
Electronic organ 
Relativity and timetignals 
Oscilloscope storage unit O. 

Australia $A1.25. 
Canada S1.75 
Denmark 10..71 00 
Germany Dm. 4.00 
Greece Dr. 47.00 
Holland D11.4.50 
Italy L. 1100 
New Zealand SNZ 1.50 
Norway Kr. 11.00incf. moms 
Smnapom M 53.25 
Spam Ptas. 80.00 
U.S.A. S1.65 



RCONI INSTRVM NTS LTD 

DIGITAL. SYNCHRONIZER TF 2173 

The mi Signal Generator 
for vlflfmfhf.vhf bands 

AM /FM Signal Generator TF 2016 is a general 
purpose instrument for receiver testing. Its facility for 
battery operation and its rugged construction make it 
ideal for field as well as factory use. 

TF 2016 will deliver up to 4 V e.m.f. and yet has a 

leakage level that is so low that even receivers with a 

sensitivity of 0.1 µV can be tested without ambiguity. And 
the total output level accuracy of ± I dB ensures 
confidence every time. 

Fundamental frequency generation is used over the 
entire frequency range thus ensuring the total absence of 
non- harmonics. The good tuning discrimination makes 
narrow band receiver testing quick and easy. 

Amplitude modulation up to 100% modulation 
depth and frequency modulation up to 75 kHz deviation 
are available using the internal 400 Hz and I kHz 
oscillators. External modulation can be applied and, if 
required, internal a.m. and external f.m., or internal f.m. 

and external a.m., can be applied simultaneously. 
A version of TF 2016 will shortly be available 

equipped with a 150 Hz preset pilot tone f.m. for use on 
Clansman receivers. 

Pulse Modulator, TF 2169, may be fitted to the 
signal generator to provide pulsed r.f. for radar i.f. 
testing. IF probes can be supplied to help tuning to 
receivers fitted with battery economizer circuits. 
Alternative output level calibration plates, matching pads, 
attenuators and r.f. fuse units are included in the wide 
range of optional accessories. 

Digital Synchronizer 
The addition of this clip -on unit (as shown in our 

photograph) converts the TF 2016 into a synthesizer. It 
provides a stability of ± I part in 106 and allows the 
frequency to be set in 10 Hz steps. 

Full information gladly supplied on request. 

s 
M1 MARCONI INSTRUMENTS 

Marconi Instruments Limited Longacres St. Albans Hertfordshire England AL4 OJN Tel: (0727) 59292 Telex: 23350 
Marconi Electronics Inc 100 Stonehurst Court Northvale New Jersey 07647 USA Tel: (201) 767-7250 Twx: 710 -991 -9752 

Marconi Instruments 32 avenue des Ecoles 91600 Savigny- Sur -Orge France Tél: 996.03.86. Télex: 600541.F 
Marconi Messtechnik GmbH 8000 München 21 Jörgstrasse 74 West Germany Tel: (089) 58 20 41 Telex: 5 212642 

A GEC -Marconi Electronics Company 

WW -001 FOR FURTHER DETAILS 
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Front cover shows part of an ITT 
equipment for programming 
microprocessors (itself a form 
of m. p. u. ). 
Photograph by Paul Brierley 

IN OUR NEXT ISSUE 
Character rounding for 
the W.W. teletext de- 
coder. An additional 
board to improve the 
appearance of displayed 
characters. 
Reduce wideband noise 
in tape recording by 30dB 
with i.c. compander that 
uses pre- emphasis to 
reduce pumping effect. 
(D. L. Harrison) 

Breadboard survey. This 
article explains how 
various breadboard sys- 
tems are constructed and 
used. A number of com- 
mercial types are de- 
scribed and compared in 
terms of flexibility, ease 
of assembly and cost. 

