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1000 &iTosooees

Telequipment 1000 Series
The choice is yours

Tried, Tested and now even better!
Since their introduction a few
years ago, Telequipment’s D1000
series of high performance low-cost
oscilloscopes have established
themselves at the forefront of the
market. High performance because
they are the result of intensive
research and design efforts by one
of the world’s leading electronic
instrument manufacturers, and low
cost because of volume production
in a modern automatic production
plant.

Performance to spare.

With the D1000 series, Telequipment
regard specifications as lower

2 ?
YOLTS/DIY

Also available from Electroplan.

limits, not maxima. For example,
the D1016A bandwidth is
specified as 20MHz. The typical
figure is actually in the region of
23 to 25MHz and the usable
bandwidth nearer 35MHz.

Input attenuator tolerances are
now specified at +3% for all D1000
series oscilloscopes, a considerable
improvement over the previous
15%. But again, the user may well
find the true figure closer to +2%.
More Accurate Time Bases

The time bases, too, have been
upgraded. All new D1000
instruments have been equipped
with thermal compensation which

WW-—001 FOR FURTHER DETAILS

tightens time measurement
accuracy to +3%, with improved
stability as a bonus.

To match these improved time
base specifications, trigger
bandwidths and performance
characteristics have been
substantially enhanced.

Better Display

The D1016A also has a new CRT.
The size is just the same easy-to-
view 10 x 8cm but with an
internal graticule and a quick-
heat cathode. It has a “GY"’
phosphor which is a near equivalent
to the P31 but is more efficient
actinically at low beam currents
and high writing speeds.

A Choice of Bandwidth

10MHz or 20MHz with 5mV
division sensitivity at full
bandwidth and 1mV division at
BMHz in the D1016A, 4MHz in
the D1011, and a choice of
display modes; Algebraic Add,
True X-Y, Channel 1 and 2
Chopped or Alternated, Channel
2 only, and Channel 2 Inverted.

For further details send reply
coupon today.

Please send details of the j
D1016A (3 D1010/D1011 [ J |

Name

Position

Address

|
|
| company
|
|

Telephone

| Tektronix U.K. Ltd.
P.O. Box 69
| Harpenden, Herts ALS 4UP
Telephone: Harpenden 63141 |
| Telex: 25559
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programmer

Front cover picture, painted by
Geoff Harrold, is discussed in this
month’s editorial A million years
of programming”’.

IN OUR NEXT ISSUE

Video camera interface
allows a microcomputer to
accept, store and display a
picture generated by a
television camera.

Cassette data recording at
high speed on a low-cost
audio recorder is obtained
by circuit used for Open
University’'s Radiotext
project.

Active-deflector television
improves reception of u.h.f.
transmissioris in remote
areas of poor signal
strength.

Current issue price 70p, back issues (if
available) £1, at Retail and Trade Coun-
ter, Units 1 & 2, Bankside Industrial
Centre, Hopton Street, London SE1.
Available on microfilm; please contact
editor.
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The Professionals VALVES,SEMICONDUCTORS

& COMPONENTS for :-

Communications, Displays,
Radar, Computer,
Audio etc.

Hall Electric Limited.
Electron House,

Cray Avenue, St. Mary Cray.
Orpington, Kent BRS 3QJ.
Telephone : Orpington 27099
Telex: 896141
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Tilt.

Nothing to do with pinball wizardry,
has a great deal to do with programme
balance.

The recording or broadcast engineer
attempts to capture the ambience of the
studio or concert hall but what the
listener perceives is the aggregate of
this and the reverberation
characteristics of his listening room.

If all listening rooms were equal the
engineer could make due allowance,
but since some listening rooms are
more equal than others, the engineer
has to assume some arbitrary norm, and
the chances are that further correction
and compensation will give improved
results. Thus a reverberant recording
reproduced in a ‘live’ listening room
will sound overbright and a dry

-

recording reproduced in an
overdamped or ‘dead’ room will sound
dull and bass heavy.

The tilt control on the Quad 44
cannot alter the reverberation
characteristics of your room but by
gently sloping the frequency response
of your system about a centre point,
chosen to maintain a constant overall
subjective level, it can produce a more
natural programme balance, without
introducing unwanted colouration.

If you are in any doubt that the
listening room characteristics have a
fundamental effect upon the final
results try listening to the same record
played on the same equipment in two
different rooms.

To learn all about the Quad 44 write
or telephone for a leaflet.

The Acoustical Manufacturing
Co. Ltd., Huntingdon PE18 7DB.
Telephone: (0480) 52561.

for the closest approach
to the original sound

@ QUAD%*

QURD is a registered trade mark
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ANALOGUE VOLTMETERS
AAvf\éD MULTIMETERS

EA1 13 Electronic Multimeter
Marconl.

TF2600 AC Millivoltmeter. 10Hz-5MHz. 1mV-
3 £175.00
TF2603 RF Miliivoitmeter 300uV Sensiuvnr%
SOKHz-1.5GHz £525.00
TF2604 Electronic Voltmeter. AC

20Hz-1 .5GHz. 300mV-1KV. DC 10mV-1KV.

£115.00

0.22-500MQ . £350.00
ANALYSERS

mar
1771 Wave Analyser 20Hz-50KHz . . £275.00
General Radlo.

191 1A Sound and Vipration Analyser. C/W

Graphic leve! recorder. 4,5Hz-25KHz. 1/3 or

1710 octave .. £950.00

Hewilett Packard

331 A Distortion analysers. SHz-600KHz to

0.1% voitmeter 300uV-300 volts at 2%
£350.00

332A Distortion Meter SHz-600KHz. . £495.00

333A Distortion Meter with Auto null £675.00

8407A/84 1 2A Network Analyser .. £1950.00

Marcon!

TF2370 Spectrum Analyser. 30Hz- 1 10MHz

0.1dB and SHz resotution £6500.00

Tektronix

R491 Spectrum Analyser 10MHz-40GHz
£3500.00

BRIDGES & COMPONENT

TESTERS

Avo

BR3/500 Megger [Brand Newj £464.00

Boonton,

63H inductance Bndge. -1 10mH Sndge
frequency 5-500kHz £1250.00

4

Marconl

TF1313 Univ Bridge 0.25% £395.00
TF1245A + TF1246 'Q" meter £1100.00
TM4520 Set of Inductors £350.00

Rohde & Schwarz.
LRT [BN6100) Inductance Meter | pH- lOOuH

2.2-285KHz 95.00
Wayne Kerr

B221 + Q221 Bridge £250.00
B601 R.F. Bridge £395.00
880! VHF Admittance Bridge £450.00
8901 VHF Admittance Bridge £350.00
SR268 Source and Detector £875.00

BBO!IB St61. RI61 Admittance Bridg
and Detector LCR IMHz 100MH2

CALIBRATION EQUIPMENT

Bradley

192 Oscilloscope Catibrator

Fluke.

332A DC Vottage Cafibrator. O to
111.1110V.0.1ppm resotution. 0.003%

£875.00

calibration accuracy £1495.00
Tektronix,

106 Squarewave Generator less than InS rise
time 10Hzto IMH2. ... .ooiunnent P.O.A.

184 Time-mark Generator with markers from
100NnS 1o 55 Sinewave 10, 20 and 50nS 1 voit
into 50§ P.O.A.
191 Constant Ampiitude Generator. 3SOKH2-
100MHz £350.00

FREQUENCY COUNTERS
Marconl.

TF2430 unused condition. 7 digit 10Hz-80MHz
25MV Sensitivity . £175.00
TF243] Frequency Cahbrator £250.00

DVM’'s AND DMM’s

Hewlett Packard.

34702A + 34740A 4 digt DT/AC voltsand R
£1

95.00
U U U
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34750A + 34740A 5 digit DC/AC voits and R
£275.00

Philips.

PM2527 4v2 Qa?u DMM, AC/OC volts, current

and resistance. 10uV resotution. True RMS
£400.00

Solartron,

A243 5% Digit DMM. AC/DC voits. resistance

1pV resciution. 30 day warranty £375.00

7055 Microprocessor DMM. Scale Length

20.000. AC/DC voits. resistance 14V

1OOMHz SmVv-5

4658 Duat Trace Pontabie DC.

voits/DiV. Full Delay Sweep £1650.00
466 Dual Trace Portable Storage Osciloscope
Spec as per 464 but Max writing spee:
3000diviuS £2875.00
475 200 MHz portable Scope £2000.00
5403 with 5A 18 sal Trace plug-in
5A21N IMHz di n. 5842 Delay
""" n P

7 ame complet

é T £ 300&/.00

resolution £600.00
7055 plus processor controi and RS232 Tetequipment.
nterface £900.00 NEW
7065 Microprocessor DMM. Scale length TUBE SmV Sensiivity. DC — 50MHz delas
1.400.000. AC/DC voits. resistance £695 00 sweep £750.00
7065 plus processor control and RS23
Interface 2995 00
QSCILLOSCOPE PROBES
EBI0 X i Probe. | 2 mir length DC — 20MHz
MULTIMETERS £7.00
o 2 i £8.50
Test Set Number | 20K$2/volt. very robust SADEIR 5
e e £B95 X1. X0 Probe. 1.2 mu DC
AVO 8 20KQUvoit £70.00 1OMHZ or DC — 100MHz £11.50
Fult lead kit £6.25 Tektronix
S.EL P6013 12KV 1000 x Probe £175.00
Super SO Selectest. 20KQAvoit £77.00 P6019 Cunent Probe with |34 ampitier. |
RE ¥ 0 |AIDIV 1 2Hz — 40MHz £175.00
OSCILLOSCOPES
Hewiett Packard. POWER SUPPLIES
182C + 1805A + 1825A 100MHz Dual Advance.
Trace £1250.00 MG5-60 S5V @ 60A switching £160.00
140B—~C52 + 1415A TDR Set-up in MG5-20 5V @ 20A switching £120.00
mint cond £750.00 MG5-10 5V @ 10A switching £95.00
Marconl. MG24-12 24V @ 12A switching £130.00
TF2213/1 4+ TK2214 X-Y Display and Welr
memory £550.00 4930 <A £70.00
SE Labs 4 £70.00
SM121 & Ch. nnel Monitor. 127 cat. internat 1 + 0-30 voits amps of IS volts at 4
sweep £395.00 amps £95.00
Tektronix,
465 Duat Trace Portable Oscittoscope. DC
100MHz 5mV/-SVidiv, Full deiayed sweep RECORDERS
£1350.00 Racal.
D UEA RO =1:10 2
L PERB - A 0
R MAINTA l AR
N » L bl
e leading
acond A o oub OLO
quipme O s O A s O
ompa Broke O Broke
e are able to O e equipme a arge sto
ele g Oop NO onditio ode est and
ery be e b ed 0 omputer equipme
ea O e e laboratorie and o ongb
O yOU a E and ecked. to mee g powe £a e a
ble price a a 8 ale able to p ase
pe atio s 3 ate-o
- s olog



re 7D Tape Recorder

hannets FM electronics DC — 20KHz
16°60iD8, £4895.00
E. Labs.

12 50 Channet UV Recorder. Servo paper
o2 upto S metrs/sec. 12” paper  £1100.00
atenabe.
:641 6 Channel Chart Recorder. 1mV-
V. 250mm scan width £1495.00

AGNAL SOURCES
uwlett Packard.
4A Decade LF Oscdiator. 10Hz-TMHz.

EV-10V into 6008 £695.00
BA AM Signal Generator. SOKHZ-65MH2
£475.00

28 AM Signal Generator. SOKHz-65M

E850 00
b £600.00
lﬁ UHF Signal Generator 1 8to 4 ZGHz int
& Mod 000.
# B Test Osciliator 10Hz-10MHz
Fnv-3.16v £415.00
150A Function Genefator
J05Hz-50KH2 £295.00

12DA Fre ncy Synthesizer 0.01Hz-13MHz
range + 13dBm into 502, Long term

\gsenCy accuracy = 10 partsin 10¢ of setting
¥ /830 £995.00
OB Phase Locked fitted with options 001, 2
1483 Digital readout S00KHz-1100MHz. AM
WIFM modutation £5150.00
YEA/B6998 RF Sweeper System. 0.1-4GHz
Z-anges Max O/P 10mW to 2GHz and
n=/104 GHz £2300.00

agzoni.

1 =4H74 AM Signal Generator 10KHz-
Nz, 2uv-2V £750.00
Sl #AHS A M. Signal Generator 10KH2Z
Nz £495.00
@062 UHF Signal Generator
2~ 200MH2 £495.00

TF1370A Wide Range RC Oscillator. 10+=2-
10MHz. Sine wave, square wave upto '1COKHz

£295.00
TFZ000 A F. Signal Source £325,00
TF2002B A al Generator. 10KHY

88MHz, 0. 1uV-1V. 20H2-20KHz Mod
frequency £1280.00
TF2005R 2 Tone Signal Source. 20Hz-20K2
0-111ad8:n 0. 1dB steps £295.00
TF2015 AMFM Signal Generator IDSZOMHZ
0.2uV to 200mv £9€5,
TFZ361 Sweep Generator with TM9693 Fu?
1N [o give 1-300MHz with internal or exterai
markers. TM9695 attenuator 0.5-500m Valts
in 1dB steps. TM9701 UHF detector, TM9©58
RHO-Briage to measure V.SW.R. . £1560.00

Philips.
PM6456 Stereo Generator Separate L andR
Signats. Carrier frequency 100MHz 2 I% PF
OIP 3mV pk-pk £250.00

Radiometer

SMG 1 Stereo Generator L or R Channel internal
of external modulation. 100MHz carrier at
10MV to 100MV £375.00

SOUND LEVEL METERS

Generat Radlo.

1981 Sound Level Meter, 70-120dB. Digital

and analogue reading. Peak hold. A weu%r}:%
£

1983 Sound Level Meter. 70-120dB. A
weighting £19500

T.V.TEST EQUIP

Tektronix

141A PAL Signal Generator High quality tet
nals for 676 ne £150000

S
28 1C PAL Waveform monitor in as new:
condition £227500

Electronic Brokers Limited
61/65 Kings Cross Road

London WC1X9LN England

Telephone: 01-278 3461
Telex: 298694 Elebro G

Hours of Business: 9a.m.- 5p.m. Mon-Fri. Closed lunch 1-22.m.
ADD 15% VAT TO ALL PRICES
Carriage and Packing charge extra on all items unless otherwise stated.
: A copy of our Trading Conditions is available on request.

TRANSMISSION
MEASURING EQUIPMENT

Marconl.

TF2332 AF Transmussion Test Set. 20Hz- ZO;CHI
25.00

TF2343 Quantizanon Distortion Tester

checks AF.to A.F. distortion of P.CM.

Systems £600.00

Slemens.

D2040 Selective Level Analyser and Voltme:er
10Hz-60KHz. — 1 10dB to + 50d8. 3uv-300Y
Lin and log indication. 5 digit frequency
readout £1200.00
D2072 + W2072 L evel Meter and Oscillator
S50KHz-100MMz. —~ | 10d8-0dB. Receive
bandwidth 3.1 and 10KHz . . .. £2200.00
W 2006 + D2006 Carrier Level Test Set. 10KHz
17MHz. —100tg + 10dB £1650.00
W 2007 + D2007 Carner Levei Test Set
6KHz-18.6MHz. — 12010 +20d8 . . £1800.00

\Wandel and Goiterman.

PF-1 Drgital Error Rate Measuring Set
Consisting of PEM-1 Digital Error Rate Meter
and PFG-1 Pettern Generator £2490.00

SPM-6 and PS-6 Level Measuring Set
6KHz-18.6MHz. —110dB o + 20dB. Mains /
battery operation . £2150.00
PCM-1 PCM Test Set. PDA-64 PCM Signaling
Analyser, PSM-4 Level Measunng Set Scanner.
PDG-| Dlgx(al Signal Generator. PDA-1 PCM
Dugital Signat Anaiyser P.O.A.

MISCELLANEOUS

Brue! and Kjaer.

2409 Electronic Voltmeter. True RMS. Avera
and Peak 2HZ-200KHz £250,

Ferrograph.
RTS2 Recorder Test Set Measures Wow &
Fiutter. Distortion. Gain £345.00

Fluke

3010A Lo{,uctester Seif-contained portable
NEW PRICE ca £14.000. Full specification on
request £8500.00

Hewitett Packard.

198A Camera £150.00

355E 1208 Programmabie Attenuator unused
'90.00

4329A lnsulatlon Resvsrance Meter Range
500Kt 2x 10 00,00
8745AS Parame(er Test Set. Fitted with

} 1604A Universal Arms 0.1-2GHz. . £2750.00

Marconl.
TF2162 MF. Attenuator. 0-111dB. . £135.00
TF2163SUHF Attenuator 0-14208 508

edance DC-1GHz £250.00
TK2214 X-Y Mermory £250.00
TF2331 AF Distortion Meter
20Hz-20KHz. 0.1%-100%
ImV-30V voltage range £395.00

TF2500 AF Power Meter. 7 ranges |00u watts
o 25 watts. impedance 2.5 to 20K§2 in 40

st . £275.00
TF 950/5 mobile Radio Test Set AMIFM Sg
Generator. modulation meter. in ine power
meter to 25 watts AF Oscillator ang AF
Voitmeter to cover mobile bands 65-4 70

MHz 550.00

TMB339 AC/DC mixer for TF2702 £29S 00

Miles Hivoit

IT30 Insulation Tester ministry version

CT587/3 (mint) £850.00

Phlll;)

PM9380 Camera and Accessories {as new)
£200,00

Rohde and Schwarz.

MSC Stereo Coder. 30Hz- 15KHz £500.00
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Computer equipment and periphals

PDP11 C.P.U.s

PDP11/04 102" 32KB MOS £3625.00
PDP11/34A 128KN MOS £5850.00
PDP11/34A 256KB MOS £7250.00
PDP11/35 32KW Core. 6ft cab. £2750.00

PDP11/35 96KW Core, KT11D, 6ft cab

o £5000.00
PDP1 1745 32KW Core, 4ft cab. £5950.00
PDP11/45 96K\W Core, 4ft cab. £7450.00

PDP11/70 64KW Core. 2 cabs. LA36

£18,000.00
POPL1/70 51 2KB MOS, 2 cabs. VT100

£30,000.00
PDP11 OPTIONS
AA11 A-D + Backplane £125.00
ART1 16 channel AID £750.00
BAI IFE Expanaer Box. £995.00
BAL11ES Expander Box £750.00
D81 | A Unibus Repeater £525.00
DB1 1B Unibus Repeater £525.00
DD1 A Backplane £125.00
DD118 Backpiane .£125.00
DH1 1 AE Multiptexor £2750 00
DJ11AA Multiplexor E1A £1250.00

DL1 | Senal Interface £250.00
DL IWA/B Asynchronous interface . £395.00

DR!1C Gen Purpose O £250.00
DR11W DMA interface £625.00
DZ1 1B Multipiexor £995.00
FP1 IE Fioatng Point {1 1/60} £1975.00
H720 Power Supply . £175.00
H77588 Battery Back-up £495.00
KE 1A Extended Arithmetic £625.00
KE1 18 Extended Arithmetic £595.00
KG! 1A CRC module £465.00
KIT!1H Bus Interface £250.00
KT1 1D Memory Management £750.00
LP11 Pnnter Control module £325.00
M105 Device Selector. £30.00
M780 TTY Transmittor £75.00
M792 ROM Diode Matrix £125.00
M792YB Bootstrap . £195.00
MB873YA Bootstrap. £150.00
M873YB Bootstrap £150.00
M7068 Bit map moduie £395.00
M7258 Printer Interface £325.00
M7259 Parity Controlier £65.00
M7290 Tirning module £190.00
M7821 interrupt Control £50.00
M7850 Panty Controlier £50.00
AM7859 Panel Control Module. £225.00
M7930 Printer Interface . £325.00
M9301 Bootstrap £325.00
PDP11 MEMORY

KK11A 11/34A Cache . £1500.00
MF1 iL 8KW Core and Backplane . . . £600.00
MF | 1U 9-Slot memory backplane . . . £250,00

MF11UP 16KW Core and Backplane. £975.00

MM ICP 8KW Core . £125.00
MM 1DP 16KW/ Core "£375.00
MM 1E 4KW Core. £99.00
MM 1F 4KW Core and Backplane . £220.00
MM1IF 8kW Core. £480.00
MM11UP 16KW Core .£750.00
MS1 1P 32KBMOS . £375.00
MS11LB 128KB MOS il 495.00
MSH LD 256KB MOS. £3450.00

DISK DRIVES

RK0SJ 2.5 mec .. £1250.00
RKOSF 5 meg fixed . £1500.00
RK11DRKOS and ctl £2150.00
RKO6 14 meg . £2500.00
RK611 RKO6 and ctf £4250.00
RKO7 28 meg from £4750.00
RK711 RKO7 and ctl from £6500.00
RLO1 S meg. £€1250.00
RL1TRLOt and ctl £1950.00
RLOZ 10 meg £2500.00
RL211 10megandct £3200.00
RMO2 67 £8500.00
RIMO2 RMOZ and ctl £11,500.00
RPO4 80 meg £4950.00
RJPO4 RPO4 and cti £7950.00
RPO6-AB 167 meg £18,000.00
RX11-DB Dual Fioppy and cti £995.00
RX211-BD Dual Floppy and ct! £1450.00
RXV11-BD Dual Floppy and LS ctl. . . £995.00
PERIPHERALS

LAT1 ! DECprinterl andctl £820.00
LA3S RO DECwnter It 20mA £250.00
LA3S RO DECwriter HEIA. £275.00
LA36 KSR DECwriter il 20mA £450.00
LA36 KSR DECwrtter il EIA £495.00
LA180-PD DECpninter | — paraliet . . . £495.00

LA180-ED DECprinter | and EIA option
... £670.00

LPO4 1250 1pm Printer and cti {NI
E\"25750.00

LP11-VD 300 ! pm Printer and ctl . . £2750.00
PC11A Reader/Punch and ctl £1250.00
PRI Reader and ¢t £925.00
TEIOW 9 track master. 6ft cab £5500.00

TE 16 Dual Density Slave. DfSystem cab

£5750.00
TMI1 1 9rack and cil. 4ft cab £4250.00
TUN 1 7-track Slave, 4ft cab £2750.00
TU10 9-track Slave, 4ft cab £2750.00
TU0 Duai Cassette Dnve £500.00
VT50 DECScope 20mA £250.00
VT52 DECScope, 20mA of RS232 . .. £525.00
VT100 Video Terminai £695.00

PDP8 C.P.U., MEMORYS,
OPTIONS

PDPBA-205-BR 32KW MOS £1750.00
PDP84 4KW Core £975.00
PDP8E 8KW Core £1350.00
PDP8E 16KW Core £2145.00
MMBAA BKW Core £500.00
MMBAB 16KW Core £995.00
MMBE 4KW Core. £175.00
MMBEJ 8KW Core £795.00
MS8-CB 32KW MOS £750.00
ADBE Analogue/Digital. £695.00
BEBA Omnibus Expander £395.00
DKS8EA Real Time Clock £150.00
DPBEB Communications Adaptor £395.00
DR8EA Parallel VO £175.00

G111 Memory Sense/inhibit module . £150.00

G227 Memory XY Driver module £40.00
H220 Memory Core module £125.00
H724A Power Supply £275.00
KABE Pasitive IO Bus £95.00
KCBEA Front Panel modute onty £125.00
KC8M Operators panel £150.00

KC8ML Programmers Panel module £125.00
KDB8E Databreak £145.00

E Extended Arithmetic £695.00
KGBEA Redundancy Check. £75.00
KLBE Asynchronous Interface £175.00
KLBJA Asynchronous interface £275.00
KL8M Modem Controt £175.00
KMBE Memory extension £195.00
KP8E Power Fail £95.00
CABINETS
DEC

A Selection of 6ft. 4t and low-boy cabinets
usually available — please ring for latest stocks

PAPER TAPE PUNCHES
Dugitrorues P 135/20 paper tape punch,
Solenoid-actuated unit capable of punching 5
to 8 channel tapes at speeds up to 35 ¢ps.

Puise amplitude 27 VDC. compact tabletop
unit

SPECIAL CLEARANCE OFFER—ONLY £45.00
Facit 4070 top quality paper tape punch that
has become an industry standard
Asynchronous 75 cps ogxranon Ad ustable
for punching S. 6. 7 or Blevel tape

contained desk-top unit vncorporatm? supp!y
and take-up spoois, chad box. and T
compatible control logic from £650.00

KEYBOARDS

KB7S6MF 56-station keyboard with fuit

uppei/tower case ASCIl, parailel mpuz

mounting frame for extra ﬁgtdg”

requirements +5V. — 12V INEW;.

KB/ 71MF as per 756MF but with 71

keystations incorporatr numenc pad and

cursor control keys {NE' £55.00

KB77 IMF instailed in meral enciosure [NEW)
.00

£39.00

PRINTERS
Anderson-Jacobson AJ832 Darsy Wheet
printer, keyboard mode! with integral stand
and RS237 interface £995.00
Centronics 101 A Heavy Duty Matrix printer
with 64 ASCli upper casc character set..165
€ps operation. 132 print positions with
}cus(able tractor feed. Paratief input
PECIAL OFFER A FEW ONLY REMAINING

£295.00
Data Products 2470 1250 Lpm Drum Printer
132 col £5500.00

Drabio Hyterm 1620 Daisy Wheei KSR
{keyboard-send-receivef model with standard
RS232 interface, 45 cps print speed.
110/150/300 baud, switch-sefectable parity,
top-of-form setector, graphics capab-r(y under
software contiol. 275.00
Diablo 1355 Receive-only Daisy Wheel printer
with parailel interface £895.00
Digital { A35 DECwniter 30 Cps 132 col

from £250.00
Digital LA36 DECwriter 10, 15, 30¢ps 132 co!

from £450.00
Dogatal LA 180 DECprinter 180 ¢ps 132 col

from £495.00

Seikosha GP80O (NEW] 80 cot 30 ¢ps RO matrix
printer Fult upper/lower case ASCH and
graphics mode, parallet (Centronucs{ype)
interface 99.00

Tally 1602 J60 cps matrix printer with full 96
upper/iower case ASCil character set 7 x 7 dot
matrix. 132 cot with adjustable tractor feed.
bidirectional pnnting. double-width character
feature. seif test facility. Centronics- type parallel
interface 5.00
Teletype low cost printer offer Teletype 33
printer mechanism including case but no
keyboard or electronics. 64 upper case ASCII.
10 ¢ps. pinfeed platen, ideal for the electronic
hobbyrsts only £85.00

LOW COST VDUs
-1 2000 Sur
/| or
dr g
acility
S up 6 il
RS232 i e
n / able
.‘
AVAILABLE witt
25 % 80 format and
-MOS logic . £375.00

SPECIAL QUANTITY DISCOUNT OFFER
1—2 £299.0

3—-4 £275. OO

5—9 £255.00

10+ £250.00

i 5 300/12 ¢ 232 d
binations up to 96 0
£199.00
Also able fr o
Hazel m £575.00
Hazei m £650.00
GRAPHICS EQUIPMENT
Calcomp Drum plotter modei 565 . . £850.00

Houston Instruments flat bed plotter type
DP3-1/5 P.O.A.
Tektronix 4010-1 Graphucs Termmnal with rugh-
resolution graphics mode. standard
aiphanumeric mode, printer port. integra!
stand 1750.00
Tektronix 4014-1 Graphrcs terminai with
enhanced graphics £6950.0C
Tektronix 611 XY Storage dispiay graprucs
monItor . .fromk1150, &) to £1500.00
In addition some wath shight burns from £750

MISCELLANEOUS

Data General Nova 1210CPU typ68l33 2
with 4KW “AS I5™ 5.00
Hewlett Packard desk top computer

9830A with 8K memory extended I/ ROM
sinng variabies ROM, 1 senial and 3 parallel
interfaces. £1150.00
Racal Modem type L5126, 1 20072400 baud,
214 wire P.OA

W 201 for further detalls




HM412-5 OSCILLOSCOPE
(illustrated)
| Bandwidth DC-20 MHz

The model HM4 | 2 demonstrates the exceptionally
high standard of quality and operating comfort
achieved by HAMEG. The ractangular flat-faced
CRT with quick heating cathode hasa 8 x 10cm
internal graticule to eliminate parallax errors.
Regulated power supplies ensure that ine
fluctuations do not adversely affect the display
and specified measuring accuracy. The multitude
of operating modes is very impressive. The vertical
sensitivity of both channels can be increased to
2mv//cm. Fully matched X-Y operation is available,
also the channels can be added or subtratted.
Special features of the HM4 12 are the vertical
overscanning facility, automatic peak value
triggering to 40MHz. and sweep delay for the

- expansion of relatively small signal portions across

the full screen area. The alternate trigging of two
asynchronous signals. variab'e holdoff time, TV
and line triggering, single sweep, raster
illuminatioq. trace rotation, Z-modulation,

ramp output, buiit-in calibrater, and a burn-in
resistant CRT phosphor make the
HM4 12 a most versatile oscilloscope
at a competitive price. £350
Also avallable

HM307 Single Trace DC-10MHz £138.00
HMS 12 Dual Trace DC-50MHz + delay £580.00

- HM 203 PORTABLE

OSCILLOSCOPE

. § Dual Trace. DC to 20MHz. 8 x 10cm display

Risetime 17.5nS. Sensitivity Smv/cm-20V/cm.
Timebase 0.5us-0.2s. X5 magnifier. X-Y operation.
Auto or variable tngger. Channel |. Channel 2
tine and external. Coupling AC. or TV low pass
fiiter. Weighs only 6Kg. Size {m.m.J H. 145, W
285, D. 380.

Europe’s standard service scope
Unbeatable value at

£220.00

All the above scopes are available with P7 long
persistence C.R.T’s (except HM 307) prices on
application

The above prices do not Include carrlage or

VAT (15%). Please send for Technical Literature.

"ROM LONDON'S LARGEST DISTRIBUTORE
* NOW WITH A 2 YEAR WARRANTY

* Fluke 80228 gllustrated) I
3% Digit hand held LCD. DMM. AC/DC volts,

DC/AC current, resistance, diode test. 0.25 % basic
DC accuracy. Overload protection. Viny! carying 4
caseC0E800 ......... R -,
* Fluke 8021B.

Same spec as 8022B with additional audio tone for
continuity. Vinyl case C90 £8.00 . . .

*Fluke 8020B

3¥%; digit 0.1 % basic DC accuracy. DC/AC volts,
DC/AC current, resistance, diode test and
conductance. Continuity beeper. Vinyl case C90

3 Ol ; £117.00
*Fluke 80248 1
3% digit. 0.1 % basic DC accuracy. DC/AC volts,
DC/AC current, resistance, Diode test,

conductance, logic + continuity detect +
temperature. Peak hoid on voltage and cumrent
functions, continuity beeper. Vinyl case C90
=2 (00) SRR F S ..£1585.00
FLUKE 8050A

4¥2 Digit LCD DMM with true RMS on-AC volts
and current DC volts 200mV-1KV, 10uV
resolution AC volts. 200mV/-750V, 10uV
resolution. DC/AC current 200uA-2A, 0.01uA
resolution resistance 2002-20MQ2. 0.01Q
resolution. Also reads dB direct referenced to 16
stored impedances. Conductance ranges 2mS and
200nS. £245 mains model £285 mains battery.

FLUKE 8012A

3%z Digit LCD DMM with true RMS on AC voits

and current. DC voits 2 vV

resolution. AC volts 200mV-750V. 100uV
resolution. DC/AC current 200uA-2A, Q. 1uA
resolution. Resistance 20002-20M, 0.19Q

resolution Low resistance 2@ and 2082, 1mS
resolution Conductance ranges 2mS-20uS-200nS
£218.00 mains model £244.00 mains battery.
FLUKE 8010A

3Y2 Digit LCD DMM Same spec as 801 2A plus a
10Amp AC/DC current range. but not low

resistance range. £167.00 mains model £193.00
mains battery

Also available a range of accessories including
current shunts, EHT probe. rf probe, Temperature
probe and touch and hold probe. Full detaiis on ||
request. {|

The above prices do not Include carrlage or
VAT {15%). Please send for Technical Literature.

680G MULTIMETER
(ILLUSTRATED) 48 RANGES

DC voits: ] 00mV-2-10-50-200-500- 1000V AC
volts: 2-10-50-250-1000-2500V DC current:
50-500uA-5-50-500mA-5A AC current:
250uA-2.5-25-250mA-2.5A Resistance

2 x 1-2 x 1042 x 100-2 x 1000 and Low4, full
range 192-10MQ Up to 100V can be measured
using ext. AC supply. dB scale-10to + 22dB.

QOdB = ImW into 6002 Sensitivity DC 20KV, AC
4 KQV. Accuracy 2.0% AC and DC. Battery
Eveready No. 8 Overioad capability 1000:1 on
resistance renges. Protected by internal 3QFuse.
Size with cast (0.8 x 11 x 3.7cm. Meter size 10cm.
Supplied with leads and carrying case.

£24.50
680R HIGH ACCURACY

MULTIMETER 80 RANGES

DC volts; 100mV-2-10-50-200-500-1000V AC volts:
2-10-50-250-1000-2500V DC current: 50-500uA-
5-50-500mA-5A AC current:
250uA-2;5-25-250mA-2.5A X2 switch on ali
voltage and eurrent ranges except 2500V AC
setting. Resistance: § x 1-2 x 10-Q x 100-Q x 1000
and Lowgl, full range 192-10MQ, up to 100MQ can
be measured using ext. AC supply. dB scale\—10
1o + 22dB. OdB = TmW into 60082 Sensitivity DC
20KV, AC 4KV Accuracy DC 1%, AC2%
Battery Eveready No. 3. Overload capability
1000:1 on resistance ranges. Protected by internai
3Q fuse. Size with case 13.7 x 10.4 x 5.4cm. Meter
size 12cm. Supplied with leads and carrying case.

£32.00
MICROTEST 80 POCKET SIZED

MULTIMETER 40 RANGES

DC volts. 100mV-2-10-50-200- 1000V AC volts:
1.5-10-50-250- 1000V DC current: 50-500uA-5-
50-500mA-5A AC current:
250uA-2.5-25-250mA-2 .5A Resistance:

Qx 192 x 102 x 100 and Low §, full range
192-5M% dB scale —10to +22dB, odB = ImW
into 6008 Sensitvity: DC 20KQUV, AC 4KQ/V
Accuracy 2% AC and DC. Battery Mallory RM
625N. Overioad capability 1000: 1-on resistance
ranges. Protected by internal 39 fuse. Size with
case 9.3 x 9.6 x 2.3cm. Meter size 8.5cm. Supplied
with leads and carrying case.

£16.60

Please add £1.50 carriage per meter plus 15% VAT
on total meter and carrlage price. Send for Literature.

Hours of Business: 9a.m, - 5p.m. Mon-Fri. Closed lunch 1-2p.m.

ADD 15% VAT TO ALL PRICES

Electronic Brokers Limited . _ | |

61/65 Kings Cross Road RiCopy of our Trading Gondiions Is vallablo OR (eaRely T < - - .
= London WC1X9LN England a5 |
B Telephone: 01-278 3461 - |
B Telex: 298694 Elebro G

X
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The
Profesrional Choice

| i
] { |
sadiakbibah sl W vabbababbl

AMCron (v

Since the introduction of the DC300 in 1967, AMCRON ampilifiers have
been used worldwide — wherever there has been a need for a rugged and
reliable amplifier. Their reputation amongst professional users, throughout
industry, has made the name of AMCRON synonymous with power
amplification. For power you can depend on - choose AMCRON, the
professional choice.

For further details contact the UK Industrial distributor:

nya,? LN

L) ¥ Lt

G.A.S. ELECTRONICS

16, ST. ALFEGE PASSAGE, LONDON SE10
TELEPHONE: 01-853 5295
TELEX: 923393 LASER G

WW — 014 FOR FURTHER DETAILS
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DCOL

(Regd Trode Mork )

SOLDERING TOOL

TYPE 444

with
Electronic Temperature

Control Circuit

contained within &%
the handle 4

DESIGN
FEATURES

@ NO MOVING
PARTS

@ NO MAGNETIC
EFFECT

O N0 MAINS

SPIKING

@ MINIMAL
MAINTENANCE
@ FULL RANGE
OF PUSH IN
SOLDERING TIPS
OFAIL SAFE
CIRCUITRY

The Adcola 444 operates from 24VAC.
50 VA. 50/60Hz. supply. Temperature
range normally factory set at 360°C is fully

variable between 220°C -420°C. The
control circuit is based on a specially designed

integrated circuit and uses a thermocouple
temperature sensor.

Full specifications and prices from

DCOL

(Regd Trode Mork)

ADCOLA PRODUCTS LIMITED

ADCOLA HOUSE, GAUDEN ROAD, LONDON Sw4 6LH.
Telephone: 01-622 0291/4 Telex 21851 ADCOLA G

WW — 034 FOR FURTHER DETAILS

J

MICROCOMPUTER COMPONENTS

LOWEST PRICES - FASTEST DELIVERY

ORDERS WELCOME
Alt prices exclude
VAT é1 5%). ALL O

WELCOME
posi and packi %—1
RDERS DESPATC

ULL REFUND FOR OUT OF

T

(Dept WW/2)
HEWITT HOUSE, NORTHGATE STREET,

BURY ST. EDMUNDS, SUFFOLK IP33'1HQ

TELEX: 817670

TELEPHONE: (0284) 701321
WW - 031 FOR FURTHER DETAILS

DISCOUNTS AVAILABLE
on orders under £10 (50p) and
ED ON DAY OF RECEIPT WITH
STOCK ITEMS IF REQUESTED.
24-hour Telephone Credit Card Orders

MIDWICH COMPUTER CO. LTD.

Device Price Device Price Oevice Price Device Price
MEMORIES EF6862 891 | 4076 0.60 | 741595 0.44
21141-200ns 1+128 | EF6871-A1T 1870 | 4077 022 | 7415109 028
25+1.19 | EF6880 107 - | 4078 024 | 7415112 025
2114L-300ns 14128 | EF6887 0.80 | 4081 014 | 745113 025
25+1.19 | EF68488 9.1 | 4082 019 | 74LS114 025
2708 450ns 109 | EF6875 418 | 4085 0683 | 7415122 039
.2716 450ns  1+249 4086 069 | 7415123 055
254237 | 6502 FAMILY 4093 039 | 745124 1.00
2716 350ns  8.85 | SYP6502 495 | 4502 069 | 7415125 028
2532 45005 1+5.50 | SYPB520 315 | 4507 039 | 74L5126 028
25+531 | SYP8522 495 | 4508 190 | 7415132 0.45
273245005 1+4.80 | SYPBS32 705 | 4510 060 | 7415136 028
25+4.08 4511 049 | 745138 0.34
4116 150ns  1+1.15 | 8080 FAMILY 4512 080 | 7415139 037
25+1.06 8085A 5.50 4514 149 7415145 075
4116 200ns  1+0.80 8212 1.70 4515 140 74L5148 0.90
2540.72 | 8216 170 | 4516 075 | 7415151 0.34
6116 200ns  10.85 | 8224 245 | 4518 040 | 745153 0.35
4118 200ns 390 | 8228 395 | 4519 028 | 7415155 039
8264 200ns  12.00 | 8251 305 | 4520 068 | 74LS156 0.38
5516 200ns  22.86 | 8253 795 | 4521 140 | 7415157 034
8255 305 | 4522 120 | 7415158 0.36
::; g::;:?c%!lggm Agze 070 | 745160 0.39
CMOS 4000 ‘B’ SERIES 4527 0.89 7415161 0.39
PROCESSORS mos 012 | 4528 070 | 7415162 0.39
E£FO364 594 | 4001 013 | 4532 089 | 7415163 0.39
EF9365 6280 | 4002 013 | 4541 130 | 7415164 047
EF9366 6290 | 4006 060 | 4543 099 | 7415165 099
4007 017 | 4583 290 | 74LS166 084
BUFFERS 4008 055 | 4555 040 | 7418173 0.70
81595 090 | 4000 028 | 4556 054 | 7415174 0.54
811596 090 | 4010 028 | 4585 088 | 7415175 0.54
81L597 090 | 4019 014 7415181 130
81L598 000 | 4042 017 | LOWPOWERSCHOTTKY | 74LS190 055
8T26A 150 | 4013 033 | TVLICs-TLS SERIES | 74LS191 055
8128A 150 | 4014 058' | 74LS00 oa1 | 7418192 0.89
8195 150 | 4015 058 | 741501 0.01 | 7415193 058
8T97A 150 1 4016 028 | 74L802 012 | 7415194 0.39
8798 150 | 4017 045 | 741503 012 | 7415195 039
4018 058 | 741504 013 | 7415196 0.58
0ATA coauvmms - 7415197 0.65
ZN425E- 350 7415221 0.60
%mgggg ggo SPECIAL OFFERS 7415240 089
- 28 7415241 0.89
ZN42BE-8 478 MEMORIES 7415242 079
ZN429E-8 2.10 7415243 079
21140200 ns  0.99 | 4116 150ns 0.7
ZNa32Cr10 2800 | | 5708 450ns 148 | 4116 2000s 087 || T4LS248 019
2433110 2259 || 2716 450ns 210 | 6116 200ns 850 || 7415243 0.89
ZN440 56.63 2532 450 ns  3.89 | 5516 200ns 11.95 7418247 134
2732 4500s 3.20 | 4118 200ns 385 7415248 1.00
MISCELLANEOUS 7415249 0.68
AY-3-1015 3.90 + OFFERVALID FROM DEC 1st-JAN 1st 7415251 0.39
AY-5-1013 3.45 SUBJECT TO AVAILABILITY 7415253 0.39
AY-5-2376 8.95 7415257 0.44
MC1488 064 | 4019 029 | 74LS05 013 | 7415258 0.38
MC1489 084 | 4020 058 | 74LS08 0.13 | 7415259 038
MC14411 8.84 | 4021 060 | 74509 013 | 7415261 190
MC14412 7.00 | 4022 0682 | 74LS10 013 | 7415266 023
RO-3-2513L 770 | 4023 017 | 741511 0.14 | 7415273 0.80
R0-3-2513U 170 | 4024 038 | 741512 015 | 7415279 0.34
ZN450E 761 | 4025 018 | 741513 D22 | 7415283 0.44
7805 050 | 4026 009 | 741514 044 | 7415290 0.5
7812 050 | 4027 030 | 74515 013 | 7415293 045
7905 055 | 4028 055 | 741520 012 | 74LS365 0.34
7912 055 | 4031 165 | 741821 0.14 | 7415366 0.34
4033 180 | 74LS22 0.14 | 7415367 034
71106 280 FAMILY 4034 156 | 741526 0.18 | 7415368 034
780 CPU 4,00 | 4035 072 | 741527 0.14 | 7415373 0.74
Z80A CPU 482 | 4040 057 | 74LS28 019 | 74LS374 0.74
280 CTC 400 | 4041 089 | 74LS30 012 | 741375 047
780A CTC 400 | 4042 054 | 74532 014 | 7415377 089
780 DART 718 | 4043 059 | 741833 0.18 | 7415378 069
Z80A DART 718 | 4044 084 | 74L537 018 | 74LS379 0.4
780 OMA 1152 | 4045 165 | 741538 016 | 7415386 028
Z80A DMA 099 | 4046 068 | 74LS40 013 | 745390 0.59
80 PIO 378 | 4047 088 | 74i542 034 | 7415393 050
Z80A PIO 3.78 | 4048 054 | 74LS47 0.39
780 SI0-0 1305 | 4049 030 | 74L548 0,60 | LOW PROFILE OIL
Z80A SI0-0 1385 | 4050 030 | 741549 050 | SOCKETS
780 S10-1 13.05 | 4051 059 | 74LS51 0.14 | Number of Pns
Z80A SI0-1 1385 | 4052 088 | 74LS54 015 8 0.07
780 SI0-2 1385 | 4053 059 | 74LS55 015 14 008
Z60A SI02 1385 | 4054 120 | 74573 020 16 0.09
4055 120 | 74874 0.17 18 0.15
EFCIS 6800 FAMILY 4060 089 | 74LS75 028 20 0.17
EF6800 370 | 4063 085 | 741576 0.20 22 021
£F6802 511 | 4066 034 | 74578 024 2% 023
EF6803 1180 | 4068 017 | 741583 050 28 025
£F6809 1195 | 4069 017 | 74585 0.70 40 029
EF6810 135 | 4070 019 | 741586 017
EF6821 174 | 4071 018 | 741590 030 | CRYSTALS
EF6840 420 | 4072 019 | 74LS91 080 | 1M 3.00
EF6845 950 | 4073 019 | 741592 035 | 18432 Mz 250
£F6850 1.70 | 4075 017 | 741593 034 | 4 Mz 185
OFFICIAL CREDIT CARD ORDERS QUANTITY
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CX80 COLOUR o
MATRIX PRINTER i o -

At last a low-cost Colour Matrix Printer for y
Text, Graphics, Histograms, Colour VDU /
Dumps, etc.

Colour printout is quickly assimilated,
makes graphics more understandable
and is an ideal medium for the presen-
tation of complex data or concepts.

==

Compatible with most microprocessors, prints in 7 colours — sophisticated internal
programme makes the CX80 easy to use.

Dot Addressable + 15 user programmable characters, 96 ASCIl and 64 graphics
characters in rom. Centronics interface with RS232 and |IEEE488 options.

The CX80 is a product of our own design and development laboratories. It repre-
sents a British breakthrough in colour printer technology. Colour brochure on
request. OEM pricing available.

