - Viewdata Products . High technology including 
microprocessor controls , interfaces to CRTs and audio telephone 
techniques . To £8,000 . Essex . 

Young RF Engineer to work on phase lock loop techniques associated 
with UHF oscillators, frequency counters and frequency synthesizers. 
Good theoretical background- strong bias towards communications. 
To £7 ,500. 

Senior Engineer for group of consultants engaged on design of 
microprocessor based systems for the process industries . Familiarity 
with M.6800, RPA 1802, GM 1650 an advantage . Berks. Salary 
" wot, ees werf ." 

Computer Engineers for either : Field service, permanent site, technical 
support or systems test . Vacancies throughout U.K. Salaries vary 
enormously. 

For further details of these and other vacancies contact : 

4 HAMMERSMITH GROVE, LONDON, W6 
Tel. 581 -0286 

(9866) 
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The higher the 
technology the more 

sophisticated the equipment 
EMI are pioneers in some of the world's most 

advanced electronics technologies. Achievements 
such as ours- particularly in defence electronics
demand a total commitment to excellence, and 
quality assurance plays a vital role in our success. 

Test and calibration engineering are more than 
peripherals roles at EM I. Joining us as a Test or 
Calibration engineer will mean working with some 
of the world's most advanced systems, using the 
latest automatic test equipment, much of it 
custom-built. If you have gained your experience 
in these fields, a move to EMI now will mean 
greater involvement, good prospects and really 
worthwhile rewards. 

Your work w ill span a wide range of projects, 
including radar systems, and environmental 
testing. Competitive salaries are backed up by the 
EMI benefits package which includes relocation 
assistance, where appropriate, discounts on 

Group products, and excellent health and pension 
arrangements. 

For more information contact Mike Barwell, 
Personnel Department, EMI Limited, FREEPOST, 
135 Blyth Road, Hayes, Middlesex UB31BR. 
Tel: 01-573 3888 or 24hr. Record-a-Call service 
on 01-573 5524. 

A testing use for 
your talents as a 
Test or Calibration 
Engineer with EMI. 

EMI Electronics Limited, Haves 

A rT'If.!mber of the EMI Group of companies - lnternational leaders in music .electronics and leisure. 

DESIGN OF MICROCOMPUTER 
SYSTEMS FOR THE 19·BO's 
VACANCIES EXIST NOW FOR W ELL QUALIFIED STAFF 

DEVELOPMENT ENGINEERS 
able to apply creat ive techniques in a wide variety of 
microprocessor-based applications. We are looking for 
engineers with degree and experienced in designing 
microcomputer systems; also for graduates due to qualify 
July, 1980. 

SOFTWARE SPECIALISTS 
with experience in writing programs in assembler 
language for 6800, 8080, Z80, 2650, 9900 computer 
applications and Nova min icomputers. 

DRAUGHTSMEN 
with experience of P.C. design tor tra ining on Racal - Redac 
C.A.D. equipment about to be insta lled. 

LABORATORY TECHNICIANS 
able to give intelligent and adaptable support to the 
design staff. 
Competitive sa laries, bonuses etc., wi ll be paid in 
keeping with qualifications and experience. 

WRITE, GIVING DETAILS TO: 

QUARNDON ELECTRONICS LTD 
SLACK LANE-DERBY DES SED 

(9833) . 

... 

ELECTRONIC 
ENGINEERS 
We are looking for a number of 
engineers (male/female) to work with 
electronic equipment at our premises 
in the London Area and for small 
numbers of vacancies in Belfast 
and Bristol. Initial Salary 

£517 0 to £5620 in London 
£4720 to £5170 elsewhere 

Plus additional payments for shift or 
irregular hour working. . 
Applicants should have a Degree, 
HND or HNC in Electronic or Electrical 
Engineering or Applied Physics 
OR 
A City & Guilds Full Technological 
Certificate in Telecommunications 
(Course 271). 
All our engineering staff receive 
comprehensive training, so experience 
is not essential. 
Write for further \nformation and 
application form to: The Engineering 
Recruitment Officer, BBC, 
Broadcasting House, London WlA lAA, 
Quoting Ref: 79.E.4119/WW. 

IJJIJJCB (9838) 

(9823) 
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Professional Careers 
in Electronics 

All the others are meas~red by us ... · 
At Marconi Instruments we ensure that the very best of 
innovative design is used on our range of 
communications test instruments and A.T.E. We have a 
number of interesting opportunities in our Design, 
Production and Service Departments and we can offer 
attractive salaries, productivity bonus, pension and sick 
pay schemes together with help over relocation. 
If you are interested to hear more, please fill in the 
following details:-

p•••••••••~ 
: Name Age . ; 

1 Address 1 
I I 
: Telephone Work/Home (if convenient) : 

I I I Years of experience 0-1 1-3 3-6 Over 6 I 
I o o o o I 
1 Present salary £2,500- £3,500- £4,500- over I 

. I 3,5oo 4,5oo 5,5oo £5,5oo I 
I o o o o I 
1 Qualifications None C & G HNC Degree 1 
1 o o o o I 
I Present job I 
I I 
I I 
L ••••••••••••••• ~ 
Return this coupon to John Prodger, Marconi 
Instruments Limited, FREEPOST, St. Albans, Herts, 
AL4 OBR. Tel: St Albans 59292 

Marconi Jo.struments . ~A.G.EC·M·A·R·CO·N·I ·EL·E·CT·R·O·NI.CS111C·O·M·PA·N·V-' 
{9200) 
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PROJECT ENGINEERS 
STUDIO CAPITAL PROJECTS 

DEPARTMENT. 
The advantages of a career in the Studio Capital 
Projects Department of the BBC are self evident. To put 
the matter simply, broadcasting is exciting. 
There is the prestige of working in a department 
involved in many of television and radio's most brilliant 
innovations. Then, there's the challenge of planning, 
installing and commissioning entire sound and. vision\ 
systems for film,radio and television studios. Your work 
is varied, stimulating and demanding. 
You should therefore be able to demonstrate a thorough 
understanding of some of the many aspects of broad
casting and have practical experience of the op~ration, 
maintenance or installation of the relevant equipment. 
In addition, you must hold a degree, HND or HNC 
qualification in either Electrical or Electronic Engineer
ing. Applied Physics or a City & Guilds Full Technical 
Certificate in Telecommunications and be aware of the 
financial and commercial aspects of project planning 
and execution. · 
Although you will be based in London, you must be 
prepared to travel anywhere in the United Kingdom. 
Salaries, ranging from £57 45 to £7 535 rising to £8405 
will reflect your qualifications and experience and 
relocation expenses will be considered. 
There is, of course, much more to say about broadcasting. 
If you want to discover just how much, write giving full 
career details to: Engineering Recruitment Officer, 
BBC, Broadcastin g House, London WlA lAA. 
quoting reference no. 79.E.2453/WW. 

(J](J](f) 

ATTENTION.' 
All Cill/BRATION & 
TEST ENGINEERS ... 

We are looking for experienced Eng ineers. with a thorough 
knowledge of professional tape recording ·equipment and 
associated products. The work involves the maintaining ,
servicing and overhau ling of top qual ity audio equipment 
supplied to the Television Companies, Recording Studios 
and Film Industry . Full product training will be given, and 
when fully conversant with our products you would be 
dealing directly with our clients , both on the telephone and 
in person. On some occasions you would also be required to 
visit customers in the U .K. Initially, you would be. based at 
our Service Department in London, N .W.1 (near Maryle
bone Station) , but we are moving to new premises in the 
High Wycombe area this autumn . We are offering starting 
salaries around £6 ,000 p.a . plus a non-contributory pension 
scheme and four weeks ' annual holiday . 

If this sounds interesting - please write . giving full career 
history to the Managing Director (marked conf idential), 

HAYDEN LABORATORIES LTD 

I Churchfie ld Road HAYDEN I Chalfont St. Peter 
• • Bucks. 

{9828) 
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Radio Officers r 

When the ship comes home, 
why not settle down? 

We're the Post Office· Maritime Service and we have 
t!Verything in a job that you'd want: the kind of work you're 
trained to do, good pay, job security and all the comforts of 
home where they really count- at home! 

Vacancies exist at several coast stations for qualified Radio 
Officers to carry out a variety of duties that range from 
Morse and teleprinter operating to traffic circulation and 
radio telephone operating. And for those with ambition, the 
prospects of promotion to senior management are excellent. 

You must have a United Kingdom Maritime Radio 
Communication Operator's General Certificate or First Class 
Certificate of proficiency in Radio-telegraphy or an 
equivalent certificate issued by a Commonwealth 

Project Engineers - . 
Electronic Systems 
BRITISH RELAY ELECTRONICS LIMITED 
a subsidiary of the Electronic Rental Group, is an 
internationally known Company specialising in the 
design and installation of low voltage communication 
systems in hotels, hospitals and industry . 

As a result of rapid expansion, a number of project 
engineers are now required. 

Our project engineers are respons ible for the design of 
systems and their costing, through to the responsibility 
for their installation. 

These vary between audio and video communication 
systems , including multi-channel carrier and micro
processor based systems. 

Qualifications to HNC or HND standards are desirable 
although a City & Guilds certificate in the relevant 
subjects may be acceptable. 

A highly competitive salary is offered and company 
car and the usual fringe benefits associated with a 
major Group. 

Please write, in complete confidence, in the first 
instance, with a c.v. to: 

The Technical Director 
British Relay Electronics Limited 

9888 

Administration or the Irish Republic. Preferably you should 
have some sea-going experience. 

The starting pay at 25 or over will be about£ 4450; after 
3 years service this figure rises to around £5750. (If you are 
between 19 and 24 your pay on entry will vary between 
approximately £3500 and £4050). Overtime is additional, · 
and there is a good pension scheme, sick pay benefits and at 
least 4 weeks' holiday a yeat 

For further information, please telephone A,ndree Trionfi 
on Freefone 22&1 or write to her at the following address: 
ETE Maritime Radio Services Division (WW), 
ETE17.1.1.2,.Room 643, Union House, · 
St. Martins-le-Grand, London EClA lAR. 

,.. 

COMPLETE 
ENGINEER! 

Or ready to become one? 
We require someone who can combine an understanding of basic 
device parameters and system requirements with a fla'ir for 
engineering problem free products. . 
He, or she, will have the task of developing advanced designs of 
Quartz Crystal Oscillators as part of a team dedicated to 
maintaining our leadership of the European market . The qualities 
required of the successful candidate combine a high level of 
analytical ability with drive and vision and the instinct to identify 
the most appropriate approach to engineering problems . 
Qualificatio.ns: A good Honours Degree in Mathematics, Physics , 
Electronic Engineering or a related subject . Extensive experience is 
not necessary . 
The appointment carries an excellent starting salary and an 
attractive range of company benefits , including relocation ex
penses where appropriate The Quartz Crystal Division is the largest 
crystal manufacturing facil ity in Europe and there are first class 
career development prospects within the Division and the ITT 
Group as a whole . 
Please write or telephon e R. J. Cost er, ITT Components 
Group, Quartz Crystal Divis ion, Edin burgh Way, Harlow, 
Essex. Telephone Harlow 268 11 ext. 2562. 

Components ITT 

(9741) 

32 Biggin Way, 
Upper Norwood, 
London SE19 

..-. - I 
HrilisiiHc/alfE/cc/runics ' 

(9893) ..... 
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Professional Careers 
in Electronics 

All the others are meas~red by us ... · 
At Marconi Instruments we ensure that the very best of 
innovative design is used on our range of 
communications test instruments and A.T.E. We have a 
number of interesting opportunities in our Design, 
Production and Service Departments and we can offer 
attractive salaries, productivity bonus, pension and sick 
pay schemes together with help over relocation. 
If you are interested to hear more, please fill in the 
following details:-

p•••••••••~ 
: Name Age . ; 

1 Address 1 
I I 
: Telephone Work/Home (if convenient) : 

I I I Years of experience 0-1 1-3 3-6 Over 6 I 
I o o o o I 
1 Present salary £2,500- £3,500- £4,500- over I 

. I 3,5oo 4,5oo 5,5oo £5,5oo I 
I o o o o I 
1 Qualifications None C & G HNC Degree 1 
1 o o o o I 
I Present job I 
I I 
I I 
L ••••••••••••••• ~ 
Return this coupon to John Prodger, Marconi 
Instruments Limited, FREEPOST, St. Albans, Herts, 
AL4 OBR. Tel: St Albans 59292 

Marconi Jo.struments . ~A.G.EC·M·A·R·CO·N·I ·EL·E·CT·R·O·NI.CS111C·O·M·PA·N·V-' 
{9200) 
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PROJECT ENGINEERS 
STUDIO CAPITAL PROJECTS 

DEPARTMENT. 
The advantages of a career in the Studio Capital 
Projects Department of the BBC are self evident. To put 
the matter simply, broadcasting is exciting. 
There is the prestige of working in a department 
involved in many of television and radio's most brilliant 
innovations. Then, there's the challenge of planning, 
installing and commissioning entire sound and. vision\ 
systems for film,radio and television studios. Your work 
is varied, stimulating and demanding. 
You should therefore be able to demonstrate a thorough 
understanding of some of the many aspects of broad
casting and have practical experience of the op~ration, 
maintenance or installation of the relevant equipment. 
In addition, you must hold a degree, HND or HNC 
qualification in either Electrical or Electronic Engineer
ing. Applied Physics or a City & Guilds Full Technical 
Certificate in Telecommunications and be aware of the 
financial and commercial aspects of project planning 
and execution. · 
Although you will be based in London, you must be 
prepared to travel anywhere in the United Kingdom. 
Salaries, ranging from £57 45 to £7 535 rising to £8405 
will reflect your qualifications and experience and 
relocation expenses will be considered. 
There is, of course, much more to say about broadcasting. 
If you want to discover just how much, write giving full 
career details to: Engineering Recruitment Officer, 
BBC, Broadcastin g House, London WlA lAA. 
quoting reference no. 79.E.2453/WW. 

(J](J](f) 

ATTENTION.' 
All Cill/BRATION & 
TEST ENGINEERS ... 

We are looking for experienced Eng ineers. with a thorough 
knowledge of professional tape recording ·equipment and 
associated products. The work involves the maintaining ,
servicing and overhau ling of top qual ity audio equipment 
supplied to the Television Companies, Recording Studios 
and Film Industry . Full product training will be given, and 
when fully conversant with our products you would be 
dealing directly with our clients , both on the telephone and 
in person. On some occasions you would also be required to 
visit customers in the U .K. Initially, you would be. based at 
our Service Department in London, N .W.1 (near Maryle
bone Station) , but we are moving to new premises in the 
High Wycombe area this autumn . We are offering starting 
salaries around £6 ,000 p.a . plus a non-contributory pension 
scheme and four weeks ' annual holiday . 

If this sounds interesting - please write . giving full career 
history to the Managing Director (marked conf idential), 

HAYDEN LABORATORIES LTD 

I Churchfie ld Road HAYDEN I Chalfont St. Peter 
• • Bucks. 

{9828) 
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Radio Officers r 

When the ship comes home, 
why not settle down? 

We're the Post Office· Maritime Service and we have 
t!Verything in a job that you'd want: the kind of work you're 
trained to do, good pay, job security and all the comforts of 
home where they really count- at home! 

Vacancies exist at several coast stations for qualified Radio 
Officers to carry out a variety of duties that range from 
Morse and teleprinter operating to traffic circulation and 
radio telephone operating. And for those with ambition, the 
prospects of promotion to senior management are excellent. 

You must have a United Kingdom Maritime Radio 
Communication Operator's General Certificate or First Class 
Certificate of proficiency in Radio-telegraphy or an 
equivalent certificate issued by a Commonwealth 

Project Engineers - . 
Electronic Systems 
BRITISH RELAY ELECTRONICS LIMITED 
a subsidiary of the Electronic Rental Group, is an 
internationally known Company specialising in the 
design and installation of low voltage communication 
systems in hotels, hospitals and industry . 

As a result of rapid expansion, a number of project 
engineers are now required. 

Our project engineers are respons ible for the design of 
systems and their costing, through to the responsibility 
for their installation. 

These vary between audio and video communication 
systems , including multi-channel carrier and micro
processor based systems. 

Qualifications to HNC or HND standards are desirable 
although a City & Guilds certificate in the relevant 
subjects may be acceptable. 

A highly competitive salary is offered and company 
car and the usual fringe benefits associated with a 
major Group. 

Please write, in complete confidence, in the first 
instance, with a c.v. to: 

The Technical Director 
British Relay Electronics Limited 

9888 

Administration or the Irish Republic. Preferably you should 
have some sea-going experience. 

The starting pay at 25 or over will be about£ 4450; after 
3 years service this figure rises to around £5750. (If you are 
between 19 and 24 your pay on entry will vary between 
approximately £3500 and £4050). Overtime is additional, · 
and there is a good pension scheme, sick pay benefits and at 
least 4 weeks' holiday a yeat 

For further information, please telephone A,ndree Trionfi 
on Freefone 22&1 or write to her at the following address: 
ETE Maritime Radio Services Division (WW), 
ETE17.1.1.2,.Room 643, Union House, · 
St. Martins-le-Grand, London EClA lAR. 

,.. 

COMPLETE 
ENGINEER! 

Or ready to become one? 
We require someone who can combine an understanding of basic 
device parameters and system requirements with a fla'ir for 
engineering problem free products. . 
He, or she, will have the task of developing advanced designs of 
Quartz Crystal Oscillators as part of a team dedicated to 
maintaining our leadership of the European market . The qualities 
required of the successful candidate combine a high level of 
analytical ability with drive and vision and the instinct to identify 
the most appropriate approach to engineering problems . 
Qualificatio.ns: A good Honours Degree in Mathematics, Physics , 
Electronic Engineering or a related subject . Extensive experience is 
not necessary . 
The appointment carries an excellent starting salary and an 
attractive range of company benefits , including relocation ex
penses where appropriate The Quartz Crystal Division is the largest 
crystal manufacturing facil ity in Europe and there are first class 
career development prospects within the Division and the ITT 
Group as a whole . 
Please write or telephon e R. J. Cost er, ITT Components 
Group, Quartz Crystal Divis ion, Edin burgh Way, Harlow, 
Essex. Telephone Harlow 268 11 ext. 2562. 