Current issue price 40p, back issue. 
(if available) 50p. at Retail and 
Trade Counter, Paris Garden, Lon- 

don SE1. Available on microfilm 
please contact editor. 
By post, current issue 55p, back 
issues (if available) 50p, order and 
payments to Room 11, Dorset 
House, London SE1 9LU. 
Editorial & Advertising offices: 
Dorset House. Stamford Street,. 
London SE1 9LU. 
Telephones: Editorial 01-261 
8620. Advertising 01 -261 8339. 
Telegrams /Telex: Wiworld Bis - 
'nespres 25137 BISPRS G. 
Cables Ethaworld, London SE1 

Subscription rates: 1 year £7.00 
UK and $23 40 overseas ($24 USA 
and Canada). 

Student rate: 1 year, £3.50 UK 
and £4.50 overseas ($11.70 USA 
and Canada). 
Distribution: 40 Bowling Green 
Lane, London EC1R ONE 
Telephone 01 -837 3636. 
Subscriptions: Oakfield House, 
Perrymount Road, Haywards 
Heath, Sussex. RH16 3DH. 
Telephone 0444 59188, Please 
notify a change of address. 

USA mailing agents: Expediters of 
the Printed Word Ltd, 527 Madison 
Avenue, Suite 1 21 7, New York, NY 
10022, 2nd -class postage paid at 
New York. 
IPC Business Press Ltd, 1978 
ISSN 0043 6062 
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GenRad's 
TopTrio... 

... a low cost /high performance 
range of pP-based bridges 

GenRad's new range of uP -based 
bridges make full use of advanced 
technology to meet tomorrow's 
testing needs today. Check the 
list of features, and contact 
us for further information, 
price and delivery. 

1658 R LC Digibridge 
Automatically measures R,L,C, D 

and Q 
0.1% Basic accuracy 
10 Bins for sorting 

Autoranging 
IEEE 488 bus /handler interface 

option 
Three test speeds 

Selectable continuous, average or 
single component measurements 

Three types of display 
programmed bin limits, measured 

values or bin number 
Five -digit display for R,L and C 

Four -digit display for D and Q 
Selectable test frequencies of 1 

kHz and 120 Hz (100 Hz) 
Series or parallel measurement 

mode selection 
Built -in Kelvin test fixture tests 

radial and axial lead components 

The 1657 Digibridge 
* Automatically measures R,L,C,D and Q 

0.2% Basic accuracy 
Five -digit display for R, L and C 

Four -digit display for D and Q 
Microprocessor- directed ranging 

Selectable test frequencies of 
1kHz and 120Hz (100 Hz) 

Series or parallel measurement 
mode selection 

Built -in Kelvin test fixture tests 
radial and axial lead components 
1687 Megahertz LC Digibridge 

Automatically measures Ls & Q, 
Cs & D, Cs & Rs, Cp & GP 
0.1% basic accuracy for C 
0.2% basic accuracy for L 
Automatic limit- comparison (10 
bins) 

Autoranging 
IÉEE 488 bus /handler interface 
option 
Two test speeds 

Selectable continuous, average or 
single component measurements 

' Four types of display - 

programmed bin limits, measured 
values, deviation measurement (oL 

or AC), or bin number 
* Five -digit display for L and C 

Four -digit display for Q,D,R and G 
" Optional Kelvin test fixture tests 

radial and axial lead components 

1657 Digibridge TM 

* Under £1,000 

1658 RLC Digibridge TM 

* Under £ 2,000 

GenRad Ltd. 
Bourne End, Bucks. SL8 5AT 
Phone (06285) 2 6611, Telex 848321 

WW -082 FOR FURTHER DETAILS 

1687 Megahertz 

LC Digibridge TM 

* Under £2,500 

GenRad 
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LEVELL 
PORTABLE INSTRUMENTS 

SEE US AT EPG EXHIBITIONS 

AT LONDON. SOUTHAMPTON 

AND RUNCORN 

3 

LOW COST 
OSCILLATORS .. ,< iwE vMn... .. 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

METER SCALES 
SIZE & WEIGHT 

FREQUENCY 

ACCURACY 

SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC. OUTPUT 
SYNC. INPUT 
METER SCALES 

SIZE & WEIGHT 

1 Hz to 1 MHz in 12 ranges. 
0 to 1% fine control on TG200DMP. 
±1.5 %±0.01Hz up to 100kHz 
±2% up to 1 MHz. 
7V r.m.s. down to <2001.#V with 
Rs =60012. 