NRDC-AMBISONIC
UHJ = C ~AMBISONIC

Surround Sownd Decoder

s
a
s v .
SURROUND SOUND i e ke e et W 3 :
’ D e ! o T T S
' -4 SOAAHO
DECODER st
The first ever kit specially produced by Integrex for this British NRDC 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 ‘quadrophonic’ systems (Not CD4), including the new BBC HJ. 10 input selections
The decoder is linear throughout and does not rely on listener tatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output siytials are provided in this most versatile unit

Complete with mains power supply. wooden cabinet, panel. knobs, etc.
Complete kit. including licence fee £67.70 + VAT or ready built and tested £76.85 + VAT

INTRUDER 1 Mk. 2 RADAR ALARM

With Home Office Type approval

The original “‘Wireless World'* published Intruder 1 has been re-designed by Integrex 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. Internal mains rated voltage free contacts for external bells
etc

Complete kit £52.50 plus VAT, or ready built and tested  £68.50 plus VAT

Wireless World Dolby noise reducer

n Typical performance
aboratories Inc.
7rademark Of Dolby L ratori / Noise reduction better than 9d8 weighted

Clipping level 16.5dB above Dolby level {measured at 1% third
harmmonic content)

Harmonic distortion 0.1% at Dolby level typicaily 0.05% over
most of band, rising to a maximum of 012 %

Signal-to-noise ratio: 75dB (20Hz to 20kHz signal at Dolby level)
at Monitor output

Dynamic range >90dB

Complete Kit PR'CE 5 £49.95 + VAT (3 head model available) 30mV sensitivity
Also available ready bullt and tested............ PRt R e .Price £67.50 + VAT
Calibration tapes are available for open-reel use and for cassette {specify which) ........ Price £2.75 + VAT
wm Wvew
All kits are carriage free Please send SAE for complete lists and specitications

Portwood Industrial Estate, Church Gresley,

INTEGREX LIMITED ooy saesisie
Burton-on-Trent (0283) 215432 Telex 377106




Prices

ACOUSTIC & VIBRATION
BRUEL & KJAER from £
2113 Audio Frequency Spectrometer 1400
2203 Sound Level Meter 450
2305 Level Recorder 1350
4230 Sound Level Calibrator 95
4424 Noise Dosemeter 375

BRIDGES & V and | STANDARDS
GENERAL RESISTANCE
DAS56 DC V and | Calib 1uV-10V 30mA 600
HEWLETT PACKARD
4261A Digital Automatic LCR Bridge
4342 QLC Meter 22 KHz-70 MHz
MARCONI
TF868A Universal LCR Bridge

WAYNE KERR
B521 LCR Bridge

COMMS & CABLE TEST
EQUIPMENT

CHASE
35A Field Strength Meter 20-850 MHz

HEWLETT PACKARD
3556A psophometer 20 Hz-20 KHz

TEKTRONIX
1502 TDR Cable Tester CRT + Recorder

COMPUTER EQUIPMENT
CENTRONICS

702 matrix printer

TEKTRONIX

4610- 1 Hard copy printer for 4010 series

computer dispiay terminals
COUNTERS & TIMERS

FLUKE

1910A-1 125 MH2z 7 digit Cnir, AC/Batt

1912 520 MHz 7 Digit Counter

1912A01 As 1912A butinc. re-charging

batteries

1920A 520 MHz 9 Digit Counter inc. Brst.

mode

1920A14 1250 MHz otherwise as 1920A 750

HEWLETT PACKARD
5300A 6 Digit Display Unit — P/in reqd. 160
53058 1300 MHz Counter for 5300 325

RACAL

9024 600 MHz 7 % digit Counter 220
9025 t GHz 8 digit Counter 450
9905 200 M Hz 8 digit Counter Timer 360

SYSTRON DONNER
6053 3 GHz 9 digit Counter BCD O/P 790
5103B Strip Printer for 6053/6054 375

DIGITAL TESTING EQUIPMENT
HEWLETT PACKARD
50117 Logic troubleshooting kit 125
1600S Logic Analyser 32ch 20 MHz 2750

TEKTRONIX
7DO1F Logic Analyser 16ch 50 MHz P/in
832 Datacomm Test V24/RS232/) ioop

THIS MONTH'S
SPECIAL OFFERS

FLUKE 8921A
Digital and analogue true RMS AC volimeter
ord power mefer. Frequency range
10 Hz-20 MHz
Readout — 3/ dight LED display and
analogue meter for peak and null
adjusiments
Ronges — 2mV FSD to 700V FSD pius dBm
ranges reading power dellvered 10 12
standord input impedances from 509 to
12009. Also relative dB mode for
flotness/ditference meosurements.
WIll measure AC power/volts tn presence of
OC offset — Automatic or manuol ronging.

£825

2650
1150

M.L. ENGINEERING — NANO
AMMETER/MICRO VOLTMETER

0@ Analogue Meter with centre zero scale.

12 Current Ranges from 100nA to

30mA FSD.

12 Vottoge Ranges trom 1004V to 30V FSD.
Can be used in conventional mode or as 0

sensitive null meter.

These instruments are new.

ONE YEAR GUARANTEE

CONTACT US FOR A CASH QUOTE ON
YOUR UNDER-UTILIZED TEST EQUIPMENT

Prices
fromf

MAINS TEST EQUIPMENT
COLE
T1007 Volt/Freq/Spike Monitor Rec O/P
DATALAB
DLO19 Mains Interface for DL905
DRANETZ
606 3ch Volts Av/Spike/ Time/ Printer

GAY
LDM AC/DC/Spike/ Time inc Printer

MISCELLANEOUS
AVO
RM215 AC/DC Breakdown/Leakage Tester

COMARK
1601BLS Thermom 10ch 87 + 1000°C type K
N.B. Thermocouples not included

DATALAB

DL901 Digital Transient Recorder

HEWLETT PACKARD

X3B2A Rotary Vane Attenuator WG16

MULTIMETRICS

AF120 Dual H/Pass L/Pass active

fitter 20 Hz - 2 MHz

RESEARCH INSTRUMENTS

Micro manipulator — 4 Probes moveable in

all planes. Adjustable test table — Watson

Burnet optics. Complete systern mounted

in perspex enclosure

TEKTRONIX

521PAL Vectorscope

528 TV Waveform Monitor

575 Semiconductor Curve Tracer

1485C TV Waveform Monitor PAL/NTSC
NETWORK ANALYSERS/
PHASEMETERS

DRANETZ

3058/3001 Phasemeter 2Hz-700KH2

HEWLETT PACKARD

8405A Vector Voltmeter 1-1000 MHz

8414A Polar Display for 8410 N.W.A.
OSCILLOSCOPES &
ACCESSORIES

GOULD ADVANCE
0S33008 50 MHz 1mV 2 Trace 2T base

HEWLETT PACKARD
1804A 50 M Hz 20mV 4 Trace Plug-in
1825A Dual Timebase Plug-in
1805A 100 MHz 5mV 2 Trace Plug-in

PHILIPS

PM3211 16 MHz 2mV 2 Trace TV trig
PM3212 25 MHz 2mV 2 Trace TV trig
PM3244 50 MHz 5mV 4 Trace 2T base
PM3260 120 MHz 5mV 2 Trace 2T base
PM3262 100 MHz 5mV 2 Trace 2T base
TrView

TEKTRONIX

465 100 MHz 5mV 2 Trace 2T base

4658 100 MHz 5mV 2 Trace 2TB, inc Probes

475 200 MHz 2mV 2 Trace 2T base

485 350 MHz 5mV 2 Trace 27T base 2300

661/453/5T1A 1 GHz Sampling scope 775

7A12 105 MHz 5mV 2 Trace Plug-in 300

7A1875 MHz 5mV 2 Trace Plug-in 420

7A19 500 MHz 10mV 1 Trace Plug-in 990

7A22 1 MHz 10uV Differential Plug-in 595

7A24 350 MHz 5mV 2 Trace Plug-in 990

7A26 200 MHz 5mV 2 Trace Plug-in 655

7B53A 2 Timebase Plug-in 100 MHz Trig 530

7880 Single Timebase 400 MHz Trig 5§75

7885 Timebase with delay 400 MHz Trig 670

7603 100 MHz CRT r/out 3 slot M/Frame 1350

7704A 200 MHz CRT r/out 4 slot M/Frame 1450

P6013A X1000 12KV Probe 95

TELEQUIPMENT

D63/V1/V115MHz2 Trace ImV 499

D83/V4/S2A 50 MHz 1mV 2 Trace 2T

Big CRT 750

D1015 15 MHz 5mV 2 Trace TV trig 295

VUDATA

P$935/975 35 MHz 5mV 2 Trace - unit has

built-in 3% digit DMM + 3% dig. cnter 675

Note: we hold a range of cameras P.O.A.
OSCILLOSCOPES (STORAGE)

HEWLETT PACKARD

1703A 35 MHz 10mV 2 Tr 2TB 1000 Divims

TEKTRONIX

466 100 MHz 5mV 2 Tr2TB 1350cm/ us

1400

2950

603 Bistable Storage Monitor XYZ amps

T912 10 MHz 2mV 2 Tr 1TB 250cm/ms

7834 400 MHz 4 Slot M/Frame 2500cm/us
POWER MEASUREMENT

HEWLETT PACKARD

8481A Type N Coax sensor for 435A

MARCONI

TF2512 DC -500 MHz Powermeter

TFB833A 10 Hz-20 KHz Powermeler
POWER SUPPLIES etc

ADVANCE

1V5S Inverter 24V DC to 240V AC 500W

FARNELL

FFSL5V - 20 A PSU module

L30B 0-30V variable 1A Metered

FLUKE

4158 0-3.1 KV variable 30mA Metered

HEWLETT PACKARD

6966A 0-36 V variable 10 A metered

PHILIPS

PE1646 0-75V variable 6A Metered V + |

PULSE GENERATORS
ADVANCE
PG57 10 Hz-50 MHz 10V 508 Vari RT 6ns
EH RESEARCH
132 10 Hz-3.5 MHz 50V 5082 RT 10ns 2 pulse
MARCONI
TF2025 0.2 Hz-25 MHz 10V 5002 RT 7ns 2
pulse 350

RECORDERS & ACCESSORIES
BRUNO WOELKE
ME1028 Wow and Flutter meter bl

BRYANS SOUTHERN
B85316 Chart 10" 6 Pen 16 speed
HEWLETT PACKARD
7015A XY 1 pen Ad size 700
7046A XY 2 pen A3 size 995
PHILIPS

PMB041t XY 1 pen Ad size 750
PMB8261 Chart 10" 1 pen 12 speed 375
SE LABS

994 6 ¢ch gaivo preamp + DC bridge supply 450
6008 UV chart 8" 25 ch 16 speed 950
6150/51 UV recorder 12 ch-inc 6 ch amps 1000

SMITHS

RES41 Chart8 1 pen 8 speed 250

RE501/4701 Cht4”" + XY 1ch 10 spd

AC Batt 200

SOLARTRON

3240 Modular Data Logger system

Note: UV recorders are priced less galvos
SIGNAL ANALYSIS
EQUIPMENT

MARCONI

TF2300A Mod Meter 1 MHz-1 GHz AM/FM 450

TF2330 Wave Analyser 20 Hz-50 KHz 900

Note. see also “Spectrum Analysers™

SIGNALFUNCTION/ + SWEEP
GENERATORS
ADVANCE
SG63D Generator 4-230 MHz AM/FM
GENERAL RADIO
1362 Generator 220-920 MHz
HEWLETT PACKARD
86408 Generator 500 KHz-512 MHz
AM/FM Phase Lock
6188 Generator 3.8-7.5 GHz
612 Generator 450-1230 MHz
614 Generator 0.8-2.1 GHz
MARCONI
TF144H/4S Generator 10 KHz-72 MHz AM
TFB01D Generator 10 MHz-470 MHz AM
TF955/2 Generator 0.2-220 MHz AM/FM
TF10668 /1 Generator 10-470 MHz AM/FM
TF2012 Generator 400-520 MHz FM
TF2015 Generator 10-520 MHz AM/FM
PHILIPS
PM5127 Function 0.1 Hz-1 MHz Sin
$q Tn Rmp
PM5129 Function 1 mHz-1 MHz Sin/Sq
Tri/Ramp/Puise + Sweep + Burst
TEXSCAN
9900 Sweeper 10-300 MHz2 6/in CRT disp
VS60 Sweeper 5-1000 MHz

4390

2500

P.O.A.

7 5 e

SPECTRUM ANALYSERS
HEWLETT PACKARD
1417/8552B/8555A Complete .01-18 GHz
3580A 5 Hz-50 KHz with digi store disp
8445A Pre-selector 0.01-18 GHz
85588 0.1-1500 MHz Plug-in for 180 series

MARCONI

TF2370 30 Hz-110 MHz Digi-store display

built-in counter and tracking gen
VOLT/MULTI-METER
(ANALOGUE)

AVO

8 Mk4 AC/DC/

BOONTON

92C AC/RF 10KHz2-1.2 GHZ % mV-3V

HEWLETT PACKARD

400E 10 Hz-10 MHz 1mV-300V DC O/P
400H 10 Hz-4 MHz 1mV-300V

411A 0.5-500 MHz 10mV-10V DC O/P
427 AC/DC/V/Q

3400 TRMS 10 Hz- 10 MHz 1mV-300V
DC-0/P

MARCONHI

TF2603 50 KHz-1.5 GHz 300uV-3V
TF2604 20 Hz-1.5 GHz 300mV - 300V
PHILIPS

PM2454B 10 Hz-12 MHz 1mV-300V DC O/P
RACAL

9301 RMS 10 KHz-1.5 GHz 100uV-300V

VIBRON/E.I.L.
33B-2 1mV-1V Electrometer

VOLT/MULTI-METER (DIGITAL}

BOONTON
92AD 1999FSD 10 KHz-1.2 GHz 104V res

FLUKE

B010A 2000 FSD TRMS AC/DC/VIQ
8010A01 AsB010A + re-charging batteries
8020A 2000 FSD Handheld

AC/DC/VIQ + cond.

8022A 2000 FSD Handheld AC/DC/ VIS
8030A-12000 FSD AC/DC/VIQ Batt + AC
8050A 20000 FSD AC/DC/VI dB TRMS
8BOCA 200000 FSD AC/DC/ V&

GOULD

DMM7 1999 FSD AC/DC/V//Q
HEWLETT PACKARD
3490A 100000FSD AC/DC/V/Q

SOLARTRON

A200 19999FSD DC only 1uV-1KV
A203 19999FSD AC/DC/V/R

A205 19339FSD TRMS AC/DC/V/Q

#* NEWS %

WE ARE NOW OISTRIBUTORS

FOR THE Liotech RANGE

OF LOW COST HIGH
PERFORMANCE
0OSCILLOSCOPES.

The range of six different models
includes single and dual trace models
with bandwidths of 10, 15 and 30 MHz.
There are two battery powered scopes
in the range, with optional mains
powered battery eliminator/charger.
Three models have built-in component
testers which give on-screen indication
of correct compenent function.

* WRITE OR PHONE FOR OUR
CROTECH BROCHURE WHICH
CONTAINS TECHNICAL GETAILS ANC
PRICES OF THE COMPLETE RANGE.

EXAMPLES:

Modsel 3030 Single trace 15 MH2 5mV
sensitivity with built-in
component tesier £145

Model 3337 Dual trace 30 MHz 5 mV
sensitivity with signal
deley £358

PLUS 4 OTHER MODELS AT

IN-BETWEEN PRICES

THESE INSTRUMENTS ARE BRANC
NEW ANO ARE AVAILABLE FROM
STOCK

Prices

fromf£
8500
2450
2000
3750

-VI+Q

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.

Fuil details and specification of equipment listed, avallable. Because of long copy dates this list Is not comprehensive — rlng for inventory
update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fridays). Prices exclude delivery and VAT.

WW — 015 FOR FURTHER DETAILS

Wae take Access or Barclaycard.
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FAST ERECTING

CIARK

MASTS

Here is the expertise | ., e
is

you can depend on-~ | speciy;g;
fielg

When you choose a mast from the compre-
hensive Clark range you are assured of a high
standard of Engineering and operational relia-
bility.

Why compromise?

Extended heights 4 metres-30 metres, capable
of lifting headload 1 kg-
, 200 kgs.

Sectional or telescopic
air operated for field or
vehicle mounting.
Write or phone us for
details today.

- Clark Q.T.4M/HP mast shown on tri-
pod, extended to 4 metres and tripod
folded for transit. Available in heights
up to 12 metres.

This mast is ideal for raising light-
weight antennas for, field or vehicle
mounting

- |

=

—2

CLARK MASTS LTD. ¢
Binstead, "'
Isle of Wight,

PO33 3PA.England.

Telephone: Ryde (0983) 6369|, Telex: 86686.

WW — 020 FOR FURTHER DETAILS
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Full Information from:

HARRIS ELECTRONICS (London)

METER PROBLEMS?

137 Standard Ranges in a variety of
sizes and stylings available for 10-14
days delivery. Other Ranges and
special scales can be made to order.

Phone: 01-837/7937

138 GRAY'S INN ROAD, W.C.1 Telex: 892301
WW — 041 FOR FURTHER DETAILS
o
. 3 3 !
METALFILM RESISTORS  xon ;=
1% Tolerance, VaWatt 32 12 = =
180R 1k8 18k 180K
200R 2k 20k 200k
220R 22 22k 220k
240R 2k4 24k 240k
/ O
330R 3k3 33k 330K
360R 3k6 36k
390R 39 39K
430R 4k3 43k
470R 4K7 47k 470k
510R 5k 1 51k
560R 5k6 56k 560k
620R k2 62k
680R 68 68k 680k
750R 7k5 75k
pe o
ONLY 3p EACH Special Offer: 5 PCS of EACH (445 RESIS-
Mmnimum order £10 TORS) ONLY £11.50.
Minimum 5 pcs per value High Quality High Stability, Huge
89 Vaiues (E24) Strength.
VAT inclusive. Add £1.00 p&p all areas.
ORION SCIENTIFIC PRODUCTS LTD.
4 Golden Square, London, W.1

WW — 053 FOR FURTHER DETAILS

ONLY £48 o 50 Post free, inc VAT

|| SAFETY INTERLOCKED TRAY Also available in London from:
FAST ERASE TIME Technomatic Ltd.

QUALITY STEEL CASE Transam

MONEY-BACK GUARANTEE and in Aberdeen from:

Lo
COST
EPROD
ERFISURE

Send cheque or official order for prompt
defivery. Telephone orders will

HOLDS UP TO SIX EPROMS duspatehed €.O.D. at no extra charge.

Granite Chip.
NORTHERN ELECTRONICS ~

St Arundel Street, Mossiey, Lancashire  Tel: Mossley (04575)4119
WW — 056 FOR FURTHER DETAILS
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Spot the Difference.

Although at IMO we supply hundreds of companies with
photoelectric switches, many don't realise the full extent of our range.
Apart from conventional photoelectric switches we have many that

reflect the latest in technology.
One example is the E3S-LS series. This incorporates unique
adjustable focusing which will pin-point the exact spot with a visible

red dot —so you see exactly what the switch is seeing. It will pick out

only the item you want and reject other objects, and a red/green

o
display that tells you it’s operating correctly. Q f

There are thousands of applications for photoelectric switches A
and we have products that will handle them all. From the simplest
operation to the most complex.

One thing they have in common is quality, competitive prices
and an excellent back-up service.

Which makes it easy to spot the difference between MO and ~ Making even ordinary products extraordinary.

the rest. IMO Precision Controls Ltd.,
1000 North Circular Road, Staples Corner, London NW2 7]JP.
Telephone: 01-452 6444. Telex: 28514.

WW - 025 FOR FURTHER DETAILS
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Sinclair ZX81 Personal Comp

the heart of a system
that grows with you.

1980 saw a genuine breakthrough -
the Sinclair ZX80, world's first com-
plete personal computer for under
£100. Not surprisingly, over 50,000
were sold.

In March 1981, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000 in the first 3 months!

Today, the Sinclair ZX81 is the
heart of a computer system. You can
add 16-times more memory with the
ZX RAM pack. The ZX Printer offers
an unbeatable combination of
performance and price. And the ZX
Softwarelibrary is growing every day.

Lower price: higher capability

With the ZX81, it's still very simple to
teach yourself computing, but the -
ZX81 packs even greater working
capability than the ZX80.

Ituses the same micro-processor,
butincorporates a new, more power-
ful 8K BASIC ROM - the ‘trained
intelligence’ of the computer. This
chip works in decimals, handles logs
and trig, allows you to plot graphs,
and builds up animated displays.

And the ZX81 incorporates other
operation refinements - the facility
toload and save named programs
on cassette, for example, and to
drive the new ZX Printer.

New = BASIC manual

Every ZX81 comes with a comprehensive, specially- written
manual - a complete course in BASIC programming, from
first principles to complex programs

Kit:
£49.%

Higher specification, lower price =

how’s it done?

Quite simply, by design. The ZX80
reduced the chips in a working
computer from 40 or so, to 21. The
ZX81reduces the 21 to 4!

The secret lies in a totally new
master chip. Designed by Sinclair
and custom-built in Britain, this
unique chip replaces 18 chips from
the ZX80!

New, improved specification

@ Z80A micro-processor — new
faster version of the famous Z80
chip, widely recognised as the best
ever made.

® Unique ‘one-touch’ key word
entry: the ZX81 eliminates a great
deal of tiresome typing. Key words
(RUN, LIST, PRINT, etc.) have their
own single-key entry.

@ Unique syntax-check and report
codes identify programming errors
immediately.

@® Full range of mathematical and
scientific functions accurate to eight
decimal places.

® Graph-drawing and animated-
display facilities.

@ Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

@ Randomise function — useful for
games as well as serious applications.
@ Cassette LOAD and SAVE with
named programs.

@ 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.

@ Able to drive the new Sinclair
printer.

@ Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip —unique, custom-built chip
replacing 18 ZX80 chips.

Built:
£69.%

Kit or built —it’s up to you!

You'll be surprised how easy the
ZX81 kitis to build: just four chips to
assemble (plus, of course the other
discrete components) - a few hours'
work with a fine-tipped soldering iron.
And you may already have a suitable
mains adaptor - 600 mA at 9V DC
nominal unregulated (supplied with
built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.
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16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugs into the
existing expansion port at the rear
of the computer to muitiply your
data/program storage by 16!

Use it for long and complex
programs or as a personal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Software - the Business &
Household management systems
for example.

— | [ — ||
Z X8I

8 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 68104 & 21282.

Available now-

the ZX Printer
foronly £49.2

Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers full alpha-
numerics and highly sophisticated
graphics.

A special feature is COPY, which
prints out exactly what is on the
whoie TV screen without the need
for further intructions.

At last you can have a hard copy
of your program listings ~ particuiarly

15

L.

useful when writing or editing
programs.

And of course you can print out
your resuits for permanent records
or sending to a friend.

Printing speed is 50 characters
per second, with 32 characters per
line and 9 lines per vertical inch.

The ZX Printer connectsto therear
of your computer — using a stackable
connector 8o you can plug in a RAM
pack as well. A roll of paper (65 ft
long x 4 in wide) is supplied, along
with full instructions.

How to order your ZX81
BY PHONE - Access, Barclaycard or
Trustcard holders can call

01-200 0200 for personal attention
24 hours a day, every day.

BY FREEPOST - use the no-stamp-
needed coupon below. You can pay

To: Sinclair Research Ltd, FREEPOST 7, Cambridge, CB21YY.

|0tv

Item

by cheque, postal order, Access,
Barclaycard or Trustcard.

EITHER WAY - please allow up to

28 days for delivery. And there's a
14-day money-back option. We want
you to be satisfied beyond doubt —~
and we have no doubt that you will be.

| 16K-BYTERAMpack.
_|_Sinclair ZX Printer.
8K BASICROMto fitZX80.
Post and Packing.

[ Piease tick if you require a VAT receipt

“Please delete/complete as applicable. bl

Name: Mr/Mrs/Miss
Address: |

15 E

LFREEPOST = r;o stamp needed.‘dffer applies to UK only.

Sinclair ZX81 Personal Computer kit(s). Price includes T i |
| ZX81BASIC manual, excludes mains adaptor.

Ready-assembled Sinclair ZX81 Person_aI_Computer(si. T
| Priceincludes ZX81 BASIC manual and mains adaptor.

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated).

*| enclose a cheque/postal order payable to Sinclair Research Ltd, for £
*Please charge to my Access/Barclaycard/Trustcard account no.

= Bl

Order
Code | Item price | Totel I
NS SRce S8 SEEy
12 ees | |
==t el

1 8095 ] I
10 ees | I
i | 18 | 4008 t |

) 27 i 49.95
s 17 | 1985 | I
e | 295 |
TOTAL & I
I
: |
e =t Please print. I
I
|
I

WRW O I
eGSR GT GIID GIID GEND THNE SR D DR GHND GIND GIED AN GEED GEND GEND G GHND GEND GHED s

WW — 038 FOR FURTHER DETAILS
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HOW TO SUCCEED IN THE ELECTRONICS BUSINESS:

INVEST 60p AND MAKE

Available at your

"Cairect for | £2.40 net profit

inc Buy Ambit’s new concise component catalogue and get £1

vouchers. Use them for a £1 discount per £10 spent. But even

without this, you will still find WR&E offers the low prices,

: The fast service and technical support facility second to none.
6 . )
WorLD 4 Here are some example-, from the current issue:
O{ ADIO &’ 280 SERIES t.C. SOCKETS DISCRETES BCS56 12p
A range of high quality, low cost, BC237 8p BCS550 12p 2SK168 35p
E CS %:DRT ;% low profile DIL sockets ideally suited BC238 8p BC560 12p J310 69p
ATALOG ZBOAPIO 4‘10 for both the OEM and hobbyist. All 2TX238 9p BC639 22p J176 65p
B : ZB0ASIO/ 1 14.00 types feature doubie sided phospher BC239 8p BC640 23p 40823 65p
Z80ASIO/2 14.00 bronze contacts, tin-plated for low BC307 8p 2SC1775A 22p 38K45 49p
TP, ZB0ASIO/9 14.00 contact resistance. BC308 8p 2SA872A 18p 3SKS51 54p
ey = Z80CTC 4.00 8x0.3" 12p 22 % 0.3" 20p BC309  8p 2SD666A 30p  3ISK60 58p
o ZBOACTC 4.50 4x 03 13 22x0.4" 20 BC413 10p 258646A 30p 3skes 99p
) e e MEM680 5
. Z8001 66.00  18x0.3° 13p 24 x 0.6" 22p BC414 11p 2SD668A  30p 75p
PROM 18x 0,3 18p 28 x 0.6” 25p BC415  10p 2SB648A  40p  BF960 99p
20 x 0.3" 19p 40 x 0.6” 35p BC416 11p BF256 38p BF961 70p
P 270 10 20x047 19  42x06" 38 BC546 12p  2SKSS 28p  BF963 99p
i 2532 8.50 XTALS
Vi GE REGULATORS
i i Prices shown exclude VAT. Postage
e 2732 8.50 OoLTA uL 1MHz 3.00 o0
RAM 78XX1A T0-220 pos 0.58 3.2768MHz 2.00 50 r order (UK). ACCESS/
st 79XX1A T0-220 neg 0.60  4MH2 1.70 Py : ;

1.70 ~ 1.10 a BARCLAYCARD may be used with
d 3.40 78G 1A 70-220 »dj pos . -194MHz - 1.70 writtan or telephone orders - otficial

+ 1.49 78G 1A TO-3 ad] pos 2.93 4.43MHz 125 MA details on spplication, snd
v 5.78 LD/ SR (190 i ALz 200 special prize for those who read our

1.59 TOHbATO I 2y pas 545 0 aSEN Lz 2,50 ads carefully - a free 4 or 8BMH2z
k 1.49 ;g:gg: Igg ::! ;p‘:s ;:g ;xzz g‘gg crystal filter with every CPU IC you
CONCISE PARTS CATALOCGUE }%: LM317.6A adj po: tl 1.30 QMH: 200 buy - just clip out 20 anvgq(;-Eph and

AMBIT INTERNATIONAL 11,26 LM337.5A adj neg 175  10MHz 200 attach it to your order. 3
: , 12.50 785401.5A adj pos swreg 1.20  11MHz

. o - TELEPHONE (STD 0277) 230909 TELEX 995194 AMBITG POSTCODE CM14 4SG
AMBIT internationalplii I Service Road, Brentwood, Essex

[ U] )0)

L The firm for Speakers

Just will bring you the latest Wilmslow Audio

80 page cafalogue packed with pictures and specificatipns
of HiFi and PA Speaker Drive Units, Speaker Kits,
Cabinet Kits .. ..

1000 items for the constructor.

CROSSOVER NETWORKS AND COMPONENTS.
GRILLES, GRILL FABRICS AND FOAM. PA, GROUP
DISCO CABINETS — PLUS MICROPHONES -
AMPLIFIERS — MIXERS — COMBOS — EFFECTS —
SPEAKER STANDS AND BRACKETS - IN-CAR
SPEAKERS AND BOOSTERS ETC. ETC.

* Lowest prices — Largest stocks *

* Expert staff — Sound advice »

* Choose your DIY Hifi Speakers in the comfort *
: of our listening lounge.
(Customer operated demonstration facilities)

* Ample parking *

* Access - Visa - American Express accepted *
(
Lo
1 u =2
\ n,.ﬁ,,,. 0625 529599

35/39 Church Street, Wilmisow, Cheshire SK9 1AS

g Lightning service on telephoned credit card orders! @'—WEE

WW — 059 FOR FURTHER DETAILS . WW — 062 FOR FURTHER DETAILS
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The new CES micropad

The microphone for mobile 8§
radio, with DT A Fsignalling
and optional AN/, brings
greater system flexibility to

‘our telecom network. Interface
Quartz
Devices
For further information contact the sole agents  Limited

29 Market Strect
Crewkerue
Somerset TA18 7jU

Crewkerne (0460} 71433
‘elex 46283 inface g

[ D

WW - 048 FOR FURTHER DETAILS

SAFGAN DT-400 Series
BRITISH MAKE
DUAL TRACE "SCOPES

DT-410, 10 MHz
+“ CH1, CH2 Smv/div - 20v/div
% Time Base: | sec/div - 100ns/div
* XY Faciliy: Matched XY inputs
% Trigger: Level control,

selection
% Auto, Normal, TV Triggering

DT-41515MHz | DT-420 20MHz
% External Trigger )
* Z-Modulation
 CAL output Yv TkHz
Slope o Graticule blue ruled 8x10 dwv. {4in, CRT).
* Size: H215mm, W165mm, D280mm
* Weight: 4kg.

_ PROBE(XIREF-X10)£1050
SAFGAN ELECTRONICS LTD. |

24 GUILDFORD ROAD, WOKING, SURREY TEL. WOKING (04862) 69560

Carriage: England & Wales £6.50 ~ V.A.T.; Scotland £9.50 - V.A.T

— X

London Stockist Audio Electromes - Tel: 01-724 3564
. North-West Stockist Darom Supplies Warrington, Ches - Tel: Warnington 64764
R b o Avon Steckist: L. F. Hanney, Bath - Tel: Bath 24811
[ B Cardift Stockist. Steve's Electromics Supply Co , Cardiff - Tel: (0222} 41905
Chestertield Stockist: Kays Electronics, Chesterfietd - Tel- {0246) 31696
Newcastle Stockist Aitken Bros & Co. Newcastie - Tel 0632 26729

Birmingham Stockist PATH Electrome Senaces - Tel: 021-327 2339
Derby Stockist RTS Derby - Tel 10332} 41235

WW - 073 FOR FURTHER DETAILS

® Two-Part Design:—
Precision Turned Shell
Beryllium Copper Spring
Contact

® High Reliability/Long Life

@ Intermatable with Harwin
1 mm Plugs:—
Straight Pins
90° Pins
Shorting Plugs
Insulated Shorting Plugs
(coloured)

® Choice of Plating Finishes
® Press Fit into PC Board

HARWIN

Harwin Engineers SA
Fitzherbert Road, Farlington
Portsmouth, PO6 1RT, Hants

Tel: 0705 370451, Telex 86125

17

WW — 032 FOR FURTHER DETAILS
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s :
, FVLL@E\
TRANSDUGCER and RECORDER \

AMPLIFIERS and SYSTEMS

INSIST ON
VERSATOWER

BY PROFESSIONALS—
FOR PROFESSIONALS

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19" crates
small size—low
weight—realistic
prices.

The VERSATOWER range of
telescopic and tilt-over towers cover
a range of 25ft to 120ft (7.5M to
36M).

'y 3 ¥ “ I: ¥
ey v < i -
Fyide
Designed for Wind Speeds from D Electronic

85mph to 11 7mph conforming with :
CP3 Ehapter Vv, ppart 11. 49/51 Fylde Road Preston Laboratories

PR1 2XQ Limited. j
Functional design, rugged construc- Qelephone 077257560

tion and total versatility make it first WW - 042 FOR FURTHER DETAILS
choice for telecommunications. -—

Trailer mounted or static, the VER-
SATOWER solves those difficult
problems of antenna support, access .

and ground level maintenance. Am entire

range of
A programme of continuous product low-cost
development has led to a range of high-
over 50 models, all available at
highly competitive prices. This 1 performance

coupled with our quality assurance instruments

scheme ensures that we maintain

the leader position we enjoy today sabtmnics P

| ‘Making Performance Affordable’

‘ *2010A 3%-Diglt LE.D. Bench DMM 5020A 1Hz-200KHz Function Generator
*2015A 3%-Digit L.C.D. Bench DMM “8110A 100MHz 8-Digit Frequency Meter

| 2020 3%-Digit L.LE.D. Bench DMM *8610A 600MHz 8-Digit Frequency Meter
with Microcomputer Interface  *8610B 600MHz 9-Digit Frequency Meter
2033 3%-Diglt LC.D. Hand DMM 80008

1GHz 9-Digit Frequency Meter

*2035A 3%-Digit L.C.D. Hand DMM 8700 10MHz Universal Frequency
= *2037A G‘A;\D‘;gil L.C.D. Hand DMM Counter/Timer
with Temp. PSC-85 600MHz Prescaler
TH E PROFESS|ONALS LP-t 10MHz Logic Probe 9005 5MHz Single Trace Oscilloscope
CHO|CE * Also available in kit form.

Test our low priced test equipment. It
measures up to the best. Compare our
STRUMECH specs and our prices - no-one can beat our
\/ERSA—’—Q\/\/ER price/performance ratio.
Full colour illustrated
brochure and price list from:
SYSTE[\/\ .\ BLACK STAR LTD., IRfa
9a Crown Street,St. Ives,

PORTLAND HOUSE, COPPICE SIDE | @ Cambs. PE17 4EB

EROWNHILLS, WEST MIDLANDS ' | Tel: (O480) 62440. Telex 32339
7£L: (05433) 4321, TELEX: 335243 SEL '

WW — 060 FOR FURTHER DETAILS

WW - 033 FOR FURTHER DETAILS
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+ POWER RESPONSE DC — 45KHz + 1dB.
% OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD (CON-
TINUOUS R.M.S\)

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.
* CI)-IARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
HMS.

* PLU(/._E\-HC\J)RMODU LES: CONSTANT VOLTAGE/CURRENT, PRECISION OS-
CILLATORS

* UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION GENERA-
TORS, AND MANY OTHERS.

% OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIR-
TUALLY ANY LOAD.

% FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD.

% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW-

* INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

* 3-YEAR PARTS AND LABOUR WARRANTY.

% UNITS AVAILABLE FROM 100VA-12KVA.

1

Model — M600

For full details on all Amcron Products write or phone Chris Flack
P.0.BOX 3

aroee. Analogue Associlates

Tel: 0953-452477

PROFESSIONAL INDUSTRIAL ELECTRONICS

WW — 022 FOR FURTHER DETAILS

EFFEGTIVE GCOMMUNIGATIONS ARE VITAL...

Effective communications are vital to the efficiency of every organisation. The easiest way to
see and compare the whole range of electronic communications systems is to visit
Communications 82, the world's leading international exposition of communications equipment
and systems. It will be the sixth in a biennial series and will comprise a major international
exhibition and conference, plus a programme of social events with guest speakers of
international stature

Communications 82 will be of direct interest to all cammunications users as it crosses
the boundaries between civil and military, public and private, industry and commerce,
fixed and mobile, in the same way as do the technologies involved.

So whatever you need — however specialised — you'll find the latest equipment at
Communications 82, ranging from the simplest mobile radio equipment to tropospheric
scatter; from public or private digital telephone exchanges to telephone handsets; and
from data communications and information technology systems generally to fibre optics
and power supplies.

Communications 82 enjoys unigue and continuing  The Communications 82 Conference is agamn

support from national and international organtsed by the Institution of Electrical
autharities, mcluding Engineers, in assaciation with the IEEE
@ Internatignal Telecommunication Union Communications Saciety. IEEE UK/RI Section,

@ British Government -through the Home Office  institution of Electronic and Radio Engineers,

and the Department of Industry British Computer Society, Institute of —_— e T —] ) ey e W e
M British Telecom Mathematics and its Agplications, and Institue | To: Print Services Dept, Communications 82 040 I
and the iwa leading UK trade associations of Physics. - industrial and Trade Fairs Limited, Radcliffe House

® Electronic Engineering Association Blenheim Court, Solihull, West Midlands B91 2BG, England

@ Telecommunication Engineering and I Please send me . Exhibiton  Conference § I
Manufacturing Assoctation I details of Communications 82* | | 11 | I
[ [
ommunications | o |
| Posttion e WS I
Communications Equipment and Systems e e

National Exhibition Centre, Birmingham, England | |

20-23 April 1982 ‘ | Address T
Communications 82 is organised by Industrial and Trade Fairs Limited 1

Radcliffe House, Blenheim Court, Solihull, West Midlang!s, England Nember ot admission tcsets requyed “Please indicate as appropnate I
Tel: 021-705 6707 Telex: 337073 for Tony Davies Communications. — I._ RIE Al Sl S i =t ot e S s

WW - 012 FOR FURTHER DETAILS
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Retail » MailOrder ¢« Industrial - Educational ¢
OPEN SIX DAYS A WEEK e CALL IN AND SEE FOR YOURSELF

TRIO OSCILLOSCOPES

Range of mains operated Scopes with 5 displays, triggered
sweep (UK ¢/p £3.50)
OUAL TRACE

CS1562A10 MHZ: 10 MV: 1 micro sec £267.95
C815604 11 15 MHZ: 10mV: 0.5 micro sec. £341.55
CS1566A 20 MHZ: 5mV: 0.5 micro sec. £363.40
C81577A 35 MHZ: 2mV; 0.1 micro sec £523.25
C81830 Mk Il 30MHZ, 2mV .. 0.2 micro sec. £626.75

(fitted delay line)
C818755MHZ, 1mV, 0 5 micro sec. Multi display Audio scope
ESFZ.BD

CS1820 20 MHZ, 2-5 mV 1 micro delay sweep £483.00
SINGLE TRACE

C815594 10 MHZ. 10mV. 1 micro sec. 5" display Triggered
sweep (UK ¢/p £3.50) £251.85

€013030 5 MHZ. 10mV. low sweep for observation below 1 HZ and up
10 450 MHZ. 75mm display (UK ¢/p £2.00) £124:20
Ootional orbes - all models

X1£7.95X10 £9.45 X1-X10 £10.50 X100 £16.95

CTRONICS SNLD,O
Export ALL PRICES SPy

CLAMP-ON-METERS
INSULATION TESTERS

aY Wi
SL=

Multi-range clamps all with resistance

(UK c/p 65p or £1.00 for two)
CHOOSE FROM UK's LARGEST RANGE

WIRELESS WORLD JANUARY 1982

THANDAR - SINCLAIR

Reliable low cost portabie instruments. bench models all
25.5x 15 x 5¢cm. Generators mains operated rest battery
(supplied). UK c/p Hand models 65p. bench £1.15)

DIGITAL MULTIMETERS (3% digit LCD)
TM354 Hand held, DC 2A. 2m ohm. TmV - 1000V DC. 500v ?:%5 0

TM352 Hand held. DC 10A. Hfe test. Continuity test £57.44 TS T
TM353 Bench, 2A AC/DC. 1000V AC/DC. 20M ohm e
Typical 0.25% New low price £86.25

TM351 Bench. 10A AC/DC. 1000V AC/DC. 20M ohm

Typical 0.1% £113.85

FREQUENCY COUNTERS (8 Digit)

PFM200A Hand held LED 200 MHZ. 10mV (600 MHZ with Tpﬁ?b
New model fitted B.N.C. sockets £67.
TF040 Bench LCD. 40 MHZ. 40mV (400 MHZ with TP600) £126.,50

TF200 Bench LCD. 200 MHZ, 10-30mV (600 MHZ with ”P%’%ﬁ .
TPBO00 600 MHZ - 10 Prescaler 10 mv £43.13

GENERATORS (All bench models) mains operated

TG100 Function. 1 HZ-100 KHZ. Sine/SQ/Triangle/TTL  £80.85
6102 Function. 0.2 HZ-2MHZ. Sine/SQ/Triangle/TTL £166.75
TG105 Pulse. 5 MHZ-5HZ (200nS-200mS) various outputs £97.75
OSCILLOSCOPE (Bench model low power portable)

10 MHZ 2" trace. 10mV. 0.1 micro sec. All facilities
Medel SC110

(Rechargable battery pack £8.63. AC adaptor/charger
OPTIONAL ITEMS

Carry case (bench only} £6.84 AC Adaptors (state model) £5.69

£159.85
£5.69

CROTECH OSCILLOSCOPES (

Range of Portable Scopes mains and battery operated B
Pius special features (UK c/p £3.00) r

3030 Single trace 15MHZ. 5mV. 0.5 micro secs. Plus bulglf"

AUDIO AND RF

MAINS OPERATED
PORTABLE EQUIP-

MENT (UK c/p £1.10)
86402 6 range RF 100 KHZ - 30 MHZ = 1.5 INT/EXT
MOD. 100 mV o/p Variable £68.00
AG202A Matching 4 range Audio. 20 HZ

200 KHZ Sine Square. Distortion 0.5-1¢

Variable o/p to 10V £78.20
AG203 5 band 10HZ - 1 MHZ Sine/Square: 0.5dB
deviation. Distortion Max. 0.1% Switched Alternator &
variable. £126.50
ALSO IN STOCK Newtronics 200P & 200SPC 0.002 HZ

5.5 MHZ Generators (200 SPC with 100 MHZ counter)

AUDIO ELECTRONIC

11 1K/Volt I range. carry case & leads. Also digital | component tester. 95mm tube 66.75
kAT S R R R AL T L B e trig t0 35 MHZ, 5mV. 0.5 micro sec
NHS5 10 range pocket 2K /Volt £6.50 | ST3003004600v9ranges £28.50 | 130mm tube. plus e i £264.50
AT1 12 range packet Deluxe 2K/ Volt £7.75 '| ST310300A 600v9ranges  £32.95 | 3034 Battery-mains %a trace 1 - trigto20 £356.50
ST5 11 range pocket 4K /Volt £8.50 | K2602 150A.600V. AC 7 ranges £35.95 b‘;!“'" N:car;s smv. :')muclrgozae%s_) :
NH56 22 range pocket 20K /Volt £11.95 *K2606 300A. 600V. AC 8ranges £44.00 [ (Eliminator charger optiona .75)
YN3GOTR 19 range pius Hie Test 20K/Volt £13.50 | K2803300A. 600V. AC9ranges £53.95 STOP PRESS!
ST303TR 21 range plus Hie Test 20K /Volt £1595 | K2903900A 750v. AC 9ranges £77.50 :
KRT5001 16 range - range double 50K/ Volt £16.50 KgIOS 1000A. 750V, AC 9 ranges ?]]ggg Model 3035 WAS £189.75
AT1020 19 range Deluxe plus Hte Test 20K/Volt £16.95 “Optional temperature probe ¥ .
ETC5000 As KRT5001 plus colour scales 50K/ Volt ELECTRONIC INSULATION TESTERS SPECIAL OFFFER: £168.50
—_— gl S 50'85 Battery operaésidocoomplele with carry

range - range double 0 ! case (UK ¢/ .00y
TMK50023 range. Plus 12A BC Plus Cont. Buzzer ’ YF50(;L 500Vp 100Meq. Plus 0-100 ohm I.OGIC PROBE DIRECT READ OSCILLOSCOPE
30K /Volt £22.75 £59
AT205 21 range Deluxe 10A DC 50K/Volt £25.75 | K3103600v/100Meg Plus 0-2.6K onr'no0 HV PROBE PROBE KITS
€7080 26 range large scale 10A DC. 5KV AC/DC 5.00 == U 50
20K /Volt £27.50 | K3106 500V & 1000V. 1000 & 2000Meq ‘o UK c/p 500 per 1to 3)
168M36 range. Large scale 10A AC/DC, 50k/Voit ~ £28,50 £104.00 (UK c/p 45p) Available BNCé}'U or Banana
AT210 23 range Deluxe 12A AC/DC 100K/Volt ~ £31.00 K4101 Earth resistance tester £136.50 | Leader LDP076 50 MHZ 6 X1 £7.95, x10 9.25
360TR 23 range Large scale 10A AC/DC Hfe Test 50Me M500 Hand cranked insulation tester 10MEG ohm. 10n Sec. with (UKc/p 65p) X1-x10 £10.50
ohm. 1KV AC/DC 100K /Volt £34.9% 500V/100Meg £67 5 carry case £56.90 | 0/40KV:20K Volt  £18.40 |  Also X100 {BNC only) £16.95
TRIO GENERATORS PROFESSIONAL MULTIMETERS | THURLBY
- 2 DIGITAL
' MULTIMETER

(UK c/p £1.50) All teaturing AC/DC Volts/Current &

Ohms ranges

M1500 43 range 20K/Volt. AC/DC 10A £53.50
M1200 30 range 100K/Volt. AC/DC 15A 200 Meg ohm
With leather case Was £84. Now £49.00
K1400 26 range large scale 20K/ Voit: 10A AC/DC

20 Meg ohm: 5kV AC/DC £79.95
K200 39 range 10 Meg ohm mput. 25 HZ-1 MHZ  £85.00
OPTIONS Cases: M 1500 & 1200 £16.50: K 1400 £19.00
Temperature Probe for K 1400 £13.80

4%, Digit. 0.05% 7 Function LCD .