Components ITT 

(9741) 

32 Biggin Way, 
Upper Norwood, 
London SE19 

..-. - I 
HrilisiiHc/alfE/cc/runics ' 

(9893) ..... 
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SENIOR 
LABORATORY 
TECHNICIAN 

The BBC requires a Senior Laboratory Technician 
in its Communications Department, London to assist 
engineers with the development and construction of 
a wide range of communications equipment. 
Candidates must have some experience of workshop 
practice and the ability to work from verbal instruc
tions , rough sketches and drawings and be able to 
con vert the basic design into pract ica l equipment of 
high standard . 

He/she will be responsi ble for servicing all Com
munications Department la bo ratories. including 
first line maintenance, a lignment and cal ibration of 
apparatus. 

He/she will work most ly unsupervised. 

A Higher Na tional Certificatt> or equ ivalent quali 
fica tion is required but training is available for those 
not yet qualifi ed. -

The post offers an attractive packagr of: a starting 
salary in the range of £5170 p.a. - £5620 p.a . or 
£4630 p.a. - £5020 p.a. depending upon whether 
qualified or not, a higher starting salary would be 
considered for exceptio nal expenence; Relocation 
expenses where applicabl e; 23 days leawder year 
excluding Ban k Holidays and a very goo contri 
butory Pension Scheme. 
Please write for an application fo rm to : Engineering 
Recruitment Officer, BBC, Broadcasting House, 
London WlA 1AA quoting reference 79. £.24 78/WW. 

[]](]]~ 

Telecommunications 
Project Engineer 
Salary up to £7,116 per annum (inclusive) 

(g848) 

This is an important post within an established group of 
telecommunications and electronics engineers (based at 
Reading) dealing with the spec ification, design, installation, 
commissioning, operation and ma intenance of sophisticated 
systems of telecommunications control and instrumentation 
within the Thames Water Area . 

Applicants should be chartered engineers (male I female) with 
several years' experience of design or project work, includihg 
budgetary 'control, in large telecommun ications systems. A 
sound knowledg·e of transmission princ iples and practice is 
required and some experience of telephony is desirable. 

Excellent cond it ions of serv ice apply including a pension. 
scheme, a 35-hour 5-day week (flextime), plus generous sick 
leave and holiday entit lements. There is also a staff restaurant 
and an active social club . 

Application forms and further details can, be obtained from 
the Personnel Office, Thames Water, Thames Conser
vancy Divisiqn, Nugent House, Vastern Road, Reading 
RG1 BOB (Tel: Reading 593331). Please quote reference 
P.24. 

Closing date: 4th De'cember, 1979 . 

Thames Wat~r· 

WIRELESS WORLD, DECEMBER 1979 

Radio Technology 
ELECTRICAL.. ~ 
ENGINEER ~ . 

Up to £8375 

The Radio Interference Laboratory at Stanmore, Middlesex, 
undertakes a wide variety of research and development 
projects in the frequency range up to 21 GHz . As engineer in 
charge of the laboratory, the officer appointed will be 
responsible for the day-to-day management of staff and 
development projects _ Duties also include participation in 
electro-technical committees at national and international 
levels and liaison with industr¥ and other government 
departments. Present projects include investigations into 
methods of measuring the total power radiated by micro
wave ovens, the immunity of televis ion sets from external 
signals, _the interference potential of ADP equipment, the 
development of radio frequency measuring, receiving and 

_ television detection equipment and the measurement and 
suppression of a wide range of electrical equipment. 

Candidates m1jst have qualified for corporate membership 
of lEE or JERE, and have several years' professional ex
perience in addit ion to the minimum requirement for 
chartered status. They must have at least two years 
experience in a relevant field , and should have a broad 
outlook enabling them to appreciate the general principles 
of frequency spect rum engineering . 

Starting salary between £6,865-£8,375 depending on 
qualifications and experience. (Salaries under review). 
Promotion prospects. Non-contributory pension scheme. 

Forfurther details and an application form (to be returne~ by 
13 December, 1 979), write to Civil Service Commiss1on, 
Alencon Link, Basingstoke, Hants. RG21 1 JB, or telephone 
Basingstoke (0256) 68551 (answering service operates 
outside office hours) . Please quote: T(Z)85. 

HOME OFFICE 

ELECTRONICS 
TECHNICIANS 
GRADE& _ 

9826) 

DEPT. OF M ECHANICAL AND PRODUCTION ENGINEERING. 
S.E.1. 
to be responsible for small controls laboratory. Able to 
design /construct circuits f rom verbal instructi ons and to rect ify faults 
on a wide range of electronic equipment. Salary range £4,767-£5 ,592 
p.a. 

GRADE& 
DEPT. OF ELECTRICAL AND ELECTRO NI C ENG INEERIN G, 
S.E.1 
To service a wide range of electronic and digital equipment , design and 
mod1fy electronic circuits and apparatus . Appl icants must have a 
thorough knowledge of, practical experience in, electronic servicing 
procedure. Salary range £4767-5592 p.a . 

GRADE 5 ·-
DEP:T. OF_CIV IL AND STRUCTURAL ENGINE ERIN G, S.W .S. 
To be responsible for the repair and modification of electronic 
instruments. Salary range £4,224-£4 ,845 o .a. 

CP©~M~®©GiJm:JO© Appli~ation !orms from the 
'iJ Staff1ng Off1ce, Polytechnic 

rr=v/S c(Sfl,fo"\ of the South Bank, Borough 
\0U L1U U~ Road. London SE1 OAA 
CQ>©n n0fl, 10) 01 ~11-:r Telephone 01 -928 8989, 
~ 0 ~ L1U U LQ)(gJU u~ Ext. 2023. 

WIRELESS WORLD, DECEMBER 1979 

IMPERIAL COLLEGE 
GEOLOGY DEPARTMENT 

ELECTRONICS 
TECHNICIAN 

(Grade 5) requ i red for work
shop to work on development 
and construction of specialised 
electronic equipment and repair 
of existing equipment. Minimum 
qualification ONC Electrical or 
equivalent. Salary scale £4480-
£51 00 (under review 1 . 1 0 . 7 9 
with further m in . increase of 
£226-£264 from 1.4.80). Post is 
superannuable : generous sick 
pay scheme . 37Y2-hour week : 5 
weeks' annual hoi iday p l us 
several days in addit ion to public 
holidays at Christmas and Easter. 
There is a modern staff club and 
excellent facilities, with sports 
centre with swimming pool. 
Application form and job details 
from J. R. Blount. Departmental 
Superintendent, Imperia l Col 
lege, London SW7 2BP or Phone 
01-589 5111, Ext . 1685. (9808) 

WEST AFRICA 
NATIONAL IRON ORE 

COMPANY OF LIBERIA 

invites application for an 

ELECTRONICS / RADIO 
TECHNICIAN 

FOREMAN 
with technical diploma and special
ising in radio commun icat ions sys
tems and instrumentation . M in imum 
5 years' experience , with some 
supervisory responsibility. Two year 
renewable cont ract with three 
months' paid leave . Free family 
accommodation , fam ily passages and 
medical attention. School for children 
up to age 13 years, education allo
wances plus contract renewal bonus. 
SALARY US$18,000 perannum. 
Please reply in writ ing, giving full 
details, qualifications and experience 
to Caemi International Lim ited , Gar
rard House, 31/45 Gresham Street, 
London EC2V 7DN. 

(g850) 

TECHNICAL SALESMAN 
with knowledge of 

SHORTWAVE RECEIVERS 
To sell shortwave equipment to embassies 
and other outlets. Good salary and commis· 
sion for right person . Keen amateur with 
shortwave experience acceptable. Training 
given if necessary. 

Write with details and experience to: 
Box No. 9822 

(g822) 

MAN·CIHESTER POLYTECHNIC De· 
partment of Communication Arts 
and Design, School of Film and 
Television require TELEVISION 
STUDIO ENG IN'EER. The post is 
one of responsibil ity and entails 
assisting the Chief Engineer with 
studio operations and maintenance 
in closed circuit te levision. Candi
dates should have experience of 
broadcasting or educat ional tele· 
vision operations and should be 
conversant with both t elevision and 
sound studio practice . Appropriate 
technical qualifications such as 
HNC or ·City and :Guilds Certi ficate 
would be an advantage. A Union 
Membership Agr.eement is in opera
tion under which n ew employees 
are required to join a r ecognised 
union. Salary scale: Tech nician 5, 
£5,220-£5,547. For fur ther particu· 
Iars and application form (return
able .by December 7, 1979) . !Please 
send a self-addressed envelope 
marked "A/335" to t he Secretary , 
Manchester Polytechnic , All Saints , 
Manchester Ml5 6BH. (9853 

153 Classified 
SITUATIONS VACANT 

Service Engineers 
.Take a glimpse into 1980 

This is your oppor
tunity to discover 
what the new year will 
be like for Engineers 
who join Kodak to service an exciting 
range of microfilm machines in and 
around central London. We're invit
ing you to chat to our Regional Man
ager, Rowland Elvidge , about the 
work, the rewards and the prospects 
you can expect when you join a large 
international company. 
We are expecting a high standard 
from you. you will need a sound know
ledge of pract ical electronics cou
pled with mechanical skills . 
preferably having had 
previous servicing experience. 
You are going to be 
respons ible for the installation, 

maintenance 
and repair of 

business equipment. 
Init ially from our basic range. build

ing up to computer linked systems. 
To men and women aged over 21, 
JOining our Induction Course com
mencing 7th January, we can offer a 
rewarding career with fast progres
sion , potential earnings of £7,000 p.a. 
including some overtime , al lowances 
and productivity bonus, plus plenty of 
attractive employee benefits . 
So phone in and speak to Rowland 
Elvidge , on 01-405 7841 Ext . 133 or 
write to Mr. C. Long, Personnel 

Department, Kodak Limited, 
Station Road, Hemel ~ 
Hempstead, Herts, with ~ 
full career and personal ~ 
detai ls. 1978 

ARTICLES FOR SALE 

TELEQUIP.MENT El Oll SCOPE, only 
nine months old, twin trace, vari · 
able time base, first-class order, 
£245 inc . VAT. Dorset (09297) 257 . 

SPEAKER 
KITS 

(g841) 

(9883 

TWO WELL maintained recen tly 
serviced ASR-33 teletypes with 
20mA interface for sale. In good 
working order. Each £600 . Box No. 
9830. 

Two great new kits from KEF- the Speak~r 
Engineers respected by HiFi enthu~iasts all 

over the world. 
WIRELESS WORL D, 1952 to 1966. 
Offers? - Chamberlain, 60 Harpool 
Rd., Redditch, Worcs . Tel. (0527) 
24995 (9882 

VHF MONITOR RECEIVER S, Air or 
Marine band from £50. FM Business 
bands from .£90. For leaflets send 
50p P .O., not stamps. Radio Com
munications Ltd, 13 Clos du Murier , 
St Sampson, Guernsey, Channel 
Isles . (9874 

MICRO COMPUTER ~ Nascom I 
with T4 monitor, power supply, 
built, tested, and working £180. -
Phone Charles Frater 01-937 3347. 

(9839 

liN COMPUTER tape -!in computer 
tape, can be used as video tape on 
some machines. Three teleprinter 
54's. Phone for further details 
0622 50350. MKS, 27 Upper Stone St, 
Maidstone, Kent . (9442 

One is basL>ci on the Modell04aB and the 
other on the larger,free standing Cantata. 

We'll give you helpful advice and full 
instructions. 

And you can hear how good the speakers are 
before you build. 

F. D. BAILEY 
1 31 The Parade 
Watford, Herts. 
Tel. 0923 34644 (g657l 
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SENIOR 
LABORATORY 
TECHNICIAN 

The BBC requires a Senior Laboratory Technician 
in its Communications Department, London to assist 
engineers with the development and construction of 
a wide range of communications equipment. 
Candidates must have some experience of workshop 
practice and the ability to work from verbal instruc
tions , rough sketches and drawings and be able to 
con vert the basic design into pract ica l equipment of 
high standard . 

He/she will be responsi ble for servicing all Com
munications Department la bo ratories. including 
first line maintenance, a lignment and cal ibration of 
apparatus. 

He/she will work most ly unsupervised. 

A Higher Na tional Certificatt> or equ ivalent quali 
fica tion is required but training is available for those 
not yet qualifi ed. -

The post offers an attractive packagr of: a starting 
salary in the range of £5170 p.a. - £5620 p.a . or 
£4630 p.a. - £5020 p.a. depending upon whether 
qualified or not, a higher starting salary would be 
considered for exceptio nal expenence; Relocation 
expenses where applicabl e; 23 days leawder year 
excluding Ban k Holidays and a very goo contri 
butory Pension Scheme. 
Please write for an application fo rm to : Engineering 
Recruitment Officer, BBC, Broadcasting House, 
London WlA 1AA quoting reference 79. £.24 78/WW. 

[]](]]~ 

Telecommunications 
Project Engineer 
Salary up to £7,116 per annum (inclusive) 

(g848) 

This is an important post within an established group of 
telecommunications and electronics engineers (based at 
Reading) dealing with the spec ification, design, installation, 
commissioning, operation and ma intenance of sophisticated 
systems of telecommunications control and instrumentation 
within the Thames Water Area . 

Applicants should be chartered engineers (male I female) with 
several years' experience of design or project work, includihg 
budgetary 'control, in large telecommun ications systems. A 
sound knowledg·e of transmission princ iples and practice is 
required and some experience of telephony is desirable. 

Excellent cond it ions of serv ice apply including a pension. 
scheme, a 35-hour 5-day week (flextime), plus generous sick 
leave and holiday entit lements. There is also a staff restaurant 
and an active social club . 

Application forms and further details can, be obtained from 
the Personnel Office, Thames Water, Thames Conser
vancy Divisiqn, Nugent House, Vastern Road, Reading 
RG1 BOB (Tel: Reading 593331). Please quote reference 
P.24. 

Closing date: 4th De'cember, 1979 . 

Thames Wat~r· 

WIRELESS WORLD, DECEMBER 1979 

Radio Technology 
ELECTRICAL.. ~ 
ENGINEER ~ . 

Up to £8375 

The Radio Interference Laboratory at Stanmore, Middlesex, 
undertakes a wide variety of research and development 
projects in the frequency range up to 21 GHz . As engineer in 
charge of the laboratory, the officer appointed will be 
responsible for the day-to-day management of staff and 
development projects _ Duties also include participation in 
electro-technical committees at national and international 
levels and liaison with industr¥ and other government 
departments. Present projects include investigations into 
methods of measuring the total power radiated by micro
wave ovens, the immunity of televis ion sets from external 
signals, _the interference potential of ADP equipment, the 
development of radio frequency measuring, receiving and 

_ television detection equipment and the measurement and 
suppression of a wide range of electrical equipment. 

Candidates m1jst have qualified for corporate membership 
of lEE or JERE, and have several years' professional ex
perience in addit ion to the minimum requirement for 
chartered status. They must have at least two years 
experience in a relevant field , and should have a broad 
outlook enabling them to appreciate the general principles 
of frequency spect rum engineering . 

Starting salary between £6,865-£8,375 depending on 
qualifications and experience. (Salaries under review). 
Promotion prospects. Non-contributory pension scheme. 

Forfurther details and an application form (to be returne~ by 
13 December, 1 979), write to Civil Service Commiss1on, 
Alencon Link, Basingstoke, Hants. RG21 1 JB, or telephone 
Basingstoke (0256) 68551 (answering service operates 
outside office hours) . Please quote: T(Z)85. 

HOME OFFICE 

ELECTRONICS 
TECHNICIANS 
GRADE& _ 

9826) 

DEPT. OF M ECHANICAL AND PRODUCTION ENGINEERING. 
S.E.1. 
to be responsible for small controls laboratory. Able to 
design /construct circuits f rom verbal instructi ons and to rect ify faults 
on a wide range of electronic equipment. Salary range £4,767-£5 ,592 
p.a. 

GRADE& 
DEPT. OF ELECTRICAL AND ELECTRO NI C ENG INEERIN G, 
S.E.1 
To service a wide range of electronic and digital equipment , design and 
mod1fy electronic circuits and apparatus . Appl icants must have a 
thorough knowledge of, practical experience in, electronic servicing 
procedure. Salary range £4767-5592 p.a . 

GRADE 5 ·-
DEP:T. OF_CIV IL AND STRUCTURAL ENGINE ERIN G, S.W .S. 
To be responsible for the repair and modification of electronic 
instruments. Salary range £4,224-£4 ,845 o .a. 

CP©~M~®©GiJm:JO© Appli~ation !orms from the 
'iJ Staff1ng Off1ce, Polytechnic 

rr=v/S c(Sfl,fo"\ of the South Bank, Borough 
\0U L1U U~ Road. London SE1 OAA 
CQ>©n n0fl, 10) 01 ~11-:r Telephone 01 -928 8989, 
~ 0 ~ L1U U LQ)(gJU u~ Ext. 2023. 

WIRELESS WORLD, DECEMBER 1979 

IMPERIAL COLLEGE 
GEOLOGY DEPARTMENT 

ELECTRONICS 
TECHNICIAN 

(Grade 5) requ i red for work
shop to work on development 
and construction of specialised 
electronic equipment and repair 
of existing equipment. Minimum 
qualification ONC Electrical or 
equivalent. Salary scale £4480-
£51 00 (under review 1 . 1 0 . 7 9 
with further m in . increase of 
£226-£264 from 1.4.80). Post is 
superannuable : generous sick 
pay scheme . 37Y2-hour week : 5 
weeks' annual hoi iday p l us 
several days in addit ion to public 
holidays at Christmas and Easter. 
There is a modern staff club and 
excellent facilities, with sports 
centre with swimming pool. 
Application form and job details 
from J. R. Blount. Departmental 
Superintendent, Imperia l Col 
lege, London SW7 2BP or Phone 
01-589 5111, Ext . 1685. (9808) 

WEST AFRICA 
NATIONAL IRON ORE 

COMPANY OF LIBERIA 

invites application for an 

ELECTRONICS / RADIO 
TECHNICIAN 

FOREMAN 
with technical diploma and special
ising in radio commun icat ions sys
tems and instrumentation . M in imum 
5 years' experience , with some 
supervisory responsibility. Two year 
renewable cont ract with three 
months' paid leave . Free family 
accommodation , fam ily passages and 
medical attention. School for children 
up to age 13 years, education allo
wances plus contract renewal bonus. 
SALARY US$18,000 perannum. 
Please reply in writ ing, giving full 
details, qualifications and experience 
to Caemi International Lim ited , Gar
rard House, 31/45 Gresham Street, 
London EC2V 7DN. 