0.05% from 50Hz to 15kHz. 
.-0.1 % from 10Hz to 50kHz, < 0.2'X 

from 5Hz to 150k Hz . 1' /o at 1 Hz 
and 1MHz. 
TG200D, DM & DMP only. 7V peak 
down to <2000. Rise time < 1 50nS 

1 V r.m.s. sine in phase with output 
1 % freq. lock range per volt r.m.s. 

TG200M, DM & DPM only. 0 /2V 
0 /7V & -14 / +6dBm. 
260 x 130 x 180mm. 4.3kg with 
batteries 

TG200 TG200D TG200M TG200DM TG200DMP 

£80 £85 £97 E102 E106 

0.2Hz to 1 .22MHz on four decade 
controls. 
±0.02Hz below 6Hz. 
± 0.3% from 6Hz to 100kHz. 

1% from 100kHz to 300 kHz. 
3% above 300 kHz. 

5V r.m.s. down to 30 uV with Rs= 60012. 
.<0.15% from 1 5Hz to 1 5kHz. 
<0.5% at 1 .5Hz and 1 50kHz. 
2 Expanded voltage &-2/ +4dBm. 
260mm x 190mm x 180mm. 5.6kg. 

TG66B 
Battery £210 

TG66A 
Mains & £225 battery model 

LEVELL ELECTRONICS LTD. 
Moxon Street, High Barnet, Herts. EN5 5SD 
Tel. 01 -449 5028/440 8686 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DiSTORTiON 

SQUARE OUTPUT 

SYNC. OUTPUT 

METER SCALES 

SIZE & WEIGHT 

TG152D 

Without 
meter 

3Hz to 300kHz in 5 decade ranges. 

2% t0.1 Hz up to 100kHz, 
increasing to ± 3% at 300kHz. 

2.5V r.m.s. down to <2001.1.V. 
<0.2% from 50 Hz to 50kHz. 

2.5V peak down to <200uV. 
2.5V r m.s. sine. 

0/2.5V &- 10/ +10dß on TG152DM. 

260mm x 130mm x 180mm. 3.4kg. 

TG152DM 

meter E80 £63 
Prices are ex -works with batteries Carriage and packing extra VAT 
extra in U K. Optional extras are leather cases and mains power 
units Send for data covering our range of portable instruments. 

WW - 099 FOR FURTHER DETAILS 
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Why your next 

sine -square wave oscillator 

should be a Farnell 

function generator! 

Inexpensive, yet without compromise to 

performance, facilities or engineering standards, 

our FG3 is simply today's best buy 

in the function generator market. 

At £110 U.K. (ex.VAT) it costs less than most 

sine /square wave oscillators and boasts many 

features normally available only in more 

sophisticated instruments. 

* Frequency range 0.02Hz to 200kHz- easily extendible down to 0.002Hz 

* 100mV to 12V pk -pk from main output with SINE, SQUARE or TRIANGLE selectable 

* Additional constant level outputs -TTL, triangle and sweep ramp 

* Internal and external SWEEP facility. Linear or logarithmic 

* Audioband covered in one sweep 

* Sweep speed 8mS for 1:1000 variation. Extendible by external capacitor 

* Sweep width adjustable 

* Low distortion 

* VCO input also allows f.m. mode 

* Mains operated (dual standard 95 -130 or 190 -260 a.c.) -no costly batteries to 
replace. Fully stabilised power supply 

* Short -circuit proof outputs 

So if you are thinking of buying a sine/square wave oscillator, remember, you'll get a whole lot 
more for your money from our function generator! Send for details NOW! 

FARNELL INSTRUMENTS LIMITED SANDBECK WAY WETHERBY WEST YORKSHIRE LS22 4DH TEL 0937 63541 or 01 -864 7433 & 7434 TELEX 557294 FARIST G 

WW -081 FOR FURTHER DETAILS 
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IR. The world's largest 
independent manufacturer 

of power semiconductors 
making the broadest range. 