Made to exacting standards in UK

30 ranges: 1200V DC. 750V AC. 10A AC/DC 32 Meg ohm. Also includes

frequency measurement to 4 MHZ and 4 KHZ output

Price is with batteries, test leads and mains adaptor

{optional carry case £20.45) £ l 7 l 00
UK ¢/p £1.00

CALLERS WILL ALWAYS FIND A RANGE OF LOW COST TEST EQUIPMENT
ACCESSORIES. TOOLS. iRONS AND BOARDS IN STOCK. ALSO SPECIAL
OFFTERS FOR CERTAIN EQUIPMENT WHICH WILL VARY FROM TIME

TO TIME

PRICE CORRECT AT TIME OF PREPARATION E & OF
ALL PRICES INCLUDE VAT

CHOOSE FROM UK's LARGEST RANGE

Cubegate
Limited

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564 Se
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2 (arge SAE

OPEN SIX DAYS A WEEK ® CALL IN AND SEE FOR YOURSELF

Order by Post with CHEQUES/ACCESS/ VISA or Telephone yourorder
WW - 027 FOR FURTHER DETAILS

P UK)
Companies,
ON request,

Schools,
etc. free
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LCD DIGITAL MULTIMETERS

SPECIAL PURCHASE — LIMITED PERIOD ONLY g Al o

R f i t
6220 Reliable 22 range hand held 3% digit LCD with volt/ohms auto range. unit P?&%:;)Iotnoaﬂ ?S;'éﬁypsgggeéé}ﬁ\g;eeruézgﬂ)
and range signs. 10amp AC/DC battery warning lower power ohms range 307 Single trace 10 MHZ: 5mV: 0.5 micro sec. Pius built in
2 L Model 6110 Also has range hold. continuity buzzer and improved accuracy All component tester. 6 x 7cm display £158.70
@ = Bn:)((j;l;hugh quality rotary opetation Resolution 0.1 millivolt 10-Micro amp (Optional carry case £18.40)
< 203 Dual 20 MHZ: Trig to 30 MHZ: 5mV: 0.5 micro secs:
L 6220 1000v OC 0.2/10A AC/OC 600v AC 2mea ohm Was£55.95 NOW £42.95 | 50 hem Gispiay eplace modei 312) . £253.00
6110 As above plus 20mA AC/DC and improved accuracy Was £85.95 412-5 Dual 20 MHZ delayed sweep: t7ig to 40 MHZ: Sm¥
£59.95 0.1 micro sec. 8 x 10cm display. £402.50
THIS SPECIAL OFFER IS QUALITY WITH VALUE e 0 R T ML Detares smean Siue Tmery
0 Delay line. Trig to 100 MHZ. 5mV 0.1 micro sec 8 x
Also in stock 10cm display £667.00
DD601 27 range, push button, 24, AC/DC £39.95 Ontions 203/412/512 Viewing hood £6.90
188m 16 range with Hfe checker, 10 amp, DC, push button £43.50 Component tester 203, 412, 512 £46.00
189m 30 range with Hfe checker, 10 amp, AC/DC, rotary £69.95 Carry case (state model) £21.85

Optional Probes (All models) XI £8.50, X10 £9.45.
X1-10 £10.50. X100 £16.95.

Generators (UK c/p £1.00] KEITHLEY PROFESSIONAL DIGITAL MULTIMETER
2001 1 HZ-100 KHZ sweepable function generator. TTL/Sine Model 130. 25 range. Easy to hold and use LCD
Square/Triangle. All facilities: Mains £89.00 DMM. Size7x3.1x15
4001 Ultra Variable Pulse Generator: 0.5HZ-5 MHZ Ever Ranges
facility: Mains 109.00 DC Volts 200mV- 1000V 0.5% 100 micro volt
Frequency Counters (UK ¢/p 80p} AC Volts 200mV-750V 1% 100 micro volt
MAX100 100 MHZ Counter . Battery operated. 8 Digit 30mV DC current 2mA-10AMP 1-2°% 1 micro amp
typical Bench portable LED £89.00 AC current 2mA-10AMP 2% 1 micro amp
MAX50 6 Digit 50 MHZ Hand held LED £56.00 Resistance 200 ohm-20 Meg 0.5% 0.1ohm £102.35
MAX550 2 range 6 Digit 550 MHZ hand held LED £97.75 AN HECKERS UK C/P £1.50
PS500 500 MHZ prescaler for MAX50/100 £34.50 Xn?::ti?:oa':ﬁ m( agzs:g?cﬁingcxt
Clrcuit Powered Logic Probes Pulser and Monitors (UK c/p 65p) LTC 906A plus DC Parameters ’ £111.55
PIDTL/TTL/CMOS 10 MHZ 100K ohm: Pulse: Memory - j
iL:35 50 LVT plus F.ET. Multimeter £147.20
; LTC 907 plus multi band signal injector £173.60
t';g g%'ﬂtlgmgg ;'05,\2’1:22 %%O'Foohhﬂr:\ ;u”"sie Memo[flg.gﬁ Also LTC 905 semi conductor curve trace (use with scope)
' ‘ %5505 £95.45
LM1 AH. 8. 10. 12. 14 & 16 Pin IC'S. Indicates Pins on/oft g r ps
DTL/TTL/CMOS/HTL Logic Monitor £33.00 SAFGAN PORTABLE OSCILLOSCOPES 7

DP1 Digital Pulse. Single shot or 100pps £58.50 Range of low cost Dual Trace Scopes mains operated. Made in UK to ",|
- exacting standards. Available as 10 MHZ 15MHZ or 20 MHZ. All feature

VARIABLE REGULATED 5mV sensitivity: 0.5 micro sec: 6.4 x 8cm display (UK c/p £2.50) ™
SABTRONICS EQUIP MENT POWER SUPPLIES DT410 I D)llja| 10 MHZ ’ £194.35 | L
New reliabie range of DMM's and NEW r Mains operated regulated 07415 Dual 15 MHZ £201.25

frequency computers with those
extra facilities and competitive ~ LOW

prices. All battery operated !
(supplied}. Except 5020A mains. PMCES. !_

single meter (UK c/p £1.50) 071420 Dual 20 MHZ £216.20
m 2410/12-0/24v 1amp  £35.00 Optlonip_rgbes available (see Hameg abo_ve}

154 5-15volt 3amp £44.00
4230/12-0/24v3amp £54.00

Optional mains eliminators available f [ . \ { |
80IGIT COUNTERS 0.1 HZ to 10 HZ Res § - b 19 A== ‘\'f“‘ @ o
10mV sensitivity to 100 MHZ I~ - = S I g -3 o) a3 i
(UK c/p £1.00) §» g
B110A 20 HZ-100 MHZ in 2 ranges [ g—.—~
£71.00 [CH
LL""*-H-'_ PATTERN GENERATORS

3', Digit LCD Made 1n UK 25 ranges with basic 0 1
accuracy: 2A AC/DC with 0.1. Microamp resotution
AMATEUR/GB 1KV Acéggggnneg ohmEETgU

LM100 £89.00 (UK c/p £1.00)
g?rnﬁgless Tepzin ;:n;éeéu Atso mode’ LM2001 hand held model 2Meg ohm
SWRG 3-150 MHZ SWR + F/S ’ 2AAC/DCETC £57.78 (UK c/p B5p)

8610A 20 HZ-600 MHZ in 3 rang{es =
94.00 PAL UHF and VHF Models All 220/240V AC
LGC393 VHF 6 pattern £143.75
LCG392u UHF t5pattern  £228.85
LCG392v VHF 15pattern  £231.15
LCG399 VHF/UHF 13 pattern £672.70

178.00 MC101 UHF pocket colour  £162.50

' SWRS0 Twin meter SWR + Power |1 g y o
Cvl:rncl‘lg’r:]ggzgr::gromukc p£1.00i P ¢130s |LEADER AUDIO RF FM TV GENERATORS — =
50204 1 HZ-200 KHZ Sine/Square 310 Single meter SWR + Power 7\ F-J S|
Triangle/TTC Freq. sweep. Low 0V e l
distortion £90 )

9 DIGIT COUNTYERS 30mV sensitivity to
1GHZ. Resolution 0.t HZ-10 HZ

86108 10 HZ-600 MHZ in 3 ranges
£114.00

|
L
|
LASCAR BENCH MULTIMETER TV COLOUR BAR
|
|
|
|

80008 10 HZ-1GHZ in 3 ranueé

0 .
110 SWR/Power /FS-10/100W
£11.85

DIGITAL MULTIMETERS Two LCD . : : 08
hand he!d - one with temperature 171 As 110 Twin meter £1450 ! O\._/ =

range. Also LCD and LED Bench ('4705,&sz’3’ FSFAE Match £13.80 33987 1

models. 0.1% Basic accuracy. I VeIl e — = )

AUDIO
LAG26 4 range 20 HZ-20 KHZ. Sine/

2035A 3'» digit LCD hand. 2A AC/0C

176 As 175"+ 0/5/50 Watt
20Meg ohm ETC £71.00 £16.95

power d
178 As 175+ 0/10/100W + MOD
£19.50

resolution £77.00 HM20 SWR meter Plus 20K /Volt e (R e LAGI2DA 5 range 10 HZ-1 MHZ Sine/
20108 31, Digit LED. Auto decimal & | Options Touch & hold 19range Multimeter  £28.95 LSG16 RF Generator (matches LAG26) Square 3V o/p 0.05-08" Max
minus. 10A AC/DC 20Meg ohm etc | Probe for DMM’s (Note: SWR-Pawer ETC to Sranges 100 KHZ-100 MHZ (300 MHZ Distortion Switched attenuator
£81.50 495 | 14 150 MHZ) harmonics) Int/Ext MOD: 100mV £146.00
2015A LCD version of above. £95.00 | Battery eliminators Justaselection of a huge range o/p = 1.5% accuracy £63.25 LAG125 Low distortion {0.02%)
(¢/02035/37A 65p All others £1.00:] (state mogel)  £5.68 | ™1 Stock - send for fatest lists LSG 231 FM Stereo Generator 100 + version of LAG120A Pius ‘Burst yge
including professional ranges MHZ, all facilities £211.60 signals for Speaker test ~ £273.00

POWER SUPPLIES - 138 volt Output regulated
Py 3 mains operated (c/p£1.00) | DISCOUNTS Smali and large quantity Discounts available for most products for UK and Export Your Enquines Invited /7~ ay ¢

et 3to5am £13.93 PRIC
S 5t08 amg £1795 | ALSO STOCKED Range of chassis speakers and kits. microphanes and public address equipment accessories etc ”V\(/L U,)‘S[
—n\ VAT

AUDIO ELECTRONICS -

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564

ALSO AT HENRYS RADIO, 404,406 EDGWARE ROAD, LONDON W2 S e

OPEN SIX DAYS A WEEK ® CALL IN AND SEE FOR YOURSELF Schools, Companies.

etc. free on request,

Order by Post with CHEQUES/ACCESS/ VISA or Telephone your order
WW — 028 FOR FURTHER DETAILS
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PORTABLE MAINS DISTRIBUTION
NOW WITH EARTH LEAKAGE

OFFIOLS LABORRTCRIES. WORKSHOPS F—
AND FOR MAXIMUM SAFETY XX XXX

N13A/6

S

1

'BEL 5SW

—

1k T
..J :

db
i
&
b

13A/5/R

@. e ; | | L f T13A/5

13A/6SW Sloping

N13A/3
DELIVERY
EX-STOCK

OLSON _ FACTORY NO. 8, 5-7 LONG STREET
Electronics Ltd. | ONDON E2 8HJ Tel: 01-739 2343

WW — 071 FOR FURTHER DETAILS

VOICE MICROSYSTEMS SPEECH
PROCESSNG FOR CARRIER AND
LINE COMMUNICATION SYSTEMS

Digital Speech Processors

Precision level control and waveform compression for H.F. radio
systems. Bandwidth 300 Hz to 3.0kHz.

DSP3 (Free Standing) DSP4 (19" Rack Mounting)
Precision programmable level control and waveform compres-
sion for H.F., V.H.F. and U.H.F. radio systems. Bandwidth 300 Hz
to 3.0kHz.

DSP5 (Free Standing) DSP6 (19" Rack Mounting)
Precision programmable level control and waveform compres-

MISSING OUT? sBi;):df\(l)vri&%bI{ggdgzretsos %naj Lr;_:ircom systems in noisy locations.

Now that CB Radio is legal, are you taking full advantage of the best opportunity you've DSP7 (Free Standing) DSP8 (19" Rack Mounting)
probably ever had to get in on the ground floor of a completely new market. Analpgue Speech Processors
The CB radio market in the UK is expected to reach its peak around 1983 when sales wil Precision programmable level control for H.F., V.H.F. and U.H.F.

radio systems. Bandwidth 300 Hz to 3.0 kHz.

ASP1 (Free Standing) ASP2 (19" Rack Mounting)
Precision programmable level control for public address and
intercom systems. Bandwidth 100 Hz to 6.0 kHz.

ASP3 (Free Standing) ASP4 (19" Rack Mounting)
All processors available for operation from 240V or 110V, 50 Hz
or 60 Hz mains supply. Formats to equipment manufacturers’
requirements can be accommodated.

amount to around 1.4 million sets plus a proportionate amount of accessories.
Conservative estimates of the UK CB market putthe vaiue at £140,000,000.

um I“I' How Big a Slice will You Take ?l

295297 HIGM ROAD. WILLESDEN.
LONDON Nw10 TELEX 8956073 MURA Uk.c Tel3O1 451-4141-2-3 ofF
SN T s S

S e S ——
To:MURA 295-297 HIGH Rd. WILLESDEN,LONDON.

Name Lo e = a. A
Ic Voice Microsystems Limited
ompany Abercynon, Mountain Ash, Mid Glamorgan CF45 4SF
3] Gt. Britain
IAddress. B BN Byl pom = )| Tel: Abercynon (0443) 740331. Telex: 498606

A company in the A.B. Electronic Products Group
WW: — 023 FOR FURTHER DETAILS




HANDSOME!

First there was the 130. Ahandheld D.M.M. which still sets the standards our competitors strive to match.
] Next came the 131. The introduction of the 135 saw 4: digits on a handheld D.M.M. for the very
irst time. :
And that same commitment to innovation has resulted in the latest additions to the range. The Keithley
128 D.M.M. with audio-tone and 870 Digital Thermometer with centigrade and fahrenheit readout.
The result is an unrivalled selection of handheld measuring devices. Each specification carefully
matched to a given need. With performance that looks pretty good on paper. And even better in the field!

Model 135

Model 870 @ 0.025% accuracy @ Centigrade and fahrenheit readout ® Measures up to1370°C
® 0.1° resolution up to 200°C

Model 128 @ Audio-tone with adjustable threshold ® 25 ranges: 5 functions @ 10 amp span
Model 135 ® 0.05% accuracy @ Full overload protection ® ACU bandwidth to 20 KHz
Model 131 @ 0.25% accuracy @ 25 ranges: 5 functions ® 10amp span

Model 130 @ 25 ranges: 5 functions @ 10 amp span @ 0.5% accuracy

All models are guaranteed accurate for one year. And built to the
high standards of quality expected of the Keithley name.

For more information simply fill in the coupon.

And learn about a range which will serve you . . . handsomely!

KEITHLEY

Keithley Instruments Ltd

1 Boulton Road Reading Berkshire RG2 ONL
Telephone (0734) 861287

Telex 847047

Also available from

I.T.T. Instrument Services, Tel. Harlow 29522

WW - 017 FOR FURTHER DETAILS
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'EXCLUSIVE OFFERS

TOP QUALITY EQUIPMENT CALL IN AND SEE FOR YOURSELF

._u,..,o.‘......nu... oo ‘-m Z : s 1 WI

| | f

= =

o =
igh Speed Diodes-Zener Diodes
r Bridges-UHF-VHF Tuners

Crotech 3035
Oscilloscope

8 5”-130mm Flat
Faced Tube

8 DC-10MHZ

25mV/DIV

e ) ® Built-in

Performance and style plus use component

of ICS provide a scope with tester
performance and value. 10 MHZ
single trace with 5mV sensitivity and triggering
to 20 MHZ. Plus extra feature of built-in
component tester. Display size is 5" with

8 x 10 graticule. W/ﬂaﬂm.' Sweep ’ Rectifer Diodes Boctifer Bridges ~ URDISTRBUTORS
speeds 200 ns/DV - 0.2s/DIV. External horizontal 3A Senes N 5400 aad BY 251 A Sones CIOOD, CIO00A  Fieidtach Wearmrow Limited,

|

|

|

|

{
3 ; ; i iodes L5A Somes CISIOR Lomatons. iaateses, UB7 OLL, Ensien
input 400mV/DIV with 1 MHZ band width. Auto or } R iaitls  DAsweciuoian Lot M wlroi troena

|

|

2A Senes BY 290 2A Senes C2000/1500 Telex: 23734 FLDTEC G

| Asadvertised |level control, internal or external ok I géff*ﬁﬁfm —
by us at £189.75 0.5 DIV to 1 DIV 10 HZ- 20 MHZ. oih oofra Baon 105 o Fieldtech
inc. VAT___1550/240V AC operation. Size St sonws a0 TIEVHE Tunecs Heathrow
s eney ; . *French System —
160 x 265 x 317mm, WT 6Kg. 90 Senes BEXBSC 911 2y Toreh S

*Other Standards on'Request

Optional Xl £7.95
M probes  X10 £9.45
X1-X10 £10.50

U K. Carriage elc.

£3.50 W DCRAY 70 CLERS
M

WW — 024 FOR FURTHER DETAILS

PROFESSIONAL
MULTIMETER
100,000
ohms/volt

®Exclusive offer for limited period
of this versatile, professional,
top quality multimeter.

® 30 Ranges ® 15 AMP AC/DC

®Size7"'x5"x 215"

This special offer includes leather carry case
(normally £16.50 extra)

Model M1200

As advertised by us at
£67.50 + case : 7
Total £84.00 including VAT /by yg a,‘}:%gt%emsed

MODEL M1200 SPECIFICATIONS +e
DC Voltage: 0 15-0 5-1 5-5-15-50-150-500- l.e. £84,00 ase
|

EA Electronics is looking
for distributors for power
supplies and other
electronic equipment.

Weare suppliers of the most complete range of
power supplies for industrial and consumer
purposes.

Other equipment we stock are transformers,
antennas, measuring instruments, mikes, etc.

Tosell our equipment we are looking for local
shops for our consumer range and for
industrial distributors for a.o. the medical
field, laboratories and most other industries.

1 500V {100k ohms per volt)

AC Voltage: 1 5-5-15-50-150-250-500-

1 500V {31 6k ohms per volit)

DC Current: 10-15-50000A-15-500mA
15-15A AC Current: 0-15A

Resistance: 20k ohms-200k ohms-2-20-

200Mohms (100 ohms-1-10-100k ohms-

tMohms midscale)

Accuracy: DC Volts -2Y of tull scale

Amps AC Volits 3% of full scale

We offer high quality equipment, exclusive to
your territory or field and most of all interesting

I
!
i
|
|
|

Dimensions: LWD 160 x 125 x 65mm pIOfitS.
Approximate Weight: 650g )
Plus many other features including mirror scale. /7, g If your market is power supplies and/or other
polarity reverse switch. electronic overload '~cLUgg electronic equipment don’t miss this
2

protection and taut band suspension. - opportunity to extend your delivery range with
ORDER BY POST (OR PHONE) OR CALL INJRIIIRE the Bfispradh /et

- Please reply to Mr. Fry. Leeds (0532) 482829.
Cubegate Limited =
AUDIO ELECTRONICS 77 | A
AN

| 5 ELECTRONICS

Also at Henrys Radio 404 Edgeware Rd. W2 ~" 579 Harehills Lane Leeds LS96 NO Leeds (0532) 482829*
WW — 030 FOR FURTHER DETAILS WW — 037 FOR FURTHER DETAILS
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* 500VA OR 250VA
* SOLID STATE

* HIGH STABILITY
* ROBUST

* VERSATILITY

* RELIABILITY

* SINUSOIDAL

Reliable Frequency & Voltage Stabilization

The efficient operation of sophis-
ticated electrical and electronic
equipment is, in many cases, de-
pendent upon an electrical supply
which is stable in both frequency and
voltage.

In many countries and even in the
United Kingdom during periods of
heavy demand, the variation in the
frequency and voltage is sufficient to
introduce errors and the malfunction
of such items as Recording equip-
ment etc. Likewise, in certain areas,
the only source of supply is from a
Generator, the output of which can
vary considerably when different
loads are imposed. This has
precluded the use of a wide range of
equipment in many countries.
Voltage Stabilizers are readily avail-
able, but these do not stabilize the
frequency of the supply which, in
many instances, is essential.

The CINTEC FREQUENCY &
VOLTAGE STABILIZER provides
the answer to both these problems

When the supply frequency is fluctuating
wildly between 45Hz and 65Hz and the vol-
tage by more than 10% the output from the
Stabilizer will not vary more than 01% from
50Hz or 1% in voltage, even when different
loads are imposed

Used by Government establishments, oil
rigs hospitals. police, video and electronic
industry. shipbuilders etc. for a wide range of
applications including video systems, medical
frequency conversion, navigational aids and
sound recording systems

The CINTEC FREQUENCY & VOLTAGE
STABILIZER 15 also available for supplies of
100-125 volts, 45-65Hz with an alternative
output of 50Hz or 60Hz at 115 volts or 230
volts and as a dual frequency model with a
switchable output of 50Hz or 60Hz

The Stabilizer may also be used as a frequency
converter. For example, the supply to it can be
any frequency between 45-65Hz and the
output can be switched to either 50Hz or 60Hz

Cintec Ltd., Wandle Way, Mitcham, Surrey

946177

25

Applications for the use of CINTEC
FREQUENCY & VOLTAGE STABILIZER are
more numerous than can be listed. Therefore, if
you have a supply problem, contact CINTEC
LIMITED whose engineers will be only too
pleased to assist

SPECIFICATION

INPUT 105-125 volts or 210-250 volts
at 45-65Hz.

ouTPUT 115 volts at 230 volts

RATING 500VA or 250VA
STABILITY Voltage * 1% No load to full load —
Frequency * 0.01% No load to full load

FREQUENCY 50Hz or 60Hz. Sindle or dual

versions

WAVEFORM SINUSOIDAL

DISTORTION Less than 2%

AMB TEMP -20°C to +40°C

COOLING Fan cooled

DUTY Continuous

DIMENSIONS 432 (W) x 196 (H) x 508mm 1D}
(7" x 78" x 207)

WEIGHT 45 or 30Kg unpacked

CONSTRUCTION Cabinet or rack mounting

TERMINATION Cannon Connections at rear of

case
NATO CODIFIED

24V DC Inverter

in addition to the A C. operated models, a 24v
D NVERTER Stabilizer 1s available which
operates from a heavy duty 24 volt battery and
has output ratings similar to the A.C. modeis
This type of Stabilizer 1s particularly suitable for
mobile operation

CR4 4NB, England. Tel: 01-640 2241. Telex:

r-----_—___———_———_1

Details Specification and Brochure—Available Post Coupon or Telephone/Telex |

&\NTEG Name

o= Position _

m“("

Company

l \ 1" N Address

WWwW1/82

~  CINTECLID! '

Wandle Way. Mitcham. Surrey CR4 4NB . England. Telephone 01-640 2241 Telex. 946177

L_—_——-_——_—__—————

WW — 045 FOR FURTHER DETAILS
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New KONTAKT Sprays

for the Electronics &
Electrical Industries

WHO’S
LOOKING....
FOR N

MULTI-LED -
ARRAYS

KALTRON 601

A new cleaner for Magnetic Recording Units. Kaltron 601
has an extremely low surface tension thereby enabling the
cleaning of magnetic sound heads leaving no deposit or
other traces.

It is chemically pure (99.8%) — non conductive —
non-flammable.

It can be used on energised etectrical installations and
electronic equipment, e.g. video units, tape recorders,
data processing systems etc.

Also NEW

PRINTER 66 o
Spray cleaner for type wheel printers, matrix printers and chain printers. Can
also be used for cleaning normal typewriters.

SCREEN 99
Specially for the cleaning of all types of screens, including data terminals and
T.V. Screens.

VASELINE SPRAY 701

For use in communications engineering and construction of antennae.
Proved successful as corrosion inhibitor for cable clamps, connecting screw
joints etc. Application from spray can with capillary tube is clean and simple.
Distributed by:

Special Products Distributors Ltd.

81 Piccadilly, London, W1V OHL

I Tel: 01-629 9556 : Cables: Speciprod, London, W.1
Telex: 265200 (answerback RACEN)

I ' WW - 078 FOR FURTHER DETAILS

~ OUR
OFF THE SHELF RANGE
OFFERS

— the
South East England
Specialists
in Everything for the
New Computer Age

....any combination and sequence of
Red(GaP), Green(GaP) or Yellow
(GaAsP/GaP) colours incorporated in one
array,

....fully end-stackable, 2, 3, 4 or 5
segment options thereby enabling displays
encompassing any number of segments to
be created,

....black bezels as standard with white
bezels to special order,

....push-fit mounting into correctly
dimensioned panel cut-out,

....wide operating temperature range of
-40°C to +80°C,

Eitx'()‘\‘(:fi

® 12K MICROSOFT BASIC
@® 16K RAM
© UHF MODULATOR
. @ INTERNAL CASSETTE
'@ 2nd CASSETTE INTERFACE

e £299 var

% EXPANSION BOX % 100s OF PROGRAMS
AVAILABLE % TRS-80 LEVEL Il
% DISK DRIVE IF REQUIRED SOFTWARE COMPATIBLE

If you cannot call write for FREE illustrated leaflet!

COMPUTER-RTTY PACKAGE
for TRS-80 and VIDEO GENIE

The new Catronics CT600 RTTY package enables a TRS-80 (16K, level 11) or Video Genie cumputer to|
send and receive Radio teleprinter messages. The package includes a8 pcb module and a program
cassette. The pcb carries the terminal unit which includes a PLL discriminator for reception and can
handle wide shift as well as narrow. Also on the pcb is an audio oscillator which plugs into the,
microphone socket of your SSB or FM transmitter to produce FSK or AFSK transmissions. The
Transmit/Receive relay on the pcb is keyboard controlied, as are all other functions. The software,
allows operation on 4 speeds 45, 50, 75 and 110 bauds Text transmissions is simplified with
automatic letters/figures shift and there is provision for 10 memories, which can be stored on casserte. §
Transmit text {including memories} is displayed and entered into buffer, even whilst receiving. '

Send now for complete detailsi

EVENT DISPLAYS
CT600 complete package: £106 {+ VAT + £1.50 p.&p.} s

Look at our
Speclal Package {saving over £35 on list price): Video Genie Computer + CT600 for only £460 inc. VAT. ‘

MULT'ILED ARRAYS CREDIT TERMS available. Pay by Access, Barclaycard D

So if you are into
TREND INDICATORS
BAR GRAPHS
or

or Catronics Creditcharge Card e :I
Our prices won’t make your eyes water 1 Personal Shoppers Weicome )
. . . . ATRC "
Zaerix Electronics Limited OMMUNICATIONS HO
46 Westbourne Grove, London W2 5SF, England c . o 0 WALLINGTON SQ
i : 2 San

Tel: 01-221 3642 Telex: 261306 et M .
WW - 068 FOR FURTHER DETAILS WW - 026 FOR FURTHER DETAILS
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The Experimentor System™ —a quicker transition from imagination
through experimentation to realization.
- N e T e W Wi e - L R e M e
Exper mentor Scratchboard'™ workpads.
Experimentor Matchboard'™ pre-drilled PCBs.
When you have a circuit idea that you want to With Experimentor Matchboard you can go from
make happen, we have a system to make it happen breadboard to the finished product nonstop! We've
quicker and easier than ever before: The matched our breadboard pattern again, this time on
Experimentor System. ¢ a printed circuit board, finished and ready to build
You already know how bia a help ou on. All for about £1.20
E ou r?\t Y |dW' S\SNb 'gadb a[r)do r be. No There's even a letter-and-number index for each
x;l)en:r;ei nor SO Oe(;;.d arf (ze sfc?tr:‘ re‘ N hole, so you can move from breadboard (where
Wi el deln 7 i) [EEalLVORStE DERICINIET. they’re moulded) to Scratchboardm {where they're
We've added Experimentor Scratchboard printed) to Matchboardtv (where they’'re silkscreened
workpads, with our breadboard hole-and-connection onto the component side) and always know where
pattern printed in light blue ink. To let you sketch up you are.
a layout you already have working so you can When you want to save time and energy, you can’t
reproduce it later. beat The Experimentor System.
EXP-300PC, which includes one item. 2 EXP-302, which includes three items. 3 EXP-303, which includes three items. 4 EXP-304, which includes four items.
" A Matchboard pre-drilled PCB * Three 50-sheet Scratchboard * Two Matchboards and an EXP-300 * Two Matchboards, an EXP-300
£1.20 workpads £1.50 solderless breadboard breadboard and a Scratchboard
£7.60 workpad £8.70
r-----------------
GLOBAL SPECIALITIES CORPORATION DEPT. 7W
GLOBAL SPEC|ALT|ES CORPORAT|ON I Unit 1, Shire Hill Industrial Estate, Saffron Walden. Essex I
. Name _ = o - — S — l
Address B _ R _ - .
l Inc P&P and 15% VAT - i l
I [1Exp 300PC | Qnty.Read. 2EXP302 | Qnty.Reqd FREE Catalogue tick box[] I
o | £2.25 . 258 | @ I enclose cheque’ PO for
G.S.C. (UK) Limited, Dept. 7W 3. EXP 303 Qnty Read 4 EXP 304 Qnty Read. |
Unit 1, Shire Hill Industrial Estate, l | 1£9.40. i_  lemas e l
Saffron Walden, Essex. CB11 3AQ. Phone your order with Access, Barclaycard or American Express
Telephone: Saffron Walden (0799) 21682 Card No Expiry date _ J

Telex: 817477
WW

072 FOR FURTHER DETAILS
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The Sound of the Professionals.

jSlsSHURE §

Shure Electronics Limited Eccleston Road
Maidstone ME15 6AU
Telephone: Maidstone (0622) 59881

e
SIVIIES)
RBOMECH,
SOUND),

brings a new dimension
to a hand-held
condenser microphone

This new high technology Shure microphone will change
the way people think of condenser microphones. The
SMB8S is designed especially for on-stage, hand-held use.
Its sound is unique —far more tailored to the special needs
of the vocalist: sizzling highs and a shaped mid-range for
superb vocal reproduction, and a gentle bass rolloff that
minimizes handling noise and “boominess” associated
with close-up use. Ultra-low distortion electronics make the

SMB8S highly immune to stray hum fields. An integral, dual-

density foam windscreen provides built-in pop protection.

What's more, the SM85 Condenser Microphone must
pass the same ruggedness and dependability tests
required of Shure dynamic microphones. As a result, the
SM8S5 sets a new standard of reliability for hand-held
condenser microphones.

The SM85 is extremely lightweight, beautifully balanced
—it feels good, looks good on-stage, on-camera, on-tour.
Ask your dealer for a demonstration of the new SM85 PRO
TECH Sound, or write to us (ask for AL664) for full details.

SM8S

Cardioid Condenser
Hand-Held
Professional Microphone

WW - 067 FOR FURTHER DETAILS
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A million years of programming

This month’s front cover is our
contribution to the UK’s Information
Technology Year, just starting. A
somewhat bizarre one, you may think. It
is, in fact, an idea borrowed by artist Geoff
Harrold from the imaginative film 2001: A
Space Odyssey (for which, incidentally, the
screenplay was written by our one-time
contributor Arthur C. Clarke). The
mysterious crystalline monolith seems to
be the instrument by which the man-apes
at the beginning of the film are touched by
conscious thought, rationality and an
awareness of history and their own
mortality — by which they became Homo
sapiens. In our picture the monolith
becomes that public symbol of modern
technology ‘‘the microchip”, better known
to electronics engineers as the
MIiCroprocessor.

If “information technology’ is anything
more than a convenient phrase to describe
a range of already existing techniques
(computers, telecommunications and
microelectronics, according to the DOI) it
certainly owes its existence to, more than
anything, the availability of the
microprocessor as an off-the-shelf
electronic component. We have had the
ability to measure and transmit
information in binary digital form for a
good many decades, but we were only able
to process it conveniently, in the huge
variety of ways we do, when programming
became generally available in the last
decade, using the principles of the stored-
program digital computer. This
mechanization of certain logical mental
processes, in cheap and flexible electronic
equipment, is the real innovation at the
heart of what we are now calling
information technology.

The mechanization of logic is the
product of a living organ, the human
brain, which itself was already capable of
logical thinking and thus had generated
the conceptual models for the hardware
and its functioning. With this as a parallel,
it is tempting to speculate on how much
the invention of programming — first seen
in early clocks and barrel organs — owes to
the biological programming given by the
genetic code in.living creatures. Although
in machines the instructions may be
carried out in a time sequence, the
program as an entity usually exists as a
spatial pattern, first on paper then in the

Memory of a computer or microsystem.
There seems to be some justification for an
analogy between the pattern of binary
digits in, say, an e.p.r.o.m. and the
pattern of nucleotides in the DNA
molecule of the living cell.

Beyond this point, however, the analogy
breaks down. Whereas the program in the
computer memory can be readily changed,
the genetic code in DNA is highly
conservative. We are almost always born
with the same number of limbs and other
organs, although mutations such as a hand
with six fingers can sometimes occur.

Nevertheless in Homo sapiens the genetic
code preserves an organism which is
capable of extraordinary flexibility in its
behaviour. Its power to communicate and
act socially, passing on knowledge from
person to person and from generation to
generation, has resulted in, among other
things, the technology of electronics and
devices such as the microprocessor. The
significant programming now is the way
our behaviour is ordered by social activity, -
and this has been going on for perhaps
only a million vears. For example, some
anthropologists maintain that we are
neither inherently aggressive nor
inherently peaceful but so flexible that we
can be socially programmed to become
aggressive or peaceful. The outcome for
Homo sapiens is a world in which his now
highly complex technology is a major
factor in his own environment. It interacts
with his material life and hence with his
social being and indirectly with his
personal awareness of himself as a social
creature. By modifying his environment in
this way he is therefore moulding his own
psychology, yet most of the members of
the species probably do not realize this is
happening.

The situation is both exciting and
dangerous. What is encouraging is that
this process really can be under our own
control. For example, we have realized
that we no longer have to propitiate the
gods to save us from natural disasters. But
much of the programming is being done by
powerful individuals who are both
heedless of the process and strongly
influenced, intellectually and emotionally,
by historical events which are no longer
relevant to present problems. Somehow we
must learn to understand what we are
actually doing and get control of it.
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Nanocomp e.p.r.0.m.
programmer

Low cost programming of 2516 and 2532 type memories
by R. Coates

Nanocomp was originally designed as
a microprocessor trainer using the
6802 device (January 1981) and was

commercial programmers may suggest,
particularly if the types of memory is
restricted to two, i.e. the single rail 2516

sure to u.v. light. Commercially available
erasure units are the best solution, but
prices start at around £40. Sunlight is not

later uprated (July 1981) to provide an
evaluation system for the 6809. This
e.p.r.o.m. programmer will operate
with either unit and uses software to

and 2532.
Erasing and programming

very practical as it would take around four:
weeks for erasure in Britain. However, an
erasure unit can be constructed for about
£15 using a commercial tube. Fig. 1

Before an e.p.r.o.m. can be programmed,

ich reduces .
D ] BT DI TR the previous data must be erased by expo-

shows a simple circuit which can erase up

the hardware cost. The programmer
software can be loaded into the

to four e.p.r.o.ms simultaneously in about
20 minutes.

[anpeanipir.a‘m’ onpsrmenently (O——TUW ) The i.cs should be placed about 2-3 cm
stored in the e.p.r.o.m. if a2 or 4K kﬁh;:;mx from the tube, which is started by pressing
device is used. or fluorescent the switch for a couple of seconds, repeat-
To enable the Nanocomp to be used as a light choke lﬂg if the tube d?CS not strike. It should be
dedicated controller or as the basis of a & Push noted that u.v. light emitted from the tube
development system, spare e.p.r.o.m. 20V< " W’.(?(E will damage the eyes so the unit must be
space can be made available if a 2K or 4K oG constructed in a light-tight case and
memory is used. This allows user software swnchec_l off before inserting Or removing
~ to be placed in the e.p.r.o.m. and obviates the d";VIC‘{S- Erasure can be impeded if
the need to constantly reload a program. there is dirt or grease on the e.p.r -0.m.
Also’ the space allows largcr programs to o J window so ensure that Lhe'glass surface is
be stored in the 1K r.a.m. The only prob- UV tube clean. When an €.p.r.o.m. is erased, all the
lem with e.p.r.o.ms is their programming, r EFS :IZmAIIéoZB data bits are set to 1. Bits which must be

but this is not as difficult as the price of

Pi.a connector

Fig. 1. Wiring diagram foran e.p.r.o.m.
eraser.

set to O are programmed electrically by
25V applied to the V,; pin of the device.
This sets the e.p.r.o.m. to the program-

Address strobe (1} +5v ming mode and converts the data output
A0 g Y fz g pins to high impedance data inputs.
3 The address of the byte to be pro-
PByO— EN Ve i .
grammed is set on the address pins, and
PB] o~ 4
7
PB20 s 28-35v
PB3o— v 7805
13
PBI.C T6LS373 q
PBs o 1 tOI?\;'IIJe'?fOr
PBbC 17
PBI0- 2 Gnd
0
Z {4 Read/ prog.
(Vpp)
L +5V
b 0, l // Error
PAO o R
PA 82 270
1 Ov—
3 —
. 2532
CSTA)
PA3 O ! — 251
125324 | Fig. 2. Programmer
(8) o Prog putse 1 (1J) e o hardware for the 6802 or
Berd  (Preo /Re t oF251 _1— e 6809 Nanocomp.
Prog/Reqd v(ng LZEIF 12532 C Because the p.i.a. has 18
brackets indicate PA Ot 5V 1 104 - 4
2532 function {, 0" T lines and 23 are required,
& : the data lines are

multiplexed using an
8-bit latch.
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3

the data byte to be programmed is presen-
ted to the data input pins.

A 50ms pulse is then applied to program
the byte, and this procedure is repeated at
each address of the e.p.r.o.m. Both types
of device are programmed in this way, but
there are small differences which will be

Prompt for
function

described later. To avoid confusion, note
that the two types of e.p.r.o.m. which can
be used with the Nanocomp and pro-
grammer are the Texas TMS 2516 and
TMS 2532 or their equivalents. For the
2516, most other manufacturers use 2716,
but this is not equivalent to the Texas
TMS 2716 which is a three supply-rail
device. For the 4K device there are now
two types. Intel continue to use two pins
for device enable whereas Texas have re-
duced this to one, which means that the
two types are not compatible. If purchas-
ing from another manufacturer, check

Fig. 3. Software flowchart.

carefully that their device is TMS 2532
compatible.

Hardware

The complete circuit shown in Fig. 2 has
been kept simple by using software to do
most of the work. The basic programming
operations can be performed using a peri-
pheral interface adaptor (p.i.a.) with the
microprocessor. The 6802/9 then writes
the address and data information to the
p.i.a. which in turn drives the e.p.r.o.m.
Unfortunately, this requires 23 p.i.a. out-
put lines, and only 18 are available. Two
devices could be used, but the Nanocomp
only has one available. This problem can
be overcome by multiplexing the data lines
and the eight least-significant'address lines
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Table 1. E.p.r.o.m. sectors.

Sector no. e.p.r.o.m. address
1 0000 — OIFF
2 0200 — O03FF
3 0400 — OSFF
4 0600 — O07FF
5 0800 — O9FF
6 2532 0A00 — OBFF
7 only 0C00 - ODFF
g 0OE00 — OFFF

Table 2. Programmer operating

instructions.

Erasure check

Press E

Connect programmer

Switch on Vpp supply

Press AB

Wait for ok or error l.e.d.

Switch off Vpp supply

Unplug programmer

Press RST

Programming and program check
Press P to program or C to check
Enter start address (SA) of data
Enter sector number (SEC=) of e.p.r.0.m.
(1-4 or 1-8)
Connect programmer
Switch on Vpp supply
Press AB
Wait for ok or error l.e.d.
Switch off Vpp supply
Unplug programmer
Press RST

to the outputs of the p.i.a. Therefore, the
data and addresses appear on the same
lines at different times. Software first
sends the address information via the p.i.a.
B lines while deselecting the e.p.r.o.m.
using its chip select input. This ensures
that the e.p.r.o.m. data pins, which are
connected to these p.i.a. pins, are in the
high impedance state and have no effect.
The p.i.a. B pins are also connected to the
inputs of a 741.§373 8-bit latch which can
store the data and present it at its output
pins after a positive pulse is received by the
latch enable input, even if the input data
has been removed. Therefore, when CA2
sends a positive pulse, after the address has
been set by the p.i.a., the address is
latched at the outputs of ICI1, which are
connected to the address pins of the
e.p.r.o.m. The p.i.a. outputs then change
to the data which is held while the pro-
gramming operation takes place. The three
other address lines required by both types
of e.p.r.o.m. (A8, 9, 10) are driven from
p.i.a. lines PAO, 1 and 2.

Pins 18 and 20 of the two e.p.r.o.m.
types differ in the following ways. For the
2516, pin 18 is the power-down pin in the
Read mode which deselects the device and
reduces the power consumed if set to 1.
When programming, pin 18 is normally 0
and set to 1 for 50ms to produce the
program pulse. Pin 20 is the chip select
input. For the 2532, pin 18 is the extra
address line required (A11) and 20 is the
power down/program pulse pin. A
separate chip-select pin is not provided,
and the program pulse is negative going.
Switching is provided to facilitate these
differences by using three poles of a four-
pole two-way d.i.l. switch. PA3 drives
chip select/All and CB2 provides the

(a) 1200 -

(b) 1200 -1388

13A6  RELOCATAPLE
P 1200 - 13AG

1200 10 CE 13 DO 86 40 iF 8B BE
1210 00 BF 13 FC BF 13 FE BD 7C
1220 Bi 23 10 27 01 08 B1 21 26
1230 13 EO BE 13 EO 30 01 BF 13
1240 3C 97 02 86 34 97 02 BB 13
1250 BA 0B 97 00 8D 1B 81 FF 2G
1260 FF 26 CF 86 CO 20 02 86 A0
1270 FO 34 04 BG 38 97 03 4F 97
1280 26 06 96 00 B4 F7 97 00 17
1290 06 D3 00 CA ©8 D7 00 CE 38
12A0 3C D7 03 35 04 39 DG 00 CS
12B0 30 iF 8F 00 BE 34 3C 9F 02
12Co DB BF i3 F2 13 38 BE 3D GBF
:2D0 13 DE BF i3 EZ 8E 3D 79 BF
12EQ0 FC B8E 00 00 BF 13 FE BD 7C
L2FC E4 4A 48 8D BE 8D AF 286 02
1300 BE 13 E0 30 01 BF 13 EO BG
1310 02 86 34 97 GZ 96 G0 84 FE
1320 44 26 FD 39 4F CE 20 44 7G
1330 BE FF FF BF 12 E0 BE i3 E2
1340 8D BE 17 FF 2C 34 04 Al EO
1350 26 Z4 i€ FF OE 17 FF BE 17
13680 03 8E FF FE BF 13 EO BE 13
1370 DE 8D BD C! FF 27 29 D7 01
1380 00 17 FF 22 26 0A 86 3C 97
1390 86 34 97 03 8D BE 86 3C 97
13AC BC G1 FF 26 Cz 20 B89

+

RELOCATABLE

P 1200 - {3B8

1200 BE 00 40 CE 69 11 DF 7a CE
1210 7C 20 81 15 27 4E 81 23 27
1220 CE FF FF DF 52 DE 52 08 DF
1230 3C B7 40 02 86 34 B7 40 02
1240 02 BA 08 B7 40 00 8D 22 81
1250 8C 07 FF 26 DO 86 CO 20 02
1260 OF FF 20 EF 20 B8 20 35A 20
1270 4F 27 40 0i 86 34 R7 40 03
1280 84 F7 B7 40 00 BD 49 BG 40
1280 20 CA 08 F7 40 00 CG 38 F7
12A0 CB 3C F7 40 O3 33 39 FG 40
12RO FF 40 02 09 FF 40 00 CE 34
12C0 FF 40 00 CE 7D E2 DF 72 3E
12D0O 20 64 Z0 71 20 94 CE 3D GF
12EO0 DF S4 CE 3D 79 DF 74 CE 78
12FO0 7E BED 7C E4 4D 27 EB B1 08
:300 AG 26 0Z BA 0B BA 80 B7 40
1310 B9 20 BY 20 C! 20 BD DE 52
1320 01 B6 3C B7 40 02 86 34 B7
1330 9/ 52 B7 40 00 29 4F 2A 28
1340 =D 3A 26 fA 35 8D BF CE FF
135C 08 DF S4 8D CZ 8D 2E 11 26
1360 AE Z0 AA 20 EZ 8D AC 8D A4
1370 CE FF FF DF SZ DE S0 EBG 00
1380 27 30 F7 4G ¢i 8D AF E6 40
1380 DO 26 0B 86 3C 27 42 03 8D
i3A0C B7 40 03 8D 96 86 3C B7 40
1380 40 00 8C 01 FF 258 RE 20 BE
+

program pulse. The third pole of the
switch connects an input, PA4, to 1 for the
2532 and 0 for the 2516. This is used to
inform the software which type is being
programmed.