(g850) 

TECHNICAL SALESMAN 
with knowledge of 

SHORTWAVE RECEIVERS 
To sell shortwave equipment to embassies 
and other outlets. Good salary and commis· 
sion for right person . Keen amateur with 
shortwave experience acceptable. Training 
given if necessary. 

Write with details and experience to: 
Box No. 9822 

(g822) 

MAN·CIHESTER POLYTECHNIC De· 
partment of Communication Arts 
and Design, School of Film and 
Television require TELEVISION 
STUDIO ENG IN'EER. The post is 
one of responsibil ity and entails 
assisting the Chief Engineer with 
studio operations and maintenance 
in closed circuit te levision. Candi
dates should have experience of 
broadcasting or educat ional tele· 
vision operations and should be 
conversant with both t elevision and 
sound studio practice . Appropriate 
technical qualifications such as 
HNC or ·City and :Guilds Certi ficate 
would be an advantage. A Union 
Membership Agr.eement is in opera
tion under which n ew employees 
are required to join a r ecognised 
union. Salary scale: Tech nician 5, 
£5,220-£5,547. For fur ther particu· 
Iars and application form (return
able .by December 7, 1979) . !Please 
send a self-addressed envelope 
marked "A/335" to t he Secretary , 
Manchester Polytechnic , All Saints , 
Manchester Ml5 6BH. (9853 

153 Classified 
SITUATIONS VACANT 

Service Engineers 
.Take a glimpse into 1980 

This is your oppor
tunity to discover 
what the new year will 
be like for Engineers 
who join Kodak to service an exciting 
range of microfilm machines in and 
around central London. We're invit
ing you to chat to our Regional Man
ager, Rowland Elvidge , about the 
work, the rewards and the prospects 
you can expect when you join a large 
international company. 
We are expecting a high standard 
from you. you will need a sound know
ledge of pract ical electronics cou
pled with mechanical skills . 
preferably having had 
previous servicing experience. 
You are going to be 
respons ible for the installation, 

maintenance 
and repair of 

business equipment. 
Init ially from our basic range. build

ing up to computer linked systems. 
To men and women aged over 21, 
JOining our Induction Course com
mencing 7th January, we can offer a 
rewarding career with fast progres
sion , potential earnings of £7,000 p.a. 
including some overtime , al lowances 
and productivity bonus, plus plenty of 
attractive employee benefits . 
So phone in and speak to Rowland 
Elvidge , on 01-405 7841 Ext . 133 or 
write to Mr. C. Long, Personnel 

Department, Kodak Limited, 
Station Road, Hemel ~ 
Hempstead, Herts, with ~ 
full career and personal ~ 
detai ls. 1978 

ARTICLES FOR SALE 

TELEQUIP.MENT El Oll SCOPE, only 
nine months old, twin trace, vari · 
able time base, first-class order, 
£245 inc . VAT. Dorset (09297) 257 . 

SPEAKER 
KITS 

(g841) 

(9883 

TWO WELL maintained recen tly 
serviced ASR-33 teletypes with 
20mA interface for sale. In good 
working order. Each £600 . Box No. 
9830. 

Two great new kits from KEF- the Speak~r 
Engineers respected by HiFi enthu~iasts all 

over the world. 
WIRELESS WORL D, 1952 to 1966. 
Offers? - Chamberlain, 60 Harpool 
Rd., Redditch, Worcs . Tel. (0527) 
24995 (9882 

VHF MONITOR RECEIVER S, Air or 
Marine band from £50. FM Business 
bands from .£90. For leaflets send 
50p P .O., not stamps. Radio Com
munications Ltd, 13 Clos du Murier , 
St Sampson, Guernsey, Channel 
Isles . (9874 

MICRO COMPUTER ~ Nascom I 
with T4 monitor, power supply, 
built, tested, and working £180. -
Phone Charles Frater 01-937 3347. 

(9839 

liN COMPUTER tape -!in computer 
tape, can be used as video tape on 
some machines. Three teleprinter 
54's. Phone for further details 
0622 50350. MKS, 27 Upper Stone St, 
Maidstone, Kent . (9442 

One is basL>ci on the Modell04aB and the 
other on the larger,free standing Cantata. 

We'll give you helpful advice and full 
instructions. 

And you can hear how good the speakers are 
before you build. 

F. D. BAILEY 
1 31 The Parade 
Watford, Herts. 
Tel. 0923 34644 (g657l 
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SITUATIONS VACANT 

Swaziland 
Senior 
Technical Officer 
(Broadcasting) 
Up to £7,785 p.a. (under revision) 
plus allowances 
Candidates should .have City and Guilds 
Telecommunications Final Certificate or equivalent 
and at least seven years' experience in broadcasting. 
Studio experience is required and block . 
transmission experience would be advantageous. 
Duties will include the installation and maintenance 
of broadcasting equipment in the studio block 
and/or transmitting stations. He will take charge of 
major outside broadcast assignments and supervise 
operational and mair,1tenance staff. Posting will be to 
the Capital of this scenic African country which 
employs many British experts. 

Salary includes a substantial tax-free allowance 
(reviewed annually) paid under Britain's overseas 
aid programme. Basic salary attracts 25% tax-free 
gratuity. 

Benefits include free passages, generous paid leave, 
children's holiday visit passages and education 
allowances, subsidised housing, appointment grant 
and interest-free car loan. 

The terms on which civil and public servants may be 
released if selected for appointment will be subject 
to agreement with their present employers. 

For full details and application form write quoting 
MX/010/WD. 

The Crown Agents for Oversea Governments and 
Administrations, Recruitment Division, (9858) 

4 Millbank, London SW1P3JD. 

If you don't want to work, you have to work to earn enough money, so 
that you don't have to work - Ogden Nash. 

So, start the 1980s with a new career. 
Phone us now to register for these and many other positions. 

PROJECT LEADER 
Self-motivator for computer peripheral evaluation. Leading to 
management. £7 K + car (W. London) 

FIELD SERVICE 
VHF & UHF communications engineers for new generation systems. 
Herts. I Beds. and Greater London . 

£4.5-£5. 5K + car 
DEV. MANAGER 

Logic systems design and computer architecture. Varied applications. 
London. £12K 

FIELD SERVICE 
Computer based process control. Full training in Europe (2 months). 
Berkshire . £.5-£6K + car 

NC ENGINEER 

KTM & DSG I MONARCH CNC & NC Machine experience. South 
Coast. c £7K + relocation . Also NC Programmer for same client c 
£7.5K. 
24-hoursecretarial answering service on 01-464 7714, ext. 502 

ELECTRONICS RECRUITMENT SERVICE 
309 HIGH ROAa LDUGHTON, ESSEX, /G!O lTD. 

01502 1589/0937 ~~P1464 7714 EXT 502 
(9861) 

Computer 
Maintenance 
Enginee.rs 
The Company: 
Burroughs is an international computer 
company with world-wide activities. The 
high technology of its products designed 
and manufactured at Cumbernauld 
demands the extensive use of computers 
as shown below. 

The Job: 
Installation and maintenance of a wide 
range of computer equipment which 
covers: 
* 3 large scale (8 6800) computer 

systems and peripherals 
* 4 medium scale (8 1800) computer 

systems and peripherals 
* 24 small scale (8 80) computer systems 

and peripherals 
* over 1 00 terminals linked to the above. 

Qualifications: 
Ideally, a degree but emphasis will be on 
ability. 

Salary: 
Salary will not be a limiting factor in the 
selection of suitable candidates. 

Personal Development: 
All necessary training on mainframes and 
peripherals will form part of the successful 
candidates personal development. 

For Further Information: 
Write or phone 
Recruitment Manager 
Burroughs, 
Cumbernauld G68 OBN. 
Telephone 023-67-35457. 

Men or women may apply. 

Bu.rroughs 

ARTICLES FOR SALE 

(9806) 

LAB CLEARANCE: Signal Gener
ators; Bridges; Waveform, 
transistor analysers; calibrators; 
standards; millivoltmeters; dyna
mometers; KW meters; oscillo
scopes; recorders; Thermal, sweep 
low distortion true R!MS, audio FR; 
deviation. Tel. 0·40-3762'36. (8250 

YAESU TRANSCEIVER FT101, input 
260 watts, PEP, SSB, 160-10 metres 
£350, KW Viceroy transmitter, 180 
watts input PEP-SSB 80-10 metres, 
KW 1000 l watts) linear amplifier, 
all in very good condition. - 01-
346 4468. ( 9843 
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Audio and TV 
Servicing 

Sanyo Marubeni, one of the world's leading electrical/ 
electronic organisations, utilise high technology capability 
in a wide range of domestic audio and video products. 
Continuing success in the U.K. has created the following 
positions. 

Chief Engineer/ 
Asst. Dept. Manager 

A challenging new position, which has been created to 
strengthen our management team, with prime respon
sibility being for the leadership of our service engineering 
team involved with audio and T.V. equipment. 
Applicants aged 25-40 should be qualified to City and 
Guilds standard and possess the personal qualities 
necessary to ensure effective management and training. 

Quality Control Engineer 
Following action by the Service Department you will be 
responsible for ensuring that a high standard of work has 
been achieved. 
Good experience in the trade is required as is the ability to 
work closely with the Service Engineers. 

Audio Service Engineers 
Service Engineers are needed to assist in the fault finding, 
repair and reconditioning of domestic equipment. 
You will need the technical ability to service a wide range 
of goods and to work with the minimum of supervision. 
All the above positions are open to men and women and 
carry very good salaries in addition to usual company 
benefits. 
Please apply to Mr. J. Careford, Sanyo Marubeni UK 
limited, Greycaine Road, Watford, Herts. Tel: Watford 
46363. . 

~ 

fiSANVO 
Technology at your Fingertips 

~-

UNIVERSITY COLLEGE, CARDIFF 
Depanment of Geology 

Applications are invited for a 

S.R.C. (CASE) 
STUDENTSHIP 

for research, leading to the degree of PhD, 
into the development of a new analogue 
video comparison and measurement system 
for a wide variety of shape-analysis applica
tions in the natural, physical and applied 
sciences, and in industry. The project is run 
JOintly by the Geology Department, whose 
specific interest in the shape-analysis of 
deformed rock and fossil material. and 
E.O.S. Electronics Ltd .. Barry, South 
Glamorgan (the Co-operating Body in this 
S.R.C. Co-operative Award in Science and 
Engineering). 

Applicants should possess or expect to gain 
a first or upper second-class Honours Degree 
in Electronics or a closely related subject. 
Interest in application of electronics to the 
natural sciences would be an advantage. 

Applications should be made as soon as 
poaible to 1he Head of Geology Depart
ment, University College, P.O. Box 78. 
cardiff CF1 1 XL. from whom further 
details may be obtained. Reference 
1916. 

(9871) 

(9846) 

ARTICLES FOR SALE 

SURPLUS TO 
INDUSTRIAL 

REQUIREMENTS 
100 mil<ed Min. Electrolytics £3.00 
300 pack 220mfd 1 OV £1 . 50 
25 mixed Large Can £3.00 
10 4700mfd 40V Tag 3 x 1 'I• £1.20 
10 2000mfd 70V Tag 1341 x 2% £1.20 
10 200mfd 450V Tag 4'12 x 1341 £1 .20 
100 mixed Preset Spindle Pots £3.00 
10 100K Dual '12Watt Lin. Pots £2.00 
24 mixed VoltageS/pole Relays £3.00 

Add 30p per i~em P&P 
All prices inc. VAT 

BLORE-BARTON L TO. 
Reedham Houl8. Bumham. Bucks 

(9815) 

ENCAPSULATING, coils, transform
ers components, degassing, sili
cor{e rubber, resin, epoxy. Lo.st 
wax casting for brass, bronze, Sil
ver, etc. Impregnating coils, trans
formers, components. Vacuum 
equipment low cost, used .and new. 
Also for CRT regunmng met 
allising. Research & Development. 
Barratts, Mayo Road, Croydon, 
CRO 2QP. 01-684 9917. (9678 

TEST/QUALITY 
ASSURANCE ENGINEERS 
At senior and intermediate level wanted to work on our range of 
advanced broadcast television studio products 1ncludmg 
colour and monochrome television studio cameras. 

Applicants should have an up-to-date knowledge of digi~al and 
linear circuit techniques gained from expe.nence work1~g. on 
television studio equipment, r~dar equ1pment or s1mila.r 
sophisticated products, and qualified to. H N D, H NC, or eqUI
valent level. 

SYSTEMS ENGINEER 
You would be involved in all stages of product management on 
the design and building of studio and mobile TV systems and 
should be prepared for occasional world-w1de t.rave.l. The 
appointment requires someone with a b~c.kgro~nd 1n th1~ .type 
of work, or in the operational side of telev1s1on w1th the ab1hty to 
take charge of people and deal with problems in the field on 
your own initiative. 

Employment benefits incude excellent salary. generous 
holidays, free life and health insurance, pens1on scheme, 
subsidised meals and relocation expenses. 

Please apply for further details and application forms to Jean 
Smith at the address given below. 

ELECTRONICS 

Link Electronics Limited, 
North Way, Andover, 
Hants, SP10 SAJ. 

Telephone: (0264) 61345 
(9842) 

ARTICLES FOR SALE 

MFS CLOCK. 
NEW! Shows Date. Hours, M1nutes, 

Seconds, 8 digit LED, also parallel BCD 
output 5x8x15cm T1me S1gnal accuracy 

' . ... · . ... ..... £48.80 
MSF R·~~i~~r: serial data output £13.70 
Still NO RADIO 47 All the NEWS w1th a 

200KHz to Med ·.Wave Converter£ 1 i ~40 
v.l..F? .1.0- i 5oKHz Receiver · £10.70 
SIG. GEN •• 1OHz-200KHz. log1c and van-

able simi and square waves · · £1 0 ·80 
Each fun-to-build kit includes all parts, 
printed circuit, case. postage, etc. Money 
back assurance so SEND off NOW 

CAMBRIDGE KITS 
46 (WZ} Old Scho_OI Lane (9 81 2) 

Milton, Cambndge 

PRINTED CIRCUITS. Make . you~ 
own simply' cheaply and q Ulc.k~y. 
Golden Fotolak Light .sensJtlve 
Lacquer - now greatly Improved 
and very much faster., Aerosol cans 
with full instructiOnS. . £2·25· 
Developer 35p. Ferric ChlOnde SSp. 
Clear Acetate sheet for master 14P· 
Copper-clad Fibre-glass Board ap
prox. 1mm thick. £1.70 sq. ft. PEolst/ 

. White House ec-
pac~mg 60p. l9 Penzance. 
tromcs, P.O. Box ' (9681 
Cornwall. · 

USE A REAL 
KEYBOARD 

Brand new, built and tested. 60 keys in
cluding cursor control, stepped rows, 
typewnter style. Auto repeat. UC + LC 
ASCII coded . £44.75 (£53.1 9 inc p&p and 
VAT) . 
S.a.e. for details: TIMEDATA Ltd., 57 
SWIIIIowdale, Baaildon, Essex. 

(9864) 

FERROGRAPH stereo recorder, 
422V, excellent condition. Best offer 
accepted. Contact Mr. Fraser, 41 
H1gh Street, Nairn 1 Scotland) 066 
753038. 

TEL:EPHONE ANSWERING machine 
available for outright purchase. -
Telephone Burton-on-Trent (0283) 
47427, (9609 
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Swaziland 
Senior 
Technical Officer 
(Broadcasting) 
Up to £7,785 p.a. (under revision) 
plus allowances 
Candidates should .have City and Guilds 
Telecommunications Final Certificate or equivalent 
and at least seven years' experience in broadcasting. 
Studio experience is required and block . 
transmission experience would be advantageous. 
Duties will include the installation and maintenance 
of broadcasting equipment in the studio block 
and/or transmitting stations. He will take charge of 
major outside broadcast assignments and supervise 
operational and mair,1tenance staff. Posting will be to 
the Capital of this scenic African country which 
employs many British experts. 

Salary includes a substantial tax-free allowance 
(reviewed annually) paid under Britain's overseas 
aid programme. Basic salary attracts 25% tax-free 
gratuity. 

Benefits include free passages, generous paid leave, 
children's holiday visit passages and education 
allowances, subsidised housing, appointment grant 
and interest-free car loan. 

The terms on which civil and public servants may be 
released if selected for appointment will be subject 
to agreement with their present employers. 

For full details and application form write quoting 
MX/010/WD. 

The Crown Agents for Oversea Governments and 
Administrations, Recruitment Division, (9858) 

4 Millbank, London SW1P3JD. 

If you don't want to work, you have to work to earn enough money, so 
that you don't have to work - Ogden Nash. 

So, start the 1980s with a new career. 
Phone us now to register for these and many other positions. 

PROJECT LEADER 
Self-motivator for computer peripheral evaluation. Leading to 
management. £7 K + car (W. London) 

FIELD SERVICE 
VHF & UHF communications engineers for new generation systems. 
Herts. I Beds. and Greater London . 

£4.5-£5. 5K + car 
DEV. MANAGER 

Logic systems design and computer architecture. Varied applications. 
London. £12K 

FIELD SERVICE 
Computer based process control. Full training in Europe (2 months). 
Berkshire . £.5-£6K + car 

NC ENGINEER 

KTM & DSG I MONARCH CNC & NC Machine experience. South 
Coast. c £7K + relocation . Also NC Programmer for same client c 
£7.5K. 
24-hoursecretarial answering service on 01-464 7714, ext. 502 

ELECTRONICS RECRUITMENT SERVICE 
309 HIGH ROAa LDUGHTON, ESSEX, /G!O lTD. 

01502 1589/0937 ~~P1464 7714 EXT 502 
(9861) 

Computer 
Maintenance 
Enginee.rs 
The Company: 
Burroughs is an international computer 
company with world-wide activities. The 
high technology of its products designed 
and manufactured at Cumbernauld 
demands the extensive use of computers 
as shown below. 

The Job: 
Installation and maintenance of a wide 
range of computer equipment which 
covers: 
* 3 large scale (8 6800) computer 

systems and peripherals 
* 4 medium scale (8 1800) computer 

systems and peripherals 
* 24 small scale (8 80) computer systems 

and peripherals 
* over 1 00 terminals linked to the above. 