Read all about it. 
At Crellon we're delighted to be distributors 

for the famous range of IR products. 
Their reputation has been earned, 

through sound engineering practice, a wealth of 
experience and an insistence on quality. This is 
evident from the fact that IR refuse to batch test 
their semiconductors - each and every one is 
individually tested. 

All devices have been manufactured to meet 
the most rigid specifications and engineered with 
compatibility with your equipment firmly in mind. 

The IR catalogue is crammed with data 
on thyristors, triacs, high and low power diodes, 
surge protectors, solid state relays and 
encapsulated bridges. 

So send back the coupon for your copy now. 
It makes very rewarding reading. 

To: Crellon Electronics Ltd., 
380 Bath Road, Slough, Berks. SL1 6JE. 

Tel: Burnham (06286) 4434. Telex: 847571. 

IPlease send me the latest IR Shortform Catalogue. 

ICAR 

Name 

ICompany 

IAddress 

WW -064 FOR FURTHER DETAILS 
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BIMCONSOLES 
BIMBOXES 
BIMBOARDS 
BIMDRILLS 
BIMDICATORS 

ABS & DIECAST BIMBOXES 
5 sizes, in either ABS or Diecast Aluminium 
ABS moulded in Orange, Blue, Grey or Black 
Diecast Aluminium available in Grey Hammertone 
or Natural 

MINI DESK BIMCONSOLES 
Moulded in Orange, Blue, Black or Grey 
ABS and incorporating guides on all sides 
for holding 1.5mm thick pcb's. 1mm Grey 
Aluminium panel sits recessed into front of 
console and held by screws running into 
integral brass bushes. Stand -off bosses in 
base for supporting small sub- assemblies 
etc. 4 self adhesive 
rubber feet also in- / \ 
cluded. 
BIM1005 
(161 x96x58mm) 
£2.12* 
BIM 1006 
(215x130x75mm) 
£2.94* 

All boxes incorporate guides on all sides for holding 1.5mm thick pcb's and 
stand -off bosses in base for supporting small sub -assemblies etc. Close fitting 
flanged lids held by screws running into integral brass bushes (ABS) or tapped 
holes IDiecastl. 

ABS 
(100x50x25mm) BIM2002/12 £0.95' 
(112x62x31mm) BIM2003/13 £1.05' 
(120x65x40mm) BIM2004/14 £1.15* 
1150x80x50mm1 BIM2005/15 £1.30* 
(190x110x60mm1 BIM2006/16 £2.04* 

LOW PROFILE BIMCONSOLE 
1mm Grey Alumi- 
nium panel sits 
recessed into front 
of console base, 
which is moulded in 
Orange, Blue, Black 
or Grey ABS and 
sits on 4 self adhe- 

sive rubber feet. Incorporating guides 
for holding 1.5mm thick pcb, the base also 
has stand -off bosses for supporting small 
sub -assemblies etc. and ventilation slots. 
Front panel is held by 4 screws which run 
into integral brass bushes. 

BIM6005 (143x105x55.5[31.51 mm) £2.32* 
BIM6006)143x170x55.5[31.5]mm) £3.08" 
BIM6007 (214x170x82[31.5] mm) £4.12 

Diecast Hammertone Natural 
BIM5002/12 £1.20 £0.97 
BIM5003/13 £1.50 £1.20' 
BIM5004/14 £1.86 £1.49 
BIM5005/15 E2.38 £1.91 
BIM5006 /16 £3.41* £2:85' 

Also available in Grey Polystyrene (112x61x31mm) with no slots and self tapping 
screws BIM2007/17 £0.88* 

MULTI -PURPOSE BIMBOXES 
Moulded in Orange, Blue, Black or Grey 
ABS with 1mm thick Grey aluminium 
recessed front cover which is retained by 
4 screws running into integral brass bushes. 
1.5mm pcb guides are incorporated'on all 
sides and as with all ABS boxes they are 
85 °C rated. 4 self adhesive rubber feet 
also included. 
BIM 4003 (85x56x28.5mm) £1.24* 
BIM 4004 (111x71x41.5mm) £1.56' 
BIM 4005 )161x96x52.5mm) £2.08' 