Pin 21 of the e.p.r.o.m., Vops is the
input or programming-enable voltage and
is at +25V to program or +5V to read.
This input must be switchable because, as
well as programming, it is necessary to
read the data in the e.p.r.o.m. before pro-

Table 3. Hex listing for the {(a) 6809 and (b) 6802 Nanocomp.

B9 1M1 BF 13 FA 8E 00
£0 81 15 10 27 G1 35
ED 8D 7F BE FF FF BF
EQO B6 13 E1 97 01 88
EQ BA 80 BD S8 26 02
OD 8D 4A 26 OE BC 07
97 00 13 BCZ OF FF 20
01 86 34 97 03 6D 26
00 94 96 01 6D 17 26
D7 03 CG FF D7 01 CG

8E 88 00 89F 00 8E 7D
BF 13 FE 2D 7C BS BF
2 FA BE 78 11 BF 13
E4 4D 27 EB 81 98 22
BA 08 BA 80 $7 00 39
13 E1 87 01 86 3C 97

D 5A 28 FA 39 8D 96
EG B4 3G 01 BF 13 EZ2
10 26 FF 1A 8C 01 FF
FF 4B 26 04 86 332 97
DE EG 84 30 0t BPF 13
8D A4 96 QO B4 7F 97
03 8D 98 86 34 20 08
03 96 00 BA B8O 97 0O

00 00 DF 7C DF 7E BD

52 96 53 B7 40 01 86
96 5Z 8A BC 8D G8B 26

86 ACG B7 40 00 3E 8C
43 37 86 38 B7 40 03
8D 2C 26 0B BG 40 00
01 8D 1B 26 08 FG 40
40 03 C6 FF F7 40 01
00 €S 10 39 CE 00 00
32 FF 40 02 CE 88 00
39 20 89 20 BB 20 3B
DF 7E BD 7C BS DF 50
il DF 7C CE GO 00 DF
22 E7 4A 48 8D AE 8D
00 38 20 58 20 98 20
08 DF 52 96 53 B7 40
40 02 BB 40 00O B4 FE
FD 35 4F CG 'A 4A 2G5
= DF 52 DE 54 EG 00O
B7 8C 0! FF 2B ED 20
26 OS5 86 34 27 40 03
08 DF S0 8D 99 Ci FF
0O 84 7F R7 40 00 8D
Al 8G 34 20 09 g6 34
03 BG 40 00 8A 80O B7

gramming to check that it is fully erased,
and after to check that it has been pro-
grammed correctly. These voltages are
provided by an external 28-35V supply
rated at 30mA. When the p.i.a. PA7 ‘out-
putisat 1, Tr) is turned on which connects
IC; to OV and supplies +5V to pin 21 of
thei.c. socket. If PA7 is at 0, Try is turned
off and IC; is connected to OV through
resistors R3 and Ry which develop 20V at
the common terminal, and provide a 25V
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regulated output. Therefore, the software
switches two voltage levels to V.

Outputs PAS and PA6 drive two l.e.ds
via Tr; and Tr; to indicate that an opera-
tion has been completed without error or
that an error has occurred. Although the
obvious way of indicating an error is by the
Nanocomp display, while the p.i.a. is driv-
ing the programmer, the display will not
function normally.

The e.p.r.o.m. programmer can be used
with any microcomputer system which has
a peripheral port, and all that is required is
a change of software to follow the flow
chart in Fig. 3.

Software

When programming a 2K or 4K
e.p.r.oom. with a microcomputer con-
taining only 1K of r.a.m., the normal
method of placing data into r.a.m. and
then copying it into the e.p.r.o.m. cannot
be used. Instead, the e.p.r.o.m. must be
programmed in several smaller sections.
With 1K of r.a.m. the e.p.r.o.on memory
map can be divided into 512-byte sections,
which énables 512 bytes to be loaded and
512 bytes of the r.a.m. to be used for the
operating software. The 512-byte sector to
be programmed is specified, and the
process is repeated four times (8 for a
2532) to completely program a 2K device,
see Table 1.

If the e.p.r.o.m. is to be used in the
Nanocomp, it is probable that the monitor
will also need to be copied in. To facilitate
this the address of the data to be pro-
grammed is also specified, which allows
the operating e.p.r.o.m. to be directly

copied in 512-byte blocks. The operating
' software has been designed to run at
address 1200 inwards in r.a.m. and occu-
pies about 450 bytes which are relocatable
and can be placed in e.p.r.o.m. if desired
Three commands are available (1) to check
for erasure of the entire e.p.r.0.m. (essen-
tial before programming) which switches
on an ok or error l.e.d. when completed;
(2) to program an e.p.r.o.m. sector
read it and check that it has been pro-
grammed correctly, which also provides an
ok or error indication when complete;
finally, a command to perform the read
and check function.

Although the 25V is only required when
programming, the external supply must be
connected when using the other two com-
mands because 5V is required to read the
e.p.r.o.m.

Construction and operation

A double-sided printed circuit board is
used as shown in Fig. 4. The 24-pin d.i.l.
socket should be a low insertion-force
type, and if only one type of e.p.r.o.m. 1s
to be programmed, the 4-pole 2-way
switch can be replaced by wire links. To
simplify. assembly, a p.c.b. transition
connector is used for the ribbon cable, but
the conductors can be soldered directly to
the board. When construction is complete,
apply the programming voltage and adjust
R, until 25V appears at pin 21 of the
e.p.r.o.m. socket. Note that the 7805 re-
gulator is mounted on the underside of the

eprom
programmer

Fig. 4. Printed circuit

layout and component

location diagram. A

double-sided p.c.b. will T
be available for £4.50

inclusive of v.a.t. and Riben

| cable

postage from M. R.
Sagin, 23 Keyes Road,
London N.W.2.

10C
connector -
)

/(/448 35V
s X 1 ofp :
¢@‘$
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1 © d.i.l
14 1 socket
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R T" Ry Tr
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p.c.b. so that the unit can be mounted
close to the lid of a box, with cut-outs for
the slide switch and e.p.r.o.m. socket.

To run the programmer, load the soft-
ware into r.a.m. from address 1200 unless
it is in the Nanocomp e.p.r.o.m. Next,
load the 512-byte block of data to be pro-
grammed at 1000-11FF unless a section of
the monitor e.p.r.o.m. is to be copied.
Ensure that the e.p.r.o.m.-select switch is
correctly set, then, with the monitor
prompt indicating, enter “G 1200 or the
appropriate start address. The software
then replies with “F”, requesting a func-
tion (erase check, program or check) to be
entered. Table 2 lists the procedures for
each of the functions. The end of an opera-
tion is indicated by one of the programmer
l.e.ds

If an erasure check has been performed
and the error l.e.d. switches on, one or
more bits are not at 1 so further erasing is

required. The program-check operation
reads each location in a block of the
e.p.r.o.m. and compares it with the data
block. If a location does not agree, an error
is indicated. Unfortunately the whole
e.p.r.o.m. must then be erased and pro-
grammed again. However, with full-spec.
devices this problem is very rarely encoun-
tered.

The program-check operation is per-
formed automatically after a programming
operation. The ok l.e.d. indicates that pro-
gramming of the last block was performed
correctly and the next block can be pro-
grammed after entering new data into
r.a.m. Note that during the operation of
all functions, random illumination of
the display will occur because it is being
driven in parallel with the programmer.

Table 3 gives an e.p.r.o.m. programmer
hex listing for the 6802 and 6809 Nano-
comp.
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High-risk covert radio links during
1935-45 played an important, yet
seldom recognized, partin the
development of fully portable, low-
power, h.f. communications
equipment. Pat Hawker describes the
equipment, the organizations
involved, and some of the people.

Late in 1980, a farmer found unexpected
buried treasure in a field near Wrexham,
North Wales — a compact h.f. transmit-
ter, later officially identified as of “East
European” manufacture. It served as a
reminder that clandestine or covert radio
communication still has a role (if only that
of a ““set in place”) in the tangled web of
international espionage.

Such finds are rare: for a previously
disclosed find in the UK one has to go
back 20 years to the “Gordon Lonsdale”
Naval secrets case. Then a basically similar
transmitter, wrapped in plastics, was un-
covered beneath the kitchen floor of the
Ruislip home of “Peter Kroger” (Morris
Cohen) and his wife. The crystal-
controlled transmitter could provide 150W
output and (like the Wrexham unit) had an
automatic keying device that enabled
previously-prepared Morse tapes to be sent
for up to ten minutes at an average speed
of some 240 words per minute. A transmit-
ter of this type, attached to perhaps 50 feet
of aerial wire and under the control of an
experienced operator, would have little
difficulty in passing traffic to East Europe.

No evidence was given at the Old Bailey
trial in March 1961 that the Krogers had
used the transmitter; though it was
disclosed that they regularly received
“broadcast” instructions from a high-
power transmitter located near Moscow.
For this they used a conventional h.f.
broadcast receiver, recording messages on
magnetic tape which could be transcribed
by replaying at lower speed or by dusting
the tape with iron-oxide powder and so
rendering visible the Morse svmbols.
Outgoing messages, it would seem, were
normally sent in the form of microdot
photographs through the post, the h.f.
transmitter being reserved for emergen-
cies.

These disclosures showed, at least to
some of us, that the basic principles and
practices of clandestine radio, as developed
in World War II, were universally un-
derstood and still practised by the major
powers. But, though much has been

written of the personal exploits of radio
spies and resistance workers during the
war years, little attempt has been made to
assess the contribution they made — all
too often at the cost of their lives — to the
development of low-power, portable radio-
communication equipment, or to under-
stand the human and technical problems
that had to be overcome. Kipling’s “Great
Game” was played with high stakes by the
several hundreds of radio operators wlo
weht from Allied bases into European and
Far Eastern occupied territory, some more
than once, and many never returned.

Paradoxically, many of those working
on behalf of the Allies were drawing on the
work of the German Abwehr and RSHA*
(which included the SD and Gestapo) in-
telligence services which pioneered many
ideas in covert radio that were subse-
quently successfully employed against
them. Russian military intelligence was
also an early user of secret radio, for
example by the Sorge ring in Japan (where
Max Klausen proved an experienced and
effective radioman); indeed their agenv
operators were sometimes expected to build
their own transmitting equipment, or have
it built locally, in order to avoid the prob-
lem of smuggling the bulky radio transmit-
ters across peacetime frontiers, a practice
subsequently used also by the Germans in
North and South America.

Components were then large and heavy,
and transmitting valves bulky and fragile.
But by the mid-1930s it became possible to
think in terms of ‘“portable” stations. For
example, a former British amateur, Ted
Cook (then ZT6AQ, now ZS6BT), tra-
velled (legally!) around South Africa with a
30-watt transmitter (double-triode 6A6
driving an 812 power amplifier) built into a
Burndept portable-radio case about 18 by
18 by 8 inches; an (0-V-2 receiver in a
second similar case. He contacted fellow
amateurs over long distances from loca-
tions that included a seventh-floor flat in
the centre of Johannesberg. One of his
most difficult problems was to avoid caus-
ing “key-clicks” on an estimated 400
broadcast receivers within a radius of
1000ft of his makeshift aerial.

In the early days (ignoring the efforts to
use spy radios in World War I that proved

*Reichssicherheitshauptampt, into which the Military
Intelligence organization or Abwehr was later incorpo-
rated. The RSHA was directly linked with the Nazi
party and came under the control of Himmler.

German Agentenfunk (Afu) transmitter in
two cases, one for the batteries.

less effective than homing pigeons) clarn-
destine operation must have seemed
equally easy: no monitoring/intercept or-
ganizations of the 1930s could contemplate
watching continuously all the newly-im-
portant h.f. band, with the added problem
of skip zones and the considerable limi-
tations of h.f. direction-finding in the days
before “huff-duff” (h.f. d/f) c.r.t. displays
and the German wide-aperture Wullen-
weber ring aerials.

F. R. Hornby of Military Intelligence
built a small transmitter in his garage and
concealed it in a standard car radio; then
he visited a number of sensitive defence
establishments, including the Royal Air-
craft Establishment at Farnborough and
Boscombe Down, and naval estab-
lishments in the Portsmouth area. He
would copy out an innocuous document
and radio the contents from the estab-
lishment's car park to his father’s house in
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Bournemouth. The official Y intercept ser-
vices, operated by the Navy, Army, Air
Force and civilian agencies, were warned
in advance of his intentions and given an
idea of the frequencies he would use. Yet
very few indeed of his transmissions were
reported by Y, underlining the urgent
need for a special intercept organization
devoted to seeking out clandestine traffic
— and possibly accounting for the official
ban on all car radios in the UK from 1940
10 1944.

There already existed within MIS the
Radio Security Service but this was little
more than a nucleus, staffed largely by
Post Office interference-investigation
teams and having as a prime objective the
tracing of any medium-wave navigational
beams that German agents might try in
wartime to establish in the UK (they never
tried!). Soon after the outbreak of wdr in
1939, RSS was greatly expanded, includ-
ing the secret recruitment by Lord
Sandhurst of more than 1000 former radio
amateurs (who had been officially closed
down on September 1, 1939) as voluntary
interceptors (VIs) aided by a number of
full-time police and Post Office radio
operators. The VIs listened enthusiasti-
cally but located very few enemy radio
spies; for the very good reason that from
September 1939 until May 1945 virtually
all enemy agent radio activities in the UK
were conducted by ‘turned’ agents with
the assistance of RSS and the Doublecross
(XX) Committee.

This web of deception followed on from
the arrival in the summer of 1939 of an
Abwehr Afu (Agentenfunk) radio at Victo-
ria Station, intended for use by a Welsh
engineer, Johnny Owens. But Owens was
already a double agent and ensured that
the Afu (with cipher and signal plan) was
promptly turned over to the British. A
later arrival, Hans Hansen (Tate) sent over
1000 messages to the Germans, via
Hamburg or Abwehr stations in the Ibe-
rian peninsular. There were a couple of
dozen others at various times.

But the VIs search of the h.f. bands soon
brought to light something that was to
prove even more rewarding: by mid-1940
they had teased out an elaborate complex
of German Intelligence radio-communica-
tions networks. These were not only for
working to agents (mainly from the
Hamburg and Wiesbaden control stations)
but also for handling the very busy com-
munications links between intelligence
offices (KOs in neutral countries, Asts in
occupied countries) and the main intelli-
gence centres in Berlin, Vienna etc, using
hand ciphers and the Enigma machine.
Later Abwehr Enigma keys were cracked;
though a Gestapo Enigma remained un-
broken.

Ewen Montagu (“Beyond Top Secret
U”) has written: “A number of Abwehr
and other stations in the Aegean and Greek
Islands were sending out informative re-
ports . . . for a very long time they consti-
tuted virtually our only information from
these areas”’.

The effectiveness of German special
communications (Signal Regiment 506)
and agent-radio equipment was demons-
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German battery-powered Afu transmitter,
designed to be carried in a leather case
slung over the shoulder, with the batteries
in another. Aerial coupling coil taps
allowed for different aerial lengths, the
indicator lamp showing tune. Frequency
range was 4 to 8.5 MHz.

trated during the German invasion of Nor-
way in April 1940 — an operation which
simultaneously made clear to the British
the ineffectiveness of their own Service
radio communications from unprepared
sites over distances of some hundreds of
miles; later this was rubbed in by the unre-
liability of hastily built British military
radios in hostile environments (I am told
that less than 30 per cent of the British W§
No 19 sets worked without failure in
North Africa!).

After Dunkirk in May 1940, the need
for a British equivalent to the
Abwehr/RSHA networks became urgent,
although the UK was by no means “‘cut off
from the Continent” as is often supposed.
In the ‘phoney war’ period from Sep-
tember 1939 to May 1940, there had
seemed little requirement for truly porta-
ble ‘agent’ radios. But there were Intelli-
gence out-stations, mostly under
diplomatic cover, in neutral countries, and

radio links were established from about
1936 onwards.

The successful breaking of the German
Air Force Enigma machine cipher early in
1940 created an entirely new requirement;
it led directly to the creation of what was to
become a reliable semi-covert (or “low
profile’”), secure communications network
dedicated to the distribution of this vital
intelligence material (ULTRA). The Army
and the RAF agreed to the setting up of an
MI6 system under F. Winterbotham (the
Navy insisted on its own system) whereby
ULTRA information was passed through
Special Communications Unit operators to
Special Liaison Units attached to Overseas
Commands from a multi-operator station.
at Windy Ridge, Whaddon, near Bletch-
ley.

For this network the outstations com-
prised HRO or AR88 receivers and Special
Communications Mark III transmitters.
By 1944 there were almost 40 SLU/SCU
outstations.

The Mark III, of which many hundreds
were built at the Special Communications
factory near Whaddon, was a simple,
straightforward, but effective two-stage
transmitter (6V6 crystal oscillator, 807
power amplifier) with plug-in coils. Most
were in small wooden cabinets with the
power supply unit accounting for much of
the weight. Later, a “coffin” assembly was
devised in which a Mark III or XV
transmitter, HRO receiver and its set of
plug-in coil assemblies, together with
power supplies, formed a large and awk-
ward but reliable station which could be
powered from a 350-watt Onan petrol-
electric generator or local supply mains.
Perhaps the worst fault of the Mark III was
the ease with which it could be tuned to a
harmonic frequency without this being ob-
vious to an unwary operator. The Mark V
had a t.r.f. (1-V-1) receiver in a separate
wooden box.

During 1940 to 1945, the MI6 radio
section, based at Whaddon, gradually ex-
panded into a series of about a dozen
Special Communications Units under
Brigadier (later Sir) Richard Gambier-

Mk IlI/HRO transmitter/receiver assembly
in its ‘coffin’, with coil assemblies and
power supplies in one unit
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One of Special Communications control
stations for links with Western Europe.

Parry, with Colonel E. Maltby as his de-
puty.

“G-P”, a World War I officer who had
been thrice wounded, was a former radio
amateur (G2DV), and an ex-Information
Executive (1926-31) at the BBC where he
had battled with the Baird Company over
the BBC'’s reluctance to use the 30-line
mechanical television system and dealt
with technical correspondence; he was, as
they say, “attached to the Foreign Office”
in 1938. Colonel Maltby had come from
the management side of the highly-compe-
titive radio receiver industry. When, after
some intense skirmishing and the personal
intervention of Sir Winston Churchill,

Special Communicatjons briefcase
receiver, using 1.5V valves and layer
batteries, about 1943-4.

MI6 won control of RSS operators from
MIS3, he was given responsibility for build-
ing the Special Intelligence intercept sta-
tion at Hanslope Park. One suspects he
was a little nonplussed when he discovered
that the RSS operators were mostly a
bunch of independently-minded radio
amateurs, happiest when searching for
weak and fading signals but with no wish
“to play soldiers”. From January 1942,
Lord Sandhurst was responsible for the
links with agents (Plans section).

G-P also gathered around him people,
with considerable professional or amateur-
radio experience of h.f. communications,
but who were not unwilling to pick up tips
from their Abwehr counterparts or to lift
ideas from the Radio Amateur’s
Handbook. G-P could also draw on the
mathematical genius Alan Turing, who,
after expounding in the 1930s the prin-
ciples on which all modern computers are
based, joined GCCS/MI6 at Broadway
Buildings and Bletchley, where with T.
Flowers of Post Office Research he was to
develop Colossus, the first cryptographic
electronic computer. There were also
specialists seconded on occasions from in-
dustry, including the aerial engineer F. J.
Charman, G6C]J, of EMI.

And if the more senior MI6 officers had
an eye for good-looking horses and good-
looking women, they also showed good
judgement in buying from the United
States high-performance equipment that
had been developed in the late 1930s for
the American amateur radio market.
Throughout the war, Special Communica-
tions largely depended on the National
HRO and (later) the RCA ARS8 receivers,
two of the finest general-purpose receivers
ever manufactured in large numbers,
backed up by simple regenerative 0-V-1
and I-V-I agent receivers. They were also
much taken with the 6.3V metal-octal
valves, the reliable 807 beam-tetrode and
later the new miniature 1.5V-filament bat-
tery valves and layer batteries. Their most
expensive (and longest-lasting) purchase
was the 600kW “Aspidistra” m.f. broad-
casting transmitter, which was bought in
1941 for £111,801 4s 10d and installed at
Crowborough, Sussex. Since the war, it

has carried the BBC external services pro-
grammes, though due to go into honoura-
ble retirement shortly. Special Commu-
nications, almost by accident, was the
transmission agency for Rex Leeper’s
“black™ outfit at Woburn Abbey, whose
secret existence was instrumental in ena-
bling the BBC to concentrate on the more
“truthful” propaganda.

The fall of France and the potennal re-
quirement for ‘“‘stay behind” agents within
the UK had changed the situation
profoundly. A new sabotage and opera-
tions organization (Special Operations
Executive or SOE) was established in the
UK in July 1940. Intelligence and secret
operations groups began to assemble
around the governments-in-exile and the
Free French who set up in London the
Bureau Centrale de Renseignements et Ac-
tion (BCRA) under ‘“Colonel Passy”
(Andre Dewarin). Military intelligence de-
partment MI9 was charged with recover-
ing shot-down Allied aircrew and other
evaders from the occupied territories.
MI6, recovering from the blows inflicted
on its intelligence networks early in the
war, began rebuilding its links with the
occupied countries, seeking co-operation
with all who might be induced to eppose
the Germans, even among the Vichy secur-
ity organizations.

In the absence of anything more suit-
able, the wooden-boxed Mark III (and
later Mark XV) equipments were pressed
into service in “unoccupied” France and
elsewhere. Considerable success was
achieved with these early clandestine links
but, in September 1942, German intelli-
gence negotiated a deal with the Vichy-
controlled Deuxiéme Bureau that enabled
them to put some 300 Abwehr, Gestapo
(RSHA) and ORPO (Ordnung Polizei)
men and women, furnished with false
French identity papers, into the unoccu-
pied zone to stamp out the growing
amount of undercover radio activity.
(ORPO was the branch of the regular
German police force responsible for the
mobile direction-finding units in occupied
countries. Based on Lyons, Marseilles and
Montpellier, these pseudo-French teams
soon located and closed most of the early
clandestine transmitters. )

But by that time, new compact transmit-
ter-receivers which could be carried in
small attache cases were becoming avail-
able, including the Special Communica-
tions Mark VII that was to prove one of the
most effective of all sets for medium
distance working. The Mark VII had an 0-
V-1 recetver, using two 6SK7 valves, and a
6V6 crystal oscillator, with miniature
Morse key, in a compact metal-box con-
tainer. There were no meters, but two
pilot lamps gave assurance to the user that
the oscillator was working and feeding a
few watts of r.f. to a long-wire aerial.
Separate power units were provided for
mains and 6V battery (vibrator-type unit).
The enure equipment, with aerial wire,
earphone, mains adaptors, etc., fitted into
a small attache case. When not in use, the
valves were removed from their sockets
and clipped into the lid, reducing overall
size when the box was shut. Most of the
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transmitter/ receiver

early Special Communications equipments
used “straight” receivers, whereas vir-
tually all other Allied clandestine radios
used superhet circuitry, though often these
receivers had such excessive “image” res-
ponse that they became virtually unusable
after dark.

Later the Whaddon factory produced a
number of battery-operated equipments,
such as the Mark XXI, using miniature
valves and powered by layer batteries.
With r.f. output in milliwatts, however,
these equipments, when used with poor
aerials and by inexperienced operators,
tended to be far less effective than trans-
mitters having rather greater output.
There were also many “‘specials”, includ-
ing disguised sets and very simple trans-
mitters that required no tuning.

Until mid-1942, SOE depended upon
Whaddon for its secret radio links but,
following considerable friction, was
authorized to set up its own Signals Direc-
torate for ‘F’ Section only. It should be
appreciated that Special Operations and
Special Intelligence can never make good
bed-fellows. Intelligence and escape orga-
nizations have no wish to have people
blowing up bridges, factories or railways
or attempting assassinations exept when
these are in direct support of imminent
military operations. For them, an
apparently dormant population is more to
be desired than an atmosphere of police
raids, hostage taking and road and rail

B2 (Type 3 Mkll) at top and B2 Minor (Type
A Mk i) SOE equipment, by Marconi and
John Brown.
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SOE/BCRA etc were at times extremely
strained: later, SOE combined with the
covert operations element in the American
0SS to form ““Special Forces™. The Secret
Service endeavoured to retain control over
as much of SOE’s communications as pos-
sible, as well as the links with its own
agents and those of the Governments-in-
Exile. Only the Poles and Czechs achieved
a real degree of independence to handle
their own traffic at the UK end, though
the Danes and the Dutch designed and
built in occupied territory a considerable
amount of their own equipment.

The SOE Signals Directorate estab-
lished an equipment design team at St
Albans (Inter-Services Research Bureau)
and developed the much more widely
known B2 and B2 Minor sets, the MCR1
miniature communications receiver, the
450MHz “S-phone” for example though
manufacture of these sets was in the hands
of industry (Marconi, Philco (GB), etc.).
The Poles were responsible for a series of
compact ‘‘Polonaise’’ transmitter-re-
ceivers. Towards the end of the war, a
number of American suitcase sets designed
for the OSS (Office of Strategic Services,
the forerunners to the post-war CIA) were
also used in Europe, though many were
intended for the longer distances of the
Pacific and were rather too bulky for con-
venient use in the extremely dangerous
urban conditions in occupied Western
Europe (as indeed was the all-too-conspic-
.uous B2 equipment).

Operations Executive by the Inter-Services
Research Bureau at St Albans. It covered 3
to 15.5 MHz.

The SOE equipments were probably the
most technically advanced of any. The
transmitter section of the B2 series (eg
Type 3 Mark 11) was an effective design
with a crystal oscillator that could work on
fundamental or harmonic (tritet) frequen-
cies with a neutralized 6L6 power ampli-
fier (with plug-in coils) and a pi-network
impedance-matching network to feed the
random-length aerial. It covered 3 to
15.5MHz. The four-valve superhet re-
ceiver (two 7Q7, two 7R7 valve) had a
470kHz i.f. With no r.f. stage the receiver
suffered badly from “image” response. It
all fitted into a large (and distinctive)
suitcase and at about 15kg was not some-
thing to be carried for long. A more valid
criticism, however, is that the design was
better suited to a fully trained or exper-
ienced radio operator than to many of the
hastily-trained SOE F-section agents.

SOE also produced the more compact
B2 Minor (for example, the Type A, Mark
111) that in size was roughly comparable to
the Special Communications Mark VII. It
similarly used a single-valve keyed crystal
oscillator. The receiver was a superhet
with regenerative i.f. at 1215kHz. The
complete transmitter/receiver, with
mains/battery power unit, box of spare
valves, aerial, headphone, neon tube for

attache case and weighed about 8kg. Both
were significantly more rugged and opera-
tionally reliable than much of the standard
wartime military communications equip-
ment. Of the A Mk III, Sir Robert Tel-
ford, managing director of GEC-Marconi
Electronics Ltd, has recently written: “It
was used by SOE, SAS and others and was
a miracle of miniaturization in relation to
the component technology of the day.
Furthermore, it was produced in no ume
at all!”’ It remains a moot point, however,
whether it was operationally superior to
either the simple Special Communications
Mk VII or the Polish sets with miniature
superhet and keyed 616 crystal oscillator
as a “spy set” in Western Europe.

Over 25,000 MCR “miniature commu-
nications receivers” were manufactured
for SOE/Special Forces by Philco (GB),
many being dropped “blind” into Europe.
Apart from Special Communications
equipment such as the battery-operated
Mark XXI transmitter-receiver, the MCR
was among the first British equipment to
use miniature 1.4V battery valves and
layer-type h.t. batteries developed in the
USA. Although a communications-type re-
ceiver, the MCR was intended primarily
for listening to broadcast transmissions,
including the so-called personal messages.
In many areas large numbers of domestic
receivers were removed by the occupation
forces.

To be concluded.
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Leap seconds

Dr Essen’s article “Leap seconds” in your July
1981 issue left unanswered what has been
puzzling me ever since [ built my ‘“‘Rugby
controlled” clock a few years ago. From my
observations it appears the “atomic time” has to
be corrected by adding the leap second at fairly
regular intervals of just over a year. Fixed
intervals mean a calibration error, i.e. the
definition of the “atomic time’’ could be
improved upon. At a rough estimate
9,192,632,000 cycles, instead of 9,192,631,770,
would result in a better agreement, i.e. the leap
second would have to be added less frequently.

If the sidereal clock deviated randomly from
an imaginary ‘“‘ideal clock” the best definition of
the “atomic time”” would be such that would
result in the leap second having to be added
with random sign at random intervals. [ realize
the sidereal clock, apart from random
variations, also slows down as the Earth’s
rotation slows down. But this makes things
worse: the atomic clock is already too fast.

Why has the apparently not-quite-correct
definition been adopted? Perhaps sufficiently
accurate data were not available at the time. But
Dr Essen quotes an uncertainty of 20 cycles,
while one second in a year corresponds to
approximately 290 cyclesin9.192 . . . x 10°.
Andrew Romer
Bognor Regis
Sussex

The author replies.

Mr Romer’s comments on my article indicate
that several points were not fully appreciated
and deserve to be emphasised. The first is that
leap seconds are not corrections to atomic time.
The atomic second is the legal unit of time and
is therefore constant by definition, as are the
other fundamental units of measurement.
Before it was adopted it was made equal to the
existing astronomical unit in order to preserve
the continuity of measurement, but is now used
with its full accuracy and without any further
reference to, or dependence on, astronomical
measurements.

A scale of time could most logically be
constructed by counting the number of seconds
on a decade scale, a time interval being the
number of seconds between two events; but it is
a great convenience to use the atomic time scale,
which is continuously transmitted, to give the
time of day as well, The seconds are therefore
counted using the traditional scales of 60 x 60
x 24 giving units of minutes, hours and days
and designating these intervals by
distinguishing marks. The scale was set so that
it gave correct astronomical time on January 1,
1958. The time of day, determined of course
from astronomical measurements, gradually
diverges from atomic time as the rate of rotation
of the Earth varies. When the divergence
exceeds 0.5s the marker is moved along by 1s so
that the signals give the time of day directly with
an error not exceeding about 0.7s. These leap
seconds must be removed for the measurement
of true time interval,

Mr Romer also notes that leap seconds have,
so far, all been in one direction. The explanation
of this is that the atomic second was made as
nearly as possible equal to the second of
ephemeris time which was believed to represent

the average value of the sidereal second over
more than 200 years. If the rate of rotation of
the Earth varies in the future as it has done in
the past, then, in the long run, leap seconds
should be required equally in the two directions
although they would be expected to be in the
same direction for a number of years.

In retrospect it might have been more
conventient if a different value had been chosen
for the unit; but some leap seconds would have
been required in any case. The value chosen is
not of much importance. The important thing is
that we now have an extremely convenient,
precise and constant unit in which to measure
frequencies and intervals of time including the
periodicities of the bodies of the solar system.
L.Essen |

Radio Amateurs’
Examination

Criticisms of the Radio Amateurs Examination
which have appeared in recent issues of your
journal may have caused concern to the many
thousands of individuals who annually seek this
qualification, and I shall be grateful if I might
be allowed space to answer, in some detail, the
points which your correspondents have raised.

The examination, according to Mr Pat
Hawker in your May 1981 issue (page 54) is “‘a
lottery conducted in secret”. Nothing could be
further from the truth. The papers are
compiled, by a group of subject experts with
extensive knowledge of the theory and practice
of the subject and similar extensive experience
in teaching courses leading to the examination,
from banked itemns which have been written by
highly competent subject experts.

The papers are compiled in accordance with
the examination specification published by the
Institute in the syllabus pamphlet, 765 — Radio
Amateurs Examination, and with the set of
sample items from the question bank. Both of
these may be purchased from the Institute’s
Sales Section by anyone wishing to establish the
facts. Furthermore, permission to include the
specification and sample items in textbooks is
freelv granted to authors and publishers, as well
as to the correspondence colleges who prepare
so many of the students for examination.

All the items appearing in the RAE question

papers have previously appeared in public
because they are pretested on a sample of at least |
300 candidates as part of the item validation |
process. These pretests take place shortly before
the date of the May examination, and when [
pretest papers are despatched to centres the
course tutors are specifically asked for
comments: a special form for these is enclosed
in order to encourage a response.

Mr Hawker also suggested that the marking
may be ‘suspect’ — a most serious charge which
I retute absolutely. The candidates’ answer
sheets are optically scanned and, betore the
scores are output to the results determination |
part of the computer system, a preliminary item
analysis is produced. This allows the statistics
for each item to be checked. Any items which
have been commented upon by examination
centres ure piven special scrutiny and if a
suspect 1icm is discovered it is possible to
instruct the computer to ignore it, thus
effectivelv deluting it from the question paper.

This procedure was in fact activated in
respect of two items in the December 1980
second paper, which had been made nonsensical
as a result of printing errors. Whilst [ accept
that it is inexcusable for an examining body to
have allowed such errors to slip through the
checking procedures, nonetheless the question
invalidation facility that I have described above,
which was written into the multiple choice
marking system for just such an eventuality,
prevented any distortion of the results.

The other specific criticism of a question
related to the following: ‘A standing wave
meter is used to check the (a) stability of the
oscillator (b) efficiency of the transmitter (c)
resonant frequency of the aerial (d) operation of
the ae1.! feeder.” A subsequent check with
members of the examination team indicated that
recent technical developments might have made
this item suspect.

In general, if an item is technically incorrect it
becomes totally unacceptable. However, it is
occasionally permissible, when framing items
at a fairly low technical level, to make
simplifications which, to the expert, would be
unjustifiable. The statistics for this item gave no
indication that the question was confusing to
candidates:

Facility Value = 48.7 Discrimination Index = .470

No. (%) LG% UG%
A 9 @) 8.7 0
B 27 12 18.3 4.9
C 986  (36) 52.6 16.3
D 1350 (49) 19.2 78.6

(The correct answer is D).

Note: UG and LG stand for upper group and lower
group, corresponding to the top and bottom 27% of the
candidates on the paper as a whole. The analysis
indicates the response preferences of each of these
groups in percentage terms.

This analysis clearly shows that the students
who got this question right belonged mainly to
the upper group, i.e. those who tended to get a
high score on the paper, which would indicate a
better knowledge of the Radio Amateurs
syllabus.

The other major criticism which I should like
to refute for the benefit of your readers is the
suggestion by Mr Osborne in your August 1981
issue (page 34) that “‘there are doubts about the
validity of the examination”. Doubts there may
be in Mr Osborne’s mind but they are
unjustified. The Radio Amateurs Examination
is a high quality examination of proven
reliability which is designed, constructed and
validated in accordance with the principles of
modern achievement testing. The two basic
criteria used to judge the quality of any system
of educational measurement are accuracy and
validity.

The RAE is valid if it measures an
appropriately balanced selection of the
objectives of the scheme. This balance is
determined by a panel of subject experts
devising a precise test plan which determines
the proportion of the rest related to each
objective. Having an explicit plan means that
the content balance of the tests can be kept
constant from one examination series to
another

The accuracy of the RAE is checked by
estimating the reliability coefficient for the test,
1.e. an index of the proportion of the variation in
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test scores which is due to true measurements as
opposed to errors of measurement. A set of test
scores with a reliability of 1 would be
completely free of error; a set of test scores with
areliability of 0 would consist entirely of error
variation. The reliabilities of the last five Radio
Amateur Examinations are given below:

Licensing  Operating

Conditions  Practices
May 1981 .81 .90
December 1980 .76 .90
May 1980 .79 .89
December 1979 77 .89
May 1979 .82 .89

Note: the Operating Practices reliabilities are higher
than those for Licensing Conditions because of the
greater length of the paper.

These values are at the upper end of the range
of reliabilities achieved by British public
examinations, and they indicate that the
examination is capable of distinguishing
between candidates according to their
knowledge of the Radio Amateurs syilabus with
a high degree of consistency and a minimum of
error.

With regard to random guessing, application
of the binomial theorem will inform anybody
with access to a pocket calculator that the
chance of achieving a high score by this means is
very small indeed. For example, the probability
of obtaining a score of 35 on a 60 item test is
3.30924x 1078, (To calculate the probability of
achieving a score of 35 or above it is necessary to
sum the probabilities of achieving all the
individual scores above 35.) What evidence
there is suggests that random guessing is not a
frequent or significant strategy used by
candidates in the Radio Amateurs
Examinations. Many well constructed but
difficult multiple choice items have facility
values (i.e. percentage of correct responses) of
less than 25%. If random guessing were a
significant factor, facility values would be
unlikely to fall below 25%.

I apologise for having written at such length
but [ felt it to be necessary to reassure your
readers about the high quality of the Radio
Amateurs Examinations conducted by City and
Guilds. Prospective candidates should know
that all the items are pre-tested, that they are
checked before responses are finally marked,
and that comments from examination centres
are considered very carefully and acted upon if
appropriate.

B. H. Henson

Controller, Education and Training
Services

City and Guilds of London Institute
London WC1 ‘

C.b. frequency
synthesis

The article on c.b: frequency synthesis in
vour November 1981 issue, in common with
many advertisements for quartz crystals, fails
to give full specifications of the quartz
crystals mentioned; also the published circuit
for the mixing synthesiser makes no
provision for adjustment of the frequency of
the crystal oscillator, f.. As one input to the
phase-locked loop is the frequency difference
between the v.c.0. output and f., the
performance of the svnthesiser is directly
affected by the accuracy and stability of f.
The article does quote a frequency
tolerance of 1.5kHz for the British c.b.
system, but no further mention of tolerance
or stability is made; there is no analysis of the
factors affecting tolerance and stability, and,

lastly, the frequency spectrum plot (Fig. 5)
gives no scale information (amplitude change
per Y-axis step, frequency change per X-axis
step).

+1.5kHz in 27MHz is £0.005% or 50
p.p.m. To achieve this stability over a
temperature range of, say, —5°C to +45°C
in the published circuit is no mean feat.

The above omissions suggest your vetting
process for articles to be somewhat lacking;
an early remedy in this case seems necessary
in order to remove some tarnish from your
reputation, the more so because the footnote
to the news item “‘S.s.b mobile radio still
promising” (p.67) indicates that someone on
your staff is aware of the problem.

P.W. Tomlinson
Data-Type Terminals Ltd
Cwmbran

Gwent

Linear power
amplifier

As can happen even to Mr Linsley Hood
(Letters, September 1981), your correspondent
Mr Rice (Circuit Ideas, October 1981) has
submitted circuits which are not new. The
earliest reference which I know of is in a text
book from 1964 and the next is from an article
by Motorola in 1976%. The text does not claim
originality, perhaps because of some valve
equivalent known to the authors, but Motorola
did. Motorola actually announced a set of power
transistors adapted to the arrangement of Mr
Rice’s Fig. 1 (BD364 to BD369, 25 amps, 50 to
80 volts V¢g) and considered using six of them
per amplifier!

However, the main reason for my writing is to
emphasise the virtues of the arrangement shown
in Mr Rice’s Fig. 2. Some years ago [ used such
an output stage-in a circuit as indicated here
(Fig. 1) and, subject to my poor experimental
technique and equipment, found it to be flat to
about | MHz at 20 volts r.m.s. into 6.8 ochms.

—y

¥
| _Power
" Darlington
/ %
Current
Symmetrical "~ amplifier

class A stage stage

Qutput

Fig 1

The Darlington is in common-base mode, so
it is free of thermal runaway problems, is
limited in voltage by its Vg rather thanits Vcg
giving an advantage with some types and is
limited in frequency by its fy rather than its fg. I
suspect that it could be operated beyond its fiy
(possibly with due regard to safe operating area)
because the phases of the currents and voltages
related to the Darlington do not much matter to
the current amplifier.

The current amplifier is operated at an almost
low voltage, so is free of Miller effect problems
and dissipates very little power. High frequency
switches, such as BUY82/92 (8-10 amps, 20
watts, S0OMHz) can be used, with cheap plastic
drivers (ZTX650/750, 2 amps, 1 watt, 7SMHz),
in a triplet as in Fig. 2, giving input impedance
and current gain approaching f.e.t. values but
without the enormous voltage drop of a power
f.e.t. Such a current amplifier can operate at
about 2 volts and dissipates about 7 watts
delivering 100 watts into 8 ohms.

D. Rawson-Harris
Ferranti Ltd
Stockport
Cheshire

References

1. “Transistors, Theory and Circuitry”, K. J. Dean,
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Cartridge
alignment

In his article about the cartridge alignment
problems in the October issue, Mr Gilson gives
the impression that the offset angle must always
be a compromise. This is true if the cartridge is
fixed rigidly to the arm, but why must it be
fixed rigidly to the arm? Why can’t it be pivoted
to make it self-adjusting like the bogies of a
railway carriage? If this was done the offset
angle would always be at the optimum at every
point of the arc.

If the pivot was directly above the needle the
cartridge might have a tendency to spin, and if
this was so it could be contained by vertical fins
hanging down from either side of the arm. If
however the needle was forward of the pivot no
fins would be necessary, although there would
then be uneven friction at the pivot.

Has anyone ever tried this?

S. Frost
Edinburgh 2

James Clerk
Maxwell

To begin with I would like to congratulate you
on Wireless World’s presentation of theoretical
and practical material. But what is more
practical than a good or a lucky theory! In this
respect [ am in agreement with Mr Wellard’s
implicit or explicit opinion (March and May
issues) that Maxwell’s view of the world was and
remains still one of the greatest human
achievements. The e-m means of
communication maintained between Earth and
the Voyager spaceship, billions of miles away,
was another vindication (if one more was
needed) of Maxwell’s theory. His theory of the
Saturn rings does not prove equally successful,
and to add insult to injury his statistics and the
quantized statistics may be abandoned soon.

I wish to bring to your readers’ attention
some unexpected results we obtained three
years ago at the Electrical Test and Research
Laboratories of the SA Railways. The problem
concerned flashovers and burn-ups of (3kV d.c.
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operated) electric locomotives. Tests and
investigations went on for more than a decade.
At last in 1978, and during the course of what
may be called data processing and data
reliability testing, I struck upon the idea of
manipulating the recorded surges as e-m
occurrences, using the Maxwell equations. One
thing leading to another, we found that the data
could be modelled as a stochastic queue and
subsequently that the-cause of locomotive
failure was the frequency, not the expected
amplitude, of surges.

It appears that Maxwell’s point of view will
always present the same sort of questions to
successful explanations. People asked then “but
what is vibrating to produce the e-m waves?”
and they ask now “but what is queueing?”. The
mathematical method is very difficult now, as it
was then.

G. Xenoulis
Montreal
Quebec, Canada

Invention of stereo
recording

I am afraid that both Bell Telephone Labs and
Blumlein were pre-empted by about a decade!
(June, August, September Letters). US Patent
No. 1520378, application date 3rd July 1920,
granted 23rd December 1924 to Samuel S.
Waters of Washington DC, describes a
mechanico/acoustic transducer for independent
operation from each groove wall. Extract from
Patent, lines 16 to 25:
“the synchronous and independent transmission of the
various component parts of compound sound
reproductions for natural blending in the ears of the
hearer to more nearly approach the native and direct
sounds, such as: transmission of the voice in song with
an instrumental accompaniment, two voices, and
various other combinations of sounds which it is
desired to reproduce.”

Claim 5 antedated by 30 years the couplers
between stylus and crystal used in stereo crystal

Dec. 23, 1924.

S. S. WATERS

APPARATUS FOR RECORDING AND REPRODUCING SOQUND

Original Filed July 3. 1920
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pickups. Extract from Patent, lines 45 to 60:

“S_ In a graphophone, a pair of sound boxes arranged
at right angles to each other, a stylus holder, means for
supporting the stylus holder for universal pivotal
movement, and one way flexible and opposite way
rigid connecting members between the stylus holder
and the sound boxes, said connecting members being
arranged to operate at right angles to each other for
operating the selected sound box when the stylus is
vibrated in the other direction, said flexible connecting
members being adapted to absorb the vibrations
between the stylus holder and the unselected sound
boxes to prevent operation thereof.”

Alii sementem faciunt, alii metentem.

Stanley Kelly

Westgate-on-Sea

Kent

Dangers of low
a.f. sound?

Mr Holliman must be careful. He tells us in
October letters that he has developed a
loudspeaker which is flat to 4Hz. He would be
well advised to remember that the infrasound
which his speaker is generating can cause side-
effects in some people in some conditions. The
details can be found in chapter 3 of
“Supernature” by Dr Lyall Watson (p. 92 in the
1974 paperback). The side-effects include
recklessness, euphoria, lower efficiency,
dizziness, and nausea.

S. Frost

Edinburgh 2

Performance of dry
batteries

My medium-wave dx receiver is powered by
drv batteries to ensurc portability and isolation
from mains-borne interference. Frequent
replacement of the six R20 (U2) cells isa result
of 2 to 12 hours daily listening at S0mA average
consumption.

Battery life comparisons were made of
Standard Leakproof (SP), High Power (HP),
Power Plus (PP) and Alkaline (Alk) cells to
establish which would be the most economical.
Different characteristics for each type became
apparent though there was little to choose
between similar cells from various
manufacturers, where available.

The PP batteries are a recent product, useful
for situations requiring high cell voltage. My
measurements indicated that they gave up about
95% of their energy before terminal voltage
dropped below 1.1V under load. Similar
discharge voltages for the others were SP 0.7V,
HP 0.9V and Alk 0.7V. An observation of the
PP cell not noted in other types is the sudden
drop in output once voltage falls below 1. 1V,
and when almost fully discharged they become
unusually noisy.

All four types produced a total energy output
closely proportional to normal retail price but
only when conditions of use allowed the cell to
become fully discharged.

Also of note is.the fact that, independent of
type, one cell will fail before othersin a series
chain. However, rather than replace the entire
set it is prudent to check each with a voltmeter
and exchange the weakest only, so that all cells
can be fully discharged in rotation.