Qualifications: 
Ideally, a degree but emphasis will be on 
ability. 

Salary: 
Salary will not be a limiting factor in the 
selection of suitable candidates. 

Personal Development: 
All necessary training on mainframes and 
peripherals will form part of the successful 
candidates personal development. 

For Further Information: 
Write or phone 
Recruitment Manager 
Burroughs, 
Cumbernauld G68 OBN. 
Telephone 023-67-35457. 

Men or women may apply. 

Bu.rroughs 

ARTICLES FOR SALE 

(9806) 

LAB CLEARANCE: Signal Gener
ators; Bridges; Waveform, 
transistor analysers; calibrators; 
standards; millivoltmeters; dyna
mometers; KW meters; oscillo
scopes; recorders; Thermal, sweep 
low distortion true R!MS, audio FR; 
deviation. Tel. 0·40-3762'36. (8250 

YAESU TRANSCEIVER FT101, input 
260 watts, PEP, SSB, 160-10 metres 
£350, KW Viceroy transmitter, 180 
watts input PEP-SSB 80-10 metres, 
KW 1000 l watts) linear amplifier, 
all in very good condition. - 01-
346 4468. ( 9843 
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Audio and TV 
Servicing 

Sanyo Marubeni, one of the world's leading electrical/ 
electronic organisations, utilise high technology capability 
in a wide range of domestic audio and video products. 
Continuing success in the U.K. has created the following 
positions. 

Chief Engineer/ 
Asst. Dept. Manager 

A challenging new position, which has been created to 
strengthen our management team, with prime respon
sibility being for the leadership of our service engineering 
team involved with audio and T.V. equipment. 
Applicants aged 25-40 should be qualified to City and 
Guilds standard and possess the personal qualities 
necessary to ensure effective management and training. 

Quality Control Engineer 
Following action by the Service Department you will be 
responsible for ensuring that a high standard of work has 
been achieved. 
Good experience in the trade is required as is the ability to 
work closely with the Service Engineers. 

Audio Service Engineers 
Service Engineers are needed to assist in the fault finding, 
repair and reconditioning of domestic equipment. 
You will need the technical ability to service a wide range 
of goods and to work with the minimum of supervision. 
All the above positions are open to men and women and 
carry very good salaries in addition to usual company 
benefits. 
Please apply to Mr. J. Careford, Sanyo Marubeni UK 
limited, Greycaine Road, Watford, Herts. Tel: Watford 
46363. . 

~ 

fiSANVO 
Technology at your Fingertips 

~-

UNIVERSITY COLLEGE, CARDIFF 
Depanment of Geology 

Applications are invited for a 

S.R.C. (CASE) 
STUDENTSHIP 

for research, leading to the degree of PhD, 
into the development of a new analogue 
video comparison and measurement system 
for a wide variety of shape-analysis applica
tions in the natural, physical and applied 
sciences, and in industry. The project is run 
JOintly by the Geology Department, whose 
specific interest in the shape-analysis of 
deformed rock and fossil material. and 
E.O.S. Electronics Ltd .. Barry, South 
Glamorgan (the Co-operating Body in this 
S.R.C. Co-operative Award in Science and 
Engineering). 

Applicants should possess or expect to gain 
a first or upper second-class Honours Degree 
in Electronics or a closely related subject. 
Interest in application of electronics to the 
natural sciences would be an advantage. 

Applications should be made as soon as 
poaible to 1he Head of Geology Depart
ment, University College, P.O. Box 78. 
cardiff CF1 1 XL. from whom further 
details may be obtained. Reference 
1916. 

(9871) 

(9846) 

ARTICLES FOR SALE 

SURPLUS TO 
INDUSTRIAL 

REQUIREMENTS 
100 mil<ed Min. Electrolytics £3.00 
300 pack 220mfd 1 OV £1 . 50 
25 mixed Large Can £3.00 
10 4700mfd 40V Tag 3 x 1 'I• £1.20 
10 2000mfd 70V Tag 1341 x 2% £1.20 
10 200mfd 450V Tag 4'12 x 1341 £1 .20 
100 mixed Preset Spindle Pots £3.00 
10 100K Dual '12Watt Lin. Pots £2.00 
24 mixed VoltageS/pole Relays £3.00 

Add 30p per i~em P&P 
All prices inc. VAT 

BLORE-BARTON L TO. 
Reedham Houl8. Bumham. Bucks 

(9815) 

ENCAPSULATING, coils, transform
ers components, degassing, sili
cor{e rubber, resin, epoxy. Lo.st 
wax casting for brass, bronze, Sil
ver, etc. Impregnating coils, trans
formers, components. Vacuum 
equipment low cost, used .and new. 
Also for CRT regunmng met 
allising. Research & Development. 
Barratts, Mayo Road, Croydon, 
CRO 2QP. 01-684 9917. (9678 

TEST/QUALITY 
ASSURANCE ENGINEERS 
At senior and intermediate level wanted to work on our range of 
advanced broadcast television studio products 1ncludmg 
colour and monochrome television studio cameras. 

Applicants should have an up-to-date knowledge of digi~al and 
linear circuit techniques gained from expe.nence work1~g. on 
television studio equipment, r~dar equ1pment or s1mila.r 
sophisticated products, and qualified to. H N D, H NC, or eqUI
valent level. 

SYSTEMS ENGINEER 
You would be involved in all stages of product management on 
the design and building of studio and mobile TV systems and 
should be prepared for occasional world-w1de t.rave.l. The 
appointment requires someone with a b~c.kgro~nd 1n th1~ .type 
of work, or in the operational side of telev1s1on w1th the ab1hty to 
take charge of people and deal with problems in the field on 
your own initiative. 

Employment benefits incude excellent salary. generous 
holidays, free life and health insurance, pens1on scheme, 
subsidised meals and relocation expenses. 

Please apply for further details and application forms to Jean 
Smith at the address given below. 

ELECTRONICS 

Link Electronics Limited, 
North Way, Andover, 
Hants, SP10 SAJ. 

Telephone: (0264) 61345 
(9842) 

ARTICLES FOR SALE 

MFS CLOCK. 
NEW! Shows Date. Hours, M1nutes, 

Seconds, 8 digit LED, also parallel BCD 
output 5x8x15cm T1me S1gnal accuracy 

' . ... · . ... ..... £48.80 
MSF R·~~i~~r: serial data output £13.70 
Still NO RADIO 47 All the NEWS w1th a 

200KHz to Med ·.Wave Converter£ 1 i ~40 
v.l..F? .1.0- i 5oKHz Receiver · £10.70 
SIG. GEN •• 1OHz-200KHz. log1c and van-

able simi and square waves · · £1 0 ·80 
Each fun-to-build kit includes all parts, 
printed circuit, case. postage, etc. Money 
back assurance so SEND off NOW 

CAMBRIDGE KITS 
46 (WZ} Old Scho_OI Lane (9 81 2) 

Milton, Cambndge 

PRINTED CIRCUITS. Make . you~ 
own simply' cheaply and q Ulc.k~y. 
Golden Fotolak Light .sensJtlve 
Lacquer - now greatly Improved 
and very much faster., Aerosol cans 
with full instructiOnS. . £2·25· 
Developer 35p. Ferric ChlOnde SSp. 
Clear Acetate sheet for master 14P· 
Copper-clad Fibre-glass Board ap
prox. 1mm thick. £1.70 sq. ft. PEolst/ 

. White House ec-
pac~mg 60p. l9 Penzance. 
tromcs, P.O. Box ' (9681 
Cornwall. · 

USE A REAL 
KEYBOARD 

Brand new, built and tested. 60 keys in
cluding cursor control, stepped rows, 
typewnter style. Auto repeat. UC + LC 
ASCII coded . £44.75 (£53.1 9 inc p&p and 
VAT) . 
S.a.e. for details: TIMEDATA Ltd., 57 
SWIIIIowdale, Baaildon, Essex. 

(9864) 

FERROGRAPH stereo recorder, 
422V, excellent condition. Best offer 
accepted. Contact Mr. Fraser, 41 
H1gh Street, Nairn 1 Scotland) 066 
753038. 

TEL:EPHONE ANSWERING machine 
available for outright purchase. -
Telephone Burton-on-Trent (0283) 
47427, (9609 
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Join the, Meteorological Office as a 

Radio (Meteorological) 
Technician 

EXPERIENCED 
PRODUCTION MANAGER 

WISHING TO PROGRESS 

You would ?e expect~d to i_nstall, test and maintain a w ide range of 
meteorological electroniC Instrumentat ion including radars, com
munication, facsimile, data handlir"1g and logging equ ipment, incor
porating computers and micro-processors . You would also assist R & D 
teams in the const ruction and testing of prototype equ ipment. Jobs 
involve a considerable amount of travelling in the field , and you would 
need to possess a val id driving licence. Some travel. by sea and air 
would also be involved. 

Opportunity to join a London-based company producing high quality 
sound mixing conso les fo r live media , professiona l :reco rding and 
broadcast appl ications . 

After specialist training, you would be posted to one of the Meteoro
logical Off ice stations t hroughout the U.K.; du ri ng you r career you 
could expect to move areas several times, and there are opportunities 
to work overseas . Worki ng hou rs may include some day-shift working 

The ind ividual most su itable for th is responsible and challenging 
situation would be aged 30 / 40, prefe rably with an HNC (or similar), 
qualification, and several yea rs' of production planning and manage
ment experience in a high growth rate company environment with 
products designed to a high rel iability specification . 

and also on-ca ll duties. · 
You w ill be eligible if you are: 
a) Aged 19-2 5 and hold C & G Telecom mu nicati ons Techn icians Part 1 
Certificate (former cou rse No . 270) ; or C & G Telecommunication 
Technicians or Engineering Intermed iate Certifi cate (former courses 
No . 49 or 50); or ONC in appropriate electrical I electron ics subjects; or 
TEC/SCOTEC Certif icate in a relevant disc ipline, together with 
normally 3 years' practical experience; or 

Abili ty to analyse and form ulate production procedures , to determine 
movement of materials and work-load ing, to main tain growth of 
product ion output w ithout compromise to quality standards, and to 
control and motivate an enthus iast ic production team is considered to 
be essential. Good techn ical knowledge of audio electronics is very 
desirable . 

In return w~ offer: Excellent remuneration , good conditions and 
opportunity to progress with in an organisation committed to growth 
through new prmdu.ct innovation. 

b) A former member of HM Forces (or will be leaving soon) with 
relevant experience . 

Starting salaries will depend upon age, e.g . £3,389 at 19, £4,270 at 
25 and over, rising to a maximum of £4 ,899 . From 1 .1 .80 an agreed 
pay award w ill raise the maximum on t he scale to £5 ,530, with 
appropriate adjustments at other levels . 

Please contact Chas Brooke on 01 -388 7060 or 01-387 7679 f or 
an applicatjon form and company information, or write to him 
giving resume ofcareer to date. 

Opportunit ies for promot ion to TTO Ill and above are excellent, and 
wi ll depend mainly on your ind ividual abil ities. 

Audio Systems Ltd. Requests for application forms , and all enquiries to : The Secretary, 
Meteorological Office, Room 612, london Road, Bracknell, 
Berks. RG 12 2SZ or telephone Bracknell (0344) 20242, Extn. · 

54-56 Stanhope St., London NWl 3EX. 

2596. . 

TEK 545· B mainframe £80 
TEK 54 7 mainframe . . . . . £150 
TEK 151 Sampeling plug in . £100 
1 L 1 0 Spectrum analyser plug in £450 
TEK 422 15 MHZ portable . . . £350 
RACAL 991 3 200 MHZ counter . . £150 
SYSTEM Donner 5008 500 MHZ sweeper 

£495 
POLYSKOP 1 400 MHZ £350 
POLYSKOP 2 1200 MHZ £850 
POLYSKIP 3 110 MHZ ..... . .. £600 
FLU KE 8300 DMM AC/DC/ OHMS £195 
BRADLEY 233 post gene rator . .. £250 
PH ILI PS PM 6505 television analyser 

MARcoNi rF 144 ri ~ig t g~~.. . ~~: 
MARCONI TF 868 /1 LCR bridge £85 
MARCONI TF 1370/ 9 oscil lator £100 
MARCONI TF 2162 attenuator £85 
MARCONI TF 2201 30 MHZ scope £195 
MARCONI TF 2169 pulse modulator £195 
HP 3200 B VH F oscillator £195 
HP 211 A square wave gen £75 
HP 400H voltmeter £75 
HP 140Amainframe . . . £175 
HP 141 6 A swept freq ind . . . . . . £300 
HP 8694 A 8-12 .4 GHZ sweeper plug in 

... . . ..... . ...... .. .... . £400 
HP 8694 B 7-12.4 GHZ sweeper plug in 

. . . .. . ........... £400 
HP 8693 A 3. 7-8 .~ GHZ sweeper plug in 

£400 
HP 1403 vertical plug in . £75 
HP 1420 horizontal plug in £ 75 · 
SINTEL Capacitance bridge £150 
ADVANCE DVM5 £75 
BPL CZ 960 component com paritor £175 
AVO 7 £30 
AVO B £50 
TELEQUIPMENT S 51 E oscilloscope £95 
TELEQUIPMENT S 52 scope . £110 
TELEOUIPMENT S 61 A scope £185 

ALL EQUIPMENT WORKING & 
CALIBRATED 

DUTCHGATE L TO 
94 ALFRISTON GARDENS 

SHOLING, SOUTHAMPTON 
SOTON(0703)431323 

(9875) 

(9859) 

ARTICLES FOR SALE 

With 38 years · experience in the design and manufacture of several hundred 
'thousand transformers we can supply: 

AUDIO FREQUENCY TRANSFORMERS OF 
EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES 
Microphone transformers (all types) . M 1crophone Splitter I Combiner . 
transformers Input and Output transformers . D1rect Injection transformers 
for Guitars, Multi-Secondary output transformers . Bridging transformers, 
Line transformers, Lin ':! transformers to G. P .0 . Isolating Test Specification 
Tapped impedance matching transformers , Gramophone Pickup trans
formers, Audio Mixing Desk transformers (all types) . Miniature transformers, 
Microminiature transformers for PCB mount1ng . Experimental transformers . 
Ultra low frequency transformers . Ultra linear and other transformers for 
Valve Amplifiers up to 500 watts . Inductive Loop Transformers. Smoothing 
Chokes, Filter inductors. Amplifier to 100 volt line transformers (from a few 
watts up to 1000 watts) . 100 volt line transformers to speakers . Speaker 
matching transformers (all power) . Column Loudspeaker lransformers up to 
300 watts or more . 

We can design for RECORDING QUALITY , STUDIO QUALITY , HI-FI 
QUALITY, OR PA QUALITY . OUR PRICES ARE HIGHLY COMPETITIVE 
AND WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE 
TRANSFORMERS . Many standard types are 1n stock and normal dispatch 
times are short and sensible . 

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING 
AUTHORITIES, MIXING DESK MANUFACTURERS, RECORDING 
STUDIOS, HI-FI ENTHUSIASTS, BAND GROUPS . AND PUBLIC ADDRESS 
FIRMS . Export is a speciality and we have overseas clients in the 
COMMONWEALTH E.E .C. USA , MIDDLE EAST etc . 

. Send for our quest ionnaire which , when completed , enables us to post 
quotation by return . 

SOWTER TRANSFORMERS 
Manufacturers and Design~rs 

E. A. SOWTER LTD. (Established 1941 ), Reg. No. England 303990 

The Boat Yard, Cullinghaty~ Road, Ipswich IP1 2EG 
Suffolk. P.O. Box 36 Ipswich IP1 2El, England 

Phone: 0473 52794 & 0473 219390 
(9855) 

(9892) 

NEW EDITION 

THE TTL 
DATA BOOK 
FOR DESIGN 

I ENGINEERS 
by Texas Price: £6.0 0 

THE EUROPEAN CMOS SELEC-• 
TION 
by Motorola Price: £7.50 
CB BIBLE THE COMPLETE GUIDE 
TO CITIZENS BAND .2-W A Y· 
RADIO 
by R. Bibb 
THE FUTURE 

Price: £4.50 
WITH 

MICROELECTRONICS 
by I. Barron Price: £4.50 
BASIC ELECTRONICS 
by B. Grab Price: £7.00 
Z-80 AND 8080 ASSEM B LY 
LANGUAGE PROGRAMMING 
by K. Spracklen Price: £5.30 
HANDBOOK OF MICROPROCES~ 
SORS, MICROCOMPUTER S S.. 
MINICOMPUTERS 
by J. D. Lenk Price: £1 2.80 . 
SIMPLIFIED DIGITAL AUTOMA
TION WITH MICROP RO C ES
SORS 
by J . T. Arnold Price: £15.60 
MICROPROCESSOR APPLI CA
TIONS IN BUSINESS S.. IN 
DUSTRY 
by M. Whitbread Price: £1 0.50 

All prices include Postage & Packing 

THE MODERN BOOK CO. 
Specialist in Scientific 

& Techn"ical Books 
19-21 PRAED STREET 

LONDON W21NP 
Phone 402-9176 
Closed Sat . 1 p.m . 

(8974) 
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EXCLUSIVE OFFER 

RACK M OUNTI I'IG CABIN ETS 
HIGH EST QUALITY t9" 

Ref Ht" width" Depth" Price 
PE 10 21 13 £10.00 
LL10 54 21 18 £20.00 
n 64 25 26 £45.00 
SL 71 25 26 £50.00 
ST 85 22 24 £70.00 
Racal cabinets for RA-17 /11 7 £30.00 
Uniframe. single £30.00 

· Uniframe, double £40.00 
Uniframe, triple £50.00 
Over 60 types available from 12" to 90" h igh . 
Also twins, triples and consoles. Above are only a few 
types . Please send for. full list 

A UDIO AND IN STRUMENTATION-TAPE 
RECORDER-REPRODUCERS 

• Ferrograph YD 2 ·track v, 11 

*Ampex FR1300 7 track liz' ' UHER 4000 14" 
1 * Consolidated 2800 7 track W' 

* Plessey ID33 Dig ital Units . 7 track 'h" 
* Plessey M5500 Digital Unit. 7 tracks Yz" 
* Ampex FR-11 00. 6 speeds, stereo V•" 
* Ampex FR600. 4 speeds. 7 track W' 
* D:RI. RC-1. 4 speeds. 4 tracks W' 
* Min.-com CMP-100 . 6 speeds, 7 tracks 1.1.", Yz" , 1" 
* Ampex 351 2 speed 2 tracks v.' ' 
·• 3M. H. 4 speeds 14 track 11

' 

Prices af -..ve £70 t o £500 
Als~ Transport. Decks only. ~vailable 

We have a large quantity of " bits and pieces" we 
cannot list - please send us your requirements . We 
can probably help -all enquir ies answered. 