ALL METAL 
BIMCONSOLES 

All aluminium, 2 piece desk consoles with either 15° or 30° sloping fronts, sit on 
4 self- adhesive non slip rubber feet. Ventilation slots in base and rear panels permit 
efficient cooling. 
Colour Code 

A 
B 
C 

Top Panel 
Off White 

Sand 
Satin Black 

Base 
Blue 

Green 
Gold 

MAINS 
BIMDRILL . Operates directly 

from 220- 240Vac 
)f and supplied with 

" 2 metres long cable 
fitted with 2 pin 
DIN plug. Will 
drill brass, steel and 

aluminium as wel: as pcb's etc. Has integral 
biased -off switch and accepts tools with 1,2 
and 3.2mm dia shanks £9.72' 
Accessory Kit including 1mm, 2mm, .125" 
twist drills, 5 burrs and 2.4mm collet £2.20' 

12 VOLT BIMDRILLS 
2 small but powerful 12V dc drills, easily 
held in hand or used with lathe /stand 
adaptor. Both drills have integral on /off 
switches and 1 metre long cable. 
Mini Bimdrill with 2 collets up to 2.4mm 
capacity £7.56' 
Major Bimdrill with 3 /, f 
collets up to 3mm 
capacity £ 12.96' 
Mains to 12 Volts 
adaptor, lathe, stand 
and accessory kits also I 
available, details on 
request 

15° Sloping Panel 

BIM7151 (102x140x51(28]mml 
BIM7152 1165x140x51 [28] mm) 
B1M7153(165x216x51[28]mm) 
B1M7154(165x211x76[33]mm) 
BIM7155 (254x211x76[331 mm) 
B1M71561254x287x76[331 mm) 
BIM7157 (356x211x76(331mm) 
BIM7158 (356x287x76[331mm1 

30° Sloping Panel 
BIM7301 (102x140x76[281mri1 
BIM7302(165x140x76[28]rim/ 
BIM7303 (165x183x102[28]mm) 
BIM7304 (254x140x76128] mm) 
BI M7305 (254x 183x 102 [281 mm) 
B1M7306 (254x259x102[281mml 
BI M7307 (356x 183x102 [28] mm) 
BIM7308 (356x259x102[28]mm) 

DI L COMPATIBLE BIMBOARDS 

Bimboards accept all sizes of DIL packages 4 as well as resistors, diodes, capacitors and 
LED's etc. They have integral Bus Strips 
running up each side for carrying Vcc and 
ground as well as Component Support 
Brackets for holding lamps, fuses and 
switches etc. Available as either single or 
multiple units, the latter mounted on 
1.5mm thick, matt black aluminium back 
plates which stand on non slit) rubber feet 
and have 4 screw terminals for incoming 
power. 
Bimboard 1 contains 500 individual sockets 
whereas the multiple units containing 2, 
3 or 4 Bimboards incorporate 1,100, 1,650 
or 2,200 individual sockets, all arranged 
on a 2.5mm(0.1 ") matrix. 
Bimboard 1 £ 9.72' Bimboard 2 £22.68' 
Bimboard 3 £32.40 Bimboard 4 £42.12 

£ 9.43* 
£10.43* 
£11.42* 
£12.39* 
£ 13.66' 
£14.65* 
£ 15.80 
£ 16.78' 

£ 9.43' 
£10.43* 
£11.42* 
£ 12.39* 
£ 13.66' 
£14.65* 
£ 15.80' 
£16.78" 

i 
..t- 1r 

BIMDICATORS 

Remember we are \\ 
also one of Europe's 
largest manufacturers 
of Filament, Neon 
and LED indicators. 
Send for our 
BIMDICATOR DATA 

INDUSTRIAL MOULDINGS LIMITED 
2 Herne Hill Road, London SE24 OAU 
Telephone: 01 -737 2383 
Telex: 919693 Answer Back 'LITZEN G' 
Cables & Telegrams: 'LITZEN LONDON SE24' 