Taking my own case of six R20 cells (9V
nominal) at SOmA average drain and domestic
usage, when compared to full set replacement at
6V, single cell rotation extended useful lifetime
by the following amounts: SP 50%, HP 20%,
PP 5%, and Alk 45% at average supply
potentials of 6.6V, 7.4V, 7.8V and 6.9V
respectively. All voltages were measured under
load.

A study of manufacturers’ discharge
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characteristics should verify the possibility of
these findings.

[ have concluded: Individual replacement
always saves money and produces a more
consistent voltage supply. PP types offer
sustained voltage to end of life but fail suddenly.
Alk types give a long reliable life but at lower
average voltage. HP types are excellent all
rounders for most applications but SP types,
having low average voltage and a requirement
for long periods of rest, seem outdated.

On balance one gets exactly what one pays
for!

G. S. Maynard
Newtownabbey
Northern Ireland

Gray to binary
converter

[ fear that J. J. Mouton (Circuit Ideas, October)
has rather ‘over-killed’ the design of a Gray code
to binary converter. The circuit given will work,
but is based on the rather simplistic description
of the code structure in his accompanying text,
without any simplification of the combinational
logic having been effected.

Four bit binary and Gray codes are shown in
full below, and careful examination of them will
demonstrate that only three Exclusive-Or gates
are needed for conversion, as in the circuit
shown. Expansion of this principle is possible to,
any number of ways; in each case the m.s.b. is
common between the codes and all other digits
are connected in the manner shown. This
converston requires only four gates for a five bit
code, as opposed to J. J. Mouton’s ten.

Tom Gaskelt

Haverhill
Suffolk
(D msb I_\ msh. D]
1 '3
(— |
Gray 4 \ . { binary
B i)+ |
— |
I\ \*[bAJ
A——-/lsb | S
DECIMAL GRAY BINARY
No. DCBA DCBA
0 0 00O 0000
1 0 001 000 1
2 0 01 1 0010
3 0010 0011
4 0110 0100
5 0111 0101
6 010 1 0110
7 0100 0111
8 1100 1000
9 1101 1001
10 1111 1010
11 1110 1011
12 1010 1100
13 1011 1101
14 1001 1110
15 1000 1111

Three other readers have written to make the
same point: Dr P. J. Best of University of Aston
Computer Centre, John R. C. Crabtree of Cam-
bridge University Engineering Department, and
Geraint Jones of Oxford University Computing
Laboratory. We thank them for their letters. Mr
Crabtree says that the simpler version is also
easier to expand for more bits and Mr Jones that
it suffers only slightly reduced fanout. — Ed.

Radio amateurs'’
licence

While [ am in sympathy with at least some of
the amendments to the amateur radio licence
proposed by GBEOP er. al. (October letters),
[ would suggest that to use the introduction
of a citizens’ band service as reason for such
changes is to be in danger of falling into the
trap of confusing c.b. with amateur radio.
Taxi drivers use v.h.f. f.m., and Merchant
Navy personnel make dx “contacts’
(telephone calls) using s.s.b. on h.f. Neither
of these groups need to pass examinations,
either technical or Morse code, but few
amateurs would seriously suggest that this is
areason to change the amateur radio licence.
Surely the (legal) citizens’ band service
should be regarded in a similar way; with its
type approved equipment and strictly limited
power providing a personal communication
service, rather than being a communications
hobby. The present a.m. operation is rather
different, but whatever the prosecution rate,
let us not forget that it is illegal. Of course
there will be nothing to prevent any licensed
amateur from taking out a citizens’ band
licence as well — if nothing else it should
prove useful for inter-tent communication
during multi-station contests!
John Morris, G4ANB
Wantage
Oxon

Microchips and
megadeaths

Tim Bierman writes in October Letters that he
will not fight any wars, and asks “who will stand
beside me?”’ I suggest that Wireless World
publishes a monthly Bierman list, and although
I'am past fighting age [ would like my name to
appear onit.

History shows that as long as people are
prepared to manufacture armaments and to
enlist in armed torces, so long will incompetent
and corrupt combinations of governments, arms
manufacturers and militarists generate wars for
the populace to fight.

What is the process by which people have
been so hood-winked? It is subtle brain-washing
from the cradle upwards. The populace is fed
with a stream of stories and military “‘glamour”,
roval weddings with street parties for the
children; funerals, the Red Arrows displays,
military tattoos, changing the guard, all
intended to pull the wool over the eyes of the
public regarding the real significance of these
death-dealing organisations and to seduce the
population to sacrifice their own and other
people’s lives.

The excuses given for thesc wars have been
dynastic, religious, territorial and ideological.
Ask the Russians and the Germans who “won”
the last war. Who is “‘winning” in Lebanon,
Israel, Iraq and Iran?

Our recent governments, of both left and
right wings, have tied to us the USA against the
Soviets ina “fight to preserve democracy”, but
the post-war records of botk super-powers are
appalling. Our first step should be to terminate
the occupation of our country by foreign troops,
then to examine our own “democracy” where
nearly all power is inherited. We cannot have a
law to enforce the compulsory wearing of seat-
belts because it would be a “restriction of
personal freedom”, but what choice have we
over whether our social services are cut to the
bone in order to feed a machine which is most
likely to render all social services redundant
from some time in the near future.

What is the British government’s real
intention and confidence regarding multi-lateral
disarmament? The defence (?) minister, Mr
John Nott, has stated (BBC News, 1 p.m. 4th
October 1981) that his plans for nuclear ballistic
missiles cover the period up to year 2020!, so
that he proposes to burden not only a generation
yet unborn, but their children also.

The “experts” will retort that they know
better, and that views such as these are hollow,
but let us remember the pronouncements and
results of previous experts. Remember the
fiascos of the Boer War, the Battle of the
Somme, the unsinkable Titanic, and in our own
profession many expert opinions, acted upon by
experts which have turned out to be wrong, but
unfortunately not fatal. Following our
‘““defence’” experts may not be so innocuous.
Roy C. Whitehead
Sutton
Surrey

Frequency
hopping

The recent news item and letter on frequency
hopping (November Letters) have intrigued
me. Yet how can we know when these concepts
were being used, behind closed doors? My
group at Packard Bell, Culver City, Los
Angeles, in 1963 was heavily involved with
frequency hopping, especially relative to tiny
parametric amplifiers. In fact [ still have one or
two of the advanced company reports. But I'm
sure the subject was being studied for years
before I arrived on the scene.

At that time many other very “modern”
concepts were being studied ~ 1.s.i., nuclear
particle communications, optical computers,
etc.

Patrick F. Howden
Truro, Cornwall

On tow

Is it coincidence that, in the issue of Wireless
World containing a reprint of Arthur C. Clarke’s
1945 article on satellite broadcasting (October
1981), you include an item about a low orbit
satellite being towed on a very, very long length
of cord by the NASA space-shuttle?

Could this perhaps be the first small step
towards a geosynchronous satellite being
connected by cables to the surface of the earth?
(See Arthur C. Clarke’s Fountains of Paradise).
Impossible?

A.L.S.Harris, E17APB/G8ZNB
Ballynerrin

Co. Wicklow

Republic of Ireland

Back garden Earth
station

The article “Development of a satellite
terminal” by Mr S. J. Birkhill in your
September 1980 issue prompted me to search
for constructional articles on this subject. I have
found a series which may interest other readers.
The series describes an aerial and receiver for
the 4GHz band and includes details of a 4GHz
low noise amplifier developed by Mr Birkill.
The title is “Low cost backyard satellite tv
earth station” by Robert B. Cooper Jnr and the
serics was published in the USA in Radio
Electronics magazine January to April 1980
inclusive. A booklet of reprints is available from
Radio Electronics, Room 1101, 200 Park Ave
South, New York, NY 10003, USA. The price
is 10 US dollars including postage overseas.
D. M. Lauder
Barnet, Herts.




WIRELESS WORLD JANUARY 1982

43

= Amateur Radio;

Hm

il

RF1

With a tally of 5800 complaints of 27MHz
a.m. interference from ‘‘premature” c.b.
operation in September, it seems likely
that the whole subject of radio frequency
interference (r.f.i.) and electromagnetic
compatibility (e.m.c.) will receive more
attention in the UK as it has in the USA,
though with some disturbing overtones for
radio amateurs.

For many years, with transmitter in-
terference cases far less widespread, it has
become standard practice in many
countries to put the blame squarely on the
transmitter where the interference is due
to harmonics or other spurious out-of-
band radiation, but to consider the re-
ceiver (or audio equipment) at fault where
the trouble is due to breakthrough, over-
loading, intermodulation in the receiver,
etc.

But the FCC, in looking at possible new
“standards”, appears to be ready to depart
from this pragmatic but logical system.
David Sumner, K1ZZ, of ARRL has
warned: “The FCC’s three-year-old inqu-
iry into r.f.i. is heading in what could be a
very dangerous direction for Amateur
Radio and other long-time users of radio
spectrum some of the options
apparently under consideration would
place burdens on the operators of radio
transmitters that are simply indefensible
on technical grounds, and the choice of
options apparently is to be based on econo-
mic, not engineering considerations”. In
brief, ARRL are worried that responsibil-
ity for resolving interference problems in
the USA, regardless of technical fault,
would be shifted to the transmitter
operators. There have already been several
FCC decisions (not relating to amateur
radio) where authorizations to use specific
frequencies are being withheld solely be-
cause of possible interference to domestic
equipment of which the design is thought
to be inadequate from an e.m.c. view-
point.

Microwaves

WoAR (May 1981) described the pioneer
experiments of Clive Elliott, GS8ADP (now
G4MBS) in using rain scatter to receive
10GHz amateur signals over non-optical
paths. The very heavy rainstorms in Sep-
tember encouraged a number of enthu-
siasts to listen from home locations, with
interesting results. For example lmW
transmissions from G4KNZ in Slough
were heard by G3YGF, Oxford. G4KNZ
received the higher power tranmissions
from G3JVL near Southampton. G3FYX,
near Bristol, heard G4MBS near Alton,
Hampshire. Such results seem bound to
encourage further rain scatter trials on

10GHz, though these were unusually
heavy rainstorms, from sites far less
favourable than the more usual portable
hill-top operations.

The Home Office has authorised the
RSGB, on behalf of local groups, to estab-
lish 10 f.m. repeaters in the 1.3GHz band.
These will have a 6MHz separation be-
tween incoming and outgoing transmis-
sions with a 1750Hz access tone and hori-
zontal polarization. Unlike existing 144
and 432 MHz UK repeaters, they will
radiate continuous carrier when not being
used, providing a beacon to show mobile
operators when they are within range.
Initially, channel spacing will be 75kHz
(with a.f.c. in the repeater receiver) but
this will be reduced later to 25kHz (RMO
1297.00MHz out, 1291.00MHz in; RM3
1297.075SMHz out, etc). Repeaters will be
located at: GB3AA Alveston, Avon;
GB3BH Watford, Herts; GB3BW Brent-
wood, Essex; GB3CP Crawley, West Sus-
sex; GB3LN Greenwich, London;
GB3MC Horwich, Lancs; GB3PS Bark-
way, Herts; GB3RU Reading, Berks;
GB3MM Bloxwich, West Midlands; and
GB3WX Brighton, Sussex.

A 10.4GHz beacon transmitter,
GB3MLE, has been installed at the 900ft
level of the IBA’s concrete television tower
at Emley Moor, near Huddersfield, West
Yorkshire, using a 40mW Gunn oscillator.

Future outlook?

The American FCC has released a 69-page
document described as a “working paper”
reflecting its author’s opinions only but
including radical suggestions for “Deregu-
lating personal and amateur radio”. Propo-
sals include: (1) code-free v.h.f. licences
for technically qualified people (i.e. com-
parable with British Class B licence); (2)
amateur operation to be permitted on some
¢.b. frequencies (including 27MHz and
proposed 900MHz band); (3) expansion of
h.f. operating privileges for “technician”
class licences; (4) systematic study to en-
courage a more technically-innovative
amateur radio service; (5) elimination of
some repeater and third-party restrictions.

If one had to draw up a New Year list of
problems that need to be tackled in the
UK, the following might well be included:
(1) The need to come to terms with a c.b.
movement that may vastly outnumber
licensed amateurs; (2) The urgent need for
a fresh look at the Radio Amateurs’ Exam-
ination — its scope, its aims, its conduct
— and whether these are in practice meet-
ing modern requirements; (3) Encourage-
ment of British manufacture to reduce the
virtual dependence of the hobby on Japan-
ese industry — and to encourage more
home-construction; (4) To look afresh at

frequencies available to Class B licensees
and to introduce a “novice” licence to revi-
talise interest in h.f. c.w.; and (5) to make
further concerted efforts to overcome the
“repeater abuse”” that has done so much to
lower the reputation of amateur radio.

Jack' Anthony, G3KQF, who is chair-
man of the RSGB’s education committee,
is to be installed as the Society’s 1982
president at Derby on January 9, so it
seems likely that rather more priority will
be given by RSGB to questions relating to
the RAE - several people have com-
mented that the Society’s journal was one
of the very few British publications (con-
cerned with amateur radio that carried no
adverse comment on the December 1980
examination.

In the USA, the ARRL appear to be
encouraging amateurs to experiment with
“advanced” modes such as spread spec-
trum and data packet switching. Contacts
have already been made using these
modes, though it remains to be seen
whether such techniques are really suitable
for amateur operation. An attempt a few
years ago by ARRL to promote a complex
narrow-band-voice-modulation technique
was not a Success.

In Brief

The new booklet “A newcomer’s guide to
f.m. simplex and repeater operation on
two metres” (WoAR November 1981) is
available from Mrs P. A. Spenceley,
G8LZA, 67 Downswood, Tattenham Cor-
ner, Epsom Downs, Surrey, KT18 5U],
price 75p including postage; cheques etc.
payable to UK FM Group (London). Itisa
non-profit making venture in support of
club funds . . . Signs of a relaxation of
attitudes towards amateur radio in China
include recent limited permission for the
American Boeing Employees society to
operate a demonstration station in Beijing
(Peking) including contacts with former
Chinese amateurs in Shanghai . . . Al-
though French repeaters are subject to
considerable abuse REF has warned its
members not to attempt themselves to
track down the offending stations . . .
Band Plan recommended by IARU Region
1 Division for the new 10, 18 and 24 MHz
bands: 10,100 to 10,140 kHz c.w. only;
10,140 to 10,150 kHz c.w./r.t.t.y. (s.s.b.
on 10MHz only for emergency traffic);
18,068 to 18,100 kHz c.w. only; 18,100-
18,110 kHz c.w./r.t.t.y.; 18,110 to 18,168
kHz phone/c.w.; 24,890 to 24,920 kHz
c.w. only; 24,920 to 24,930 kHz
c.w./r.t.t.y.; 24,930 to 24,990 kHz
phone/c.w. . . . From about 15 to 20 firms
manufacturing c.b. equipment in Australia
in the mid-1970s there are now only five.

PAT HAWKER, G3VA
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“Pitch extraction is undoubtedly one of the messiest areas of speech analysis”
by lan H. Witten, M.Sc., Ph.D., M.L.E.E., University of Calgary, Canada

This final article discusses two ways
of avoiding the substantial
computation involved in the cepstral
methcd of pitch extraction.
Autocorrelation analysis — the
standard way of finding fundamerital
frequency in non-speechlike sounds—
causes difficulty with speech
because of the proximity of the lower
formants to the pitch region. Though
also computation-intensive, its
calculations are more amenable to
simple special-purpose hardware
than the cepstral ones and can be
speeded up. Time-domain feature-
extraction methods are the most
economical way of detecting pitch
periods; they can be tuned to give
good results though the process can
be difficult and unreliable.

In many ways pitch extraction is more
inportant from a practical point of view
than formant estimation. In a voice-output
system formant estimation is only neces-
sary if speech is to be stored in formant-
coded form. For speech synthesis from
phonetics or text formant extraction is un-
necessary, although general information
about formant frequencies and formant
tracks in natural speech is needed before a
synthesis-from-phonetics system can be
built. But knowledge of the pitch contour
is needed for many different purposes. For
example certain methods of compact
speech coding rely on the pitch being esti-
mated and stored as a parameter separate
from the articulation. Significant improve-
ments in frequency analysis can be made
by performing pitch-synchronous Fourier
transformations because the need to
window is eliminated. Many synthesis-
from-phonetics systems require the pitch
contour for utterances to be stored rather
than computed from markers in the pho-
netic text.

Another issue closely bound up with
pitch extraction is the voiced/unvoiced
distinction. A good pitch estimator ought
to fail when presented with aperiodic input
such as an unvoiced sound and so give a
reliable indication of whether the frame of
speech is voiced or not.

The method of pitch estimation using
the cepstrum (part 4) involves a substantial
computation and has a high degree of com-
plexity, though implemented properly it
gives excellent results because the source-
filter structure of the speech is fully util-
ized.

Autocorrelation methods

The most reliable way of estimating the

pitch of a periodic signal corrupted by
noise is to examine its short-time autocor-
relation function. The autocorrelation of a
signal x(n)with lag k is defined as

(k)= Zx(n)x(n+k).

If the signal is quasi-periodic with slowly
varying period, a finite stretch of it can be
isolated with a window w(1), which is zero
when ¢ is outside the range (0,n). Begin-
ning this window at sample m gives the
windowed signal x(n)w(n—m), whose
autocorrelation, the short-time autocorre-
lation of the signal x at point m, is

Om(B)=2Zx(n)w(n—m)x(n+kywn—m+k).

The function exhibits peaks at lags which
correspond to the pitch periods and
multiples of it. At such lags the signal is in
phase with a delayed version of itself, giv-
ing high correlation. The pitch of natural
speech ranges about three octaves, from
50Hz in low-pitched men to around 400Hz
in children. To ensure that at least two
pitch cycles are seen, even at the low end,
the window needs to be at least 40ms long,
and the autocorrelation function calculated
for lags up to 20ms. The peaks which
occur at lags corresponding to multiples of
the pitch become smaller as the multiple
increases because the speech waveform
will change slightly and the pitch period is
not perfectly constant. If signals at the
high end of the pitch range, 400Hz, are
viewed through a 40ms autocorrelation
window, considerable smearing of pitch
resolution in the time domain is to be ex-
pected. Finally, for unvoiced speech, no
substantial peaks of autocorrelation will
occur.

If all deviations from perfect periodicity
can be attributed to additive white Gaus-
sian noise then it can be shown from stan-
dard detection theory that autocorrelation
methods are appropriate for pitch identifi-
cation. Unfortunately this is certainly not
the case for speech signals. Although the
short-time autocorrelation of voiced
speech exhibits peaks at multiples of the
pitch period, it is not clear that it is any
easier to detect these peaks in the autocor-
relation function than it is in the original
time waveform! To take a simple example,
if a signal contains a fundamental and in-
phase first and second harmonics,

x(n)=a sin 2xfnT+bsindnfnT+csin 65fnT,
then its autocorrelation function is

a*cos2afkT + b’cos 2afkT + *cos2nfkT.

a="" :

There is no reason to believe that de-
tection of the fundamental period of this
signal will be any easier in the autocorrela-
tion domain than in the time domain.

The most common error of pitch detec-
tion by autocorrelation analysis is that the
periodicities of the formants are confused
with the pitch. This typically leads to the
repetition time being identified as
Toitch T Tformar 1. Fortunately there are
simple ways of processing the signal non-
linearly to reduce the effect of formants on
pitch estimation using autocorrelation.

One way is to low-pass filter the signal
with a cut-off above the maximum pitch
period, say 600Hz. However formant 1 is
often below this value. A different tech-
nique which may be used in conjunction
with filtering is to “‘centre-clip” the signal,
as shown in Fig. 22. This removes many of
the ripples associated with formants, but it
entails the use of an adjustable clipping
threshold to cater for speech of varying
amplitudes. An alternative which achieves
much the same effect without the need to
fiddle with thresholds, is to cube the signal
or raise it to some other high (odd!) power
before taking the autocorrelation. This
highlights the peaks and suppresses the
effect of low-amplitude parts.

Speeding up autocorrelation
Calculating the autocorrelation function is
an arithmetic-intensive procedure. For
large lags it can best be done using fast
Fourier transform methods, although
there are simpler arithmetic tricks which
speed it up without going to such complex-
ity. And with the availability of analogue
delay lines using charge-coupled devices
autocorrelation can now be done effecti-
vely and cheaply by analogue sampled-data
hardware.

Nevertheless some techniques to speed
digital calculation of short-time autocorre-
lations are in wide use. It is tempting to
hard-limit the signal so that it becomes
binary, Fig. 23(a), thus eliminating
multiplication. This can be disastrous
because hard-limited speech is known to
retain considerable intelligibility and
therefore the formant structure is still
there. A better plan is to take centre-
clipped speech and hard-limit that to a
ternary signal, Fig. 23(b), to simplify com-
putation.

A different approach to reducing the
amount of calculation is to perform a kind
of autocorrelation which does not use
multiplications. The “average magnitude
difference function”, defined by

¢(k)=2\gc(r;)—x(n +k)|,
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Qiipping levels

has been used for this purpose. It exhibits.
dips at pitch periods instead of the peaks of
the autocorrelation function.

Feature-extraction methods
Another possible way of extracting pitch in
the time domain is to try to integrate in-
formation from different sources to give
reliable pitch estimates. Several features of
the time waveform can be defined, each of
which provides an estimate of the pitch
period and an overall estimate can be ob-
tained by rmajority vote. For example,
suppose that the only feature of the speech
waveform which is retained is the height
and position of the peaks, where a “peak”
is defined by the simplistic criterion ¢

x(n—1)<x(n) and x(n)>x(n+1).

Having found a peak which is thought to
represent a pitch pulse, one could define a
“blanking period” based on the current
pitch estimate within which the next pitch
pulse could not occur. When this period
has expired the next pitch pulse is sought.
A stringent criterion should be used at first
for identifying the next peak as a pitch
pulse, but it can be gradually relaxed if
time goes on without a suitable pulse being
located. Figure 24 shows a convenient way
of doing this: a decaying exponential is
begun at the end of the blanking period
and when a peak shows above, it is iden-
tified as a pitch pulse. One big advantage
of this type of algorithm is that data are
greatly reduced by considering peaks only
— easily detected by simple hardware.
Thus it can permit real-time operation on a
small processor with minimal special-pur-
pose hardware.

Such a pitch pulse is exceed-
ingly simplistic and will often identify the
pitch incorrectly. However it can be used
in conjunction with other features to
produce good pitch estimates. Examples of
such features are

— peak height
valley depth
valley-to-peak height
peak-to-valley depth

— peak-to-peak height if greater than

zero

— valley-to-valley depth if greater than

. zero.
The features are symmetric with regard to
peaks and valleys. The first feature is the
one described above and the second works
in exactly the same way. The third feature

Blt:lr)kingi
period

Peak fo peak height
{recorded only if positive)

records the height between each valley and
the succeeding peak while the fourth uses
the depth between each peak and the suc-
ceeding valley. The purpose of the final
two detectors is to eliminate secondary
though large peaks from consideration.
Figure 25 shows the kind of waveform on
which the other features might incorrectly
double the pitch but that the last two fea-
tures would identify correctly.

In one implementation of this scheme
the last two pitch estimates from each fea-
ture detector were included as well. For
each feature the present estimate was
added to the previous one to make a fourth
and the previous one to the one before that
to make a fifth. All three were added to-
gether to make a sixth, so that for each
feature there were six separate estimates of
pitch. The reason for this is that if three
consecutive estimates of the fundamental
period are Ty, T| and 7T, and if some
peaks are being falsely identified, the ac-
tual period could be any of

To+T, T1+T; To+ T+ T;.

It is essential to do this because a certain
feature can occur more than onde in a pitch
period — secondary peaks usually exist.
Six features each contributing six
separate estimates make 36 estimates of
pitch in all. An overall figure can be ob-
tained from this set by selecting the most
popular estimate within some specified
tolerance. The complete scheme has been
evaluated extensively and compares
favourably with other methods. But the
procedure seems to be ad hoc, as are many
other successful speech parameter estima-
tion algorithms! It is not easy to predict
what kinds of waveforms it will fail on and
evaluation of it can only be pragmatic.
When used to estimate the pitch of mu-
sical instruments and singers over a SixX-
octave range (40Hz to 2.5kHz), instances
were found where it failed dramatically.
This is of course a much more difficult

Continued on page 49
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For many years I have carned a modest
income designing electronic equipment.
Recently it has become apparent that the
fundamental basis of the theory of
electronic circuitry has changed during the
last decade, and that my techniques are not
only out of date but in some respects
totally wrong.

This shattering discovery is the result of
intervicwing numerous applicants for jobs
in the fields of design, development and
testing on behalf of an organisation whose
interests lie in the application of analogue
and digital electronics to a wide range of
physical problems. The applicants have all

btained 1Ist, 2nd or 3rd class Honours
uegrees in electronic engineering during
the last six years, and the majority have
been employed in industry for at least one
year. The jobs offered demand a
reasonably sound knowledge of electronic
circuitry at various levels.

During the interviews certain standard
questions were asked, and it was the con-
sistency of the answers to these which first
made me realise that a New Electronics has
arisen, and has obviously been taught for
some years at many seats of learning. As
yet no text books have appeared; I am
striving to remedy this deficiency, but the
problems are formidable and in view of the
long time it takes to get a book into publi-
cation I thought that Wireless World in its
70th year of publication should have the
honour of being the first to publish a few
of the laws of the New Electronics.

First Law: The Vpg of a conducting sili-
con transistor is always either 0.6 or 0.7
volts. It does not vary with temperature or'
collector current.

Second Law: The Vgg of a conducting
germanium transistor is 10 volts, or is un-
known.

Third Law: In the circuit of Fig. 1, the
ripple voltage is either about 10mV or can-

-10 0mA
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not be calculated, even approximately.
The ripple frequency may be 25, S0 or
100Hz.

Fourth Law: The impedance looking into
the emitter of a transistor connected in
grounded-base and passing 1 mA of col-
lector current is either ‘very low’ or ‘very
high’ or somewhere in between, depending
on the current gain.

Fifth Law: Transistors do not possess a
mutual conductance; in fact the term is
unknown in the New Electronics.

Sixth Law: R-S and D type flip-flops are
the only ones known in the New Electron-
ics, the J-K variety is apparently of no
importance.

Seventh Law: This, the most important of
the laws, is best described as the ultimate
development of Heisenberg’s Uncertainty
Principle.

Eighth Law: All electronic circuit prob-
lems can be solved by a phase-locked loop
and a sprinkling of monostables.

It will be seen that the New Electronics
has made life much easier for the designer.
For example, the First Law implies that.
the design of drift-free amplifiers is now a
trivial matter, sinceVgg does not vary with
temperature. Thanks to the Third Law we
may reduce the size of our reservoir capaci-
tors by a considerable factor. If the result-
ing circuits do not work, we can always
blame the Seventh Law.

The following electronic pantomime
sketch has been repeated five times in the
last twelve interviews with only minor
variations (refer to Fig. 2):

Ry
R
X O—ANA—8—
Y
YA
b Fig. 2

H.¥.: “Given that the op-amp has a very
high gain and that its input impedance is
infinite, what is the voltage gain between
Xand Z?

Interviewee: “R /R

H.¥.: “So if R) goes o/c the gain becomes
infinite?”

Int. (after a pause): “Ry/R,”

H.¥.: “Nearly, but not quite right.”

Int.: “I think it’s all right.”

H.¥.: “If the input is made more positive,
what happens to the output?”

Int.: “It goes negative.”

HJ..“So0?”

Int.: “—Ry/R;. 1 always forget the minus
sign!”

H.J.: “What is the input impedance at
x.)”

Int.: “R,”

HY¥.: “Why?”

Int.: “Because Y is a
EARTH.”

H.J.: “What is the input impedance at
Y?”

Int.: “Very high.”

H .¥.: “But you just said it was a virtual
earth.”

Int.: “Oh, very low.”

H.7.: “How low?”

Int.: “About 0.1 ohm.”

H.J.: “Why 0.1 ohm? Are all op-amps
identical?”

Int.: “I think that’s what the book said.”
H.¥.: “Come now, what governs the im-
pedance at Y?”

Int.(after a long pause): “The gain and
R,”.

H.J.: “Right; now, how do you calculate
the impedance at Y?”

VIRTUAL

Imt. (after a very long pause): “I can’t

remember the formula.”

H.¥.: “How about Ohm’s Law?”

H.¥.: “Apply a small voltage V to the

point Y and see what current it produces.”

Int.: Noreply.

H.JF.: “Well, where does the current

flow?”

Int.: “Into the op-amp and out at the posi-

tive input.” -

H.¥.: “Suppose that the op-amp has ap

infinite input impedance?”’

Int. (after a titanic struggle): “Through

RZ,”

H J.: “Right; what is the voltage at Z?>”

Int.; “AV.”

H_.J.: “Don’t forget the minus sign! Now,

what is the voltage across R,?”

Int..“V + AV.”

H.J.. “So the current produced by V is
)))

Int.: “(V + AVYR,”

H.¥.: “And the input impedance is . . . ?”

Int. (triumphantly, having at last seen the

light): “Ry/(1 + A)”

H.J.: “Yes.”

The writer sometimes feels like one of
the original nfembers of the cast of a long-
running farce; he himself is word-perfect
and can almost, but not quite, predict
what the newcomers are about to say.

The answers to another question follow
a fairly standard pattern:

H.J.: “What practical project did you do
for your Final year?”

Int. (with much flapping of hands): “Rhu-
barb rhubarb . ... PHASE-LOCKED
LOOP . . .. rhubarb rhubarb . . . . D/A
CONVERTER . ... rhubarb rhubarb
. ... ACTIVE FILTER . ... rhubarb
rhubarb . . . . RAM . ... rhubarb rhu-
barb . ... PHASE-LOCKED LOOP
.. .. A/D CONVERTER . . .. rhubarb
rhubarb. .. .ROM. .. .SHIFT REGIS.
TER . . . . rhubarb rhubarb rhubarb . . .»
H .. (feeling slightly dizzy and proffering
a sheet of foolscap): “Can you draw a block
diagram?”

This usually results in a spidery postage-
stamp sized drawing in the middle of the
paper.

H.J.: “What was the purpose of the de-
vice?”

Int. (after a long pause): “I’m not quite
sure.”

H.¥.: “Did it work?”’

Int.: “No, I never managed to finish it/No
not very well/It worked all right on
paper.”’

From these and other answers to ques-
tions one suspects that much of the teach-
ing of the New Electronics is done by the
Victorian method of the standard question
and the standard word-for-word answer,
which occasionally gave rise to such de-
lights as:

Q. What organs are contained in the abdo-
men?
A. The abdomen contains the stomach and
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the bowels, which are a, e, 1, 0, and u.

E finita la commedia. What in the Name
of Blumlein are the universities and col-
leges doing awarding degrees to people like
this> They have no understanding of
electronics, or, for that matter, elementary
electrical theory. Kirchhoff, Thévenin and
Norton are merely names which, if re-
membered at all, were ‘done in the First
Year’! Not one of the last twelve inter-
viewees recognised the simple symmetrical
voltage doubler of Fig. 3, or could even

Fig. 3

hazard a guess as to its mode of operation.
In Fig. 1 more than half gave the ripple
frequency as S0Hz, and the capacitor
voltage as 10V when the load current was
zero. When asked to draw the general
shape of the frequency response of the

Fig. 4

Input T e
T % l Qutput
) W

network of Fig. 4, none succeeded without
a considerable amount of coaxing or goad-
ing, or recognised it as a Wien bridge net-
work. Does this suggest a lack of interest
in technical magazines?

Lest it should be thought that the in-
terviewees were overawed by the com-
pany’s products, or the interviewer, or
were suffering from ‘interview nerves’, or
were uniformly unintelligent, it must be
stated that (a) hardly any had taken the
trouble to find out the nature of the com-
pany’s products, (b) the interviewer is a
kindly soul who bends over backwards to
find just one topic with which the intervie-
wee is familiar, (c) all, without exception,
were extremely self confident, although
they ranged in appearance apd manner
from the bright-eyed and bushy-tailed to
the near-moronic and bushy-faced, with
almost all possible gradations and varia-
tions. Few of them took the trouble to fill
in the application form completely or leg-
ibly, and more than half came to the
interview without pen or pencil. Yet many
of these people are supposed to be anx-
iously seeking jobs, having been made re-
dundant, or are looking for their first job.

The last member of this pathetic group,
when asked what his ambitions were, said
“Oh, to do a couple of years’ design work
and then move on into Management™.

Not in this company, laddie!

Walsh functions

Generation and application

by Thomas Roddam

The first part of this article, under the
title “The function of functions' was
an introduction to the nature of Walsh
functions through
telecommunications history
(December issue). In this concluding
part the author shows how Walsh
functions may be produced
electronically and discusses some of
their uses.

Before we consider how we can use the
Walsh functions we need to be able to
produce them. Sine waves were easy,
though not as easy as they looked, because
a spring and a weight, an inductance and a
capacitance ( -ance, because the induc-
tance could be a gyrator and a capacitor,
for example), with some energy top-up,
were all that we needed. We will be mak-
ing Walsh functions with logic circuits, so
we first need to agree to use the values 1,0
instead of 1,~1. If you like, we always add
wal(0,8), and divide by 2 in amplitude.

A general way of making Walsh func-
tions is to begin with the Rademacher
functions. These are the 2" harmonics of a
sine wave, squared right off, and are
shown in Fig. 4. Combining these together
by means of Exclusive-Or circuits, in the
way shown in Fig. 5, we shall get a family
of Walsh functions. Obviously, once the
need is there, we shall be able to buy a chip
to do the whole job. An alternative
method, if you want one Walsh function at
a time, a kind of Walsh tone generator, is
to use a 74150 16-line to 1-line multiplexer
with a 7493 four-bit binary counter and a
clock drive, Fig. 6. The 16 lines can be
taken to switches, and the counter steps
the system round the inputs and gives an
output to line which is just the inverted

r, (8)
Clock Ovme—o =12

input. Any pattern can be set up on the
switches, any sequency can be chosen by
choosing the clock frequency. This type of
generator seems to be more attractive for
getting a feel of the Walsh functions, be-
cause you do set the thing up yourself.

Having now particularly described and
ascertained the nature of the Walsh func-
tions and the manner in which they are to
be produced, what we want to know 1s,
what good are they? ‘“What is the use of a
new-born baby, Sir?” The Walshites react
to the sight of a sine wave by singing Any-
thing you can do, we can do better! But
what do we use sine waves for?

The first use is analysis and classifica-
tion. An obvious application for Fourier
analysis is determining what makes the
note of a flute sound different from the
same pitch on a clarinet. From this we go
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Fig. 4. Rademacher functions r,(0).

O———=s wal (0,8)

Fig. 5. A Walsh function
generatcr based

r, {8} r, (8] r, {6}
2 32 2 32 L8 > wal (1, 8)
E = wal (2,8)
= wal (3,8)

‘F—.@‘—

» wal (4, 8)

[_.@4___4,
» wal(5,0)
E wal (6, 8)
e »- wal! (7 8)

Rademacher functions.
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on to synthesize these sounds using a bank
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of oscillators. The use of Fourier analysis
in directional aerial design may be less
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Fig. 8. Treating the Walsh function as a
carrier. At (a) are two orthogonal binary
carriers; at (b) a basic multiplexing system
using binary carriers.

7] .
a,f_ lzval(l,e)wah..e)de. i

l/Z
a,-f wal(7,0)wal(1,6)do . . .

and, as the Walsh function
is orthogonal, all the terms vanish except

.f_ival(i,e)wal(i,())d(): 1
SO

a= f_lff;(e)wal(i,e) de

At any instant wal(1,8) is either 1 or —1. If
we integrate using either f(8) or —f{(0) at
any instant, the integral is g;, and we have
a great supply of circuits — single-ended
to push-pull conversion — to produce
—1(0). So it becomes switch and integrate.
Now multiply a; and wal(i,8). This se-
quency filtering has filtered out one com-
ponent of the waveform f(68). In many
communication systems we work with
sampled waveforms. The clock frequency
used in sampling forms an upper limit to
the Walsh functions needed. A sequency

X '[o g ~§>—>0urpur 2

(1

R =
oy e — —_ ————(yth
_1 1

low-pass filter can have a sharp dead-end
characteristic.

Speech signals, according to some
sources, can be converted first into Walsh-
Fourier transforms and then digitized to
give the same signal quality with only
about one-half the number of digital char-
acters. Another transmission possibility is
to treat the Walsh function as a carrier. At
the receiving end the same Walsh function
is fed into the demodulator, to pick out my
message on wal(13,8) from yours on
wal(16,0). Each Walsh function, like a
key, opens only its own lock. The sort of
circuit used is shown in Fig. 8.

There is already a vast literature on
Walsh functions and their applications but
much of it is highly formalized, with ex-
pressions like dyadic convolution and the
Wiener-Kinchin theorem thick on the
page. There has been at least one article in
Wireless World so far, and I am sure that it
will not be too long before we see circuits
to enable us to Walsh code our holiday
snaps on an audio cassette recorder. As we
come to this stage we shall, I hope; come to
get some sort of feeling for the Walsh ap-
proach. We know from a Foutiet spectrum
if the sound analysed was an ocarina or a

Fig. 7. This display shows a diffraction
pattern (taken from Fig. 4, page 43, of
Wireless World June 1981), but looks just
like the display of a frequency analyser.

violin; we know roughly what sound the
spectrum represents. The Walsh spectrum
of an image waveform has some subjective
characteristics. The wal(0,0) term is the
average level, the greyness; the wal(1,0)is
an indicator of symmetry about the centre
line, or lack of it, and, some large positive
values of wal(2,0) and wal(6,0), with a
negative value for wal(4,8), would indicate
a strong central element, black or white
according to the coding.

In the kingdom of the blind, the one-
eyed man is king. This short summary of
Walsh functions has offered you one bleary
eye. But remember that Erewhon was a
kingdom of the blind, and vision, however
poor, is not necessarily popular.

The material on Walsh functions relies
very heavily on two volumes of transac-
tions produced by Hatfield Polytechnic
which have told me far more than I want to
know about the theory and applications of
Walsh functions.

 Digital storage and
‘analysis of speech
continued from p45

problem than pitch estimation for speech

- where the range is typically three octaves.

In fact for speech the feature detectors are

usually preceded by a low-pass filter to

attenuate the myriad of peaks caused by

* higher formants, and this is inappropriate
- for musical applications. '

Additional features can assist with pitch
identification. The above fearures are all

¢ based on signal amplitude and could be
- described as secondary features derived

from a single primary feature. Other prim-
ary fearures can easily be defined, for

- example one can use a centre-clipped
- waveform and consider only the peaks

rising above the central region. Further
primary features that have been used are
the time width of a peak — the period for

¢ which it is outside the clipping level — and
: its energy outside the clipping level. The

primary features are shown in Fig. 26.
Secondary features can be defined based

' on these three primary ones and pitch esti-
" mates made for each onie.
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Display aid for microprocessors

Eight line operation with a 2716 character generator
by K. Padmanabhan, Ph.d.,,M.I.LE.E., and A.P. Senthilnathan

Part one described a display aid which
enabled 4 lines of sixteen characters to be
shown on a conventional SMHz oscillo-
scope. The design uses a 6810 1K display
memory which can store 128 words, i.e. 8
lines ot 16 characters. The modifications
necessary to display eight lines are shown
in Fig. 1 and listed in Table 1.

Further expansion is possible if the
display memory is increased and a faster
character generator is used to avoid flicker-
ing on the c.r.t. The original design used a
surplus MK2002 character generator to

Tabie 1

1. Connect pin 10 (B3) 74157 to A6'instead
of pin 15/7475.
2. Disconnect pin 11 (A3) from pin 10 (B3)
and connect to pin 13/4518.
3. Disconnect pin 15 (Reset) from pin
13/4518 and connect to pin 14 (Q4).
4. Add 75k summing resistor and connect
pin 13/4518.
5. Reduce 47k summing resistor to 22k.
6. Reduce 10k feedback resistor on
CA3130to 5k.
7. Change three series capacitors pin 2 or
555 to two 3nF and one 10nF in series.
8. Disconnect 1nF capacitor pin 2/555 and
connect to pin 5.
9 Reduce capacitor across pins 2 and
3/4011 to 5nF.
10. Adjust potentiometer pin 10/4011 so
that 16 characters fit across the c.r.t.

‘reduce the cost, however, a single rail 2716
e.p.r.om. can be used instead and the
interfacing components omitted, see Fig.

0/]0 1 2 3 4 5 6
0 | 7C 7E FE 7C FE FE FE
1 | FE 7C FE 62 80 FC EO
2 |00 00 00 28 24 C6 OC
3 7C 22 46 82 18 E4 3C
4 |82 90 92 82 82 92 90
5 |9 8 9 92 80 02 18
6 |00 00 EO FE 54 C8 72
7 | 8A 42 8A 82 28 A2 B2
8 [3A 90 92 82 82 92 90
9 |90 8A 98 92 FE 02 06
A |00 F2 00 28 FE 10 O9A
B |92 FE 8A 92 48 A2 92
C |AA 90 92 82 44 92 90
D |9 8 94 92 10 02 18
E |00 00 EO FE 54 26 64
F | A2 02 92 AA FE A2 92
1

0 |78 75 6C 44 38 92 80
1160 72 62 B8E 10 FC EO
2 |00 00 00 28 48 C6 OA
3 |7C 02 62 44 08 9C 8C
4 |00 00 00 00 00 00 OO
5 [ 00 00 00 00 00 00 00
6 (00 00 00 00 00 00 OO
7 |00 00 00 00 00 00 00
8 |00 00 00 00 00 00 00
9 |00 00 00 00 00 00 OO
A |00 00 00 00 00 00 00
B |00 00 00 00 00 00 00
C |00 00 00 0O 00 00 00
D |00 00 00 00 00 00 00
E (00 00 00 00 00 00 00
F |00 00 00 00 00 00 00

1. Table 2 gives a hex list for programming
the first 512 bytes of the 2716 to provide
upper case characters.

Table 2

7 i 8 9 A B C D E F
7C FE 00 OC FE FE FE FE 7C
FE C6 EO 8 FE CO 00 40 02
20 00 00 28 10 02 10 02 60
80 6C 62 00 02 10 28 82 40
82 10 82 02 10 02 40 60 82
04 28 10 84 82 20 00 80 02
40 38 82 10 10 2C 10 00 08
8E 92 92 00 2C 28 28 82 80
82 10 FE 82 28 02 30 10 82
18 10 1E 92 82 10 82 80 02
40 44 44 7C 7C 00 10 00 10
90 92 92 22 00 44 28 44 86
92 10 82 FC 44 02 40 0C 82
04 28 10 A2 00 08 82 80 02
00 82 38 10 10 00 10 00 20
A0 92 94 00 00 82 28 28 90
5E FE 00 80 82 02 FE FE .7C
FE C6 EO C2 00 06 FE 40 02
00 00 00 28 10 00 10 00 CO
Co 6C 78 00 00 82 28 10 60
00 00 00 00 00 00 00 00 00
00 00 00 00 OO0 00 00 00 00
00 00 00 00 OO0 OO0 00 00 00
00 00 OO0 00 O00 O00 00 oO00 OO
00 00 00 00 00 OO0 00 00 00
00 00 OO0 00 00 00 00 00 OO0
00 00 OO0 00 OO0 OO0 OO0 00 00
00 00 00 00 OO0 OO0 OO0 00 00
00 00 00 00 00 OO0 OO0 00 00
00 00 00 00 OO0 OO0 OO0 00 OO0
00 00 00 OO0 OO0 OO0 OO0 00 00
00 00 00 00 00 OO0 00 00 OO0

Literature
Received

A detailed description of the technigues em-
ploved in the manufacture of thick-tilm hybrid
circuits is provided by a handbook. now avail.
able at £1.25 from Neohm (UK) Ltd, Iralia
House, 99 Windsor Road. Oldham, Greater
Manchester.

Two brochures from GenRad deal with the
1795-B logic test svstem and the 1796 and 1799
digital analogue test systems, and the 2270 in-
cireuit fest cquipment. Copies can be had from
GenRad  Lid, Norreys Drive, Maidenhead.
Berkshire. WW401

Components for optical communications (l.e.ds,
p-i-n diodes, laser diodes and complete
transmitter ‘receivers !t are descibed in a new bi-
lingual catalogue from Thomson-CSE. Division
Microonde. 101 Boulevard Murat, 75781 Parnis.
Cedex 16 France. WA 402

Power supplies producing up to IkW. including
1EEE 488 1types, are characterized in the new
Kepeo catalogue, which deals with o.em.
models using switching and terroresonant stabi-
lizers. There is also a handbook section which
presents 40 pages of the theory of design and
application of this equipment. The beok is ob-
tainable from Techmation Lid, 58 Edgware
Wav, Edgware, Middx. HA8 8]P. WR403

Leaflet from Pascall Electronics Systems Ltd
details the company’s activities m the produc-
tion of i.f. amplifiers.. tilters, phase-sensitive
detectors and data acquisition for communica-
tions and navigation. It can be had from Pascall
at Hawke House, Green Street, Sunburv-on.
Thames, Middx. TW16 6RA. W 404

Dial Search is a list of broadcasting stations in
Europe. in the long, medium and short
(v.h.f. f.m.; bands. It assumes the use of an
ordinary domestic radic with a built-in aerial.
and provides lists of frequency. wavelength and
direction from a spot near Eastbourne for each
station (there is 2 map of the stations listed.
which carnes bearings and expliins a method of
adapting it te a different location). The book

costs £1.00 by post from George Wilcox, 9
Thusrock Close. Eastbourne. East Sussex BN20
9NF. WW'405

The instrument division of the American Gould
company {used to be Advance: has a catalogue
of test and measuring gear. inwluding osciilo-
scopes (real-time and storages, logic analvsers,
signal sources, counters, meters, ete. The
address of the company is Gould Instruments
Division. Roebuck Road. Hainault, Essex. 1G6
3UVE. W106

Semiconductors. microprocessors and computer
boards, connectors and a range of mceasuring
instruments are among the 3000 or so products
hsted in the new catalogue from  Abacus
Electronics PLC, Kennet House, Pembroke
Road, Newbury. Berks RG13 IBX. WW407

Operational and clectrometer amplifiers. instru-
mentation modules. power supplies, panel-
mounting instruments and other products for
temperature measurement and control are the
province of Ancem, who can supply a catalogue
trom Devonshire Street, Cheltenham, GL30
3LT. WH108
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News of the Month

Very thin films

You may remember having seen ‘marbled’
paper. Colours are floated on the surface of
water and when a sheet of paper is passed
through the surface, the colours cling to the
paper to make patterns rather like the veins in
marble, hence their title. Between the world
wars, Langmuir and Blodgett used a similar
technique to deposit thin films, one molecule
thick, onto solids. The films so produced are
now called Langmuir Blodgett films and a
group of academics and industrialists, under the
auspices of the Science and Engineering Re-
search Council, led by Professor Gareth Roberts
of Durham University, are investigating the
electrical properties of such films.