All our ..W -iprnMtt ia profeaaio1111l M OD qUIIIity 

* Marconi TF/868 Universal Bridges £1 10.00 
* Hewlett Packard 400H VT Metres . . . £95.00 * Hewlett Packard 211 A Sq. Wave Gen . . . . £80.00 
* Astrodata & lkor Meteorological Equipment 
* ion Pump E.H.T . Power Supplies . . . . ... £80.00 
* Heynes D.W. 500W Cased Transformers 240/115V 

* R~i MA i 35o Sy~ihesiz~;s · .. . . ... · · · £f~t:88 * G.B. Kalee Flutter Meters. Model 1740A . £90.00• 
* Telequipment C. I. Oscilloscope Calibrators . £90.00 
* Tektronix 55 ( Scopes . . . . . . . . . . . . . . £270.00 

·· * Tektronix 555 Scopes . . £300.00 
* Teloonic VR2M Sweeps £250.00 
* Hell Schriber RC-28 . . . . . . . . £ 9&.00 
* Lenkurt Model 26D Data Sets · £115.00 
* Panoramic SB 15A Analysers £1 25.00 

1 * Aeri81 Multi couplers from £25.00 
* Marconi TF 1168 Disc Oscillators £120.00 
* Hughes Memoscopes . . . . . . . £170.00 
* Nems Clarke 1302 VHF Receivers £280.00 
* Telefunken Surveillance Receiver . . . . £175.00 

• * Helix Aerials 11 " & 18" and Reflectors . . £26.00 ' 
·• Textronix 543A Oscilloscopes CA. Plug -ins £210.00 
* Textronix 545A Oscilloscopes D. Plug-ins . £140.00" 
* T extronix 561 A Oscilloscopes 80 . Plug-ins £ 220.00 
* Marconi TF 2200A Oscilloscopes £260.00 
* Solatron 1016 Oscilloscopes . . . . . . . . . . £90.00 
Simon Mobile SO foot Tower Hydraulic 80ft extended, 12' 

6" closed. Mounted on 4 wheel drive Bedford Truck. 
self levelling, raised and lowered in 1 0 m inutes. Used 
for servicing dish aerials. . . . . . . . . . . . P.U. R. 

* Racal RA-17 P Receivers (new) £950.00 
* Eddystone 770 / U VHF Receivers . . . . . £170.00 

: ~~~~d~s~lr~ns~~~~~0~eivers SSB .. £1';jg_:, 
* B & K 2407 Electronic Voltmeters . . . . . £160.00 
* Winston ··s·· Band Spectrum Analysers .... P.U.R . 
* Airmec 352 Sweep Generators 200 cyc/2000Kcs . 

. .... .. . £1~00 
· * Advance Transistor Testers TT-18 . . . . . £45.00 * Marconi TF 329 Magnification Meters £140.00 

* Marconi TF 10666 FM Signal Generators £390.00 
* Marconi TF 801/ D/ 1 AM Signal Generators ·£220.00 
*Ferranti 7. 51<VaAutoVoltage Regulators £150.00 
* Manson TFM- 1 01 Multipliers £240.00 
* Servomex 2kw Auto regulators £130.00 • * 125ft. Lattice masts. 26" sides P.U.R . · 
* 30ft. Lattice Masts, 1 5" sides £1 15.00 
* 1Oft Light Lattice Sections. 6" sides . £16.00 
* EMI v," Audio Tape 3600ft 10 1/o " nab . . . £4. 50 
D.R .I. Model RC - 1 Professional Tape Recorder -

Reproducers. 4tracks 1/4" 4speeds. 1 ¥a". 3%", 7Y2 & 
15" , 4 amplifiers Monitor Scope. All rack mounting & 
Transistorised £250.00 

* SE4/2B C.R.T .s , . £18.00 
*SE5/2AC.R.Ts . . . £19.00 
* 31'Z.P/Z (DMN-9) C.R.T.s . . . . . . £19.00 1 
* Plessey 3 & 6 KCS S S .B. filters . . £14.00 
* AVO CT 4 71A Electronic Multimeters £75.00 
* EMI R301 Tape Recorders £60.00 
* Stonorette L Tape Recorders . £29.00 
* Uniselectors. 10 Bank 25-way .. .. : . . . . £3.50 
* 40ft. Sectional Aluminium Masts, romplete £56.00 
* Multi-purposeTrolleyswith Jacks 19 x 17 £18 .00 
* Advance 3KVA CV Transformers . £150.00 * Metal V.D.U. Tables 30" x 36" x 30" £24.00 

M A N UALS 
We have a quanti ty of Techn ical Manuals and 
Periodicals of Electronic Equipment. not photostats 

' 1940 to 1960. British and America.n . No lists : 
Enquiries invited . 

* Data Efficiency Respoolers 240v . . . . £28.00 
* Bell ing Lee 100 Amp Interference Filters £78.00 
* Osci lloscope Trolleys from £ 18.00 ' 
* Racal MA 1978 pre-Selectors . £65.00 
* Rack Mounting Operatpr Tables . . . . . £10.00 * 75ft. Aluminium Lattice Masts, 20" sides . £400.00 
*" Racal MA-175 L.S .B. Modulators (new) . . . £4 5.00 
*" Tally 5/8 Track Tape Readers Track Spooling £65.00 
* Racal RA-63 SSB Adaptors . new . . . . . . . . £70.00 
* Racal RA 2981 .S .B. Transistorised Adaptors (new) . 

£ 120.00 ; 

PLEASE ADD CARRIAGE AND V.A.T. 
P. HARRIS 

ORGANFORD, DORSET 
BH16 6BR 

(0202) 765051 (8981) 
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ARTICLES FOR SALE . 

COLOUR, UHF AND TV SPARES 
(miniature size 4i x 3i x 2!). New 
Saw Filter IF Amplifier plus tuner 
(complete and tested for sound and 
vision, £28 .50, p/p £1 . 

. TELETEXT, Ceefax and Oracle in 
Colour, Man or Supplies " easy to 
assemble ". Teletext kit including 
Texas Tifax XMll Decoder. External 
u riit aerial input, no other connec
tions to set. Wide range of facilities 
in colour include 7-channel selec
tion, Mix, Newstlash and Update . 
lPrice: Texas Tifax XMll £130, 
Auxiliary Units £88, Case £14.80. 
PIP £2.50). Demonstration model at 
172 West End Lane, NW6. Also 
latest Mullard Teletext 610LVM 
module available. Call, phone or 
write for further information. 
COMBINED COLOUR BAR AND 
CROSS HATCH GENERATOR KIT 
(MK 4) UHF aerial input type . 
Ei ght pal vertical colour bars, R-Y, 
B-Y, Grey scale etc. Push-button 
controls £35 pf.p £1; Battery Hold
ers £1 .50; Alternative Ma.ins Supply 
Kit £4.80; De Luxe Case £4.80 ; 
Aluminium Case £2.60. Built and 
tested (battery) in De Luxe Case 
£58, p/p £1.20 . 
CROSS HATCH KIT, UHF aerial in 
put type, also gives peak white and 
black levels, battery operated £11 
p/p 45p. Add-on Grey scale kit 
£2 .90 p/p 35p ; De Luxe Case 
£4.80; Aluminium Case £2 p/p 
85p . Built and tested in De Luxe 
Case £23.80 p/p £1.20. 
UHF SIGNAL STRENGTH METER 
KIT £16.80, alum. Case £1.50, De 
Luxe Ca•se £4.80 p/p £1. 
CR"f TEST AND REACTIVATOR KIT 
for Colour and Mono £20.80, p/p 
£1.30; TV 625 IF Unit fo r Hi·fi amps 
or tape rec. £6.80, p/p 75p. Surplus 
Bush IF panels. A816 £2.80, TV312 
(single IC) £5. BC5600 (Exp) £5, 
A823 (Exp) £2.80 p/p 85p. Bush 
A823 (A807) Decoder panel £7.50 
p/p £1. A823 Scan Control panel 
E3.50 , blue lat, 75p. Philips G6 single 
standard convergence unit £3.75 
p/p 90p. GEC 2040 ex rental panels, 
Decoder £5, Time Base £5 p/p 90p. 
Thorn 3000 ex rental panels, Video, 
Decoder, frame, IF £5 p/p 90p. 
Colour Scan coils, Plessey £6, Yoke 
£3 .50, blue lat, 76p (Mullard also 
available) . Mono Scan coils Philips/ 
Pye £2 .80. Thorn £2.80 p/p 85p. 
Philips G8 Decoder panels, salvaged 
for spares £3.80 p/p 90p. Varicap 
UHF tuners Gen Instruments £3.50, 
ELC 1043 £4.50, ELC1043/05 £5.50; 
Philips , GS £5.50 p/p 35p. Salvaged 
UHI<' Varicap ~uners £1.50 p/p 35p. 
UHF/VHF ELC2000S Varicap tuner 
£8.50 p/p 65p . Varicap control units, 
3 pos. £1.20, 4 pos. £1.50, 5 pos. 
£1.80, 6 pos. (special offer) £1.80, 
7 pos. £3.80 p/p 45p. Touch Tune 
control unit Bush 6 pos. £5 p/p 
75p. UHF transtd tuners, rotary 
incl. slow motion drive £2.50, 4 pos. 
push button £2 .50, 6 pos. push but
ton £4 .20 p/p £1. (Thorne, GEC, 
Bush, · Decca, etc. , special types 
available, details on request) . Delay 
Lines DL20, DL5 £3.50 , DL1 SOp p/p 
65p . Remote Control Thorn-type 
Transmitter, receiver £2 pair p/p 
45p. Large selection of lopts, trip
lers, mains droppers, and other 
spares for popular makes of colour 
and mono receivers . 
MANOR SUPPLIES, 172 WEST END 
LANE, WEST HAMPSTEAD, LON
DON NW6, SHOP PREMISES 
EASILY ACCESSIBLE, WEST HAMP: 
STEAD-DAKERLOO, JUBILEE TUBE, 
and BRITISH RAIL N . LONDON 
(RICHMOND-BROAD ST.) and ST. 
PANCRAS-BEDFORD . BUSES 28 
159, 2, 13 . Callers welcome . Thou: 
sands of additional items available 
at shop premises not normally ad
vertised. Open dally an week in 
cluding Saturday (Thursday half
day) . MAIL ORDER: 64 GOLDERS 
MANOR DRIVE, LONDON NWll 
9HT. Tel. 01·794 8751. VAT. Please 
9HT. Tel. 01-794 8751. All prices 
subject to 15 % VAT. 

MEMORI ES: 
2102 
2114L 
PROMS 
1702A 
2708 
2716 

78 p 
£4 .75 

£4 
£5 .75 

£18 

M.E.C.A. 
Tel: 631371 

Vat. inc. 

MICROS : 
CPU's 
Z80 
ZBOA 
LEDS 0.2" 
Red 
Green 
Yellow 

HOPETOUN STR. 
BATHGATE 

8p 
10p 
10p 

WEST LOTH IAN 
(9867) 

TO MANUFACTURERS, WHOLESALERS & 
, BULK BUYERS ONLY 
Large quantit ies of Radio, t .V.-and Electron ic-Compinents. 
RESISTORS CARBON & C/ F Ya , 1;4 , Y2,% . 1 Watt from 1 ohm to 
10 meg. 
RESISTORS WI REWOUND. 1 % , 2, 3, 5, 10, 14, 25 Watt . 
CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 
Metalamite, C280, etc . · 
Convergence Pots, Slider Pots, Electrolyt ic condensers, Can Types, 
Axial , Radial, etc . 
Trans~ormers, chokes , hopts, tuners , speakers , cables, screenedwires, 
connecting wires, screws, nuts, transistors, ICs, Dio~es , ~tc ._ , etc ~ ' 
All at Knockout prices. Come and pay us a visit . Telephone 445 2713, 
445 0749 . . 

BROADFIELD!f& MAYCO .DISPOSALS 
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from TallyHo Corn,er 9461 

TRANSFORMER 
...... _PROB.LE.M.S.? 

1VA-1KVA Prototypes in 7-10 days. 
Phone Vince Sellar on 06076 -
_Q_()]J& ~ ··· - - - - . ···--- - . . - - .. . . 
TRENT TRANSFORMERS LTD. 

26 Derby Road 
Long Eaton, Nottingham (8363) 

SOLAR CELLS , bits , books and 
bar ga ins . Send stamp for list or 
95p for Solar Cell booklet and 
Data sheets. Edencombe Ltd , 34 
Nathans Road, North Wembley, 
Middlesex HAO 3RX. (8061 

OSCILLOGRAPH CAMERA - MODEL 
1428 by A.C . Cossor Ltd ., of Lon
don, £100. - Telephone Louth 
(0507) 603643 . (98-09 

INVERTERS 
High quality DC-AC. Also "no 
break' ' (2ms) static switch, 
19" rae~ .. Auto. Cha~_ger. 

COMPUTER POWER SYSTEMS 

·lnterport Mains-Store Ltd. 
POB 51, London W11 3BZ 
Tel: 01-727 i(J42 or 0.225 31(J9i6-

(9101) 

i ARTICLES WANTED 

WANTED 
DEAD OR ALIVE! 

RADIO TELEPHONES 
Land mobile, aeronautical, marine, military, 
manufacturers' surplus, Government . If you 
are disposing of large or small quantities of 
two-way radio equipment - base stations, 
mobiles, walkie-tal kies, pocket pagers , 
remote controllers. etc. , wntact: 

RADIO-LINK 

CATERHAM 47892 
or write 

Unk H-. Coulsdon ROIICI 
caterham, Surrey CR3 5QR 

for immediate quotation 
(9819) 

WANTED 
All your gold washed scrap . Plugs, sockets, 
edge connectors. P.C. boards. pins. etc. 
We collect and pay cash for any amount from 
1cwt. 
Minimum price £100- £200 per cwt . 
~, __ Sill,tliam Meiais, The Iron Yard (Est. 
1 935), Cutle rs Green, Thaxted, Essex· 
CM1 9 2 PL. Telephone: Thaxt e d 830 
862. . 

AL L E LECTRONI C SURPLUS & 
SC RAP WANTED including capaci
tors , transistors, cable, valVes, test 
gear , communications equipment, 
telephones and exchanges, com
puters and spares. Also factor y 
clearance . Immediate settlement. B. 
Bamber Electronics , 5 Station R oad, 
Littleport, Cambs. Phone Ely (0353) 
860185. ( 9835 

COIL WINDING MACHINE URGENT
LY REQUIR ED. Type Kolectric 
Model A or similar with motor and 
stand. Must be in good condition. 
Contact Mr Ray Sinclai r, Comput- . 

, ing . Techniques. Tel. Billingshurst 
(040 381) 3171. (9829 

WANTED: Recording equipment of 
all ages and va r ieties . (Californ ia, 
U. S .A .). Tel. !415) 232-7933 . !9814 

HU-GO offer prompt settlement for 
surplus electr onics components, TV I 
audio spar es are of particular in
terest . Contact Miss Hughs, 9 West
hawe, Bretton, Peterborough. Tel. 
265219. (9731) 

WANTED! 
all types of scrap "an(f". 

REDUNDANT 
ELECTRONIC & 

COMPUTER 
MATERIALS 

with precious metal cont~nt · 

· TR4NS.LSIOJlS 
& PRINTED 

CIRCUiT -BOARDS 
TO COMPLETE 
COMPUl"ERS 

nttCOMMERCtAL_
SMELTING & 

R"EFTNfNG. c·a:ltil: 
171 FARRINGDON ROAD 

LONDON, EC1R 3AL 
Tel: 01-837 1475 

. · Cables: COMSMELT, EC1 
- Works: FlECKNEY. Nr. LEICESTERl !9133l 

VALVES RADIO . - T .V.-Industrial· 
Transmitting. We dispatch valves 
t o all parts of the world by return 
of pos t , air or sea mail , 4,000 types 
in stock 1930 to 1976 . Obsolete 
types a sp e ciality . List 50p . Qu ota
tion S.A .E . Open to callers Monday 
to Saturday 9.30 to 5.00 . Cl·osed 
Wednesday 1.00. We wish to pur
chase all types of new and boxed 
valves . Cox Radio ( Su ssex) Ltd ., 
D~pt WW, The Parade , East Witter
ing , Sussex P020 SBN, West 
Witte ring 2023 ( STD Code 024366) . 

(9082 

SPOT CASH for all typ es test equip· 
men t , receive r s, transmitte r s , 
v alves, compon ents, cable and sur
p lus electronic scrap . M. & B. 
Radio, 86 Bish opgate St reet , Leeds . 
LS1 4BB . 0532 35649. (8789 

STO·RAGE SPACE is exp ens ive , why 
s t o·re redundan t and obsolete 
equip ment? For fast and efficient 
clearance o-f all t est g e ar, pow-er 
s u pplies , P C boar ds, components, 
etc . , regardless of cond ition or 
quantities. Call 0·1-771 9413 . ("8209 

l 
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Join the, Meteorological Office as a 

Radio (Meteorological) 
Technician 

EXPERIENCED 
PRODUCTION MANAGER 

WISHING TO PROGRESS 

You would ?e expect~d to i_nstall, test and maintain a w ide range of 
meteorological electroniC Instrumentat ion including radars, com
munication, facsimile, data handlir"1g and logging equ ipment, incor
porating computers and micro-processors . You would also assist R & D 
teams in the const ruction and testing of prototype equ ipment. Jobs 
involve a considerable amount of travelling in the field , and you would 
need to possess a val id driving licence. Some travel. by sea and air 
would also be involved. 

Opportunity to join a London-based company producing high quality 
sound mixing conso les fo r live media , professiona l :reco rding and 
broadcast appl ications . 