*All quoted prices are 1 off 
and include Postage, 
Packing and VAT. Terms 
are strictly cash with 
order unless you have 
authorised BOSS account. 
For individual data sheets 
on all BOSS products 
send stamped, self 
addressed envelope 
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Broadcast The equipment 
If you come and join the team at to please Rank Video Centre, you'll find an 

impressive arra of e ui ment. We have the most so histicated andAud 2 VTR's available, the best- respected telecines on the market, 
state -of- the -art' tape -to -film transfer machines exploiting laser 

V ¡i.iI sa editing and cassette copying in Europe, 
technology and the most impressive capability for videotape 

Our range of equipment and services, The variety 
5u00 international international clients to RVC. The result 

outside the States, has attracted Engineer i 

50 to please 
s that our Engineer /Operators can expect 

variety. Today, TV transmission work; tomorrow, editing a TV drama; 

Operator, the day r, making cassette copies of the latest feature film. 

Interesting starting salariesThe pa 
of between £5,018 p 

and £6,603 p.a. to please 

...what's 
behind 

RANK VIDEO 
CENTRE 

benefit further 
from an annual increment scheme 
which, within 4 years, adds 30% to 
the prevailing ITCA basic rates. 

So, for experienced Engineers or 
Operators, male or female, RVC 
has . .. The Jobs to Please. 
Telephone or write to Gary 

McJannett, Operations 
Manager, Rank Video Centre, 

Film House, 142 Wardour Street, 
London W.I. Tel: 01 -734 2235. 

DIGITAL CASSETTE RECORDERS 

Low power analogue or digital input data 
loggers and terminal readers. Cassettes 
compatible with TI Silent 700. Wang 2200 or 
ECMA34. 
Read /write units for data storage or 
programme load /dump applications up to 
32 000 bits /sec. 
Continous and incremental transport and 
complete systems for OEM and end user 
applications. 

WW -064 FOR FURTHER INFORMATION 

DATA ACQUISITION SYSTEMS 

Modules and cards which plug into NOVA, 
PDP8, PDP11, LSI11, SBC80 and MDS800 
computers, scan 64 analogue channels, 
includes 12 bit ADC and programme 
interrupt logic plus analogue outputs. 
Also, complete intelligent mains powered 
systems with analogue and digital 
input /output used for stand alone or front 
end data acquisition and control. 

WW -065 FOR FURTHER INFORMATION 

DIGITAL PANEL METERS 

Mains or 5VDC powered, scale lengths from 
999 to 49999 with resolution down to one 
microvolt. 
DIN or NEMA case sizes, 0.5 or 0.8 inch LED 
Beckman gas discharge or liquid crystal 
displays. 

WW -066 FOR FURTHER INFORMATION 

AMPL CON ELECTRONICS LTD 

LION MEWS, HOVE BN3 5RA 
Tel. Brighton (0273) 720716 

Teléx 877470 AMPCON 



In future, recording the present 
will be a thing of the past. 

What's past is past. And said to be best forgotten. 
But it's fundamental to the very existence of communications recording to be able to 

replay a selected portion of tape to find out what was said by who, to whom ... and when. 
And 'when' can be vital. 

Equally vital, particularly in emergencies when every second counts, is the ability to 
obtain such replay access rapidly, precisely. automatically. With absolute certainty -and 
without time -consuming multiple knob -twiddling aided by guesswork. 

Racal -Thermionic has recognized this need and produced TIMESEARCH -designed 
specifically for its ICR range of multi -channel communications recorders -and 
providing just these facilities. 

TIMESEARCH can generate a coded time reference signal of crystal accuracy and 
index it onto the tape. It can read and display that signal. It can search a tape at high 
speed for a pre -selected time signal and automatically initiate replay at that time. 

In communications recording, the future becomes the present; the present becomes 
the past. And when you need to recall the past with precision, you need TIMESEARCH. 

Racal-Thermionic tHe recors ins people 
Racal- Thernuonic Limited. Hardley Industrial Estate. Hythe, Southampton, 504 6ZH. England. Telephor e 0703 843265. Telex 47E00 

WW-017 FOR FURTHER DETAILS 

And for providing 
precise time signals 
every 10 seconds for 
recording onto magnetic 
tape: the International 
Timing Unit. 

012C6021 