In order to get uniform films one molecule
thick it is necessary to use special techniques:
The material used to form the film needs to be
‘amphipathic’ — each molecule has one end
attracted to water and the other end is ‘fatty’
and is repelled by water. When they are floated,
such molecules ‘stand’ on the water surface and
a solid dipped into the water can be coated with
a monomolecular, oriented layer of the film. It
is necessary to achieve a perfect film, unlike the
marbled paper, without any holes or gaps, and
this may be done by replenishing the supply of
the molecules as they are used with a ‘feedback’
mechanism. Mulu-layers can be built up, and
the materials for the layers can be varied.

Applications for the films are many. For
example,the success of silicon-based microcir-
cuits is due largely to the fact that the silicon
oxidizes rapidly and forms an insulating coat.
Such a coat may be applied to other semicon-
ductors by the film technique and Langmuir
Blodgett films may also be used to insulate be-
tween layers’in microcircuits. As the films are
composed of organic molecules they are likely to
respond more positively to external stimuli than
inorganic materials and may be incorporated
into transducers to measure changes in tempera-
ture, pressure or to sense the presence of gases.
Organized lavers may be built up using the
Langmuir Blodgett technique which would be

difficult or impossible by any other means. This
ability is likely to be exploited in future investi-
gations of high temperature superconductors,
organic semiconductors, conducting polymers
and magnetic storage devices. Other potential
applications are in the areas of integrated optics,
where the ability to define accurately the
thickness and refractive index of a material is
important, and in electron beam lithography.
Lipid molecules with their fatty and polar re-
gions are suited to the technique and it is pos-
sible to build bilayer structures of lipids similar
to those found in life. This incorporation of
proteins and other constituents of living cells
into the lipid layers allows accurate modelling of
biological systems. There are further implica-
tions in the transducer field. If biological mole-
cules such as antibodies and enzymes are incor-
porated within insulating films, it is then
possible, for example, to propose field-effect
devices for monitoring immunological response.

A large number of meetings and symposia are
being organized for the researchers and in-
terested bodies in this field and a large interna-
tional conference on Langmuir Blodgett films is
to be held at the University of Durham in Sep-
tember 1982.

Digital audio
cassette player

JVC has announced the successful development
of a p.c.m. cassette deck, which they claim is
the world’s first. The deck is designed for audio
recording and playback and for the playing of
pre-recorded cassettes. The deck offers the ad-
vantages of a cassette deck, such as convenient
operation, portability and low cost with low
distortion and high dynamic range. JVC have
achieved a linear recording density of 46.3K
b.p.i. with a two-way, four tracks per channel
recording system with service tracks for random
access, programme indication and other func-
tions. The p.c.m. deck uses metal tape with a
high coercive force. The tape transport has a
direct drive capstan motor combined with a
newly developed tape-tension servo system; it
operates at a tape speed of 7.lcm/s with a
playing time of 60 minutes. Despite the high
recording density and the sampling rate of
33.6kHz, the 14-bit system uses a bi-parity er-
ror correction to ensure high stability.

A JVC spokesman told us that they have no
immediate plans to launch the deck as they are
hoping to establish standards and avoid some of
the multiplicity of methods used for some other
equipment, for example video discs.

Prospero continues to prosper

Engineers and scientists of the
Royal Aircraft Establishmeng,
Farnborough, met late last October
at the Lasham, Hants, tracking sta-
tion, to celebrate the 10th year in
orbit of the only experimental/com-
munications satellite to have been
built and launched entirely by
British technologists. Prospero
Pwas launched by a
Black Arrow rocket from the Woo-
mera range in South Australia

on October 28, 1971, and although intended to
last for a year it is now expected to remain in
orbit for another 140 years. This is due to its
high elliptical orbit, which varies between 983
miles (1582km) and 340 miles (547km) above
the earth.

The satellite’s purpose was to carry out expe-
rimental work needed for the development of
common services such as telemetry, data hand-
ling, telecommand and power switching, as well
as the testing of ultra-lightweight solar cell ar-
rays, optical and thermal surface finishes and
hybrid circuit techniques. An additional role
was that of micrometeoroid detector — this was
sponsored by the University of Birmingham.

Modules designed for Prospero have been
used in the technological satellite Miranda (X4),
the X-ray astronomy satellite Ariel 5 (UKS) and
the gamma and X-ray astronomy satellite Ariel 6
(UKS).

Several British companies contributed to the
Prospero project, with British Aerospace (then
British Aircraft Corporation) being responsible
for the main structure and Marconi Space and
Defence Systems for electronic aspects. The
Solartron Electronic Group designed and assem-
bled the automatic checking and control centre
equipment, while Spembly L.td provided opera-
tional support for the control and ground sta-
tion, which, although of “dated” appearance,
continues to receive meteorological data from
the Tiros **N” series and two weather satellites
in geostationary orbit — Meteosat 2 and Goes
East. This data is transmitted to the BBC televi-
sion weather service by way of telephone line
and the Meteorological Office at Bracknell,
Berks.

Black Arrow rocket launching the Prospero
satellite in Australia.
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Towards a cashless
society — part 2

We used the above heading in October 1981
when we reported the use of a telephone pay
card. We have heard now of two further
examples of ‘plastic money’. STC is to supply
400 electronic card authorisation terminals for
use with American Express cards. When pre-
sented with a card the terminal can check in-
stantly whether the card is on the lost or stolen
list; it can read the customer’s account number
from the magnetically encoded stripe on the
back of the card and can transmit the details of
the transaction direct to the American Express
computer via the public telephone network,
which is connected automatically. The whole
process takes seconds. The success of a similar
system in the United States where over 5,000
terminals have been installed, has led to the
introduction of the system into Europe.

A very ambitious scheme comes from France
where the Laboratoires d’Electronique et de
Physique appliquée (LEP), with Philips Re-
search, Radiotechnique-Compélec and Philips
Data systems, is designing an electronic
payment card for making purchases. Within the
confines of the international credit card dimen-
sions, including a thickness of only 0.76mm,
they have fitted a microprocessor and an
e.p.r.o.m. It also has magnetic strips for iden-
tification and registration so that it can be used
for drawing cash automatically from a bank.
The card may also carry information about the
user and incorporate a passport photograph if
required.

The payment card serves as a chequebook
and has been designed for an experimental pro-
ject in which the French banks and postal and
telecommunications authorities are cooperating.
The user can periodically arrange for his bank to
enter an amount into the card’s memory; this
money is then available for making payments. A
shop would have a terminal which could show
the customer how much money is left on his
card, the shop assistant could key in the am-
ount of the transaction which is deducted
from the card. The memory on the card can
supply the details of the account number and
bank so that the money can be paid directly to
the shop.

In order to get the microcircuits into the

The electronic chequebook, the same size
as a credit card contains a microprocessor
and an e.p.r.o.m. The customer inserts it
into a terminal while the assistant enters
the transaction. The price is deducted
automatically from the card (and from'the
customer’s bank account!).

This Royal Air Force barrage balloon is
being used by the British Aerospace
Dynamics Group to measure radiometric
characteristics of objects on the ground.
This is part of a programme to develop
passive remote sensing equipment. The
cradle under the balloon contains
radiometers, small dish antennas and
assaciated electronics. On the ground, a tv
camera is collimated with the airborne
equipment enabling the operator to contro!
the target direction of the antennas and to
see what they are looking at.
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thickness of a credit card that is also pliable, it
was necessary to mount them on polyimide film
by a method developed at LEP. The film con-
tains all the interconnexions, and the microcir-
cuits on the film are sandwiched between the
top and bottom p.v.c. layers of the card. Cut-

outs in the upper surface of the card permit
connection to the contact areas on the polyimide
film to permit write-in and read-out. This work
refers only to laboratory experiments at the mo-
ment and does not imply production or mar-
keting of the system in the near future.

Bus pact

Four major electronics companies; Philips/Sig-
netics, Mostek, Motorola and Thomson EFCIS,
have announced their support of a microcom-
puter interconnect structure, the VME bus.
The companies have agreed on a detailed speci-
fication for the bus, which is to be implemented
on p.c.bs and backplanes meeting the
DIN41612 and 41494 mechanical standards.
This board form, popularly known as Eurocard,
is an accepted standard in Europe and features
industrial quality pin and plug style connectors
as well as a highly modular format.

The VME system is based on Motorola’s Ver-
sabus structure that has been employed in
MC68000-based microcomputer system pro-
ducts. The other firms are all alternative sources
for the 16-bit 68000 microprocessor unit. The
VME bus is not limited in application to the

68000-based systems but has been designed
with this microprocessor in mind.

The features of the VME bus include the
ability to support both single and multiproces-
sor systems; supports 32-bit architecture; allows
data transfers up to 20Mbytes/s; incorporates
non-multiplexed asynchronous data transfer
protocol; permits bus transfer requests via four
lines with different priority levels; supports cen-
tralized or distributed system interrupt hand-
ling with seven interrupt priority levels;
supports block mode transfers; supports read-
modify-write cycle, as required for safe sema-
phore usage; provides reliability features includ-
ing bus error, system fail and a.c. fail indicators.

The VME bus is deemed to be particularly
suitable for industrial process control, intelli-
gent terminals and digital network communica-
tions.
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Video centre proposed

If the architects, Avery Associates, have their
own way, they could be building a temple to the
great god ‘Video’, in the heart of London, on
the vacant site next to the National Gallery,
Trafalgar Square. The building would have the
title of National Video Archive and Visual Com-
munication Centre — Video Viscom for short.
It is planned to use the electronic technologies
to bring together the electronics industry and
the public in “a unique synthesis of scientific,
cultural and entertainment facilities™.

To give Avery their due, they have paid parti-
cular attention to the design of the building so
that it will complement the surrounding build-
ings. It would be set back to create a new public

source would be displayed and it is thought that
foreign governments or tourist boards would
finance such a service to promote their
countries.

The rooftop restaurant (7) and terrace (8)
overlooking the square, offer rest and relaxation
from all that viewing.

A cut-away view of the proposed Video
Viscom, a video archive and video trade
centre with many other uses. The inset
shows its position in Trafalgar Square,
London, next to the National Gallery (B)
with views of St Martins-in-the-Fields (C)
and Nelson’s Column (E).

s N

television pioneer J. Logie Baird. It is planned
that there would be monitor screens high up on
the front of the building to attract the public.

Inside the entrance foyer (No. 3 in the pic-
ture) a visitor is loaned a pair of headphones
with a miniature remote control and receiver
unit. With this he can select the sound track of
the programme showing on any of the large
video screens around the hall (4). Some of the
screens can provide information such as cata-
logues of the contents of the centre and it would
be possible for the visitor to select programmes.
A two-way transmitter in the hand-held control
unit would allow him to contact a control centre
or advice bureau. It is also planned that there
would be a wide variety of video games to play.

The centre would be a meeting place for the
video industry; conference halls and meeting
rooms would be available. It would also be their
showroom, and they woud be able to display
and demonstrate their wares. The building is
designed to be flexible so that the displays mav
be changed or new techniques demonstrated
without disrupting the running of the centre.

At the far end of the hall (5) there would be
galleries of study carrels, provided for users of
the National Video Archives. Thev would have
access to a very large data base ot films or video
programmes. It is envisaged that the matenal
would all be stored on video discs in some re-
mote warehouse linked to the Viscom Centre by
a fibre optic land line with an automatic storage
and retrieval system.

Meanwhile, in the main hall, there would be a
large number of small screens which could
display programmes received direct by satellite
from around the world. Information as to the

Trans-Pacific cahle

An undersea telecommunications cable, eight
thousand nautical miles long, will link Australia
and New Zealand to Canada, by way of Norfolk
Island, Fiji and Hawaii. It will provide 1380
simultaneous telephone circuits. Called Anzcan
the system is scheduled to be designed, manu-
factured and installed by August 1984.

The whole Anzcan project will cost £160 mil-
lion and the major part of the order has been
won by Standard Telephones and Cables (STC)
London, against international competition. It is
thought to be the largest single export order
ever received by the British telecommunications
industry. STC Sydney are to manufacture al-
most half the 1,000 electronic repeaters which
will be spaced at regular intervals along the
cable, and with this project and a new factory at
Liverpool, New South Wales, Australia joins
the league of those few nations able to manufac-
ture these complex devices.

The Nippon Electric Company will be res-
ponsible for the link from New Zealand to Nor-
folk Island.

Emmy for Marconi

At their annual awards ceremony, the National
Academy of Television Arts and Sciences, in the
USA, recognised the pioneering work done by
Marconi in tv cameras. The award was given for
“Engineering innovation in the design and de-
velopment of a system for the automatic
alignment of colour television studio cameras”’.
This refers to the development of the Marconi
Mark VIII colour tv camera, introduced in
1970, which was the first to include the auto-
matic registration of the three camera images,
which need to coincide to an accuracy of less
than one part in a thousand. The adjustment of
colour balance is very easy; the camera is ex-
posed to a reference white in the scene immedi-
ately prior to the actual transmission since this
setting is a function of the lighting and may vary
with the time of day on outside broadcasts.

Radio London gets slanted

A new antenna has been supplied to the BBC by
@GSA (C&S Antennas Ltd) as part of the equip-
ment to be installed at Crystal Palace when the
Radio London transmitter moves there trom
Wrotham. Each of the 16 elements has a slot
radiator at a fixed angle 45° to the reflector
screen. This gives a slant polarised transmis-
sion, adding a vertical component to the usual
horizontal transmission. The vertical compo-
nent will make it easier for car and portable
radios to receive the station and the Cryvstal
Palace transmitter is the first to offer slant pola-
risation from the BBC who intend to extend the
system to all their v.h.f./f.m. transmitters, as

part of their modernisation plans. There has
been some criticism of slant polarisation as the
vertically polarised part of the signal may be
more prone to multipath distortion (see Pat
Hawker, Wireless World April 1981, pp. 83-85
and the letter from D. P. Leggatt in June 1981,
p. 45).

Derek East, head of transmitter capital
projects department at the BBC discussing
the aerials to be installed at the Radio
London transmitter at Crystal Palace with
Cyril Whitebread, managing director of
CSA, who supplied them.
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Sharp bring you the MZ80B.
A machine that offers you functions
previously only associated with more
powerful,more expensive computers; that
gives you versatility to handle a huge range
of software and hardware applications in
scientific, business and personal use.

The MZ80B opens up a new world of
graphic display potential, more flexible data
storage and retrieval, and ease of operation.

Here is the computer from the future.
Available today.

Stunning Graphic Display.

Seeing is believing. The large-screen,
high-focus, reen-facegisplay
incorporate§ in the MZ8OB gives you high-
resolution graphics of 320 x 200 dots.

An agditional graphic RAM can be
added which allows another 320 x 200 dot
resolution pattern to be displayed.

This dual high-resolution graphic
ability is especially useful for simulating and
displaying a dynamic picture. It can display
40charactersx 25 linesor80charactersx 25
lines via software switching.

In addition there are facilities for full,
on-screen editing, reverse video, partial
scrolling and a full range of graphic symbols.

Character ond Graphic Printer.

This fast, quiet printer will reproduce
your graphic displays and, of course, print-
out upper and lower case letters and
symbols. A tractor/friction feed versionis
also available.

Data Storage /retrieval.

The MZ80B has a remarkable
memory. 64K of RAM. And that constitutes
all the memory area, giving flexible storage
of any computerlanguage and its saftware.
The cassette deck is electromagnetically-
controlled, with a data transfer speed of
1800 bits/sec combined with a unique

programme search
facility to make data storage
and retrieval super-fast.

S

Atypewriter-style keyboard
incorporates characters and symbols plus a
numeric key-pad and ten user-definable
keys for fast and simple operation.

BASIC s, of course, provided with
Z-80 Assembler Packages, PASCAL and a
BASIC compiler.

Floppy Disk Drive.

A twin Floppy Disk Drive unit can be
added which will give you 560 bytes of
storage on double-sided, double-density
disks.

Comprehensive Documentation.

Each MZ80B comes complete with a
full set of documentation including an
owners' manual giving full circuit diagrams,
amonitor reference manual and
programming manuals.

WW - 029 FOR FURTHER DETAILS

Interfaces

RS-232Cand IEEE Interfaces are
available from January 1982 allowing the
MZ80B to communicate with scientific
instruments and other peripheras.

(P/m22

CP/M* is also available making a
wide range of packages immediate‘%/ avail-
able including wordprocessing, finandial
modelling, data base management to
mention but a few. CP/M* also increases
the disk capacity to 680K.

(CP/M*" is a Trade Mark of Digital Research Ltd)

SHARP
“Frst and ¢

SHARP ELECTRONICS (UK) LTD., COMPUTER DIVISION,
SHARP HOUSE, THORP RD., NEWTON HEATH,
MANCHESTER M1098E. TELEPHONE: 061-205 2333

Uhy on Earth dom’t you find |

|8 out more?

&’ ‘
I Pleasm

L]
me full information on \
the Sharp MZ80B computer

I Name

|

|

5

Al

|

|

,Address |

I Tel I

To: Sharp Electronics (UK) Ltd., Computer Division I
Sharp House, Thorp Road, Newton Reath,

|_N\anchester M109BE. Telephone 061-205 2333 _J
(WR1/82)
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RAM SCOOP

SPECIALS Al

TELETYPE ASR33
I/0 TERMINALS

+ CAR

From£195 * V0T

Fully fledged industry standard ASR33 data ter

minal. Many features including: ASCIl keyboard

and printer for data |/ O, auto data detect circuitry,

RS232 serial interface, 110 baud, 8 bit paper tape

punch and reader for off line data preparation and

ridiculously cheap and reliabie data storage. Sup

plied in good condition and in working order
Options: Floor stand £12.50 + VAT

Sound proof enclosure £25.00 + VAT

DIABLO S30 DISK DRIVES

Another shipment allows us to offer you
even greater savings on this superb 2.5 MB
{formatted) hard disk drive. Two types are
available both fully refurbished and
electronically identical, the only difference
is the convenience of changing the disk
pecks.

S30 front loader, pack change via front
door £550 + vat

S30 fixed, change via removal of top
cover £295 + vat

+ & — 15v PSU tor 2drives £125 + vat
SPECIAL OF FER new, 12 sector packs
£20 + vat carriage & insurance on drives
£15.00 + vat fully DEC RKO5, NOVA,
TEXAS compatable further info on
controllers etc on reguest.

NATIONAL MA1012

CLOCK MIOD
* 12HOUR
* ALARM
% 50/60 HZ

The same module as used in most ALARM/CLOCK
radios today, the only difference is our price! All
electronics are mounted on a PCB measuring only
3" x 1}" and by addition of a few switches and 516
volts AC you have a multi function atarm clock at a
fraction of cost. Other features include snooze
timer, am pm, alarm set, power fail indicator, flash-
ing seconds cursor, modulated alarm output etc.

Supplied brand new with full data only £5 25

Suitable transformer £1.75.
MAINSFILTERS

Professional type mains filters as used by "Main Frame
Manutacturers 1deal for curing those unnerving hang ups
and data glitches, fit one now and cure your problems!
Suppression Devices SD5 A10 5 amp£6.95

Corcom Inc F1900 30 amp£13.95 + pp £1.00

MUFFIN FANS

a with our tasted ax: ipment
“Mulfin Fans™ aimost sikent mmaing snd sasily mounted. Avsilebla
two velages. 110 V.A.C.£5.05+pp 90p OR 240v A.C.
£6.50+pp 90p. DIMENSIONS %" x 4%” x1%"

66
1]
"DISCOUNT

Due to our massive bulk purchasing programme
which enables us to bring you the best possible
bargains, we have thousands of |.C.’s, Transistors,
Relays, Cap’s.. P.C.B.’s, Sub-assemblies, Switches,
etc. etc. surplus 1o our requirements. Because we
don’t have sufficient stocks of any one item to
include in‘our ads., we are packing all these items
into the "BARGAIN PARCEL OF A LIFETIME"
Thousands of components at giveaway prices!
Guaranteed to be worth at least 3 times what you
pay plus we always include something from our ads
for unbeatable value!! Soid by weight

25is £ 4.75+pp £1.25 Sids £ 6.75+pp £1.80
10kds £11.75+pp £2.25 204ds £19.99+pp £4.75

Koep your

tLECTRONIC
COMPONENTS
R EQUIPMENT

* 4116 200 NS 8 for £12.95
2102-650 NS 8 for £5.50

ICLTERMIPRINTER
300 BAUD TERMINALS

Made under licence from the world famous GE Co.
The ICL Termiprinter is a small attractive unit with
so many features it is impossible to list them in the
space available! Brief spec. as follows; RS232
senal interface, switchabie baud rates 110,
300, 130 cps). upper and lower case correspond-
ence type face. standard paper, almost silent run-
ning, form feed, electronic tab settings, suited for
word processor applications plus many more
Supplied complete, in as seen

features

25 WAY "D
CONNECTORS
504

170 110
1.90 120
ALL + VAT

WIRE WRAP SKTS.
24 Pin Vore 28p

14 Pin Gold 22p

18 Pim Goid 24p

100 PCS Min Ord.

MPU
EXPERIMENTORS
tSv+«12v-12v+.24yVv

WIRELESS WORLD JANUARY 1982

NOW OPEN
MONDAY-SATURDAY
9.30-5.30

RF CONNECTORS
500 BNC PLG 50p
750 BNC PLG 50p
PL258 PLG 40p
$0239 SKT 35p
100 PCS MIN ORD.

c10
DATA CASSETTES

10 for £5.756
Inc. VAT

HIGH SPEED
DATA MODEMS

POWER SUPPLY

REDUCED
TO CLEAR*

NOW
ONLY

£80
+CAR
+VAT

+ 5v @ 2 amps OC
-12v @ 800 ma OC

150,

Once agan we ar very pisased to offer tes superh Power
Supply Unit, and hope to sstisfy most of our previous
customers who were disappoirisd when we sold out dus to
demand last time they were advertised!! These units may st
have well been made for your lab., they consist of & semi-
anclosed chassis measuang 180mm x 120mm x 350mm
containing al slicon alectronics to give the following fully
requisted and short circuit proof autputs of

+ 12v @ 800 me DC
+ 24v @ 350 ma DC
and f that s not sncugh a fully flosting 5v output @ 50 maOC
which may be seresad to give a host of other voltages. Al
outputs are brought out to the front panel via minkature jack
sockets and are also dupiicated at the rear on short fiying
*Isads. Units accopt standerd 240v  mains input. They are
o GPO and may heve minor scratches on the front penels,
they ae sold untested but in good itemal condition
£16 50wh+£2 50mmp|mwmmn

a0 snower, 4 wis or 2 wire operation. Seif mest, LETY
gnel cost over £700 sach Bebeved brand new,

PERTEC

PERTEC TAPE DRIVES
7 track 6840 — 75-25 £175.00 +

AT
9 track 6840 — 3-256 £295.00 +
AT

d. HURRY

condition, no guarantee.

st T
WHILE STOCKS LAST!!

THE PRINTER SCOOP OF THE YEAR

THE LOGABAX 280 MICROPROCESSOR CONTROLLED

LX180L MATRIX PRINTER

A massive bulk purchase enables us to offer you this
superb professiona! printer at a fraction of its recent
. cost of over £2000. Utilising the very latest in

microprocessor technology, it features a host of
facilities with all electronics on one plug in P.C.B. Just
study the specification and you will by realise it
meets all the requirements of the most exacting

professional or hobbyist user.

STANDARD FUNCTIONS # Full ASCII character set # Standard

ink ibbon % RS232/V24 senial interface - 7 xtal controlled baud rates up
10 9600 # 194 characters per line W Parallel interface # Handshakes on serial and parailel
ports % & Type fonts, itaiic script, double width, italic large, standard  Internal buffer
¥ Internal selftest % 170 CPS # Variabie paper trnctorng to 17.5" wide # Solid steel

construction % Al software in 2708 eproms easily recol
Al this and more, not refurhished but BRAND NEW At Dnly £525

gured for custom fonts etc.
+VAT

Alsa available identical to above LESS Electronics Card £250 + VAT

+ carriage and ins. £18.00 + VAT

OPTIONAL EXTRAS # Lower case £25.00 s 16K buffer £30.00 % Second tractor for
simultaneous dual forms £85.00 % Logabax maintenance. P.0.A.

8” FLOPPY DISK DRIVES

Yet agein we've managed 1O 3ecure a

iarge shipment of tomorrows technology

#t prices as yet unheard of {1 And as with

most of our purcheses can pass these

wvings direct to youl! The DR 7100 &

7200 8" fioppy disk drives have many

inbuilt features 10 provide literslly any

BUS configuration with full deisy chain

via internal jumpers 77 tracks on the

single sided 7100 give upto 0.8 MB of

dets and 154 tracks on the 7200 doubie sided drive give 8 mamiva 1.8
MB of dets. Meny other features such as soft or hard sectoring, IBM
or ANS| standerds, only 240v AC, +24 & +5 v dc power requirements,
and our unbelievable prices make these drives ¢ snip,

Supplied BRAND zEW and boxed compiete with user manuei:

7100 single sided

25.00

+8.50 ins. & carr, + vat.

7200 doubls sided £295.00 + 8.50 ine. & carr, + vat.
Full tachnical manugl availsbie £7.50 write or »

LAMBDA

LMC C5V
5V 10 AMP
PSU, 240V
NEW £45 + VAT
+£2.50 P&P

— DEC CORNER —
DECTUGO TWIN CASSETTEDRIVE ... £375+VAT
PDP1105 MINI 1/0 MEMORY, CPU ETC. £450+ VAT
LSI1132K BYTECMOS MEMORY CARDS £295 + VAT
RKO5 MEMOREX DISK PACKS

(12 sector)£20.00+ VAT
LS11102 PROCESSOR CARD £275.00+ VAT

* * All types of DEC squipment purchased for cash * *

ELECTF?C)I\IICS

Dept. WW. 64-66 Meltort Rd., Thornton Hesth,
Croydon, Surrey. Tel: 01-689 7702 or 01-689 6800

MAIL ORDER
INFORMATION

Unless otherwise stated all pnces inclusive of V.AT. Cash with order. Minimum
order value £2.00-Prces and Postage quoted for UK only. Where post and
packing not indicated piease add 80p per order. Bona Fida account orders
minimum £20.00. Export and trade enquiries weicome. Orders despatched
same day where possible. 3% surcharge on Access and Barclaycard orders.

ww

101 FOR FURTHER DETAILS

Phone for more details

SOFTY1 &2

EPROM BLOWER
Software development systermn invaluable tol for designers,

hobbwists, etc. Enables open heart surgery on 2716, 2708 etc.
Blows, copies, reads EPROMS or emulates EPROM/ROM/RAM
in situ whilst dispiaying contents on domestic TV receiver. Many
other features. £115 + carr. + VAT. Optional 2716, 2716
Function Card £40 + VAT. PSU £20 + £1.50 carr. + VAT.
Softy 2 for 2716/2732 £169+vaT
Write of phone for more detalls.

9'' VIDEO
MONITORS

Ex-equipmant 9" Motarota Video Monitors 7842 composite input, tested but
unguaranteed. £38.99 + £7.50 carrisgs + VAT. Complets with circuit.

SEMICONDUCTOR
‘GRAB BAGS’

Mixed Semis amazing valus contants include transistors, digital, linser, {.C.s,
triacs, d»odu |bﬂdw recs.. #tc. ete. All devices guaranteed brand new full tpec
‘with ‘s markings, tully 50+ bag £2.96 100+ bag £5.15
TTL 74 Series

A gigantic purchass of an “across the board™ range of 74 TTL series 1.C.'s
j anables ug ta offer 100+ mixed “mastly TTL" grab bags at 8 price which two of
three chips in the bag would normaily cost to buy,

Fully guaranteed at 1.C.'s full spec. 100+ £8.90 200+ £12.30 300+ £19.50

RCA FULLY CASED
ASCII CODED
KEYBOARDS
é}:ﬁﬁ: IDEAL -

" TANGERINE,
OMIO0 ETC,
Straight from the U.S.A. made by the world famous R.C.A Co., the
VP60 Senes of cased freestanding keyboards meet all require-
ments of the most exacting user, right down to the price!
Utilising the latest in switch technology. Guaranteed in excess of
5 miltion operations. The keyboard has a host of other features
| including full ASCH 128 character set, user definable keys,
upper/lower case, rollover protection, sm%Ie 5V rail, keyboard
| impervious to liguids and dust, TTL or CMOS outputs, even an
| on-board tone g for keypress feedback
R.C.A backed guarantee.
VP01 7 bit fully coded output with delayed
strobe, etc.
VYP$11 Same. as VP8Ot with numeric pad.
| VPS06 Serial, RS232, 20MA and TTL output, with
6 seiectable Baud Retes.
VP$16 Same as VPBOB, with numeric pad,
Plug and cable for VPEO1, VP611: £2.25
Ptug for VP606, VP16 £2.0
Post, Packing and Insurance. )
ORDER NOW OR SEND FOR DETAILS.

5vD.C. POWER SUPPLIES

ollowing the recent "SELL QUT™ demand for our 5v
3 amp P.S.U. we havemanaged 1o secure a large quan-
tity of ex-computer systems P.S.U.'s with the following
spec.; 240 or 110v A.C. input. Outputs of 5v @ 34
amps, 7.2v @ 3 amps and 6.5v @ 1 amp. The Sv and
7.2v outputs are fully regulated and adjustable with
vanable current limiting on the 5v supply. Unit is self
contained on a P.C.B. measuring only 12" x 5" x 3’
The 7.2 output is ideal for feeding “on board’ regu-
lators or a further 3 amp LM323K regulator to give an
effective 5v @ 7 amp supply.
Supplied complete with circuit at only £10.95 + £1.75pp.
Believed working but untested, unguaranteed.

and a1 year full
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Automated direction finder

Offshore navigation aid samples radio and compass signals to give

averaged magnetic bearing

by John Barratt, Sysmaster Ltd

Over the last 25 years a multitude of
r.d.f. sets have been introduced as the
number of marine beacons expanded,
ranging in price from £50 to nearly
£2000. At the lower end of the market,

" manual sets predominate with aerial,
compass and radio in a single hand-held
pack. More recent designs use digitally
synthesized tuning, giving a much sim-
plified keyboard entry of frequency. But
the problem remains that on a heavily
pitching boat keeping the unit stable and
homed to a beacon was extremely diffi-
cult. At best, under reasonably stable
conditions, accuracies of =5° could be
attained; in bad weather it is more likely
to be £20° or worse. At the upper end of
the market are the so-called automatic
d.f. sets that use two matched orthogonal
loops and display a ship’s head relative
bearing on a circular dial. Whilst they
perform well in a calm environment, in
heavy seas where the heading of the ves-
sel can vary dramatically the operator has
to monitor simultaneously the r.d.f.
bearing and the current heading of the
vessel. Plainly a difficult task prone to
error.

What was needed was a truly auto-
matic radio direction finder which would
provide a magnetic bearing to the beacon
automatically and unambiguously. As-
signing the difficult task of determining
the null position of the signal to a
machine, the navigator was freed to con-
centrate on the specific skills of naviga-
tion. The machine should operate consis-
tently regardless of sea state or weather
conditions and providing a much higher
level of navigational accuracy. Fortuna-
tely technology has enabled sufficient
“intelligence” to be incorporated in the
form of a microprocessor to produce a
significantly improved d.f. system at a
price comparable to existing a.d.f. re-
ceivers.

The dominating factor in considering
implementation options was the
microprocessor. With flexibility limited
simply to program store size and machine
run time, the possible levels of integra-
tion of radio functions to computer func-
tions was enormous. In addition, sensor
design could be re-assessed as the proces-
sor would be used to enhance data from a
low grade (cheaper) source. The criteria
for deciding on an implementation path
were low cost of material, minimum as-
sembly and test time, maximum in-
terchangeability of assemblies, and per-
formance equal to or better than
conventional d.f. receivers. Some of
these decisions had to be made at an early

stage and looking at the design in retro-
spect we can see that some of our as-
sumptions were wrong. In particular,
our concern about cost of electronic com-
ponents was probably over-emphasized
— prices have dropped dramatically.
Cne particular microprocessor compo-
nent for which we originally paid £40 and
budgeted at £15 is now costing £4.

To simplify interchangeability and
testing we decided on a conservative ap-
proach to integrating the receiver with
the processor keeping the interface
simple (seven wires plus power). This
reduced the number of microprocessor
interface components and made the de-
sign of the receiver relatively indepen-
dent of the microprocessor.

The two primary sensors are the com-
pass and the aerial. For the aerial, a rotat-
ing ferrite rod offered the processor a
potentially large amount of data. Current
aerial position could be simply a single
index pulse to indicate the aerial passing
through 000°, as the processor could cal-
culate aerial speed and therefore instanta-
neous position. Alternative approaches
for the compass included low sensitivity
flux gates for indirectly sensing the
earth’s field using an existing compass;
high sensitivity gimbled flux gate for
direct sensing and a strapped-down
three-axis flux gate with axis transfor-
mation. The later system is an extremely
elegant approach; but to maintain long-
term stability some kind of attitude sen-
sor would be required whose cost would
largely offset any savings in static sensor
array. The solution chosen uses a direct-
sensing gimbled system with excitation
circuits which produce two outputs
proportional to the sine and the cosine of
the impinging horizontal field.

On the digital side the design was dic-
tated essentially by the requirements of
the other sections of the system, e.g.
number of input/output lines, analogue
input/output requirements, pProcessor
speed and capacity. These factors were
matched against the available micropro-
cessar systems and a short list produced.

Principal units are the navigation unit
which houses the microprocessor system
radio receiver and displays and controls,
an aerial unit which comprises two aerials
and associated amplifiers and a compass
sensor unit, The primary sensor elements
of the direction finder comprise a rotat-
ing ferrite rod antenna and a short whip
aerial to provide omnidirectional re-
ception for station identification. In com-
bination the aerials are used to resolve
the 180° ambiguity inherent in the ferrite

rod aerial. The microprocessor samples
the output from the radio and calulates
the azimuth of the transmitter. An input
from a remote flux-gate compass is used
to convert the azimuth to a magnetic
bearing which is then displayed on the
front panel of the navigation unit. Suc-
cessive samples are averaged to give a
best estimate of angle.

In addition to digital operation at the
man-machine interface there were fairly
complex signal processing functions to be
performed together with a diversity of
other tasks such as time keeping, mode
and data memory functions, frequency
division, display refresh and system
control. Taken together these tasks
added up to a potentially complex piece
of equipment. While each of these func-
tions could have been implemented with
discrete special-purpose circuits, the
amount of hardware required to provide
all the facilities would have been prohi-
bitive both in terms of price and of the
size of the equipment. In addition,
further changes to functions beyond the
original specification would involve mod-
ifications to the hardware and hence
component and p.c.b. changes with the
inevitable impact on production.

The essential difference when adopt-
ing a microprocessor solution is the in-
herent flexibility of the hardware and its
ability to perform a multitude of dif-
ferent tasks defined simply by the
contents of the operational program. The
limitations to this flexibility are princi-
pally confined to the speed of the proces-
sor, the size of the program and data
store and the number of interfaces provi-
sioned.

A further and important feature of a
microprocessor system, particularly
when applied to a commercial/consumer
system, is the potential for value-added
features which can be provided by addi-
tional programs. This can both extend
the life of the product and broaden the
product range whilst maintaining the
same production line for product
variants. It is not unreasonable to en-
visage two or three products identical in
production terms offering quite different
facilities and covering perhaps two-to-
one selling price range.

Method of operation
A chain-dot line broadly depicts the

interface between hardware and software
functions in the large diagram, but soft-
ware is an integral part of the engineering
of the unit. System performance depends
initially on the quality of the data avail-
able which relates to the performance of
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the primary sensors: aerial-radio combi-
nation and the compass. The way in-
formation is used by the processor also
contributes to the final performance of
the system, particularly under noisy and/
or high dynamic conditions.

Output from each aerial enters a
broadly tuned circuit followed by a single
stage of amplification on each channel.
Tuning is achieved by variable-capaci-
tance diodes with a control from the
phase-locked loop local oscillator. The
gain of the whip aerial amplifier is vari-
able to enable the gains of the rod and
whip aerials to be balanced when sum-
ming. The output from either or both
channels is switched into the r.f. feeder
under control from the microprocessor.
Mechanical rotation is effected by a small
d.c. motor and gearbox. Coupled to the
output drive shaft is a magnet which
triggers a Hall-effect device every revolu-
tion of the shaft.

The front end of the receiver is tuned
by a three-stage passive filter giving a
bandwidth of approximately 10kHz and
after impedance conversion matched into
a 455kHz notch filter and f.e.t. mixer.
Ceramic filters are used before the first
i.f. gain stage and before the final gain
stage giving a narrow bandpass of 3kHz.
Output from is produced to both an a.m.
dector for a.g.c. and audio output and to
a product detector driven from a b.f.o.
This output is filtered by an LC filter to
give an effective bandwidth of 300Hz for
the signal strength output.

Oscillator frequency is synthesized by
a phase-locked loop whose reference fre-
quency is 100Hz. The microprocessor
divides the local oscillator output by the
desired frequency ratio (455kHz above
required signal frequency). The 100Hz is
also used by the microprocessor for its
primary timing functions.

Basic directional information is pre-
sented to the processor as a continuously
varying signal proportional to signal
strength over 360° of aerial rotation. A
single pulse is. also generated each time
the aerial passes through the vessel’s
head. Fig. 1 shows a typical waveform of
the rod alone and the combined whip
aerial. With marine beacons the
microprocessor has 25 seconds to estab-
lish a solid bearing after which the bea-
con returns to its ident code before
switching off (see Fig. 2) — about 60
revolutions of the aerial. To obtain a
statistically useful number of mea-
surements the acquisition time of the
bearing calculation must be limited. This
requirement and the limited data store
available, meant a fresh look at the
method of data extraction; most data cor-
relation techniques require many input
cycles and long data strings. What is
needed is a quick initial result, with
minimum data store and a manageable
processor time load. The method chosen
can establish a bearing in about eight
cycles of the aerial including establishing
the polarity of the bearing.

Under good listening conditions the
d.f. waveform (rod only) looks like a
rectified sine wave, Fig. 1. In practice

Vessel's ﬂ ﬂ

head marker

,~+—Rod & whip
Signal <— Rod only
strength

’

' | T

+ 4

180°  270°

4 4 3

0° T 90°

270°  0° 90°

Fig. 1. Directional information is presented to the processor as a varying signal
proportional to signal strength over 360° of aerial rotation. A single pulse is also
generated each time the aerial passes through the vessel’s head.

Beacon 6 Beacon 1 Beacon 2
> >
Morse
- ident:
Morse ident. Continuous carrier i
00 20s 45s 555 00
Minute 6 Minufe 1 Minute 2

Note: Beacons transmit in groups of
1,2 3 oré

Fig. 2. Marine d.f. beacons, normally synchronized to g.m.t.,, give 25 seconds in
which to establish a bearing — about 60 revolutions of the aerial.

Vessel
head
marker

Node &4 Node1 Node2 Node3 Nodeb  Nodel

(old} (new)
T, (lold)
= LS|
1 T
Node calculations
T, + T T3+ T
Node1 2 =x° Node3 -3 & —x +180° T et
z 2 ((—1—52 )+T24 T3+T4)+ 540°
T+ T3 o T+ T 7 X= T
Node 2 — =X +90” Node & o =X +270

Fig. 3. Algorithm samples points at which waveform crosses mean value, calculated
from previous cycle, to give four node values. Bearing relative to vessel’s head is
then converted to a magnetic bearing.

positon X to the first node, Fig. 3. This
calculated position is then compared
against the approximate positions of the
measured maximum and minimum to

however the instantaneous position of the
peak tends to move due to noise on the
waveform. Similarly, with weak signals
the null becomes very rounded as it ap-

proaches the noise floor. An algorithm
samples the point at which the waveform
crosses the mean value of the waveform
calculated from the previous cycle. This
significantly reduces the amount of data
required to be stored and processed,
whilst sampling the waveform at the
point least susceptible to noise. By taking
the centre between these crossover points
the four-node points of the waveform can
be established. And by summing the
nodes it is possible to extract an average

establish whether it measures a peak or
anull. If it coincides with a null the angle
is offset by 90° to bring it in line with one
of these peaks. At this stage the routine
has calculated the bearing relative to the
vessel’s head (azimuth) in a range 0 to
180°. It is now necessary to correct it for
ambiguity and convert it to a magnetic
bearing.

At the beginning of a d.f. cycle during
acquisition, the sense of the bearing is
eatablished by summing the d.f. and
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whip aerial signals. Thie phasing of the
two aerials is such that when the rod
aerial is facing the trans;mitter the signals
are in phase and add. 'Conversely, when
the rod is facing away { rom the transmit-
ter the signal phases are in opposition
and therefore subtract,. The approximate
position of the maximum of the signal
under these conditions is measured by
the processor, corrected for vessel’s
heading and stored. T'o correct the cur-
rent azimuth, the stored sense value is
converted back to the azimuth by
subtracting the curreant heading. This
value is then compared with the current
azimuth and if it coincides within a
predefined window tt1e angle is accepted
as correct. If it does n ot, 180° is added to
the value and the test. repeated. The ves-
sel’s compass headin;g is then added to
the corrected azimtith to obtain the
bearing to the statio n.

To maintain a sta ble display and to
improve accuracy successive bearing
samples are accumul ated in a filter and
averaged over the m.easurement period.
In addition, the vari ance of the bearing
from the mean is mor 1tored and a quality
factor of 0 to 7 calciilated. This value is
displayed together w rith the bearing after
the measurement an« d assists the operator
in selecting the bes;t set of bearings to
plot his position. The algorithm des-
cribed has assumed a clear noise-free in-
put signal. Inevitab! ly, this is not the case
when working in tk e 200 to 500kHz fre-
quency band and it is necessary to
overlay the process with a series of data
checks to ensure th 1at valid data is being
processed. At each stage of the proces-
sing checks are ma de to ensure that data
corrupted by noise are rejected if it
affects the values being calculated.

— Checks on the crossover data cover

number of cros ssovers per revolution
and consistenc' y in their spacing

— Checks on tlie node calculations
establish that t} 1e nodes add up to 360°
and there is ¢ ipproximately 90° be-
tween nodes.

— Checks on ¢ orrelation against the
sense measurer nents are made and the
entire cycle re :jected if correlation is
not present.

The algorithm h: 1s been organized to run
on the processor in a sequential manner,
each revolution of the aerial increment-
ing the sequent ¢ by one step, an ap-
proach that et isured predictable and
controllable sequ 1encing. Fig. 4 shows the
order of sequer icing from initiating d.f.
mode through to continuous d.f. mea-
suremeént revol utions. The sequence is
the minimum sequence and could take
longer if any ¢ f the data checks failed.

Between eac! h aerial mode change (i.e.
whip only, to v vhip summed with rod, to
rod only) a set! tling revolution is initiated
to allow the a.{ 3.c. of the receiver to stabi-
lize after the transients generated by
switching the aerials.

The d.f. cvcle commences with a
settling reveHlution with the aerials
switched ia the sense mode (i.e. with
both whip: a.nd rod aerials active). The
sequence 'thc 2n increments [0 sense mea-

No processing

Sense settling rev

1st sense calculation rev
2nd sense calculation rev
3rd sense calculation rev

( whip off, rod active )

d.f settling rev

Mean catculation rev
d f calculation rev
d.f calculation rev

etc

Fig. 4. Algo rithm sequences once per aerial
revolution. Correlation between three
sense-mode measurements is needed be-
fore d.f. mé:asurements are made.

Aeriat pick -up coil
{ primary} \

Upper

rotating

core

/
Tensioning /Mounfing
spring — board
Primary Lower
winding T ik L X static

Aerial drive shaft

Fig. 5. Ligiht loading of surfaces in Vinkor-
style rotary transformer makes lubrication
unnecessary.

surement where the approximate posi-
tion of the signal peak is established for
later use: in ambiguity correction. A
minimum of three revolutions are re-
quired for this and the position of the
peak must correlate over three successive
revolutions before the next phase can be
entered.

When correlation has been satisfactor-
ily achieved, the whip aerial is switched
off and a settling revolution initiated.
The next revolution is used by the
processor to calculate the first mean
value of the d.f. waveform. Subsequent
revolutions of this aerial are used for d.f.
measurements provided that correlation
is achieved with the sense measurements.
If correlation cannot be achieved, the

ﬁ/hip active & rod ucflve)

system returns to the beginning of the
sense sequence and the sequence is re-
peated.