After specialist training, you would be posted to one of the Meteoro
logical Off ice stations t hroughout the U.K.; du ri ng you r career you 
could expect to move areas several times, and there are opportunities 
to work overseas . Worki ng hou rs may include some day-shift working 

The ind ividual most su itable for th is responsible and challenging 
situation would be aged 30 / 40, prefe rably with an HNC (or similar), 
qualification, and several yea rs' of production planning and manage
ment experience in a high growth rate company environment with 
products designed to a high rel iability specification . 

and also on-ca ll duties. · 
You w ill be eligible if you are: 
a) Aged 19-2 5 and hold C & G Telecom mu nicati ons Techn icians Part 1 
Certificate (former cou rse No . 270) ; or C & G Telecommunication 
Technicians or Engineering Intermed iate Certifi cate (former courses 
No . 49 or 50); or ONC in appropriate electrical I electron ics subjects; or 
TEC/SCOTEC Certif icate in a relevant disc ipline, together with 
normally 3 years' practical experience; or 

Abili ty to analyse and form ulate production procedures , to determine 
movement of materials and work-load ing, to main tain growth of 
product ion output w ithout compromise to quality standards, and to 
control and motivate an enthus iast ic production team is considered to 
be essential. Good techn ical knowledge of audio electronics is very 
desirable . 

In return w~ offer: Excellent remuneration , good conditions and 
opportunity to progress with in an organisation committed to growth 
through new prmdu.ct innovation. 

b) A former member of HM Forces (or will be leaving soon) with 
relevant experience . 

Starting salaries will depend upon age, e.g . £3,389 at 19, £4,270 at 
25 and over, rising to a maximum of £4 ,899 . From 1 .1 .80 an agreed 
pay award w ill raise the maximum on t he scale to £5 ,530, with 
appropriate adjustments at other levels . 

Please contact Chas Brooke on 01 -388 7060 or 01-387 7679 f or 
an applicatjon form and company information, or write to him 
giving resume ofcareer to date. 

Opportunit ies for promot ion to TTO Ill and above are excellent, and 
wi ll depend mainly on your ind ividual abil ities. 

Audio Systems Ltd. Requests for application forms , and all enquiries to : The Secretary, 
Meteorological Office, Room 612, london Road, Bracknell, 
Berks. RG 12 2SZ or telephone Bracknell (0344) 20242, Extn. · 

54-56 Stanhope St., London NWl 3EX. 

2596. . 

TEK 545· B mainframe £80 
TEK 54 7 mainframe . . . . . £150 
TEK 151 Sampeling plug in . £100 
1 L 1 0 Spectrum analyser plug in £450 
TEK 422 15 MHZ portable . . . £350 
RACAL 991 3 200 MHZ counter . . £150 
SYSTEM Donner 5008 500 MHZ sweeper 

£495 
POLYSKOP 1 400 MHZ £350 
POLYSKOP 2 1200 MHZ £850 
POLYSKIP 3 110 MHZ ..... . .. £600 
FLU KE 8300 DMM AC/DC/ OHMS £195 
BRADLEY 233 post gene rator . .. £250 
PH ILI PS PM 6505 television analyser 

MARcoNi rF 144 ri ~ig t g~~.. . ~~: 
MARCONI TF 868 /1 LCR bridge £85 
MARCONI TF 1370/ 9 oscil lator £100 
MARCONI TF 2162 attenuator £85 
MARCONI TF 2201 30 MHZ scope £195 
MARCONI TF 2169 pulse modulator £195 
HP 3200 B VH F oscillator £195 
HP 211 A square wave gen £75 
HP 400H voltmeter £75 
HP 140Amainframe . . . £175 
HP 141 6 A swept freq ind . . . . . . £300 
HP 8694 A 8-12 .4 GHZ sweeper plug in 

... . . ..... . ...... .. .... . £400 
HP 8694 B 7-12.4 GHZ sweeper plug in 

. . . .. . ........... £400 
HP 8693 A 3. 7-8 .~ GHZ sweeper plug in 

£400 
HP 1403 vertical plug in . £75 
HP 1420 horizontal plug in £ 75 · 
SINTEL Capacitance bridge £150 
ADVANCE DVM5 £75 
BPL CZ 960 component com paritor £175 
AVO 7 £30 
AVO B £50 
TELEQUIPMENT S 51 E oscilloscope £95 
TELEQUIPMENT S 52 scope . £110 
TELEOUIPMENT S 61 A scope £185 

ALL EQUIPMENT WORKING & 
CALIBRATED 

DUTCHGATE L TO 
94 ALFRISTON GARDENS 

SHOLING, SOUTHAMPTON 
SOTON(0703)431323 

(9875) 

(9859) 

ARTICLES FOR SALE 

With 38 years · experience in the design and manufacture of several hundred 
'thousand transformers we can supply: 

AUDIO FREQUENCY TRANSFORMERS OF 
EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES 
Microphone transformers (all types) . M 1crophone Splitter I Combiner . 
transformers Input and Output transformers . D1rect Injection transformers 
for Guitars, Multi-Secondary output transformers . Bridging transformers, 
Line transformers, Lin ':! transformers to G. P .0 . Isolating Test Specification 
Tapped impedance matching transformers , Gramophone Pickup trans
formers, Audio Mixing Desk transformers (all types) . Miniature transformers, 
Microminiature transformers for PCB mount1ng . Experimental transformers . 
Ultra low frequency transformers . Ultra linear and other transformers for 
Valve Amplifiers up to 500 watts . Inductive Loop Transformers. Smoothing 
Chokes, Filter inductors. Amplifier to 100 volt line transformers (from a few 
watts up to 1000 watts) . 100 volt line transformers to speakers . Speaker 
matching transformers (all power) . Column Loudspeaker lransformers up to 
300 watts or more . 

We can design for RECORDING QUALITY , STUDIO QUALITY , HI-FI 
QUALITY, OR PA QUALITY . OUR PRICES ARE HIGHLY COMPETITIVE 
AND WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE 
TRANSFORMERS . Many standard types are 1n stock and normal dispatch 
times are short and sensible . 

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING 
AUTHORITIES, MIXING DESK MANUFACTURERS, RECORDING 
STUDIOS, HI-FI ENTHUSIASTS, BAND GROUPS . AND PUBLIC ADDRESS 
FIRMS . Export is a speciality and we have overseas clients in the 
COMMONWEALTH E.E .C. USA , MIDDLE EAST etc . 

. Send for our quest ionnaire which , when completed , enables us to post 
quotation by return . 

SOWTER TRANSFORMERS 
Manufacturers and Design~rs 

E. A. SOWTER LTD. (Established 1941 ), Reg. No. England 303990 

The Boat Yard, Cullinghaty~ Road, Ipswich IP1 2EG 
Suffolk. P.O. Box 36 Ipswich IP1 2El, England 

Phone: 0473 52794 & 0473 219390 
(9855) 

(9892) 

NEW EDITION 

THE TTL 
DATA BOOK 
FOR DESIGN 

I ENGINEERS 
by Texas Price: £6.0 0 

THE EUROPEAN CMOS SELEC-• 
TION 
by Motorola Price: £7.50 
CB BIBLE THE COMPLETE GUIDE 
TO CITIZENS BAND .2-W A Y· 
RADIO 
by R. Bibb 
THE FUTURE 

Price: £4.50 
WITH 

MICROELECTRONICS 
by I. Barron Price: £4.50 
BASIC ELECTRONICS 
by B. Grab Price: £7.00 
Z-80 AND 8080 ASSEM B LY 
LANGUAGE PROGRAMMING 
by K. Spracklen Price: £5.30 
HANDBOOK OF MICROPROCES~ 
SORS, MICROCOMPUTER S S.. 
MINICOMPUTERS 
by J. D. Lenk Price: £1 2.80 . 
SIMPLIFIED DIGITAL AUTOMA
TION WITH MICROP RO C ES
SORS 
by J . T. Arnold Price: £15.60 
MICROPROCESSOR APPLI CA
TIONS IN BUSINESS S.. IN 
DUSTRY 
by M. Whitbread Price: £1 0.50 

All prices include Postage & Packing 

THE MODERN BOOK CO. 
Specialist in Scientific 

& Techn"ical Books 
19-21 PRAED STREET 

LONDON W21NP 
Phone 402-9176 
Closed Sat . 1 p.m . 

(8974) 
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EXCLUSIVE OFFER 

RACK M OUNTI I'IG CABIN ETS 
HIGH EST QUALITY t9" 

Ref Ht" width" Depth" Price 
PE 10 21 13 £10.00 
LL10 54 21 18 £20.00 
n 64 25 26 £45.00 
SL 71 25 26 £50.00 
ST 85 22 24 £70.00 
Racal cabinets for RA-17 /11 7 £30.00 
Uniframe. single £30.00 

· Uniframe, double £40.00 
Uniframe, triple £50.00 
Over 60 types available from 12" to 90" h igh . 
Also twins, triples and consoles. Above are only a few 
types . Please send for. full list 

A UDIO AND IN STRUMENTATION-TAPE 
RECORDER-REPRODUCERS 

• Ferrograph YD 2 ·track v, 11 

*Ampex FR1300 7 track liz' ' UHER 4000 14" 
1 * Consolidated 2800 7 track W' 

* Plessey ID33 Dig ital Units . 7 track 'h" 
* Plessey M5500 Digital Unit. 7 tracks Yz" 
* Ampex FR-11 00. 6 speeds, stereo V•" 
* Ampex FR600. 4 speeds. 7 track W' 
* D:RI. RC-1. 4 speeds. 4 tracks W' 
* Min.-com CMP-100 . 6 speeds, 7 tracks 1.1.", Yz" , 1" 
* Ampex 351 2 speed 2 tracks v.' ' 
·• 3M. H. 4 speeds 14 track 11

' 

Prices af -..ve £70 t o £500 
Als~ Transport. Decks only. ~vailable 

We have a large quantity of " bits and pieces" we 
cannot list - please send us your requirements . We 
can probably help -all enquir ies answered. 

All our ..W -iprnMtt ia profeaaio1111l M OD qUIIIity 

* Marconi TF/868 Universal Bridges £1 10.00 
* Hewlett Packard 400H VT Metres . . . £95.00 * Hewlett Packard 211 A Sq. Wave Gen . . . . £80.00 
* Astrodata & lkor Meteorological Equipment 
* ion Pump E.H.T . Power Supplies . . . . ... £80.00 
* Heynes D.W. 500W Cased Transformers 240/115V 

* R~i MA i 35o Sy~ihesiz~;s · .. . . ... · · · £f~t:88 * G.B. Kalee Flutter Meters. Model 1740A . £90.00• 
* Telequipment C. I. Oscilloscope Calibrators . £90.00 
* Tektronix 55 ( Scopes . . . . . . . . . . . . . . £270.00 

·· * Tektronix 555 Scopes . . £300.00 
* Teloonic VR2M Sweeps £250.00 
* Hell Schriber RC-28 . . . . . . . . £ 9&.00 
* Lenkurt Model 26D Data Sets · £115.00 
* Panoramic SB 15A Analysers £1 25.00 

1 * Aeri81 Multi couplers from £25.00 
* Marconi TF 1168 Disc Oscillators £120.00 
* Hughes Memoscopes . . . . . . . £170.00 
* Nems Clarke 1302 VHF Receivers £280.00 
* Telefunken Surveillance Receiver . . . . £175.00 

• * Helix Aerials 11 " & 18" and Reflectors . . £26.00 ' 
·• Textronix 543A Oscilloscopes CA. Plug -ins £210.00 
* Textronix 545A Oscilloscopes D. Plug-ins . £140.00" 
* T extronix 561 A Oscilloscopes 80 . Plug-ins £ 220.00 
* Marconi TF 2200A Oscilloscopes £260.00 
* Solatron 1016 Oscilloscopes . . . . . . . . . . £90.00 
Simon Mobile SO foot Tower Hydraulic 80ft extended, 12' 

6" closed. Mounted on 4 wheel drive Bedford Truck. 
self levelling, raised and lowered in 1 0 m inutes. Used 
for servicing dish aerials. . . . . . . . . . . . P.U. R. 

* Racal RA-17 P Receivers (new) £950.00 
* Eddystone 770 / U VHF Receivers . . . . . £170.00 

: ~~~~d~s~lr~ns~~~~~0~eivers SSB .. £1';jg_:, 
* B & K 2407 Electronic Voltmeters . . . . . £160.00 
* Winston ··s·· Band Spectrum Analysers .... P.U.R . 
* Airmec 352 Sweep Generators 200 cyc/2000Kcs . 

. .... .. . £1~00 
· * Advance Transistor Testers TT-18 . . . . . £45.00 * Marconi TF 329 Magnification Meters £140.00 

* Marconi TF 10666 FM Signal Generators £390.00 
* Marconi TF 801/ D/ 1 AM Signal Generators ·£220.00 
*Ferranti 7. 51<VaAutoVoltage Regulators £150.00 
* Manson TFM- 1 01 Multipliers £240.00 
* Servomex 2kw Auto regulators £130.00 • * 125ft. Lattice masts. 26" sides P.U.R . · 
* 30ft. Lattice Masts, 1 5" sides £1 15.00 
* 1Oft Light Lattice Sections. 6" sides . £16.00 
* EMI v," Audio Tape 3600ft 10 1/o " nab . . . £4. 50 
D.R .I. Model RC - 1 Professional Tape Recorder -

Reproducers. 4tracks 1/4" 4speeds. 1 ¥a". 3%", 7Y2 & 
15" , 4 amplifiers Monitor Scope. All rack mounting & 
Transistorised £250.00 

* SE4/2B C.R.T .s , . £18.00 
*SE5/2AC.R.Ts . . . £19.00 
* 31'Z.P/Z (DMN-9) C.R.T.s . . . . . . £19.00 1 
* Plessey 3 & 6 KCS S S .B. filters . . £14.00 
* AVO CT 4 71A Electronic Multimeters £75.00 
* EMI R301 Tape Recorders £60.00 
* Stonorette L Tape Recorders . £29.00 
* Uniselectors. 10 Bank 25-way .. .. : . . . . £3.50 
* 40ft. Sectional Aluminium Masts, romplete £56.00 
* Multi-purposeTrolleyswith Jacks 19 x 17 £18 .00 
* Advance 3KVA CV Transformers . £150.00 * Metal V.D.U. Tables 30" x 36" x 30" £24.00 

M A N UALS 
We have a quanti ty of Techn ical Manuals and 
Periodicals of Electronic Equipment. not photostats 

' 1940 to 1960. British and America.n . No lists : 
Enquiries invited . 

* Data Efficiency Respoolers 240v . . . . £28.00 
* Bell ing Lee 100 Amp Interference Filters £78.00 
* Osci lloscope Trolleys from £ 18.00 ' 
* Racal MA 1978 pre-Selectors . £65.00 
* Rack Mounting Operatpr Tables . . . . . £10.00 * 75ft. Aluminium Lattice Masts, 20" sides . £400.00 
*" Racal MA-175 L.S .B. Modulators (new) . . . £4 5.00 
*" Tally 5/8 Track Tape Readers Track Spooling £65.00 
* Racal RA-63 SSB Adaptors . new . . . . . . . . £70.00 
* Racal RA 2981 .S .B. Transistorised Adaptors (new) . 

£ 120.00 ; 

PLEASE ADD CARRIAGE AND V.A.T. 
P. HARRIS 

ORGANFORD, DORSET 
BH16 6BR 

(0202) 765051 (8981) 
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COLOUR, UHF AND TV SPARES 
(miniature size 4i x 3i x 2!). New 
Saw Filter IF Amplifier plus tuner 
(complete and tested for sound and 
vision, £28 .50, p/p £1 . 

. TELETEXT, Ceefax and Oracle in 
Colour, Man or Supplies " easy to 
assemble ". Teletext kit including 
Texas Tifax XMll Decoder. External 
u riit aerial input, no other connec
tions to set. Wide range of facilities 
in colour include 7-channel selec
tion, Mix, Newstlash and Update . 
lPrice: Texas Tifax XMll £130, 
Auxiliary Units £88, Case £14.80. 
PIP £2.50). Demonstration model at 
172 West End Lane, NW6. Also 
latest Mullard Teletext 610LVM 
module available. Call, phone or 
write for further information. 
COMBINED COLOUR BAR AND 
CROSS HATCH GENERATOR KIT 
(MK 4) UHF aerial input type . 
Ei ght pal vertical colour bars, R-Y, 
B-Y, Grey scale etc. Push-button 
controls £35 pf.p £1; Battery Hold
ers £1 .50; Alternative Ma.ins Supply 
Kit £4.80; De Luxe Case £4.80 ; 
Aluminium Case £2.60. Built and 
tested (battery) in De Luxe Case 
£58, p/p £1.20 . 
CROSS HATCH KIT, UHF aerial in 
put type, also gives peak white and 
black levels, battery operated £11 
p/p 45p. Add-on Grey scale kit 
£2 .90 p/p 35p ; De Luxe Case 
£4.80; Aluminium Case £2 p/p 
85p . Built and tested in De Luxe 
Case £23.80 p/p £1.20. 
UHF SIGNAL STRENGTH METER 
KIT £16.80, alum. Case £1.50, De 
Luxe Ca•se £4.80 p/p £1. 
CR"f TEST AND REACTIVATOR KIT 
for Colour and Mono £20.80, p/p 
£1.30; TV 625 IF Unit fo r Hi·fi amps 
or tape rec. £6.80, p/p 75p. Surplus 
Bush IF panels. A816 £2.80, TV312 
(single IC) £5. BC5600 (Exp) £5, 
A823 (Exp) £2.80 p/p 85p. Bush 
A823 (A807) Decoder panel £7.50 
p/p £1. A823 Scan Control panel 
E3.50 , blue lat, 75p. Philips G6 single 
standard convergence unit £3.75 
p/p 90p. GEC 2040 ex rental panels, 
Decoder £5, Time Base £5 p/p 90p. 
Thorn 3000 ex rental panels, Video, 
Decoder, frame, IF £5 p/p 90p. 
Colour Scan coils, Plessey £6, Yoke 
£3 .50, blue lat, 76p (Mullard also 
available) . Mono Scan coils Philips/ 
Pye £2 .80. Thorn £2.80 p/p 85p. 
Philips G8 Decoder panels, salvaged 
for spares £3.80 p/p 90p. Varicap 
UHF tuners Gen Instruments £3.50, 
ELC 1043 £4.50, ELC1043/05 £5.50; 
Philips , GS £5.50 p/p 35p. Salvaged 
UHI<' Varicap ~uners £1.50 p/p 35p. 
UHF/VHF ELC2000S Varicap tuner 
£8.50 p/p 65p . Varicap control units, 
3 pos. £1.20, 4 pos. £1.50, 5 pos. 
£1.80, 6 pos. (special offer) £1.80, 
7 pos. £3.80 p/p 45p. Touch Tune 
control unit Bush 6 pos. £5 p/p 
75p. UHF transtd tuners, rotary 
incl. slow motion drive £2.50, 4 pos. 
push button £2 .50, 6 pos. push but
ton £4 .20 p/p £1. (Thorne, GEC, 
Bush, · Decca, etc. , special types 
available, details on request) . Delay 
Lines DL20, DL5 £3.50 , DL1 SOp p/p 
65p . Remote Control Thorn-type 
Transmitter, receiver £2 pair p/p 
45p. Large selection of lopts, trip
lers, mains droppers, and other 
spares for popular makes of colour 
and mono receivers . 
MANOR SUPPLIES, 172 WEST END 
LANE, WEST HAMPSTEAD, LON
DON NW6, SHOP PREMISES 
EASILY ACCESSIBLE, WEST HAMP: 
STEAD-DAKERLOO, JUBILEE TUBE, 
and BRITISH RAIL N . LONDON 
(RICHMOND-BROAD ST.) and ST. 
PANCRAS-BEDFORD . BUSES 28 
159, 2, 13 . Callers welcome . Thou: 
sands of additional items available 
at shop premises not normally ad
vertised. Open dally an week in 
cluding Saturday (Thursday half
day) . MAIL ORDER: 64 GOLDERS 
MANOR DRIVE, LONDON NWll 
9HT. Tel. 01·794 8751. VAT. Please 
9HT. Tel. 01-794 8751. All prices 
subject to 15 % VAT. 

MEMORI ES: 
2102 
2114L 
PROMS 
1702A 
2708 
2716 

78 p 
£4 .75 

£4 
£5 .75 

£18 

M.E.C.A. 
Tel: 631371 

Vat. inc. 

MICROS : 
CPU's 
Z80 
ZBOA 
LEDS 0.2" 
Red 
Green 
Yellow 

HOPETOUN STR. 
BATHGATE 

8p 
10p 
10p 

WEST LOTH IAN 
(9867) 

TO MANUFACTURERS, WHOLESALERS & 
, BULK BUYERS ONLY 
Large quantit ies of Radio, t .V.-and Electron ic-Compinents. 
RESISTORS CARBON & C/ F Ya , 1;4 , Y2,% . 1 Watt from 1 ohm to 
10 meg. 
RESISTORS WI REWOUND. 1 % , 2, 3, 5, 10, 14, 25 Watt . 
CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 
Metalamite, C280, etc . · 
Convergence Pots, Slider Pots, Electrolyt ic condensers, Can Types, 
Axial , Radial, etc . 
Trans~ormers, chokes , hopts, tuners , speakers , cables, screenedwires, 
connecting wires, screws, nuts, transistors, ICs, Dio~es , ~tc ._ , etc ~ ' 
All at Knockout prices. Come and pay us a visit . Telephone 445 2713, 
445 0749 . . 

BROADFIELD!f& MAYCO .DISPOSALS 
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from TallyHo Corn,er 9461 

TRANSFORMER 
...... _PROB.LE.M.S.? 

1VA-1KVA Prototypes in 7-10 days. 
Phone Vince Sellar on 06076 -
_Q_()]J& ~ ··· - - - - . ···--- - . . - - .. . . 
TRENT TRANSFORMERS LTD. 

26 Derby Road 
Long Eaton, Nottingham (8363) 

SOLAR CELLS , bits , books and 
bar ga ins . Send stamp for list or 
95p for Solar Cell booklet and 
Data sheets. Edencombe Ltd , 34 
Nathans Road, North Wembley, 
Middlesex HAO 3RX. (8061 

OSCILLOGRAPH CAMERA - MODEL 
1428 by A.C . Cossor Ltd ., of Lon
don, £100. - Telephone Louth 
(0507) 603643 . (98-09 

INVERTERS 
High quality DC-AC. Also "no 
break' ' (2ms) static switch, 
19" rae~ .. Auto. Cha~_ger. 

COMPUTER POWER SYSTEMS 

·lnterport Mains-Store Ltd. 
POB 51, London W11 3BZ 
Tel: 01-727 i(J42 or 0.225 31(J9i6-

(9101) 

i ARTICLES WANTED 

WANTED 
DEAD OR ALIVE! 

RADIO TELEPHONES 
Land mobile, aeronautical, marine, military, 
manufacturers' surplus, Government . If you 
are disposing of large or small quantities of 
two-way radio equipment - base stations, 
mobiles, walkie-tal kies, pocket pagers , 
remote controllers. etc. , wntact: 

RADIO-LINK 

CATERHAM 47892 
or write 

Unk H-. Coulsdon ROIICI 
caterham, Surrey CR3 5QR 

for immediate quotation 
(9819) 

WANTED 
All your gold washed scrap . Plugs, sockets, 
edge connectors. P.C. boards. pins. etc. 
We collect and pay cash for any amount from 
1cwt. 
Minimum price £100- £200 per cwt . 
~, __ Sill,tliam Meiais, The Iron Yard (Est. 
1 935), Cutle rs Green, Thaxted, Essex· 
CM1 9 2 PL. Telephone: Thaxt e d 830 
862. . 

AL L E LECTRONI C SURPLUS & 
SC RAP WANTED including capaci
tors , transistors, cable, valVes, test 
gear , communications equipment, 
telephones and exchanges, com
puters and spares. Also factor y 
clearance . Immediate settlement. B. 
Bamber Electronics , 5 Station R oad, 
Littleport, Cambs. Phone Ely (0353) 
860185. ( 9835 

COIL WINDING MACHINE URGENT
LY REQUIR ED. Type Kolectric 
Model A or similar with motor and 
stand. Must be in good condition. 
Contact Mr Ray Sinclai r, Comput- . 

, ing . Techniques. Tel. Billingshurst 
(040 381) 3171. (9829 

WANTED: Recording equipment of 
all ages and va r ieties . (Californ ia, 
U. S .A .). Tel. !415) 232-7933 . !9814 

HU-GO offer prompt settlement for 
surplus electr onics components, TV I 
audio spar es are of particular in
terest . Contact Miss Hughs, 9 West
hawe, Bretton, Peterborough. Tel. 
265219. (9731) 

WANTED! 
all types of scrap "an(f". 

REDUNDANT 
ELECTRONIC & 

COMPUTER 
MATERIALS 

with precious metal cont~nt · 

· TR4NS.LSIOJlS 
& PRINTED 

CIRCUiT -BOARDS 
TO COMPLETE 
COMPUl"ERS 

nttCOMMERCtAL_
SMELTING & 

R"EFTNfNG. c·a:ltil: 
171 FARRINGDON ROAD 

LONDON, EC1R 3AL 
Tel: 01-837 1475 

. · Cables: COMSMELT, EC1 
- Works: FlECKNEY. Nr. LEICESTERl !9133l 

VALVES RADIO . - T .V.-Industrial· 
Transmitting. We dispatch valves 
t o all parts of the world by return 
of pos t , air or sea mail , 4,000 types 
in stock 1930 to 1976 . Obsolete 
types a sp e ciality . List 50p . Qu ota
tion S.A .E . Open to callers Monday 
to Saturday 9.30 to 5.00 . Cl·osed 
Wednesday 1.00. We wish to pur
chase all types of new and boxed 
valves . Cox Radio ( Su ssex) Ltd ., 
D~pt WW, The Parade , East Witter
ing , Sussex P020 SBN, West 
Witte ring 2023 ( STD Code 024366) . 

(9082 

SPOT CASH for all typ es test equip· 
men t , receive r s, transmitte r s , 
v alves, compon ents, cable and sur
p lus electronic scrap . M. & B. 
Radio, 86 Bish opgate St reet , Leeds . 
LS1 4BB . 0532 35649. (8789 

STO·RAGE SPACE is exp ens ive , why 
s t o·re redundan t and obsolete 
equip ment? For fast and efficient 
clearance o-f all t est g e ar, pow-er 
s u pplies , P C boar ds, components, 
etc . , regardless of cond ition or 
quantities. Call 0·1-771 9413 . ("8209 

l 
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ANTIQUE MACHINES 
+ CURIOSITIES 

The world's first high quality glossy 
magazine devoted to mechanical and 
other collectables and curiosities of all 
types . Fifty-six page first issue out 
now price 95p including 16 pages in 
full colour and the unique collectors 
card index . Obtainabl~ from your 
newsagent or direct from AM +C, 3 
Heathcock Court, Strand WC2R OPA. 
Telephone : 01-379 6025. 

(9357) 

THE SCIENTIFIC WIRE 
COMPANY 

PO Box 30, London, E.4 

ENAMELLED COPPER WIRE 
SWG lib. 8oz. 4oz. Zoz. 
10 to 19 2 .65 I 45 75 . 60 

· 20 10 29 2 .8 5 I .65 90 70 
30 to 34 3 .05 175 1.00 75 
30 to 40 3.40 I .95 1 15 84 
41 to43 4 55 2 .55 I 95 I 30' 
44 to46 5 .0 5 3 05 2 . I 5 I 70 
47 8 00 5 .00 3 00 1 80 
48 15 00 9 .00 6 .00 3 30 

SILVER PLATED COPPER 
WIRE 

14 & I 6 4 50 2 25 I 44 90 
20 & 22 5 .00 2 85 1 7 4 I 06 
24 & 26 5 .70 3 .31 2 .00 122 
28 & 30 6 6 7 3 .8 6 2 .35 l .44 

Prices mclude P&P and VAT 
SAE brings list of copper & res.• sta nce W~res 
Pealer Enqu•ries Invi ted (9063) 

GWM RADIO LTD., ~0/42 Portland 
Road, Worthing, Sussex. Tel : 0903 
34897 for surplus supplies. AVO 8 
£43. Model 7 MK II with power. 
capacity and decibel ranges £32 
inclusive p&p. Receivers , atalanta 
marine for AC , mains £115 plus 
carriage. B40 ex-Govt. communica
tion:> receiver for AC, mains , £65 
plus carriage. Sound powered tele
phones type 76 intrinsically safe. 
as new. 40ft pneumatic masts by 
Scam Clark £321, in original un
opened makers box gross weight 4 
cwt. Radio telephones bought & 
sold. Many one off items in stock . 
No lists, we are worth a visit. 

(9773 ) 

SOLATRON CD1740 Scope CX1741 
CX1744, as new . £575. - Phone 
0943 608725 after 6 p .m . 19811 

EX-GOVT. ' TAPE RECORDERS: 
E.M.I., Ferrograph, Tandberg, Uher . 
Vortexion . etc. S.a.e . for details, A. 
Wright, ' Sunningdale ', Broad-
heath, Worcester. (9831 

SOLATRON 10 MHz scope , twin 
trace trig. ·delay, valve set, good 
working order. A snip at £60 . 
Dorset 1 09297) 257. 1 9882 

ARTICLES WANTED 

SPOT CASH 
paid for all for'ms of electron ics equip
ment and components. 

F.R.G. General Supplies 
550 Kingston Road 
London SW20 BDR 
Tel: 01-404 5011 

Telex: 24224. Quote Ref. 3165 
(8742) 

TURN YOUR SURPLUS Capacitors , 
transistors. e-tc, into cash . Contact 
OOLES·HARDING & C.o . . 103 South 
Brink, Wis•bech , Cambs·. 0945-4188 . 
Immediate settlement. We also wet· 
come the opp·ortunity to quot e flor 
com_plete facto'ry clearance.. (9509 
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SERVICES · 

EURO CIRCUITS 
Print ed Ci rcuit Boards - M aste r 
layouts --: Photography ....! Leg end 
printing - Roller t inning - Gold .. 
plating- Flexible fi lms- Convention· f 
al fibre glass- No order too large or toe f .' 
small - Fast turnround on prototypes 
All or part service available NOW . . (9630) 

EURO CIRCUITS TO. 
Highfield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

ELECTRONI C DESIGN SERVICES. 
Wide engineering experience avail
able for the design of basic circuits 
to complete systems. Analogue DC 
to 1GHz and Digital. Write or 
phone Mr Anderson, Andertronics 
Ltd, Ridgeway, Hog's Back, Seale 
(Nr. Farnham), Surrey. Runfold 
2639. (9140 

PRECISION SHEET METAL work, 
chassis, panels, etc., steel, stain· 
less or aluminium, long/short runs, 
good deliveries . EES Ltd., Clifford 
Road, Monks Road, Exeter 36489. 
Telex 42401. (8060 

DESIGN SERVICE. Electronic De
sign Development and Production 
Service available in Digital and 
Analogue Instruments, RF Trans
mitters and Receivers for c;ontrol of 
a.ny function a.t any range. Tele:
metery, Video Transmitters and 
Monitors , Motorised Pan and TU.t 
Heads etc. Suppliers to the Indu.sttry 
for 16 years. Phone 'O'r write Mr. 
Falkner, R.C.S. Electronics , 6 Wo•l
sey Road, Ashfo.rd , M·iddleSJex. 
Phone Ashford 53661. (8341 

DUST COVE·RS. Specialists in one
offs and batch production of high 
quality P.V.C. covers for test 
equipment, scope and electronic 
devices. Send drawings for im
mediate quote. Design Covers, 7 
Southcote Rise , Ruislip, Middlesex. 
Telephone Ruislip 30583. (9608) 

SMALL BATCH PCB's produced 
from your artwork. Also DIALS, 
PANELS,· LABELS." Camera work 
undertaken. FAST TURN AROUND. 
- Details: Winston Promotions, 9 
Hatton Place, London EC1N 8RV. 
Tel. 01-405 4127/0960. (9794 

PRINTED CI RCUIT MANUFACTURE. 
Very fast, reliable service . Lowest 
prices. Prototypes welcome. Inhouse 
photography. Phone 06474-573 fo r 
mstant quote or write to AKTRO
NICS Ltd., 42/44 Ford Street, More
tonhampstead , Devon . (9857 

TEST EQUIPMENT 
CALIBRATION 
AND REPAIR 

Quick turn round, attractive rates, ring .for 
details on Southampton (0703) 4 31 323 

DUTCHGATE LTD. 
94 Alfriston Glli'dens, Sholing 

Southampton (9385) 

EQUIPMENT WANTED 

I TO ALL MANUFACTURERS 
1 AND WHOLESALERS 
l IN THE ELECTRONIC ~ 

RADIO AND TV 
1 FIELD · 

BROADFIELDS s..· 
MAYCO DISPOSALS 

will pay you top prices for any large stock's of 
surplus or redundant components which you 

·may wish to clear. We will call anywhere in· 
the United Kingdom. 

2 1 LODGE LANE I 

NORTH FINCHLEY, LON DON N1 2 ~JG 
.Telephone Nos. 0 1-445 0749/445 2713 ., 

After office hours 958 7624 . 

(9123) 

:CAPACITY AVAILABLE 

F.:LECTR'ONIC DESIGN SERVI CE. 
Immediate capacity available for 
c·ircuit des·ign and development 
w.ork , PIC artwork, e tc. Small batch 
<~.nd prototype p-roduction welcome . 
- E.P .D.S . Ltd., 93b Kin.g Stre·e·t, 
MAIDST'ON E, Kent. 0622-677916. 

(9667 

CAPACITY AVAILABLE 

l.tt.S. SYSTEMS 
Due to expansion of our. manufac
turing facilities we are able to under
take assembly and testing of circuit 
boards or complete units in addition to 
contract development. 
.We can produce, test and cal.ibrate to 
a high standard digital ;analogue and 
RF equipment in batches of tens to 

·thousands . 
Telephone to arrange for one of our' 
engineers to call and discuss your 
requirements, or send full details for a 
prompt quotation. 

TEL. 01 -253 4562 
or reply_ to B<?x. No . wW 8237 

(8237)' 

COIL WINDING 
Large or small 

PRODUCTION RUNS 

AIRTRONICS LTD 
GARDNER INDUSTRIAL ESTATE 
KENT HOUSE LANE 
BECKEN HAM KENT BR31UG 
0 1-659 1147 

8936 

PRINTED CIRCUITS BOARDS. 
Quick deliveries, competitive prices. 
Quotations on reqeust, roller thin
ning, drilling, etc. Speciality small 
batches. Larger quantities avail· 
able . J.amieson Automatic Ltd., 1-5 
Westgate, Bridlington, North Hum· 
berside. For the attention of J. 
Harrison (0262) 74738 or 77877. 

PCB ARTWORK 
with component 
and assembly 
Electrical Ltd, 
Southwood Road, 

DESIGN SERVICE 
notation masters 
drawings. . PADS 
01-850 6516, 45 
New Eltham SE9. 

(7905 

SMALL BAT CH productiolliS wiring 
ass-embly tn sample or drawings. 
Specialist in printed circuLts as· 
sembly, Ro-ck Electroruics, 42 Bis
hopsfield, Harlow, Ess:ex 0279 33018. 

(9094 
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A n1ajor exhibition of ~~t /r, 
computers, peripherals, ~ 
terminals and services, 
held each spring. in the 
most highly industrialised 
area of Western Europe. 

The ever-growing international attendance gives Compec Europe 
exceptional status as a sales platform for providers of hardware, 

software and services from every country. Ensure participation in its 
~benefits by posting the coupon below. 
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I Name Company I 
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Classified 
ARTICLES FOR SALE. 

ANTIQUE MACHINES 
+ CURIOSITIES 

The world's first high quality glossy 
magazine devoted to mechanical and 
other collectables and curiosities of all 
types . Fifty-six page first issue out 
now price 95p including 16 pages in 
full colour and the unique collectors 
card index . Obtainabl~ from your 
newsagent or direct from AM +C, 3 
Heathcock Court, Strand WC2R OPA. 
Telephone : 01-379 6025. 