For coupling the aerial signal to the
head amplifier a brush and slip-ring ar-
rangement with such low signal levels
would be intolerably noisy. As it was not
practical to rotate the electronics with the
aerial we chose a rotary transformer
formed from the two halves of a ferrite
Vinkor-type transformer, as shown in
Fig. S. The upper half of the core to-
gether with the primary bobbin, is at-
tached to the rotating rod aerial and the
lower sections with secondary bobbin to
the static base of the unit. To maintain
sufficient coupling the mating surfaces of
the two cores had to be held in intimate
contact by light pressure from a spring.
Provided that the surfaces were spot-
lessly clean during assembly the coupling
generated virtually no noise.

A number of factors had to be consid-
ered when choosing the microprocessor.
The first criterion was that it had to be a
single power rail device running on less
than 12V as the unit was to operate from
a 12V battery supply. This ruled out
some of the early microprocessors such as
the Intel 8080 which required three volt-
age rails. The processor would have to be
an eight-bit machine (only one 16-bit
processor was available at the time and
was too expensive) and would have to
have at least minimal arithmetic func-
tions since the task was not simply for a
logic sequencer. Suitable processors were
Zilog Z80, Motorola 6800 and the Intel
8085.

Relatively high-priced l.s.i. program-
mable components were chosen for in-
terfacing; we thought these would be
likely to reduce in cost more rapidly than
the established m.s.i. products, an as-
sumption which proved correct. Re-
viewing the chip sets available from each
manufacturer, they were found to be
nominally equivalent. However, Intel
had a set of interface super-chips specifi-
cally désigned for their 8085 processor,
one of which included memory, timing
functions and input/output ports.
Looking more closely at the timer func-
tion, we discovered that one of the
timer’s counting modes would make it
suitable as the +N counter for the fre-
quency synthesizer. This would simplify
the interface to the synthesizer to two
lines.

A further factor encouraged the use of
the 8085 microprocessor: our previous
products were based on the 8080
microprocessor and we consequently had
development equipment for it. The
investment of approaching £15k on a dif-
ferent set of development equipment was
not attractive particularly when a suitable
software-compatible microprocessor was
available. The final configuration was an
Intel 8085 processor alongside an 8155
combined r.a.m., i/o and timer chip and
an 8255 i/0 chip. Program memory was
three 2716 e.p.r.o.m.s and an additional
256 bytes of c.m.o.s. r.a.m. were added
for data retenton in a power-down
standby mode.
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World television standards

Long-distance television reception; system descriptions

i i

TVR
EUCURES T

and v.h.f. channel allocations

by Keith Hamer and Garry Smith

Continuing the discussion on long-
distance television reception, this
third article covers international
television standards, various v.h.f. tv-
channel allocations and colour
systems. A review of the 1981
‘sporadic-E season’, transmitter news
and reports from overseas
enthusiasts are included.

The surge in the number of television ser-
vices appearing throughout the world after
1945 brought with it various different stan-
dards for sending tv picture and sound
information. In the UK, transmissions
using the 405-line system adopted in 1936
were resumed. This 405-line standard,
system A, used positive-going vision mod-
ulation and had a video bandwidth of
3MHz. The sound channel was a.m. and
the sound carrier frequency 3.5MHz be-
low the vision carrier.

Most Western European countries chose
a 625-line system with negative-going
vision modulation and f.m. inter-carrier
sound. This is generally referred to as the
CCIR system (system B, v.h.f. or system G
or H, u.h.f.), in which the video band-
width is SMHz and the sound is 5.5MHz
above the vision carrier. Many African and
Middle East countries and parts of Asia
and Australasia have also adopted the
CCIR system.

Eastern-bloc countries, including the
USSR, chose a similar standard but with
6.5SMHz sound and vision separation,

known as OIRT (system D, v.h.f. and K,
u.h.f.). China also uses the OIRT stan-
dard. Systems D and K are used in parts of
Africa, and several French Territorial
countries use system K1, which is very
similar to K, for their v.h.f. transmissions.
During the early sixties, the UK finally
chose a 625-line standard for their in-
tended u.h.f. transmissions. This stan-
dard, system I, was very similar to those of
the CCIR and OIRT but with a vision
bandwidth of 5.5MHz and an inter-carrier
sound channel separation of 6.0MHz. This
system was also adopted by the Irish for
their 625-line v.h.f. transmissions. More
recently, Hong Kong, South Africa and a
few Central African countries have selec-
ted system I for their television services.
The Frepch were experimenting with

wwo different standards, one a 441-line

system and the other using 819 lines
(system E). The latter is still in use for
v.h.f. transmissions. Both systems em-
ployed positive-going vision modulation
and, as in the UK 405-line system, a.m.
sound. The 819-line system had a vision
bandwidth of 10MHz while the experi-
mental 441-line system, which ceased
operation in the fifties, had a much nar-
rower bandwidth. The overall channel
bandwidth of the 819-line systen was al-
most three times that of the 405-line

*OIRT (International Radio and Television Organiza-
tion) is an association of Eastern European broad-
casters, similar to the EBU in Western Europe.

{a) The FuBK electronically generated test
card received from Portugal on 3 July at
1854 CET on ch. E3. Note that RTP-1
sometimes inserts a digital clock with the
test card.

{b) The Philips Chequerboard or
Chessboard pattern received from ZTV-
Zimbabwe on 5 October during the early
afternoon on ch. E2 from the Gwelo
transmitter. Signals propagated via F2 and
Trans-Equatorial (TE) modes usually
display some form of video distortion.

{c) The Icelandic television network
(Rikisutvarpid-Sjonvarp) often transmits
the Philips PM5544 electronic test card for
long periods, occasionally at 0300 CET.
This particular reception via sp.E was
logged on June 11th on ch. E4 in good
colour. The identification used with the
PM5544 is “"RUV ISLAND"".

{d) One of the very few remaining
individual monoscopic test cards as used
by Radiodifuziunea Televiziunea Romana
{TVR-Rumania). This was received on ch.
R2 at 0835 CET on 12 August.

fe) The “EBU Bar’ which is still used in
Rumania. This monochrome signal
incorporates the date to the left of the
“TVR’ identification.

(f) An electronically-generated test pattern
recently introduced by Radiotelevision
Espanola (RTVE-Spain). The photograph
shows reception logged on July 15 of a
transmission from the Navacerrada outlet
near Madrid on channel E2. A slightly
modified version of this pattern (which
includes a white central bar beneath the
“rtve” identification) is used by several
other Spanish transmitters with
appropriate identification.
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system, i.e. 14MHz as opposed to SMHz.
Consequently, the number of channels
possible in a given band of frequencies was
greatly reduced. To overcome this prob-
lem the French devised a method of chan-
nel interleaving in which the sound chan-
nel would be 11.15MHz above the vision
carrier on certain channels and 11.15MHz
below on others. This method eventually
allowed a total of nine channels on Band
II1, although only two Band I channels
were used.

Several French territories adopted the
819-line system under the influence of the
French. Luxembourg also used the system
on v.h.f., but with a reduced video band-
width of SMHz (system F), until the late
sixties when the number of scanning lines
was reduced to 625. The SMHz video
bandwidth, positive video modulation and
a.m. sound characteristics were retained
and the resulting system became standard
C. Belgium had system C on v.h.f. up until
1977 when it switched to CCIR. Monaco
still uses system E on v.h.f. but with 625-
line scanning.

For u.h.f. transmissions in Bands IV
and V, the French introduced a 625-line
standard, system L. This has a vision
bandwidth of 6MHz, an a.m. sound chan-
nel 6.5MHz above the vision frequency
and uses positive-going video modulation.
Luxembourg uses system L for its channel
21 transmissions but within the next year
or so a variant system L1, will replace the
present 819-line transmission in Bands I
and III.

In the USA, the position was much
simpler. The Americans agreed on a 525-
line standard, system M, using negative-
going vision modulation, 4.2MHz video
bandwidth and an f.m. inter-carrier sound
channel at 4.5MHz above the vision fre-
quency. This system was also chosen by
Canada and eventually spread throughout
Central and Southern America, Alaska,
parts of the Caribbean, Japan, Korea and
parts of Asia. At American Forces bases
throughout the world system M is usually
the norm. Until recently, the ARAMCO
transmitter at Dhahran in Saudi Arabia
employed the 525-line system M standard,
but the station now uses the CCIR system
B.

In certain South American countries and
parts of the Caribbean where a S0Hz mains
supply is available another standard,
system N, is used. This is a 625-line stan-
dard with vision bandwidth and sound
separation the same as in system M, but
the field frequency is 60Hz whereas system
M has a field frequency of 50Hz. Countries
using systém N include Argentina, Uru-
guay, Bolivia and Barbados. Venezuela has
a mixture of 50 and 60Hz domestic mains
supplies and consequently television trans-
missions may use either system M or N
depending on the location of the transmit-
ter. In areas where a choice of standards is
available, controls for adjusting frame hold
and frame amplitude are necessary. Little,
if any, adjustment is required to the line
control as the line-oscillator frequency on
both systems is similar i.e. 15.750kHz for
525-line and 15.625kHz for 625-lines.

So far, colour television systems have

not been mentioned. This is because the
choice of colour system is not directly de-
pendent on the characteristics of the televi-
sion standard adopted. There are three
colour systems in use at present, namely
NTSC, PAL and SECAM.

During the fifties, colour television was
introduced in the USA using the NTSC
colour encoding system. NTSC was then
adopted by most countries already using
the 525-line system M. This colour system
was field tested in Europe but was found to
be unsuitable. PAL and SECAM were de-
veloped in Europe and towards the end of
the sixues several Western European
countries (excluding France) introduced a
regular colour-tv service using PAL. East-
ern-bloc countries and France were con-
sidering SECAM for their colour transmis-
sions.

The last decade has witnessed the intro-
duction of colour television to virtually
every European country. The PAL system
has been adopted by most countries using
the CCIR norm (systems B, G, H and I)
except for East Germany which, for politi-
cal reasons, chose SECAM. Although
CCIR is used extensively in North Africa
and countries in the Middle East we find a
mixture of PAL and SECAM transmis-
sions due mainly to previous political deci-
sions. Most West and South African
countries with CCIR are adopting the PAL
system. Regular PAL transmissions com-
menced in Australia and New Zealand
during the last decade. More recently,
China has decided to use PAL although
standards D and K are in use there.

PAL has unexpectedly been favoured by
at least two South American countries,
namely Brazil with system M and Argen-
tina with system N. Normally the PAL
(and SECAM) subcarrier frequency is
4.43MHz but for compatibility with
systems M and N, where the video band-
width is only 4.2MHz, a lower subcarrier
frequency is used.

SECAM is used by the French for their
625-line system-L transmissions on u.h.f.
Colour is not used on the 819-line v.h.f.
transmissions. In Luxembourg, the situa-
tion is complicated as three standards,
namely C, L and G, are used. The channel
21 transmitter radiates a system L SECAM
signal to serve the French-speaking
population and parts of France while the
E7 channel outlet provides a system-C
PAL signal. Colour-standard conversion
takes place at the transmitter. Channel-27
system G transmissions are also PAL and
serve viewers in the Low Countries and
West Germany.

Tele-Monte-Carlo in Monaco transmits
both SECAM and PAL colour on u.h.f.
System-L SECAM transmissions are in-
tended for neighbouring France while the
system-G PAL service on channel 35 is
intended for viewers on the western coast
of Italy and across the Lombardy Plains as
far as Venice in the North. In general,
French overseas territories and countries
influenced by the French use SECAM.

Channel allocations

V.h.f. channel allocations are shown in
Table 1. U h.f. channels are not included

in the table because channel numbering
and corresponding vision frequencies are
identical for all u.h.f. systems except M
and N. The 625-line u.h.f. channels are
numbered from 21 to 69. Owing to the
narrower channel bandwidth of systems M
and N, the u.h.f. spectrum can accommo-
date a greater number of channels; these
are numbered 14 to 83. Japan uses system
M but has a restricted number of u.h.f.
channels.

Newcomers to DX-tv may find it easier
to consider the chart layout of Table 1 as a
tuning scale on a radio receiver. If several
UK 405-line channels can be received
(hopefully weakly), they may be used as
markers to enable a Continental channel to
be identified.

UK 405-line channels are referred to as
‘B’ channels and subdivisions are made by
adding a numerical suffix, i.e. B1, B2, etc.
Generally, CCIR channels in Bands I and
IIT have a letter prefix, E, also followed by
a number. Prefix M is used for Moroccan
channels and for French channels carrying
819-line system E transmissions, prefix F
is used; again, both are subdivided using a
numerical suffix. Italy, one of the few ex-
ceptions, uses a-letter suffix after its de-
signation, I, to give channels IA, IB, etc.
Similar letter suffixes are used by the Irish
Republic and confusion can result, espe-
cially in reception logs, as their prefix is
also I. To add to the confusion, the Irish
Republic’s channel-IB vision frequency is
identical to the Italian IA vision frequency.

In the Americas where systems M and N
are used, channels carry the prefix A fol-
lowed by a number.

1981 sp. E review

The first signs of the 1981 sporadic E
season occurred on 29 April with strong
southerly signals from the Spanish televi-
sion service RTVE on channel E3 in the
late-afternoon/early-evening period. A new
test pattern carrying the transmitter loca-
tion was seen followed by the electronically
generated test card (see the October issue
of Wireless World, p69) prior to the normal
programmes.

There were several weak and short-du-
ration ‘openings’ during May with signals
from the south-east predominating. Good
quality colour signals were obtained from
RTVE on channels E2 and E3 during the
evening of the 19th. Other countries re-
ceived on Band I during May include Italy
(RAI), West Germany (ARD), Portugal
(RTP), Yugoslavia (JRT), Sweden (SR),
Norway (NRK), East Germany (DDR:
F/DFF), Czechoslovakia (CST) and Swit-
zerland (and PTT, SRG, SSR, TSI, DRS).

Signals from most European countries
were seen during June with sporadic E
signals around on most days. On the 7th,
towards late afternoon, several enthusiasts
reported exceptional reception conditions
with television signals well into the Band II
spectrum. Long range f.m. radio was also
very much in evidence and a few lucky
television DX enthusiasts who tried the
lower Band-III channels were rewarded
with signals from the USSR (TSS). A DX
enthusiast in the Netherlands received
Russian programmes on all Band III chan-
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nels due to the exceptionally high maxi-
mum-usable frequency m.u.f. enhanced
by sp.E conditions.

Another notable day in June was the
11th with signals from all points of the
compass received within the space of an
hour. Fortunately most were transmitting
the test card so identification was relatively
easy.

Several times during June a colour-bar
or grey-scale pattern was seen between
channels IA and E3, sometimes as late as
2030 CET. This was finally identified as an
Italian “‘pirate” transmission from Nord
Center Television (NCT) which operates
from Udine. On the 29th at 1836 CET,
signals from the Albanian (RTS) channel
IC transmitter (82.25MHz vision) were
received. Practically every European coun-
try was received during June.

July will be remembered for multiple-
hop sporadic E signals and the appearance
of a new Band I country. On 10 July there
was an intense sporadic-E opening for
most of the day with signals from the
south-east. A tv-DX enthusiast in the
north of England received signals from the
Canary Islands (RTVE) on channel E3.
Sporadic-E signals on the 2-metre band
prompted him to check Band III and dur-
ing the late afternoon he saw RTVE
(Spain) on E6 and E7 and some amazing
reception of Morocco (RTM) on channel
MS. Later that evening after Portugal
(RTP) and Spain had closed down around
2300 CET, many enthusiasts saw a system-
B signal remaining on E3 from the south.
The signal (a feature film) was slow-fading
and later identified as coming from the
Canary Islands.

A mystery signal appeared on E4 from
the south at 2326 CET which consisted of
an announcer or newsreader speaking in a
language thought to have been Arabic.
This was later identified as a new Moroc-
can transmitter operating in Band 1. This
transmitter was received on an almost daily
basis in France during the summer.

Towards the end of July reception of
trans-Atlantic System M signals on chan-
nels A2, A3 and A4 was experienced in the
south of England. Trans-equatorial (te)
signals were resolved from the Zimbabwe
E2 transmitter at Gwelo several times dur-
ing the month. Reception usually occurred
between 1700 and 1830 CET. Signals
tended to take on a sporadic E appearance
and it is generally felt that the signals ar-
rived in the Mediterranean area via F2 or
te mode, and sporadic E assisted the sig-
nals for the distance. Italian (RAI) channel
IA signals were often present during re-
ception from Gwelo. If sp.E conditions
prevail during the late evening it is always
wise to monitor the conditions until as late
as possible in case rare signals are present
which may normally be masked by
stronger, more commonly received,’ sta-
tions.

A strange signal was detected at 4030
CET on 13 July which consisted of fairly
weak horizontal bands, not unlike those
caused by a signal generator, on the vision
frequencies of R2 and E4. The R2 signal
finally disappeared but the E4 signal faded
in and out slowly over a period of time in a

similar manner to tropospheric signals.
Both signals came from an easterly direc-
tion. All in all, July was an interesting and
busy month for DX television.

During the first few days of August,
OIRT signals prevailed with test patterns
from the USSR, Czechoslovakia (CST)
and Hungary on the 6th. The 9th was
hectic with signals from no fewer than 12
countries being received during a contin-
uous opening lasting all day. 819-line pic-
tures from France (TF1) on channels F2
and F4 and 625-line signals below the E2
vision frequency (a signal thought to be the
new French System L1 on test) were re-
solved during the morning. At 1242 CET
the Hungarian television service (MTV)
was radiating a frequency-grating pattern
on R1 and R2 prior to the PM5544 test
pattern. At 1331 the Yugoslavian FuBK
test pattern appeared with good quality
colour signals accompanied by music. The
Russian test card appeared on the 12th at
0830 CET on channel R2 from the Bucu-
resti transmitter. At 1742 a feature film
with Arabic subtitles was noted on channel
E3 from the Suwaileh transmitter in Jor-
dan. Mainly OIRT signals were logged on
the 13th with tesi patterns from Poland
(TVP) and Czechoslovakia as well as the
USSR news program “BPEMS” on R3 at
1800 CET. Signals from Eastern European
stations prevailed on the 16th with pro-
grammes on channel R1, R2, R3, and at
times on R4. Again, most countries were
received during August with exceptionally
strong signals from Gwelo (ZTV) on the
14th and 15th.

Sp.E activity diminished during early
September with mainly weak, short dura-
tion, signals being present. However, a
late afternoon opening on the 23rd from
the south revealed at least two exotic sig-
nals. In East Anglia a PM5544 test card
was seen with what appeared to be Arabic
identification in the lower black rectangle.
This was on channel E4 and may have
been the new Moroccan Band I transmit-
ter. Later, a strong F2/te signal on channel
E2 was noted consisting of a grey-scale
patternt but the line hold of the receiver
had to be adjusted to lock the picture. This
was obviously not a standard 625-line
CCIR signal. The pattern probably
originated in Ghana or Nigeria. )

October is usually a very quiet month
with long-range reception normally due
only to meteor showers and, perhaps, tro-
posipheric ducting. However, on 5 Octo-
ber during the early afternoon very strong
signals were logged on channel E2 from
Zimbabwe. Reception lasted for some time
and consisted of the Philips ‘chequer-
board’ pattern. The PM5544 is also used
by ZTV.

Transmission information

In this section, recent news concerning tv
transmissions from various countries is
given.

Argentina. Despite raging inflation, most
of the television networks have now com-
menced PAL-N colour transmissions. The
latest service operates from Buenos Aires

on channe] 11. o ]
France. Test transmissions are being car-

ried out on the first network, TF1, using

the recently developed 625-line system L’
on v.h.f. Channel C’' shown in Table 1 is
used only by the Besancon-Lomont
transmitter.

Luxembourg. Some DX-tv enthusiasts
may be wondering why they experienced
difficulties in receiving transmissions on
E7 or E21 from the Dudelange transmitter
from the end of July. An aircraft of the
Belgian Air Force collided with the 300-
metre high mast causing severe damage.
Until a temporary antenna can be installed
at Dudelange, programmes from Radio-
Télé-Luxembourg (RTL) will be distri-
buted only to viewers subscribing to cable-
television networks. RTL will be the only
national broadcasting authority in Europe
to distribute programmes in this manner.
Further information is given in the EBU
Review 188, published last August.

Spain. Strong signals from RTVE have
always been a regular feature of ‘sporadic
E seasons’ so many DX-tv enthusiasts
should know that several new test cards
have been introduced similar to the one
shown in the photo. Transmitter identifi-
cation is included on most test transmis-
sions.

There are plans to introduce private
television stations but details are not yet
available. We understand that there have
been several applications for permission to
transmit. Many non-technical magazines
are giving extensive coverage to the idea of
private television in a similar manner as
c.b. radio has been covered here in the
UK.

Uruguay. Colour television commenced
last August using PAL-N.

West Germany. Hessicher Rundfunk’s
third network, HR3, has a new transmitter
located at Rhén on channel E37. The
transmitter’s e.r.p. is 364kW.

There are also two new transmitters at
Opherten for the Belgian Army stationed
there. One is BRT/D (Flemish language)
operating on channel E12 with an e.r.p. of
32W and the other RTBF/D (French lan-
guage) on channel E39 with 625W e.r.p.

Test transmissions have commenced
using stereo sound channels for tv.

Reports
The following reports received from over-
seas DX-tv enthusiasts provide back-
ground information for the newcomer to
the hobby. No doubt experienced enthu-
siasts will also find them interesting.
Ernesto Villeyra and Salvador Espin
have written from the Balearic Islands with
details of their reception. They both have
regular u.h.f. reception during the sum-
mer from Italy, Sardinia and France. They
are using a wideband aerial, which gives
gain of 13dB, feeding a low-noise pre-am-
plifier which in turn feeds a medium-
power amplifier at about 1 metre away
from the pre-amp. They have identified
about 25 stations so far, many of which

continued on page 68
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Digital, multi-track tape recorder

Circuitry of input stages and speed-control frequency generator

by A. J. Ewins, B.Tech., Research department, London Transport

This third part of a series describing
the design and construction of a very
low cost, professional
instrumentation recorder presents
the circuitry of the input stages,
including the multiplexer and
analogue-to-digital converter, and
discusses the reference-frequency
generator used for motor speed
control.

The. input stages, shown in block form in
Fig. 4 of part 1 of the article, are illustrated
in detail in Figs 19 10 22.

Analogue multiplexer. Firstly, Fig. 19
shows the circuit diagram of the analogue
multiplexer and differential, times-five
amplifier, which was needed because the a-
to-d converter has a full-scale input range
of +5V and the normal range of the input
signals is =1V. A differential input stage
was required to give greater flexibility to
the input signals.

The i.cs used in the analogue
multiplexer are 8-way analogue switches,
type DG508, addressed by a divide-by-2’
counter, i.c. type 4024. The analogue
switches are powered by plus and minus

View of Hart Electronics audio cassette
deck, with new speed control circuit at
bottom right.

15V supplies and also have connexions to
the OV line, accepting logic inputs between
0 and 15V and handling analogue signals
within the range *15V. The six analogue
input channels are connected to seven of
the eight switch inputs as shown in Fig. 19
(the reason for the order in which the
channels are connected to the switch
inputs was explained in Part 1). Channel 2
is connected to both Sl and S7 inputs,
because a sixth clock pulse is received by
the 4024 counter ahead of the reset pulse,
as shown in Fig. 5 of Part 1. Resistors, of
any value up to around 1M(, are
connected between ground and the six
switch inputs of the DG 508 i.cs to prevent
them from ‘floating’ in the absence of an
analogue signal input. They may not be
strictly necessary but are, in the author’s

‘opinion, thought advisable. The

differential amplifier with a gain of five to
differential signals and unity gain to
common mode signals is of standard op
amp design.

Sample/hold. Figure 20 is a detailed
circuit diagram of the sample/hold circuit
and analogue-to-digital converter. The
sample/hold circuit is an i.c. type LF 398
and, like the analogue switches, is powered
by the =15V lines, accepting logic control

pulses between 0 and 15V and analogue
signals between *=15V. The 4700p
sample/hold capacitor was chosen for
optimum sample speed and hold retention
when operating at a speed of 284.4
samples/s. As connected, the sample/hold
circuit is in its ‘sample’ mode with a logic 0
signal on pin 7 and in its ‘hold’ mode with
a logic | signal on pin 7. The two diodes,
D, and D3, and the 100kQ} resistor form a
2-input OR gate to the two sample/hold
control pulses, B4 and DR.

A-to-d converter. The i.c. used for the
analogue-to-digital converter is an
Analogic device, the ADS71K. It will
convert unipolar signals in the range 0 to
10V, or bipolar signals in the *5V range,
to a 10-bit digital word. It has a typical
conversion time of 25us, and is therefore
operated well within its capabilities in this
particular application. The type used is
designed to operate from *15V supplies,
indicated by K in the device number, and
accepts control pulses in the range of 0 to
15V. The voltage input on pin 15 of the
device defines its operation in the unipolar
or bipolar modes. For unipolar operation,
pin 15 is shorted to ground via pin 16, but
for bipolar working is left unconnected and
is therefore not shown in Fig. 20. Upon
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Fig. 19. Six-channel analogue multiplexer
and differential amplifier. Resistors on
inputs can be chosen to suit source
requirements.

receipt of a logic 1 pulse at pin 11 of the a-
to-d converter (when B4 goes high) the 10
digital outputs are blanked (i.e. the ten
digital outputs go into an open-circuit
condition). Simultaneously, the
sample/hold circuit is put into its hold
mode via the 2-input OR gate. As the
outputs are blanked, the a-to-d converter
generates a logic 1 pulse at its data ready,
DR, output on pin 17, which is used to
maintain the sample/hold circuit in its hold
mode (via the 2-input OR gate) until the
conversion process is completed; i.e., until
the data is ready and DR goes low. The a-
to-d converter begins its actual conversion
of the analogue data when the control
pulse B4 goes low. When the conversion is
complete the 10-bit digital word is
presented to the ten digital outputs, the
DR output goes low, and sample/hold
circuit returns to its sample mode: the
negative transition of DR is used to clock
the multiplexer to sample the next
analogue input channel in sequence.

Parity generators. The circuit of the two
odd-bit parity generators are shown in Fig.
21. Outputs Pl and P2 will be at logic 0 if,
and only if, an odd number of their four
respective input bits are at the logic 1 level.
When Pl and P2 are added to their
respective input bits to make five-bit
words there will always be an odd number
of bits at the logic | level in each of the two
S-bit words. Only eight of the ten bits from
the 10-bit digital word are used to generate
the two parity bits, the two least significant

bits, B9 and B10, being ignored.

Obviously, there are many ways in
which parity bits may be generated and the
author thought long and hard about the
most appropriate method to use. In the
end, the technique selected was chosen
mainly because of its simplicity and
economic use of i.cs. Although, at the time
of its inception, its success in operation
could not be accurately foreseen, it has
subsequently performed satisfactorily.
The author can therefore see no reason to
use an alternative design.

12-bit shift register. Figure 22 is the
detailed circuit of the 12-bit parallel-
in/serial-out shift register used to insert the
Fig. 20. Sample/hold and a-to-d converter.

Only AD571K should be used, since other
variants need different supply voltages.

12-bit data words into the serial data
stream. One and 'a half 8-stage shift
registers, i.c. type 4014, are used, the four
unused parallel inputs of one i.c. being
connected to ground. The twelve parallel
inputs are numbered in the order in which
the bits are serially shifted out. There may
be some virtue in ‘randomizing’ the
sequence of the bits of the 12-bit data
words, rather than entering them in a
logical order. Having used two different
sequences for each of the two halves of the
electronics (one per track of the tape-
recorder), the author found no significant
difference between them in the generation
or concealment of errors. One sequence
used was B1, B4, B7, B10, B2, B5, B8, P1,
B3, B6, B9 and P2. All the circuits of the
input stages are constructed on one board,
together with the sync. register which was
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10
From diff amp - 498y (m.s.b)
output '%-‘———’ l \
=
: | 10- bit digital
5 & output fo
p— | parity
Lo | generator
 H— i | and shift
register
——
|
18 J
- B10ll sb
17 2 M
ov
DR = )
Bs
15V

D1& Dp are 1N4148,
or preferably BAW 62




67

WIRELESS WORLD JANUARY 1982
B1 'r

B3 L ) ]
BS - . )D.,_
B7 S L

+V

e
| —

Fig. 21. 'Odd-bit’ parity generators.

shown in detail in Fig-12.

As mentioned in part |, it is a simple
matter to reduce the number of analogue
channels that may be recorded onto one
track of the tape-recorder, from six to
three, two or one. In the recording stages
this is simply achieved by paralleling the
input channels together and may be done
using plug-in connectors on board 1, or
externally. For three channels, input | is
paralleled with input 4, input 2 with input
5 and input 3 with input 6. For two
channels inputs 1, 3 and 5 are paralleled
together and inputs 2, 4 and 6. For one
channel all six inputs are connected
together. It is also possible to have a
number of channels of different
bandwidths by combining the inputs in a
number of other ways. For example, if
inputs 1, 3 and 5 are connected together a
channel with a bandwidth of 210 Hz is
created. The other three channels may be
used individually with bandwidths of 70
Hz each. Other combinations are possible
and what may, or may not, be achieved can
be determined according to requirements.

Speed control

To complete the detailed description of the
circuitry constructed on the first three
circuit boards,* the final circuit to be
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generator for the tape-deck motor-speed
control. Speed control for the tape drive
motor is achieved by comparing the
frequency produced by the tachogenerator
(which is built into the drive motor) with a
reference frequency in a phase-locked
loop. The principle of operation of the
speed-control system was described in part
1 and details of the circuit will be given
later. The reference frequency generator is
constructed, together with the Miller
encoder, on board 3 and it is this circuitry
that will now be described.

During the recording process, the
reference frequency is derived from the
tape-clock frequency by dividing it by 50
to produce a crystal-stable frequency of
455Hz. During playback, the reference
frequency is derived by comparing this 435
Hz with that of the recovered tape-clock

Fig. 22. 12-bit p.i.s.o0. shift register.

resulting frequency output of the v.c.o. of
the p.l.1. providing the reference
frequency. The reason for using this
particular technique for producing long-
term tape-speed stability was given in Part
1.

Reference frequency generator. Figure
23 shows the circuit diagram. The
production of the reference frequency for
the recording process is straightforward
and consists simply of two counters which
divide the tape-clock by 50. One counter is
an i.c. type 4018 which, together with half
a quad 2-input NAND, divides by 5. The
other is a divide-by-10 counter using an

Fig. 23. Reference-frequency generator for

discussed is that of the reference frequency  divided by 50, in a phase-locked loop, the  speed control.
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1.c. type 4017. On playback, the recovered
tape-clock is similarly divided by 50 using
identical counter i.cs. The two resulting
frequencies are compared using the EX-
OR phase-sensitive detector of a p.L.1. i.c.,
type 4046, the output of which is filtered
and used to control the frequency output
of the v.c.0. contained within the 4046.
Frequency selective components of the
v.c.o. were chosen so that the desired
output frequency of 455 Hz is obtained
when the input voltage to the v.c.0. on pin
9 is half the supply voltage, i.e., 7.5V. The
Sk} variable resistor in series with the
8.2kQ) resistor is adjusted to produce this
desired result. A +5% variation in
frequency is obtained as the input voltage
on pin 9 varies from 0 to +15v. Filter
components between the output of the
p.s.d. and the input to the v.c.o. were
selected by trial and error to produce a
stable phase-locked loop when operating
with the chosen cassette tape-recorder.

It is important to know when the p.l.1.
of the playback reference-frequency
generator is in lock; or more importantly,
when it is out of lock: for this purpose an
in-lock indication is provided. When the
recovered tape-clock frequency divided by
50 is in lock with the tape-clock frequency

divided by 50, it lags it in phase by 90° (+
any wow and flutter content). As a result
of this, the D input to the D-type flip-flop
goes high ahead of a positive transition on
the clock input. Thus, so long as the two
frequencies remain in lock, a logical 1 will
be continually clocked to the Q output of
the D-type flip-flop.

Via an emitter follower circuit, the
logical 1 on the Q output illuminates an
l.e.d., giving the required lock indication.
Should the two frequencies slip out of
lock, alternate [ogic zeros and ones will be
clocked across to the Q output of the D-
type flip-flop and the l.e.d. will flash on
and off. As it is important to know of a loss
of lock, an audible indication is also
provided. The audible device referred to in
Fig. 23 is a piezo-electric type sold by RS
Components and will operate from
voltages of 3 — 16V, with a current
consumption of about 8mA at 12 volts. It
is thus easily powered by outputs of B type.
c.m.o.s logic circuits. When in lock the Q
output of the D-type flip-flop is low and
the audible device is thus silent. When out
of lock the Q output will go alternately
high and low, powering the device to give
an audible indication of the loss of lock.
When the record reference frequency is

selected by the d.p.d.t. switch, the audible
device is automatically silenced by holding
the Q output of the D-type flip-flop
reset high and by connecting its other
terminal to +V.

When, on playback, the recovered tape-
clock is not synchronized to the tape-
clock, it is desirable to inhibit the flow of
data out of the data storage buffers of the
playback digital circuitry. This is achieved
by the monostable circuit, i.c. type 4047,
which is triggered by the Q output of the
D-type flip-flop. Connected in its
retriggerable mode, the monostable is
continually triggered by the pulsing output
of Q when the p.l.1. is out of lock. The ‘set’
output from the monostable is thus
maintained high. This high ‘set’ output is
fed to the playback circuitry (to be
discussed in a later article) where it is used
to inhibit the flow of data. The time-period
of the monostable is set large enough to
maintain the ‘set’ output high whilst the Q
output slowly pulses. Once the p.l.l. is in
lock, Q goes low and so, eventually, does
the ‘set’ output, releasing the flow of
output data.

To be continued

*A set of Veroboard layouts will be made available
when this series is finished.

New Systems and Ser-
vices in Telecommuni-

cations
Ed: G. Cantraine and J. Destine. 375

pp., hardback. North Holland Pub-
lishing Company, 56 US dollars,
Dfl.115.00.

Papers presented at the 1980 international Liege
conference on videotex, data broadcasting and
satellite broadcasting are collected here in book
form. The intention of the conference was to
look at these new types of communication from
the engineering standpoint, so that anyone read-
ing the papers will find opinion, description and
suggestion from the world’s leaders in the field,
free of the unhelpful crystal-gazing that so many
‘experts’ in communications are apt to indulge
in. Papers are printed in the original language
— either French or English. Copies of the book
can be obtained either from bookshops or from
Elsevier Science Publishers, PO Box 211,
1000AE Amsterdam. The Netherlands.

Practical Handbook of
Solid-state
Troubleshooting

by R. C. Genn, Jr. 239 pp., hardback.
Prentice-Hall International, £10.45.

The servicing of most kinds of radio, audio and
general electronic devices, in varying depth and
quality of detail (at one point one is informed
that a voltage can vary from “‘a few millivolts to
quite a few millivolts”). Both analogue and digi-
tal equipment is described from the fault-
finding point of view and there is some informa-
tion on test instruments. The book is implicitly
written for technicians in radio and television
repair shops and, although there are misleading
statements and some drawing errors, it may be
usetul as a guide 1o methods of fault-finding.

Books

Introducing Micropro-

cessors
by 1. R. Sinclair. 121 pp., paperback.
Keith Dickson Publishing Ltd, £4.50.

Among the welter of pretentious little books
which claim to explain the mysteries of

microprocessors and their uses, this is one that
stands out, in that it does go some way towards
fulfilling the promise of its title. By way of a
little gentle instruction in logical processes and a
short description of digital circuits, the author
goes on to explain how microprocessors use
these devices on a large scale. Various types of
memory and register and types of instruction
are considered before attention is paid to load-
ing the memory and some simple program
operations. A final chapter is on the approach to
programming. This book is, as is explicit in its
title, an introduction: as such, it is to be recom-
mended. Keith Dickson are at 17 Hendon
Lane, London N3 IRT.

continued from page 64

were Itahian pirate/private networks. Most
of the signals suffered from severe fading
and co-channel interference. Ernesto and
Salvador are now attempting to improve
reception quality. They have had the at-
tenuation of the sea path evaluated at
about 240dB.

Anselmo Roccaforte (Buenos Aires) is
having some success with DX-tv using a
.14-inch Sony KV-1400 AN receiver and a
JVC v.h.f./u.h.f. CX-610 ME colour mo-
nitor. The latter is multi-sz::ndard in that it
| is PAL/SECAM with so.::1 facilities for
| 5.5MHz, 6.0MHz and 6.5MHz but Ansel-
mo’s receiver is modified to accept PAL-N
transmissions with 4.5MHz sound/vision
spacing. We will be reviewing the JVC
| CX-610 GB version in the near future.

’ Hugh Lloyd-Bennett (Dhahran, Saudi

Arabia) appears to have an ideal DX loca-
| tion being only a mile from the coast with a
i surrounding terrain of desert, hence few
obstructions. Weather conditions in the
Gulf greatly enhance tropospheric propa-

World television standards |

gation and he reports daily television re- |
ception from Doha (Qatar, chs. 9 and 11), |
Abu Dhabi (United Arab Emirates, ch. S)
Dubai (also U.A.E., chs 2, 10, 33 and 41),
Muscat (Sultanate of Oman, ch. 8 in Bur-
aimi), Manama (Bahrain, chs. 4 and SS)
and Kuwait (chs. 8 and 10). Reasonable |
reception has also been achieved from
West Germany (NDR, ch. E4), Ialy
(RAI), Spain (RTVE), Hungary (MTV),
Czechoslovakia (CST), Poland (TVP), Jor-
don (JTV) and even South Africa (SABC/-
SAUK). Reception from the USSR (TSS)
is logged on most days.

Finally, John Combs (Florida, USA)
comments that on the morning of the
Royal Wedding last July he managed to
obtain clear off-screen photographs of the
BBC-1 clock caption. This was due to a
switching error by the Cable News Net-
work in America which distributes news
material to cable television systems via sa-
tellite. This is definitely a case of trans-
Atlantic DX-tv the easy way.
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Low-cost voice-logging for |
people with more important things to do.

The problem: logging telephone and radio messages RELIABILITY
without spending a fortune on equipment or hiring an Availablz ir: 4 or 8 channel versions, and with
expensive technician tooperate it. integral micro-processor controlled automatic

The solution: the new Racal Recorders Autostore. Timesearch capzbility to enable rapid message
SIMPLICITY retrieva!, Autostore is engineered to the very highest
With its automatic cassette-loading and fully standards by the company which pioneered air traffic
automatic changeover from one deck to another contro! recording techniques.
Autostore can—quite literally — be operated by FULL DETAILS
whoever happens to be around. For full details of Autostore send off the

And it provides over 24 hours of unattended coupon today. Lo
continuous recording on eight channels. WoE ]
VERSATILITY AL TSN G G S S Em——— e ”'I
Able to log radio and telephone messages taminterestad in recording my communications L
simuitaneously, Autostore can form part of a new accurately 2nd reliably. Please. 1
system—or fit just as easily into an existing one.

And its uses vary from ambulance, fire, police
and security applications to the recording of
financial transactions, conferences, oil installation
communications and taxi services.

Racal Recorders

Racal Recorders Limited, Hardley Industrial Estate,
Hythe, Southampton, Hampshire S04 6ZH, England. Address e 5
Tel: (0703) 843265 Telex: 47600 Tel.

Racal Recorders Limited, Hardley Industrial Estate,
Hythe, Southampton, Hampshire SO4 6ZH, England.

WW — 043 FOR FURTHER DETAILS

[] send mefull details of Autostore e

[ arrangefora demonstration at my own premises

Position.____ L . —sin

Company.__ > - =

| Name

SR SLL S
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M EMULATOR
EP 4‘00 EPIER(:)GRAMMER

Y Programs 2704/2708/2716(3)/2508/2758
2516/2716/2532/2132

% Emulates same devices with a single keypress
“ 300ns access time in emulation mode

“ Editing facilities — data entry, match, display,
shift, move, clear, define, block program, etc.

% Input/output as standard — RS232 (ASC11-hex),
20mA, printer, cassette & DMA

Y Video output for memory map display

% Expandable with 2764 adaptor & Bipolar Prom
modules

Y Fully buffered cold ZIF socket
Y Price £545 + VAT + £12 delivery

PRODUCTION
P4‘000 PROGRAMMER

 Program 1-8 devices simultaneously
Y Programs same devices as EP4000
Y No personality cards needed

% Simple operation

Y Blank check & verify functions

% Powered down master & copy sockets
% Individual socket LED indicators

% Mode indicators for blank check, program
verify, and socket power down

% Price £545 + VAT + £12 delivery

MODEL 14 £

Y 14 EPROM capacity
W Safety interlocked
Y Convenient tray loading of devices
w UV141 (with timer) £78 + VAT

Y UV140£61.50 + VAT

oo &P Industrial Electronics Ltd.
WE H AVE Unit E, Huxley Close

Newnham Industrial Estate

MOVED Plymouth PL7 4JN

Tel: Plymouth (0752) 332961

WW - 039 FOR FURTHER DETAILS
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High-resolution weather

satellite pictures

Image display, testing and alignment

by M. L. Christieson

n

Concluding these articles describing
the design philosophy for a station
receiving high-resolution weather
pictures from a satellite, the author
discusses methods of displaying
image information received using the
circuits described in previous articles.
The remainder of the article is
devoted to system testing and
alignment and includes designs for a
test transmitter and digital-data
simulator. The author’'s system was
designed using high-resolution
weather picture transmissions from
NOAA-6.

Whatever method of processing and
display is used, it must be capable of
dealing, at least initially, with the incom-
ing data in real tume. Usually this means
that some form of magnetic storage
medium will be required, such as tape or
disk. The following combinations are pos-
sible:

— A digital tape recorder storing raw data
for later handling by a dedicated logic
system.

— A computer programmed to store raw
data on magnetic tape or disk for later
decoding by the same computer.

— A computer operating a real-time data
stripping program and recording only
part of the data on tape or disk in order
to minimize storage requirements.
There are three main display methods

which may be fed from any of the previous

handling options.

— A high-quality photographic facsimile
recorder. ¥

— Ac.r.t. based visual-display unit.

— Direct numerical analysis.

Data processing

The first problem in data processing is the
data rate and the real-time constraints that
it places on the system. There are many
ways of solving this problem, but the ea-
siest is to use a computer. The time avail-
able to deal with each word is 15us so a
mini-computer or mainframe will probably
be required as the average microcomputer
is too slow. The tape or disk drive should
be capable of transferring the data in the
available time which might be, for
example, 2048, 10-bit words in 166.6ms
for a single image channel.

This system uses a PDP-9 mainframe
which was available, and fast enough to do
the job. The magnetic-tape facility (a
‘DECtape’ drive) is however, not so satis-
factory as the maximum data rate is not
obtainable because the transport must be

started and stopped depending on the state
of the data buffer in the main memory.

As an initial experiment only the centre
1024 pixels of one channel are stored and
using four bits from the ten-bit word.
These are packed, four at a time, into 16-
bits for transfer via the 18-bit input-output
bus to the computer.

The two spare bits are used to carry the
data valid and line-sync. signals. A routine
written in assembly language separates one
image channel, selects the required pixels
and repacks them into a 6K (X 18) buffer
in core. This buffer is read out into a
DECtape drive using an interrupt service
routine. The PDP-9 data-channel transfer
facility connected to the tape drives is con-
venient because it means the transfer, once
initiated in the main program, continues
without program intervention. This is vital
where time is at a premium.

One DECtape, which stores 576 blocks
each of 256 words, i.e. 1.4M-bytes, fills up
in 96 seconds so some decision about the
approximate image area must be made
prior to reception. These sacrifices are un-
satisfactory and if a better tape or disk
drive were available would not have to be
made.

It has been found that for simple pic-
tures it is better to ignore the two most
significant bits and take the next four.
This means that all the available dynamic-
storage range is used.

In any system of this type the con-
straints on the software are severe and
some outline of the program may be of
interest. When first loaded by means of the
linking loader, the program requests
which channel is required. On receiving
this information via a v.d.u., it calculates

A scan of the Isle of Wight and surrounding
area received from NOAA 6 using the
system described.

the number of words between the end of
the sync. word (coincident with the line-
sync. bit being high for one input cycle)
and the word containing the first required
image-data pixel (sample 512 in this case).
This number is stored. The appropriate
interrupt skip chain for the tape is set up
and the tape rewound to the beginning.

The availability of a new data word is
indicated by the word clock setting a de-
vice flag high. This is sensed by the com-
puter by means of a flag check loop and the
word is read into the accumulator, reset-
ting the device flag. The word is examined
for the state of the valid bit, and if it is not
set, returns to the flag-check loop. If the
valid bit is set, the program checks for the
line-sync. bit, and again if not set returns
to the flag-check loop. When line sync. is
found the program counts the words that
follow, rejecting them until the line delay
runs out. 1024 words are then read
(packed as 256 X 18-bit words) and one
image separated by counting each block of
five words.

Each time a new 18-bit word is assem-
bled it is stored in a 6K buffer in core
using auto-indexing. The two spare bits
are unused. A constant check is kept on
the state of the buffer input pointer and
when it reaches 3K the tape drive searches
for the first available block and starts to
empty the buffer by means of the data
channel. When 3K words have been trans-
ferred out, an interrupt stops the tape and
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winds it back to clear the overshoot. Be-
cause tape transfers data out faster than it
comes in, by this time the input pointer
has only just reached 6K.

The input pointer is reset to commence
refilling the lower 3K of the buffer while
the tape restarts and reads out the upper
3K. This cycle, where the tape-output
pointer is in constant pursuit of the data-
input pointer but never catching it, will
continue until the tape is full, causing
another interrupt. This stops further data
input. At the end of 1024 pixels read from
each line, the program returns to search
for the sync. in the next line.

A particular problem involved the
length of the interrupt service routine
which effectively blocks input data trans-
fers during its execution. This was solved
by including an input flag and data check
within the interrupt routine, depositing
any input word in a temporary buffer to be
dealt with on return to the program. It was
not possible to use the tape handler within
the PDP-9 operating system because of its
complexity, incurring a heavy penalty in
both memory space and time. A special
handler was written and included as part of
the program.