(9357) 

THE SCIENTIFIC WIRE 
COMPANY 

PO Box 30, London, E.4 

ENAMELLED COPPER WIRE 
SWG lib. 8oz. 4oz. Zoz. 
10 to 19 2 .65 I 45 75 . 60 

· 20 10 29 2 .8 5 I .65 90 70 
30 to 34 3 .05 175 1.00 75 
30 to 40 3.40 I .95 1 15 84 
41 to43 4 55 2 .55 I 95 I 30' 
44 to46 5 .0 5 3 05 2 . I 5 I 70 
47 8 00 5 .00 3 00 1 80 
48 15 00 9 .00 6 .00 3 30 

SILVER PLATED COPPER 
WIRE 

14 & I 6 4 50 2 25 I 44 90 
20 & 22 5 .00 2 85 1 7 4 I 06 
24 & 26 5 .70 3 .31 2 .00 122 
28 & 30 6 6 7 3 .8 6 2 .35 l .44 

Prices mclude P&P and VAT 
SAE brings list of copper & res.• sta nce W~res 
Pealer Enqu•ries Invi ted (9063) 

GWM RADIO LTD., ~0/42 Portland 
Road, Worthing, Sussex. Tel : 0903 
34897 for surplus supplies. AVO 8 
£43. Model 7 MK II with power. 
capacity and decibel ranges £32 
inclusive p&p. Receivers , atalanta 
marine for AC , mains £115 plus 
carriage. B40 ex-Govt. communica
tion:> receiver for AC, mains , £65 
plus carriage. Sound powered tele
phones type 76 intrinsically safe. 
as new. 40ft pneumatic masts by 
Scam Clark £321, in original un
opened makers box gross weight 4 
cwt. Radio telephones bought & 
sold. Many one off items in stock . 
No lists, we are worth a visit. 

(9773 ) 

SOLATRON CD1740 Scope CX1741 
CX1744, as new . £575. - Phone 
0943 608725 after 6 p .m . 19811 

EX-GOVT. ' TAPE RECORDERS: 
E.M.I., Ferrograph, Tandberg, Uher . 
Vortexion . etc. S.a.e . for details, A. 
Wright, ' Sunningdale ', Broad-
heath, Worcester. (9831 

SOLATRON 10 MHz scope , twin 
trace trig. ·delay, valve set, good 
working order. A snip at £60 . 
Dorset 1 09297) 257. 1 9882 

ARTICLES WANTED 

SPOT CASH 
paid for all for'ms of electron ics equip
ment and components. 

F.R.G. General Supplies 
550 Kingston Road 
London SW20 BDR 
Tel: 01-404 5011 

Telex: 24224. Quote Ref. 3165 
(8742) 

TURN YOUR SURPLUS Capacitors , 
transistors. e-tc, into cash . Contact 
OOLES·HARDING & C.o . . 103 South 
Brink, Wis•bech , Cambs·. 0945-4188 . 
Immediate settlement. We also wet· 
come the opp·ortunity to quot e flor 
com_plete facto'ry clearance.. (9509 
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SERVICES · 

EURO CIRCUITS 
Print ed Ci rcuit Boards - M aste r 
layouts --: Photography ....! Leg end 
printing - Roller t inning - Gold .. 
plating- Flexible fi lms- Convention· f 
al fibre glass- No order too large or toe f .' 
small - Fast turnround on prototypes 
All or part service available NOW . . (9630) 

EURO CIRCUITS TO. 
Highfield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

ELECTRONI C DESIGN SERVICES. 
Wide engineering experience avail
able for the design of basic circuits 
to complete systems. Analogue DC 
to 1GHz and Digital. Write or 
phone Mr Anderson, Andertronics 
Ltd, Ridgeway, Hog's Back, Seale 
(Nr. Farnham), Surrey. Runfold 
2639. (9140 

PRECISION SHEET METAL work, 
chassis, panels, etc., steel, stain· 
less or aluminium, long/short runs, 
good deliveries . EES Ltd., Clifford 
Road, Monks Road, Exeter 36489. 
Telex 42401. (8060 

DESIGN SERVICE. Electronic De
sign Development and Production 
Service available in Digital and 
Analogue Instruments, RF Trans
mitters and Receivers for c;ontrol of 
a.ny function a.t any range. Tele:
metery, Video Transmitters and 
Monitors , Motorised Pan and TU.t 
Heads etc. Suppliers to the Indu.sttry 
for 16 years. Phone 'O'r write Mr. 
Falkner, R.C.S. Electronics , 6 Wo•l
sey Road, Ashfo.rd , M·iddleSJex. 
Phone Ashford 53661. (8341 

DUST COVE·RS. Specialists in one
offs and batch production of high 
quality P.V.C. covers for test 
equipment, scope and electronic 
devices. Send drawings for im
mediate quote. Design Covers, 7 
Southcote Rise , Ruislip, Middlesex. 
Telephone Ruislip 30583. (9608) 

SMALL BATCH PCB's produced 
from your artwork. Also DIALS, 
PANELS,· LABELS." Camera work 
undertaken. FAST TURN AROUND. 
- Details: Winston Promotions, 9 
Hatton Place, London EC1N 8RV. 
Tel. 01-405 4127/0960. (9794 

PRINTED CI RCUIT MANUFACTURE. 
Very fast, reliable service . Lowest 
prices. Prototypes welcome. Inhouse 
photography. Phone 06474-573 fo r 
mstant quote or write to AKTRO
NICS Ltd., 42/44 Ford Street, More
tonhampstead , Devon . (9857 

TEST EQUIPMENT 
CALIBRATION 
AND REPAIR 

Quick turn round, attractive rates, ring .for 
details on Southampton (0703) 4 31 323 

DUTCHGATE LTD. 
94 Alfriston Glli'dens, Sholing 

Southampton (9385) 

EQUIPMENT WANTED 

I TO ALL MANUFACTURERS 
1 AND WHOLESALERS 
l IN THE ELECTRONIC ~ 

RADIO AND TV 
1 FIELD · 

BROADFIELDS s..· 
MAYCO DISPOSALS 

will pay you top prices for any large stock's of 
surplus or redundant components which you 

·may wish to clear. We will call anywhere in· 
the United Kingdom. 

2 1 LODGE LANE I 

NORTH FINCHLEY, LON DON N1 2 ~JG 
.Telephone Nos. 0 1-445 0749/445 2713 ., 

After office hours 958 7624 . 

(9123) 

:CAPACITY AVAILABLE 

F.:LECTR'ONIC DESIGN SERVI CE. 
Immediate capacity available for 
c·ircuit des·ign and development 
w.ork , PIC artwork, e tc. Small batch 
<~.nd prototype p-roduction welcome . 
- E.P .D.S . Ltd., 93b Kin.g Stre·e·t, 
MAIDST'ON E, Kent. 0622-677916. 

(9667 

CAPACITY AVAILABLE 

l.tt.S. SYSTEMS 
Due to expansion of our. manufac
turing facilities we are able to under
take assembly and testing of circuit 
boards or complete units in addition to 
contract development. 
.We can produce, test and cal.ibrate to 
a high standard digital ;analogue and 
RF equipment in batches of tens to 

·thousands . 
Telephone to arrange for one of our' 
engineers to call and discuss your 
requirements, or send full details for a 
prompt quotation. 

TEL. 01 -253 4562 
or reply_ to B<?x. No . wW 8237 

(8237)' 

COIL WINDING 
Large or small 

PRODUCTION RUNS 

AIRTRONICS LTD 
GARDNER INDUSTRIAL ESTATE 
KENT HOUSE LANE 
BECKEN HAM KENT BR31UG 
0 1-659 1147 

8936 

PRINTED CIRCUITS BOARDS. 
Quick deliveries, competitive prices. 
Quotations on reqeust, roller thin
ning, drilling, etc. Speciality small 
batches. Larger quantities avail· 
able . J.amieson Automatic Ltd., 1-5 
Westgate, Bridlington, North Hum· 
berside. For the attention of J. 
Harrison (0262) 74738 or 77877. 

PCB ARTWORK 
with component 
and assembly 
Electrical Ltd, 
Southwood Road, 

DESIGN SERVICE 
notation masters 
drawings. . PADS 
01-850 6516, 45 
New Eltham SE9. 

(7905 

SMALL BAT CH productiolliS wiring 
ass-embly tn sample or drawings. 
Specialist in printed circuLts as· 
sembly, Ro-ck Electroruics, 42 Bis
hopsfield, Harlow, Ess:ex 0279 33018. 

(9094 

.-----CLASSIFIED ADVERTISEMENTS--- -
Use this Form lor youl' Sales and Wants 

To " Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street , London , SE I 9LU 

PLEASE INSE RT TH E ADVERTISEMENT INDI CATED O N FO RM BELOW 

e ~~!e ~:~ i~~,.:'i~RL~~~in:sve rage s ix words pe r 

e Name and add ress lo IJ;> 1nclu ded 111 charge 1f usP. cl 
in advert iSement 

e Box No. Allow 1wo words plus 60p 
a Cheques etc payab le to W~re l ess Wor lcl . · and 

crossed · · & Co 

NAME .... .. . . ......... . .... .... . . ......... .. .... . .. ................. ... ... .... ... ............... .. .. . 

Ai?DRESS ..... .. . . .. . .. . . .. . ... .. .. .. . ... .... .. .... ... .. ........ , .... ..... . . .... ... ... .. .. ... .. ..... . 

. ---1------ -------- 1 
--~-· - - ·- ·-- - ---·------ - ,--. ~----· 
- ---!--- ·---- 1-- - -- --- ,---- ,-·-· . 

- ---·-- i - - ----- ----- - ·----- ------'-·- ------
REMIT T ANCE VAL UE ... ..... .. .. ............... ... .. .... ENCLOSED 

PLEASE WRITE I N BL OCK LETTERS. C LASSIFICATI O N NU M BER OF INSERTIONS .. 

WIRELESS WORLD, DECEMBER 1979 159 

A n1ajor exhibition of ~~t /r, 
computers, peripherals, ~ 
terminals and services, 
held each spring. in the 
most highly industrialised 
area of Western Europe. 

The ever-growing international attendance gives Compec Europe 
exceptional status as a sales platform for providers of hardware, 

software and services from every country. Ensure participation in its 
~benefits by posting the coupon below. 
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an ICE 
instepdof 
just any 
multimeter 
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*Best Value for money. 
*Used by professional engineers, D .I. Y. 

enthusiasts, hobbyists, service engineers. 
*World-wide proven reliability . 
*Low servicing costs. 
* 20K/volt sensitivity and high accuracy. 
*Large mirror scale meter. 
*Fully protected against overload . 
*Large range of inexpensive accessories. 
* 12 month warranty, ~eked by a full after 

sales service at E.B.Sole U.K.Distributors 
Prices from £16.60 - £32.00 +VAT 
Send for full colour leaflet and prices on 
whole range including accessories. 

I :=11111 = ELECTRONIC 
___ BROKERS LIMITED 
49-53 Pancras Road, london NW1 2QB. 
Tel: 01-837 7781. Telex: 298694. 
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A 63-key ASCII keyboard with 625-line 
TV interface, 4-page memory and 
microprocessor interface. Details in 
our catalogue. 

Our catalogue even includes some 
popular car accessories at marvellous 
prices. 

.. - - ~~ 

. -- ...... 

AlO-channel stereo graphic equaliser 
with a quality specification at an 
unbeatable price when you build it 

catalogue. 

These are just some of the metal cases 
we stock. There are dozens of plastic 
ones to choose from as well. 
See pages 52 to 57 of our catalogue. 

A massive new 
catalogue from 
Maplin that's even 
bigger and better 
than before. If you 
ever buy electronic 
components, this is 
the one catalogue 
you must not be 
without. Over 280 
pages- some in full 
colour - it's a 
comprehensive 
guide to electronic 
components with 
hundreds of 
photographs and 
illustrations and 
page after page of 
invaluable data. 

Ourbi·monthly newsletter contains guaranteed prices, 
spec;ial offers and all the latest news from Mapl1n. 

Mobile amateur radio, TV and FM 
aerials plus lots of accessories are 
described in our catalogue. 

A digitally controlled stereo 
synthesiserthe 5600S with more 
facilities than almost anything up to 
£3,000. Build it yourself for less than 
£700. Full specification in our 
catalogue. 

MtthronMkJI 

An attractive mains alarm clock with 
radio switching function and battery 
back up! Complete kit with case only 
£15.92 (incl. VAT & p & p) MA1023 
module only £8.42 (incl. VAT). 

ELECTRONIC SUPPLIES LTD 
WW-002 FOR FURTHER DETAILS 

n Postthis n 
A. - coupon now for your - - ~ 
....__., copy of our 1979-80 { _r 

catalogue price 70p. ,...._. 
Please send me a copy of your 280 page '--1 

~ catalogue. I enclose 70p (plus 37p p&p). 0 
'- • If I am not completely satisfied I may return the 

catalogue to you and have my money refunded. 
If you live outstde the U.K. send £1.35 or ten 

lnternattonal Reply Coupons. 
I enclose £1.07. 

A superb technical bookshop in your 
home! All you need is our catalogue. 
Post the coupon now! 

All mail to:-

Add-on bass pedal u·nit for organs. 
Has excellent bass guitar stop for 
guitarists accompaniment. 
Specification in our catalogue. 

P.O. Box 3, Rayleigh, Essex SS6 8LR 
Telephone: Southend (0702) 554155. 
Shop: 284 London Road, Westcliff-on-Sea, Essex. 
(Closed on Monday). 
Telephone: South end (0702) 554000. 
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HereS . why you 
should buy 
an ICE 
instepdof 
just any 
multimeter 
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TV interface, 4-page memory and 
microprocessor interface. Details in 
our catalogue. 

Our catalogue even includes some 
popular car accessories at marvellous 
prices. 

.. - - ~~ 

. -- ...... 

AlO-channel stereo graphic equaliser 
with a quality specification at an 
unbeatable price when you build it 

catalogue. 

These are just some of the metal cases 
we stock. There are dozens of plastic 
ones to choose from as well. 
See pages 52 to 57 of our catalogue. 

A massive new 
catalogue from 
Maplin that's even 
bigger and better 
than before. If you 
ever buy electronic 
components, this is 
the one catalogue 
you must not be 
without. Over 280 
pages- some in full 
colour - it's a 
comprehensive 
guide to electronic 
components with 
hundreds of 
photographs and 
illustrations and 
page after page of 
invaluable data. 

Ourbi·monthly newsletter contains guaranteed prices, 
spec;ial offers and all the latest news from Mapl1n. 

Mobile amateur radio, TV and FM 
aerials plus lots of accessories are 
described in our catalogue. 

A digitally controlled stereo 
synthesiserthe 5600S with more 
facilities than almost anything up to 
£3,000. Build it yourself for less than 
£700. Full specification in our 
catalogue. 

MtthronMkJI 

An attractive mains alarm clock with 
radio switching function and battery 
back up! Complete kit with case only 
£15.92 (incl. VAT & p & p) MA1023 
module only £8.42 (incl. VAT). 

ELECTRONIC SUPPLIES LTD 
WW-002 FOR FURTHER DETAILS 

n Postthis n 
A. - coupon now for your - - ~ 
....__., copy of our 1979-80 { _r 

catalogue price 70p. ,...._. 
Please send me a copy of your 280 page '--1 

~ catalogue. I enclose 70p (plus 37p p&p). 0 
'- • If I am not completely satisfied I may return the 

catalogue to you and have my money refunded. 
If you live outstde the U.K. send £1.35 or ten 

lnternattonal Reply Coupons. 
I enclose £1.07. 

A superb technical bookshop in your 
home! All you need is our catalogue. 
Post the coupon now! 

All mail to:-

Add-on bass pedal u·nit for organs. 
Has excellent bass guitar stop for 
guitarists accompaniment. 
Specification in our catalogue. 

P.O. Box 3, Rayleigh, Essex SS6 8LR 
Telephone: Southend (0702) 554155. 
Shop: 284 London Road, Westcliff-on-Sea, Essex. 
(Closed on Monday). 
Telephone: South end (0702) 554000. 
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Applications don't come much more critical than digital watch 
manufacture. 
Here, discrete deposits of Multicore Oxide-Free Solder Cream 
are screened onto the PCB. A precision job, with noriskofopera- 
tor error or fatigue. And, a convenient temporary adhesive for 
the positioning of components. 

Solder-flow is accomplished by simply passing the units over a 
hot plate. 
Fast. No oxide to contend with. No dirty residues. 
This manufacturer says Multicore Oxide-Free Solder Cream has 
reduced reject rate substantially and offers superior soldering 
quality. 

...because ordinary solder creams or pastes contain rosin- 
based flux mixed with solder powder produced by atomisation. 
This means that every particle of the powder is covered with a 
layer of oxide-slowing down the soldering process, leaving a 
dirty flux residue and causing solder globules to stick to the flux 
and possibly fall loose into the equipment aftershockorvibration. 
But, Multicore have developed a very special method of produc- 
ing solder powders that are virtually oxide-free. 
These can be used in cream form - comprising an homogeneous 
stable mixture of pre-alloyed powder and flux, designed specifi- 
cally for hybrid microcircuits, RGB's and critical component 
joints. 
When heated, Multicore Oxide-Free Solder Creams melt and 
flow as quickly and cleanly as rosin-cored solder wire, leaving a 
pale clear flux residue without solder globules. 
The in-built quality of Multicore Oxide-Free SoiderCreams make 
them the ideal specification for almost any application calling for 
low cost yet high reliability. 
They are available in a wide range of combinations of solder 
alloys, fluxes, particle sizes, flux contents and viscosities-often 
replacing solder preforms. 
However if you have an application that specifically requires 
preforms, remember that Multicore supply a wide variety of 
those as well. 
Multicore Solders Ltd are Ministry of Defence Registered Con- 
tractors and on Qualified Products List QQ-S-571E of U.S. 
Defense Supply Agency for solder creams and preforms. 

Compare these electron-microscope 
enlargements at x 240 magnification; 

^« ' • ' 
C - jJ* 
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'Ordinary' cream solder 
powder, revealing poor 
particle shape and dross. 

CO 

Solder powder from Multicore 
Oxide-Free SolderCream dis- 
plays clean, uniform particles. 

\jjfl (•f A. For full information on 
Oxide-Free Solder Creams 

oranyotherMulticoreproducts, 
please write on your company's 

^ ^ letterhead direct to: 
MulticoreSoldersLimited, 

Maylands Avenue. Hemel Hempstead, Herts. HP27EP. 
Telephone:HemelHempstead 3636. Telex: 82363. 
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