Display system

The display consists of a colour v.d.u.
connected to a small frame store operating
as a peripheral to the computer. The store
uses static ram and is arranged as 12K by
4. This gives a basic picture of 96 lines,
each of 128 pixels. This was chosen to fit in
with the aspect ratio of the display. Data is
loaded into the store by another program
during which the display is not available.
For display, the store is read out as 630
lines by repeating data, and converted to
three analogue signals which operate the
three colour guns of a standard colour sha-
dow-mask c.r.t. Because the number of
levels is restricted it is possible to have
presets for each level on each gun, the
adjustment of which sets the false colour
enhancement. 630 lines are used to remove
the interlace on the 25 frames-per-second
picture which causes a vertical jitter as
frames are repeated. The frame store can
also be read slowly at four lines per-second
and the result printed in monochrome on a
wet-paper facsimile machine.

10V

One problem surrounds the rather res-
tricted display area which could be in-
creased at reasonable cost using dymamic
r.a.m. But with the present memory size it
is possible to fit into the computer core a
keyboard monitor, a v.d.u. handler, the
operating program and two complete
frames.

One tape of recorded data consists of
576 lines each of 1024 pixels, so only selec-
ted pixels can be displayed at one time.
The present software requests the coordi-
nates of the top left-hand corner of the
required image and the required resolu-
tion; for example, giving the corner as 1:1
and skipping S5 lines and 7 pixels each
time, a low-resolution overview is pro-
duced. This permits the identification of
surface features. After a particular area of
interest is identified, it can be enlarged to
full resolution. This also means that adja-
cent squares in full resolution may be
printed out and joined together as a mo-
saic.

Software image processing

Several improvements may be made to the
quality of each frame using software en-
hancement. It is probable that there will be
a certain number of noise pixels; these may
be cleared by taking each pixel and com-
paring it with the average value of the four
that surround it. If the difference is great,
the pixel can be replaced by the average.
With the correct limits, the improvement
in quality is considerable.

As the digital-to-analogue converter is
preset, the pseudo colour can be wrong,
depending on the illumination, so some
method of adjusting the ‘black level’ by
adding or subtracting a constant is useful.

A third facility is only required if a fac-
simile print out is wanted. To make maxi-
mum use of the very poor dynamic range
on the paper, an image stretching routine
should be used. This expands the lower
light values and avoids dull pictures.

Fig. 16. Circuit diagram of a low-power
transmitter that can be used for antenna
and receiver alignment and testing if a
microwave signal generator is not
available.

Charge

Imax =65maA

Testing and adjustment

Adjustment and troubleshooting in a
system of this complexity are a consider-
able problem, compounded by the fact
that the satellite only passes over oc-
casionally. The best way to tackle the
problem is to set each section up indepen-
dently. This may be done before all the

sections are built. ) )
The easiest way to start is to adjust the

antenna and receiver using an
unmodulated S-band signal source. This
source can be a microwave-signal
generator connected to a small antenna,
but if this equipment is not available a very
low-power transmitter is easy to make. It
can be battery operated and should
produce r.h.c. polarization. By placing
this transmitter some distance from the
antenna and using the signal-level meter,
the whole receiver may be checked out.
Figure 16 shows the circuit diagram of
such a transmitter. The antenna is a 10-
turn helix wound with 16 s.w.g. wire on a
350mm length of 53mm diameter plastic
drainpipe. This is mounted together with a
plane reflector on the front of the
transmitter’s diecast box. The prototype
was powered by 8AA NiCd cells.

To confirm that the correct harmonics
have been selected in both receiver and
transmitter, a narrow-band
communications receiver should be loosely
coupled to the 10.7MHz output. Only the
correct combination of harmonics will
result in a signal at 10.7MHz. When the
whole receiver chain has been adjusted,
the i.f. should be examined with a SOMHz
oscilloscope to check for parasitics. A
further check should be made by loosely
coupling a v.h.f. signal generator to the
137MHz input and measuring the
bandwidth. The 3dB bandwidth should be
about 3MHz.

A general sensitivity test may be made
by pointing the receiver antenna at the
sun, when at least 1dB of sun noise should
be observed*. It is difficult to specify an
exact level value here because of variations
in $olar flux.

Direct observation of the satellite may
now be made. A communications receiver
should again be used to listen for the

*The gain of the receiving antenna used with the proto-
type system was 22dB.
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residual carrier, which is recognizable by a
large doppler shift. A peak signal-to-noise
ratio of about 8.5dB should be attained as
measured on the signal-level meter.

The next step is adjustment of the p.L.1.
in the demodulator. This should be done
with a v.h.f. signal generator at 137MHz,
coupled so that only a very weak signal is
observed together with a large amount of
noise. The v.c.o0. should be tuned to lock
onto the signal for about 100kHz around
10.7MHz as observed on the
communications receiver. An oscilloscope
attached to the v.c.o. control line will show
whether or not the loop is locked. It should
be possible to lock the loop over a small
range with almost inaudible signal levels.
A test with the satellite should now reveal
recognisable data at the output of the post-
detection filter.

Adjustment of the remaining circuits
requires a continuous source of phase-
modulated s.p.l. data. As the satellite does
not provide this, a satellite simulator must
be used. The signal is most easily injected
at 10.7MHz and should consist of random
data with the sync. sequence inserted at
the correct rate. The most straightforward
means of generating the sync. sequence
makes use of the fact that the sync. pattern

Fig. 17. This circuit is used to simulate the
data content of the satellite transmission to
aid testing and setting up of the system.

is part of a maximum length pseudo-
random sequence generated by a shift
register with some of its outputs fed back.
It is, in fact, the first 60 bits of a 63-bit
generator started in ‘all-ones’ state. The
polynomial for the sequence is

S+ +xt+x+1
Analysis of these sequences is rather
involved but nethertheless well
documented!*. The correct sequence is
generated by a six-bit shift register with
outputs 0,3,4 and 5 fed back. Figure 17
shows the complete circuit of the
simulator.

Two crystal oscillators are used to
produce the bit rate and carrier signals. A
six-bit presettable shift register, clocked at
the bit rate, generates the data stream. If
the cycle starts with the sync. enable high,
the register generates the sync.-sequence
because all the required outputs are fed
back. As the last bit of the sequence is
sent, the 8-input NAND gate resets a flip-
flop and counter. This makes the sync.-
enable line go low, disabling two of the
feedback outputs.

A different repetitive sequence
representing picture data is now generated
by the register. The counter counts the
number of bits between the end of one
sync. sequence and the beginning of the
next. When the count runs out, the flip-
flop is set and the shift-register is loaded
with the pattern to start the sync.
sequence. Now the sync.-enable line is
high again, the sync. sequence is restarted
and the cycle repeats.

If the mode switch is in position 1, the
sync. sequence is sent continuously. This
is used for examining the performance of
the bit conditioner with an oscilloscope,
when a recognizable short sequence is
useful. The sync.-trigger 0.. gives a short
pulse at the end of each sync. sequence to
trigger the oscilloscope.

Position 3 of the switch sends sync. and
all ones for error checking. The n.r.z.
data, which can be monitored for
correlation with the recovered output, is
also available. After conversion to s.p.l.,
the n.r.z. signal phase modulates the
10.7MHz carrier. The phase modulator is
rather crude but appears to suffice.

Use of this simulator enables the entire
data recovery chain including clock

Continued on page 78




Cardboard clock

An outrageous project with educational uses

by Michael McLoughlin Haberdashers’ Aske’s School, Elstree

WIRELESS WORLD JANUARY 1982

This clock keeps time to a few
seconds a day and can be readily
constructed with home tools. It can
be made by one individual, or will
serve as a holiday project for a small
group. It illustrates much of electricity
and mechanics, and has been found of
interest at a variety of educational
levels. The clock runs for about a year
on an HP2 battery and has all the
fascination of a little engine. The
larger moving parts are cut from
cardboard and this gives the device a
slightly outrageous character,
guaranteeing interest from anyone
who sees it working.

To maximize fascination the working of
the clock should be very visible, and this
suggests the use of a pendulum. The latter
carries a magnet, which receives drive
from a stationary coil. Thus the gear train
transmits no power, and the wheels only
need to turn each other to record the time.
This is such a light duty that the wheels
can be cut from cardboard. To help
overcome errors in construction these
wheels are large, and many adjustments
can be made to the clock after assembly.
Fig. 1 is a drawing of the general arrange-
ment.

Magnetic drive to the pendulum is quite
an old idea, with the pendulum operating a
mechanical switch to control the coil.
When transistors became available a
simpler system was devised, whereby the
pulse induced by the magnet as it passes
the coil is itself used to switch a short
power pulse. An early system had two
magnets on a balance wheel, with a station-
ary coil for each. One coil picked up a
signal pulse, which was amplified and then
fed to the other coil as a power pulse, and
each winding had perhaps a thousand
turns. More recently the two coils have
been placed together and operated by a
single magnet assembly, as in the widely
used German movement shown in Fig. 2.
By comparing coil resistance with coil
volume in that movement, it may be esti-
mated that the two coils contain together
some 4,500 turns.

Such a figure completely excludes ama-
teur construction. The difficulty was
tackled head on by combining the two coils
into a single coil of 100 turns, although this
only yields some 20mV as the magnet
passes over it. So the sensitive trigger cir-
cuit of Fig. 3 was developed to fire on this
small pulse. The increased sensitivity
found in that circuit is largely due to the
relatively low value of the 10 k() resistor.
This ensures that the first transistor is not
saturated in the stable state of the circuit,
and thus it is able to amplify even small
input signals.

We leave further explanation of this cir-
cuit to the reader, and offer now some
constructional suggestions. The reader
who wishes primarily to evaluate the ideas
involved is invited to proceed at once to
the heading “Practical Points”.

The construction will be described in its
simplest form, leaving the reader to make
such adaptations as he wishes. Caution is
advised, however, in making changes on
the mechanical side, as these tend to have
knock-on effects.

The basehoard

The materials listed in Table 1 should first
be assembled. To make the baseboard, cut
out a rectangle of centimetric graph paper
23 X 13 cm, and copy on to it the points on
Fig. 4. (Alternatively, use a tracing of
Fig. 4 itself.) Stick the graph paper on to
the chipboard base. The 10 mm cube
blocks are feet for the baseboard: stick one
under the front edge at the centre and one
at each end under the rear edge. Then
make, drill and bend the aluminium
brackets shown in Fig. 4. Finally, drill the
board as there suggested.

To mount components use 6 BA screws
of about 13 mm thread length, inserting
them from under the board. But do not
wrap component leads round the screws.
Instead, fix as suggested in the next
paragraph.

To fix a lead, first load the relevant
screw with a 4 BA washer. Then pass the
lead close to the screw and tighten, so that
the lead is trapped between washer and
baseboard.

Two components can readily be trapped
in this manner under a single washer, pro-
vided that their leads pass on opposite
sides of the screw. On the two occasions
where a second nut is recommended, the
lead may be fixed by bending it. Where
two washers are suggested, this is to deal
with several connections, or to protect the
thin coil winding wire.

Two BC108 transistors (or similar) are
fitted into the Smm diameter holes from
beneath. But first bend the leads on each
transistor radially outwards from the
centre of its underside, taking care not to
short to the can. Trap both emitter leads at
€}, €2, and the remaining leads will point to
their correct fixtures. Before fixing the 1
k() potentiometer, bend outwards at right
angles the thin extremities of its three legs.

Acquire if possible two of the small T-
style caps that close containers of detergent
or washing-up liquid, as shown in Fig. 1.
If the vertical height is excessive, shave
small pieces off the base very carefully, to
arrive at the dimensions shown. The 4mm
dimension is the critical one, as it affects
pendulum length. These T pieces are the

coil formers, and after drilling should be
fitted (T upright) as shown under wash-
ers. The 100 turn coil can now be wound
tightly anticlockwise as shown, using wire
of diameter about Yamm (33 s.w.g.).

Pendulum post

This is prepared from softwood as in Fig.
1. The sawcut which defines the bottom of
this post must be made with maximum
care. The bottom face must be at right
angles to the length of the post, and must
tilt neither front-to-back nor left-to-right.
Now cut from one of the lengths of stud-
ding sections of 70mm, 80mm, 90mm,
using pliers or junior hacksaw. Clean the
ends so that nuts will run on and off, by
filing briskly at right angles to the rod.
This task is made easier if a nut is already
on each section when it is cut off. Bolt the
80mm length into the top of the pendulum
post to give the pendulum bearing. The
pendulum rolls on this rod, abolishing
bearing friction.

Then screw two nuts against each other
on the free forward end of this rod.
Finally, screw the completed post to the
baseboard as in Fig. 4. The only critical
dimension in Fig. 1 is marked 284mm, and
it affects pendulum length.

The pendulum

Form the bracket No. 2 (Fig. 1) from 16
s.w.g. copper wire or similar. A regular
half circle loop may be obtained by bend-
ing with the fingers round a 7mm diameter
screwdriver, for example. When a right
angle bend is required, grip the wire in
pliers so that the desired point of bending
lies 2mm clear. Then push the wire round
firmly with the fingers against the side of

-the pliers. The third loop is formed round

pliers to embrace 6 BA rod. The first at-
tempt at this bracket can be treated as a
training run and discarded. The second
attempt will be almost perfect!

The pendulum can now be assembled
from Fig. 1. The largest faces of the fer-
rites will be the magnetically active sur-
faces, and the North seeking face can read-
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Fig. 1. Essential mechanism of the cardboard clock, showing parts of the three wheels and the axle support system. The
pendulum has a period of 1Hz and so it cranks the seconds wheel directly. The offset spike at the centre of the seconds wheel
drives the minutes wheel. Wire brackets are also shown. For the coil formers, if T-style caps from detergent containers are not
available, use two pieces of material 3-dmm thick as shown.
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ily be identified by hanging a ferrite from
thread. Fine adjustment of timekeeping is
made by varying the position of the small
weight indicated. It should be trapped on
the rod between nuts and washers, and set
initially some 40mm clear of the coin
stack. All the coins can be recovered un-
damaged at any time by shearing the stack
in a vice, to break the bonds of the glue.

Adjust the position of the upper bracket
on the rod so that the semicircles made in
it roll on the pendulum bearing, while the
magnets at the bottom clear the coil by
Imm. This task is slightly easier if the
washer below the bracket is of the non-slip
variety. Install the battery, adjust the pot
to about mid range, and set the bob swing-
ing with a travel of 50mm or so. It should
continue to swing indefinitely, with the
amplitude adjustable on the pot. This suc-
cess will encourage completion of the
count wheel system.

Seconds wheel

Bend the bracket No. 4 as shown in Fig. 1.
The V bends as indicated must be tight,
and just over a right angle. For these V
bearings, the important point is to provide
a gap beneath the 6 BA rod. Even the
smallest gap is perfectly satisfactory. This
feature removes any tendency for a wheel
to roll back after being moved. The same
care must also be used in constructing the
V bearings on the later brackets.

Using an 18mm No. 6 woodscrew with a
washer under the head, clamp the bracket

300N

-5V ‘.‘F

Si. n-p-n

300N

to the pendulum post at the hole in Fig. 1.
‘The woodscrew should pass through the
loop of the bracket, half way along the
25mm part of it.

To cut the teeth on the wheel it is worth
preparing a 6° template. Draw a circle of
60mm radius on a sheet of paper, using a
sharp pencil. Prick accurately through the
centre. Draw any one diameter of this
circle. Using a protractor draw the other
diameters that make angles of 6°, 12°, 18°
with the first, and so on at 6° intervals.
When drawing these diameters it is more
accurate not to rely on the centre.

Now the se¢onds wheel can be made.
Take the back of a school exercise book or
other similar card, and check that when
cut with scissors a clean edge is left, free
from granulation. Draw on the card a cir-
cle of 48mm radius. Mark the centre with a
cross of arms 10mm, and prick through.
With the same centre draw a circle of
50mm radius, and carefully cut it out.

o Fig. 2. Circuit of Kienzle clock movement.

Five times a second a semi-sinusoidal
induced voltage of 500mV peak tends to
raise the upper ends of both coils. Then a
current pulse of 3mA lasting 10ms does
work against the induced voltage in the
upper coil. Thus each pulse transmits some
15uJ of energy to the movement. Tuning
fork oscillators are powered in a rather
similar way.

2k2 100 turns

4N
— —

100u

Tk 15V ':‘r_
¢ q-;wou
L
BC108

Fig. 3. The “millivolt monostable”. The
single coil is connected to this very
sensitive form of the monostable circuit.
When the hot end of the coil produces a
5mV negative trigger, a 100ms current
pulse of about 3mA is provided.

Fig. 4. Full size plan of baseboard. But note
the broken baseline: total length is 230mm.
Do not driil the baseboard until

the upper bracket is fixed. Prepare the
lower bracket and position it with the aid of
the battery. Then mark hole positions on
the baseboard, and drill.
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2 aluminium pieces 38 x 19 of 16 s.w.g.

Softwood 330 x 50 x 25

2 detergent container caps T-style
12 coins 2p

ELECTRICAL PARTS

1 foot connecting wire, say 24 s.w.g.

1 HP2 battery

Table 1: parts for the clock
MECHANICAL MATERIALS {dimensions in mm)

2 No. 10 screws 38 mm; 4 No. 6 screws 19mm
Chipboard 230 x 130 x 6, with centimetric graph paper to cover

3 wood blocks 10 mm cube; 2 wood blocks 20 X 10 x 10

2 off 300 mm length 6 BA studding (threaded rod) from model/tool/hardware shop
15 screws 6 BA of 13 mm thread length or so, with 37 nuts

39 washers 4 BA {not 6 BA), ideally with one non-slip

Cover from one school! exercise book, or similar card

2 ferrite magnets 25.0 X 7.7 x 6 or so (Magnet Applications Ltd, 323 City Rd EC1V have
waived their small order charge in favour of WW readers, and for 24p in stamps will
supply both ferrites, if a 26p s.a.e. is also enclosed.)

1% metre 16 s.w.g. bare/tinned copper wire
{or strip 1 metre 13A cable, and use the thicker wire)
12'% metres enamelled copper wire about Yamm diameter = 33s.w.g.
1 horizontal p.c.b. preset 1k {larger size: 20 mm diameter)
2 resistors 4700, one 2.2k and one 10k, all 2W
2 capacitors p.c.b. type 100 uF (notto be varied!)

Place this disc centrally over the template,
and mark off two points 180° apart. Then
make the intermediary marks. Using the
inner circle as a guide, make by eye 2mm
radial cuts inwards from the points just
marked on the circumference. Choose
which side is to be the front of the wheel,
and complete the teeth with slanting cuts,
as shown in Fig. 1, top diagram. Do not
use a mirror image, but follow the slants as
shown. Keep the slant angle constant, and
this will compensate for errors in the radial
cut. The precise length and direction of
these cuts is not too critical, but the radial
cuts must start at the correct point.

Number the teeth in the direction
shown, using a felt-tip pen. Teeth 25-34
are illustrated. To control warp, cut a
second disc of half the radius, and glue it
to the back of the first. Form the spike,
using the thin connecting wire. Now trap
the seconds wheels between washers at the
front end of the 70mm length of studding.
Then slip on an extra washer to trap the
spike. This must point out ahead of the
wheel, parallel to its axle, but 4mm off
centre in the direction of tooth 15. This
spike will then provide the correct drive
for the minute wheel.

Place the completed seconds wheel in its
bearing. Make the claw No. 1 in Fig. 1,
but again using the finer connecting wire.
The 40mm tail is an adjustable coun-
terweight, which varies the pressure
exerted by this claw on the seconds wheel.
The diameter of the curves of the claw
should be 4mm or more, to ensure that
rolling takes place on 2. Hang the claw
there, and loosen the screw holding
bracket No. 4. This bracket can now be
moved horizontally, to allow the claw to
hang vertical, touching the wheel at about
the level of its axle. The pendulum should
now drive the seconds wheel. If at any time
this wheel starts to squeak, place a little
lard on the front bearing.

Minute and hour wheels

Make the minute wheel bearing 6 in Fig.
1, constructing the V bends once more as
explained above. Clamp the bearing to the
pendulum post as shown. Now draw on

T +50mV

-100 TIME {ms)

L

Fig. 5. Trace of the potential of the hotend
of the coil in Fig. 3 as the magnet passes in
either direction. Triggering occurs when
the induced volts reach some 5mV
negative. The negative pulse should occur
as the magnet is leaving the coil, so that a
long pulse has no ill effects.

card s circle of 50mm radius, and mark the
centre with a cross. Prick it through. Draw
a concentric circle of 55mm radius, and cut
it out carefully. Mark the periphery from
the template as before, and make Smm
radial cuts as in Fig. 1, middle diagram.
Choose which side is to be the front, and
complete the teeth and numbering as
shown, noting that slanting cuts and
numbers now proceed in the other direc-
tion. Back the new wheel with a 25mm
radius disc, and mount it at the front end
of the 90mm length of studding. Make the
spike shown and trap it behind an extra
washer, but this time at the rear of the
wheel below tooth 07. This spike will then
drive the hour wheel correctly. Now
mount the minute wheel in its bearing, and
terminate the axle at the rear with two nuts
screwed together, so that the axle has little
freedom of movement backwards and for-

‘wards. Ultimately both other axles may be

so terminated.

Imagine the seconds wheel axle to ex-
tend forward indefinitely. Now adjust ho-
rizontally the bearing of the minute wheel,
so that its teeth would just scrape the ex-
tended axle. As the seconds wheel rotates,
its spike will now mesh with the minute

wheel teeth, but it should only penetrate
some two thirds of the available distance.
Also when the seconds spike leaves the
minute wheel it should next enter it near
the centre of the next tooth. If the spike
does not meet these two requirements, its
radius can be adjusted.

Make the hour wheel bearing 5 in Fig. 1
without bends, and fix at the hole 2 on the!
post. Draw on card a 30mm radius circle,
marking the cross at the centre and prick-
ing through. Draw a concentric circle of
45mm radius, and cut it out. Mark the
perimeter from the template, but only
every 30°. Make 15mm radial cuts and
choose the front. The slanting cuts are
large, and they and the numbering follow
the direction of the seconds wheel.
Number the teeth I-XII. Mount the wheel
at the front end of the 65mm or so length
of studding remaining. Adjust the position
of the bearing so that the hour wheel is
correctly driven. This will include making
two bends to bring the wheel forward
somewhat. When the hour wheel is cor-
rectly driven each operation by the minute
wheel leaves a radial side of an hour tooth
vertical.

Finally the bracket 3 is constructed, and
fixed at a hole on the post. Before making
the bends shown at the top of 3 compare
with the actual clock, to ensure that 3 will
do its job. On its 40mm and 50mm sec-
tions it has to carry a card which can slide
horizontally. One card indicates which
tooth of the minute wheel is to be read,
and the other does the same thing for the
hour wheel. The time can be read more
easily if these cards hang just behind the
wheels, and extend just below them.

Practical points

A warning: the pendulum bearing can ab-
sorb some energy if the semicircles on No.
2 do not line up with the threads at the
point of contact. If the pendulum bob des-
cribes a curved path that takes it out of the
vertical plane, this is because the semicir-
cles just mentioned differ markedly in
radius. If a tooth is ruined while construct-
ing any wheel, another can be stuck be-
hind it. But keep glue off the active surface
of the new tooth. If this addition unba-
lances the wheel, it may be brought back
into balance again by glueing a lcm square
piece of card on the back in an appropriate
position. If desired the wheels may be

tested for balance by tapping the base-

board, and then corrected as above.

Lowering the adjusting weight by one
turn of its fixing nuts slows the clock by
about ten seconds a day, and conversely.
Thus good timekeeping may rapidly be
achieved. The clock malfunctions in
strong draughts or vibration, but the time
shown can be readily adjusted. Seconds
should be read where the claw touches the
seconds wheel. Enthusiasts may add a
moon wheel, which will keep quite good
time if two spikes on the hour wheel
address a 59 tooth moon wheel.

Two patents arc held on the clock, but
that only stops it being made if some sort
of financial gain accrues, and indeed full
constructional details have been given
here. A kit might be preferred, but no
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large manufacturer has been found to
produce one. However Webbonware, 398
Hatfield Rd, St Albans, Herts, will supply
a complete and engineered kit (less bat-
tery) for £17, which includes postage and
packing. The teeth on the wheels are
marked for cutting out, and all drilling is

done. Baseboard and backboard are
elegantly shaped in hard wood, but to look
their best they need some finishing. Strip-
board is provided to connect the electrical
parts, which are then concealed. In this
form the clock becomes a permanent piece
of furniture.

Energy balance

A pendulum is a device which lends itself
to measurement. By observing the decay in
oscillation when there is no drive, it is
possible to study the energy absorption of
the various parts. When the amplitude is at
its maximum permissible value the claw is
almost drawing forward two teeth at a time
on the seconds wheel. At this amplitude
some 5 u] of energy are absorbed per cycle
in overcoming the air resistance met by the
bob, while a further 3uJ is needed to
handle friction at the axle of the seconds
wheel. But the amplitude also has a
minimum permissible value of about half
the above, when the claw only just suc-
ceeds in moving one tooth of the seconds
wheel. Here the friction requirement
remains unaltered, but the air resistance
element falls as the 2.5th power of the
amplitude, and so reduces to about 1 pJ.
Thus the air resistance of the bob pro-
vides an energetic buffer against amplitude
variation, and it must not be reduced. If
the pot is adjusted for maximum permissi-
ble amplitude when the battery is new and

The completed
cardboard clock,
which runs for about
ayearonan HP2
battery.

delivering 1.6V, it will be found that when
the battery is old and delivering only 1.1V
there is still more than sufficient amplitude
to drive the clock. With this endpoint
voltage the battery specified yields nearly
10A h, and so at about 1mA consumption
the clock should run for over a year.

Electrical measurements complement
these mechanical observations. Arrange
for the pendulum to swing with amplitude
near the maximum permissible, while
driving the seconds wheel as usual. Moni-
tor meanwhile the voltage across the coil
on an oscilloscope. As shown in Fig. §
something like a single sine wave cycle is
mnduced as the magnet passes over the coil,
with amplitude some 25mV. Superim-
posed on this is a clearly distinguishable
16mV power pulse which switches rapidly
and lasts 100ms. The coil is 40 so the
power current was 4mA, flowing for
100ms against an induced e.m.f. of average
value some 12mV meanwhile. All this hap-
pens twice in the pendulum cycle, and
multiplication shows that during that time
some 10u] of kinetic energy are trans-
ferred to the pendulum. This is very close
to the 8u]J suggested above from mechani-
cal studies.

As with the electric motor, energy is
transferred when current flows against
back e.m.f. But the battery has to
overcome not only the 12mV just
mentioned, but also the 1500mV found at
the pot. So the circuit is less than 1%
efficient, compared with the 30% that may
be deduced from Fig. 2 for the Kienzle
movement. This is the price paid for a
simple coil and magnetic circuit.
Nevertheless, the battery lasts a year, and
this might be regarded as sufficient.

Weather-satellite images

Continued from page 73
regenerator, demodulator and sync.
detector, to be adjusted. The input level
should be progressively reduced and each
part ‘retweaked’. The whole system should
be adjusted by monitoring the
noncoincidence pulses at the error monitor
point in the bit conditioner. Final
adjustment is a significant problem and
can only be achieved after much trial and
error.

Results and conclusion

A number of images have been recorded
using this system and the ground
resolution obtained is close to that
specified in the spacecraft parameters list
of 1.1km. It is likely that many
improvements could be made by other
experimenters but it is the intention that
this article should be a basis for further
work rather than a complete discription of
a finished project.

Although the system was designed for
h.r.p.t., faciliies for Meteosat p.d.u.s.
will be added since the Meteosat system is
fully operational again: the basic
philosophy is similar. Further design
information about both systems is readily
obtainable!®!7,

Many people offered advice and help
during the development of the equipment.
I would particularly like to thank all my
colleagues at Feedback Instruments
Limited, Miss C. Thoburn (Royal
Greenwich Observatory, Herstmonceaux)
and Mr W. S. Steer (Imperial College,
London) without whose encouragement
the project might never have been
completed.
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The NEC semiconductors mentioned in the
article can be obtained through California
Eastern Laboratories, 2 Clarence Rd,
Windsor SL4 5AD (telephone Windsor
56891) and the address of the p.t.f.e. board
manufacturers is 3M (UK) Ltd, PO Box 38,
Yeoman House, 57-63 Croydon Rd, Penge,
London SE20.

The chip capacitors mentioned in the first
article have a value of 100pF and not 1nF as
shown in Fig. 1. The manufacturer’s type
number given is correct.

The circuit shown in Fig. 15 of last month’s
article needs a slight modification. A series
capacitor of 100pF is required in the g sync
line to the 4017IC reset input. The capacitor
is followed by a 10k-ohm resistor to ground
so that the R and C form a high-pass filter.
Without these components some resetting
problems may occur.
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The UK government is to provide £77 million of
the £230m cost of developing and building a
large European Space Agency satellite for tele-
communications and broadcasting. This is the
L-Sat, which has been under discussion for a
good many years (see, for example, November
1980 issue, p.65). The other major partner in
the consortium for building it is Italy, and parti-
cipants include Canada, Netherlands, Switzer-
land, Austria, Belgium, Spain and Denmark.
Originally France and Germany were 10 have
been major partners in the project, but in 1979
they withdrew and started a collaboration to
build their own satellites (one for each country).

L-Sat, for which British Aerospace is the
prime contractor, will be a new design of geosta-
tionary satellite platform, suitable for carrying a

Britain backs L-Sat

wide range of payloads. Two of these will be
12GHz transponders for pre-operational use in
satellite broadcasting, and their aerial beams
will be steerable to cover any European country.
Other transponders will allow trials on business
communication systems, with uplinks in the 14-
14.5GHz band and downlinks in the 12-
12.75GHz band. The first flight, planned for
1986, will provide demonstrations and experi-
ments in advanced digital communications and
direct television broadcasting.

The spacecraft will be placed at 19° West in
its geastationary orbit and will carry fuel for five
years of operations. Designed to be launched
cither by the Ariane rocket or the US Space
Shuttle, it has been matched to the predicted
satellite market up to the end of the century.

British Aerospace estimate the total market to
include at least 120 large satellites. The L-Sat
contract is worth about £150m to them.

Marconi Space and Defence Systems will pro-

vide the business communications payload,
which will be the first in the world to use on-
board switching between multiple-spot aerial
beams — a technique that increases the commu-
nications capacity obtainable for a given size of
satellite and a given frequency allocation. This
technique is expected to be used in most future
communications systems.
@ British Aerospace are also prime contractors
for the series of European Communications Sa-
tellites, ECS (for which the first launch is due in
1982) and for the Maritime Communications
Satellites, MARECS (first launch due soon).

Horn loudspeaker
design

In 1974 you published Dinsdale’s three-part
article! on horn speaker enclosures for domestic
use with numerous theoretical aspects outlined.
These include the beautiful ideas of Voigt who
showed that a tractrix profile for a round horn
would allow a wave front always perpendicular
to the horn edges to travel up the horn, meeting
the condition of travel with constant velocity for
every part of the wave. The wave front is
spherical with a constant radius equal to the
length of the straight line which generates the
tractrix. At the mouth the direction of the horn
profile is perpendicular to the axis and the wave
front stands on it, a perfect hemisphere, before
setting off to meet some diffraction problems as
its introduction to the big world outside.
Whether it has the same intensity all over the
hemisphere, I wish I knew.

1n later correspondence one reader mentioned
the failure of the familiar flattened tweeter horn
to spread out the treble as widely as was hoped
(in a design independent of Dinsdale).
Dinsdale’s Fig. 13 shows clearly how for a treble
horn he elongates the horizontal cross-section
and compresses the vertical cross-section, using
an exponential horn, I think, though there is
something worrying about the way his profiles
in Fig. 13 both fall initially inside the circular-
horn profile they derive from. But a proper
consideration for the spherical wave emerging
tangential to the end of the horizontal profile
would apparently entail enclosing it all round at
this stage in its journey, by bringing the top and
bottom out in a curve for some Sin extratoa
horn 5in long! Small tweeter horns are
becoming almost a logo on transistor radios but
in so far as they are generally flat-fronted and
elongated sideways they presumably all suffer
from this fault.

Further, my reference to diffraction problems
was triggered by coming across a design fora
narrow horn expanding between vertical planes
to become elongated vertically — which spread
the treble sideways by diffraction. All this tends
to show why a pair of tweeters tilted left and
right is sometimes used without horn loading,
while others find it necessary to subdivide the
horn longitudinally so their partitions can curve
outwards and take the sound with them to get
wide dispersion. Dinsdale’s horn works into a
baffle (hemisphere loading) but I suspect
anyone using a flat-fronted horn withouta baffle

is going to get disappointing results as their
spherical wave will be in poor condition when
its edges reach the lateral limits of the horn. In
practice wavefronts are pretty thick compared
with horn size if they fall within the passband,
but it is useful to compare them to a rather
durable soap film being blown towards the
mouth, which can be imagined standing neatly
at the outline of a laterally elongated tweeter
horn with a bowed front.

Bernard Jones

London W1
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Concepts in
physics

I have mixed feeling about J. L. Linsley Hood’s
letter in the November 1981 issue discussing the
prevalent censorship of any ideas which have
tended to cast doubt on the validity of orthodox
theories.

The self-appointed guardians of the faith,
who have arrogated to themselves the right to
stop me from publishing in any learned journal
in Britain and the USA by means of the
refereeing system, are today an extremely
ignorant, arrogant bunch in the fields of
relativity and electromagnetic theory. On the
other hand, the fact that one is a dissident does
not necessarily mean that one is competent, and
unfortunately one at least of the suppressed
dissidents has failed completely to understand
his subject. I only wish the lines were more
clearly drawn beteeen the goodies and the
baddies.
lvor Catt
St Albans
Herts

Selective calling
onc.b.

I note that condition 6 printed on my Citizens’
Band licence application form permits the use of
selective calling and transmitter identification
signals. In view of the enormous benefits which
would derive from standardisation now, may I
offer the following suggestions.

1. Each station to be identified by a ten-digit
number made up of the eight digits of the
licence number and two digits selected by the

licensee differently for each transceiver owned.
2. The selective calling signal to consist of the
called station identity, calling station identity, a
channel number and an error detection code.
The called station identity would either be input
on a calculator type keyboard on the unit or
called up from a store of frequently used
numbers.

3. The called station to display or change
automatically to the channel number in the
received signal, thus enabling selective calling
signals to be segregated from voice signals on
different channels if required.

4. The called station to display the calling
station identity and give an audible and/or visual
indication to attract the operator’s attention.

5. The called station to reply by sending its
identity, and positive confirmation that this has
been received to be given to the operator of the
calling station.

The use of some form of tone coding would
be desirable as this would allow add-on selective
calling units to be plugged in to the microphone
and loudspeaker sockets of existing
transceivers. For example two tones could be
used, 2.4kHz marking and 1.2kHz spacing, and
the data transmitted as a bit stream after a short
burst of marking tone. A data rate of about 50
bits per second possibly would be appropriate in
this case. The two station identities sent as 34-
bit binary numbers, the channel number as six
bits and about another six bits of error detection
code would give a total of eighty bits and a
transmission time of 1.6 seconds with the rates
and frequencies given above. It should be noted
that these frequencies are intelligent guesses
only, chosen for convenience of derivation from
a standard 2.4576 MHz microprocessor crystal,
as before 2nd November 1981 I could perform
no actual tests.

R. Billing
Farnborough
Hants

Direct digital frequency
synthesizer

Dr J. H. J. Dawson, author of “Direct digital
frequency synthesizer” in the December 1981
issue, asks us to print the following acknowledg-
ement, which was not included in the published
article: “Thanks to André Noest, for many
helpful discussions during the design of the
synthesizer, and to Professor Nibbering,
Laboratory for Organic Chemistry at the
University of Amsterdam, and the Netherlands
Organisation for Pure Research for commis-
sioning and financing the project”.
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Hard-disc for HP's

A new company specializing in
hardware and software for Hewlett-
Packard systems, Protek, have
made available in the UK a 5M-
byte hard-disc drive for Series 80,
9825, 9826, 9845, 250 and 125
desktop computers. The MSC9800,
from the Microcomputer Systems
Corp., is fully compatible with the
aforementioned computers, even
down to the paintwork, and incor-
porates a 5 1/4in Seagate Tech-
nology Winchester drive. A single-
board controller is used. The
controller provides 22-bit error de-
tection, |1-bit error correction, a
256-bit data buffer, single-com-
mand disc initialization and a
switch selectable bus address. The
unit measures 159 by 254 by
305mm. Protek Electronics, 115
Alderney Street, London SW1V
4HE.

wWw301

Dot-matrix
printers

Additions to Centronics’ range of
matrix printers for microcomputer
users have been made. First is the
132-column model 152 with a print
speed of 150chars/s. This is a bi-
directional printer with a variable-
width tractor feeder for both fan-
fold and single-sheet paper and pro-
duces from 5 to 16.4 characters per
inch in both expanded and com-
pressed modes. Self-test is incorpo-
rated. The model 150 is an 80-co-
lumn version of the 152 but with a
removable tractor. Lastly, an im-
proved version of the existing 737
printer, the 739, has been pro-
duced. Among the improvements
are increased speed (100 chars/s),
full pin-addressable graphics, a
‘top-of-the-form’ (i.e. printer auto-
matically runs to top of next page)
capability and self-test. A cover,
claimed to reduce noise to 60dBA,
is standard on this model. Approxi-

mate prices are, under £700
(starting price) for the 152, under
£500 for the 150 and around £500
for the 739. RS232 or Centronics-
parallel interfaces are available for
all models and the 739 also has a
20mA-loop option. Centronics
Data Computer, Petersham
House, Harrington Rd, London
SW7.

WWwW302

Power op-amps

High-voltage power op-amps from
Apex Microtechnology are available
through Pascall. The PA83A has
the highest output-voltage swing of
this range of hybrid-TO3 devices at
+145V max. Its minimum output
current and slew ratings are 75mA
peak and 30V/us respectively. At

PaOy
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present, the device with the highest
current output is the PAQO7A, rated
at SA minimum (peak). Maximum
output-voltage swing and slew rat-
ings of the 07A are +47V and
4.5V/us respectively. Both the 83A
and 07A have a t?rpical d.c. input
impedance of 10''Q) and the slew
rates given here are for maximum
load. There are 11 devices in the
present range and another four
planned, one of which will deliver a
minimum peak-output current of
15A. Pascall Electronics Ltd,
Hawke House, Green Street,

. Sunbury-on-Thames, Middx

TW16 6RA.
WWw303

C.v. transmission
controller

A reduction in fuel consumption of
between 10 and 15% is claimed for
the Tecton Motronics digital con-
tinuously-variable transmission
controller. The system, designed to
operate with any c.v.t./engine com-
bination, is programmed to moni-
tor load speed, load torque, engine
speed and load-speed demand and
adjust the throttle and transmission
accordingly. The best possible
overall efficiency under any load
conditions and at the demanded
load speed is claimed. Tecton Mo-
tronics Ltd, 12 St George's Rd,
Leamington Spa, Warwickshire
CV313AY.

wWWw304

Plastic screws

Nylon screws with metal cores are
manufactured by Plastic Screws
Ltd. These screws are claimed to
combine the advantages of their all-
plastic equivalents with much in-
creased mechanical strength. The
heads, forming part of the metal
core, can be round, countersunk,

fillister or round-with-washer
types. Plastic Screws Ltd, Ud-
dens Trading Estate, Nr Wim-
borne, Dorset BH21 7NL.

WW305

Liquid-level
sensors

Fluid-level monitoring units
operating on the diaphragm/strain-
gauge principle are available from
RDP. LL-series ‘liquid-level trans-
mitters’, as RDP call them, may be
obtained with an attached output
circuit providing either 0 to 5V d.c.
or 4 to 20mA. Sensing heads can
have a circular mounting flange or
they can be delivered for plumbing
directly into a tank’s outlet. RDP
Electronics Ltd, Grove Street,
Heath Town, Wolverhampton
WV100PY.

WWw306
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Data logger

Up to 128 analogue and 240 16-bit
digital inputs can be handled by the
mDAS/SP software-programmable
data logger from Base Ten Systems.
This unit, with built-in c.r.t.
display, ‘qwerty’ keyboard and car-
tridge recorder has 76 Basic com-
mands and 64 graphics characters.
Data acquisition, recording and
control instructions, analysing rou-
tines and compensation/lineari-
zation for sensors can be pro-
grammed. Both programmes and
acquired data can be stored in the
logger’s cartridge recorder. Soft-
ware for the unit includes scan,
alarm, linearization, control,
graphics and file-handling routines.
An option with internal printer is
available; remote printers and
v.d.us can be driven through a se-
rial link. Other options include
RS232 and IEEE488 compatibility
and CCIR composite-video output.
Base Ten Systems Ltd, 12 Eel-
moor Rd, Farnborough, Hants
GU14 7QN.

WW307

Speech
synthesizer

Integrated-circuit sets for Triang-
le’s Instant Speech system,
previously only available as part of
an assembled unit, can now be ob-
tained separately for around £39.
The TDS934 set consists of a
speech synthesizer, a speech
memory and four standard ics for
voltage regulation and filtering. Up
to eight memories can be used with
the system; the one supplied con-
tains data for the words ‘oh’, point,
gram, kilo, ohms, volts, amps and
numbers one to nine. Extra
memories can be programmed to
customers’ requirements at 48
hours notice. Microprocessor
control is not essential but serial
and parallel interfaces can be used.
Using a few extra c.m.o.s. i.cs, the
vocabulary can be expanded to al-
most any size, claim Triangle. An
assembled system on Eurocard (see
photo) costs £97.06. Triangle Digi-
tal Services Ltd, 23 Campus Rd,
London E17 8PG.

wWWw308

Tv monitor

oscilloscope

Incorporated in the Gould 083351
oscilloscope is a BBC-designed
time-base for monitoring and mea-
suring broadcast signals. This
30MHz dual-trace instrument
accepts composite-video signals,
with or without ‘sound-in-sync’,
which can be examined in one of six
triggering modes. Any line, or line-
pairs in the range 16/329 to 22/335,
can be selected and displayed. Trig-
gering can be delayed continuously
by up to 90us for studying parts of
a line. Line selection is by push-
buttons, the displayed line number

WW308
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being indicated on a 3-digit display.
The triggering point of a tv frame
may be displayed as a ‘bright-up’
line on the picture to establish the
relationship between waveform and
picture. A single switch is used to
change between picture and wave-
form display modes. The O§3351
can also be used as a conventional
30MHz oscilloscope. At 1mV/cm
the bandwidth is 0 to 10MHz.
Gould Instruments Division,
Roebuck Rd, Hainault, Essex
1G6 3UE.

wWWwW309

Tunable filter

An automatic variable-bandpass
filter covering the range 1Hz to
1kHz has been introduced to the
market by Bang & Olufsen. Pri-
marily intended for audio equip-
ment assessment, the TF2 has a
filter width of around 10% with
40dB/octave skirt selectivity and a
gain of approximately one (in the
pass-band). Manual and automatic-
sweep modes and sweep range are
selectable. Applications include
wow-and-flutter and resonance
measurements. An output for an
X,Y recorder is provided and an
option for remote control is avail-
able. Danbridge (UK) Ltd,
Sherwood House, High Street,
Crowthorne, Berks.

WWw3l10

Phase-locked
oscillators

A series of phase-locked oscillators
from RFD covers the range 0.4 to
5.2GHz. Stablllty error of the m-
ternal reference is +3 parts in 10°
over the operating temperature
range’ of 0 to 50°C. R.f. output
levels are -+20dBm for types in the
range 0.4 to 2GHz and +13dBm for
2 to SGHz types; units with higher
output levels can be supplied. Har-
monics and spurii are —20dBc and
—80dBc respectively and power re-

-.-::-.I- 1'"'. : "'”"ﬁ 2
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quirements are 12V to 28V d.c. at
around 150mA. Units can be
supplied to operate on either an
internal or external reference with
automatic switch-over between the
two. Other options include lock-
limit alarm, mountings to custom-
ers’ specifications and extended
temperature range. Dimensions of
the units are 32 by 57 by 57mm
excluding  terminals. March
Microwave Ltd, 112 South
Street, Braintree, Essex.

| ww3ll
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Lost for words

However ingenious and hardworking
electronic engineers are, you’ll always find
someone ready to sneer at their work. I
used to find that sort of thing very depres-
sing myself when I was employed to design
things. Come up with any kind of device
you like to mention and I guarantee
there’ll be some character around who will
ask, with ready wit, whether it will play
‘God Save the Queen’, or remark that if
only you’d made it a bit heavier it would
have performed with credit as a doorstop.

I’ve even been guilty of that sort of thing
myself, but the time, as I now recognize,
has come to stop it. I’'ve always prided
myself on knowing my limitations, and
when something truly stupendous is an-
nounced I feel I have to bow to a superior
intelligence and simply report the fact.
This is that Olympus Optical make a little
dictation machine which has recently un-
dergone ‘an interesting development’.
Pearlcorder X-R1 — I hardly know how to
say this — is a dictation machine ‘with
additional yodelling facility’. It can be con-
nected to a timer which will not only wake
you in the morning but send you off to
sleep at night to the sound of yodelling.
This intelligence, I must point out, comes
not from the Olympian heights direct, but
from the p.r. organization at the Berlin
show, so the Japanese-German-English
translation may have introduced an ele-
ment of whimsy.

There is, as they say, no answer to that.
Never again will I look forward to each
day’s post, hoping to see something to
brighten my humdrum existence. When
you’ve reached the peak, what then? From
here on, it’s downhill all the way.

Just one point, though, before I find a
wall to bang my head against: if this is ‘an
additional yodelling facility’ does it mean
that all dictation machines already have a
built-in, basic yodelling facility? Perhaps
I'm not exploiting the full potential of
mine.

Small talk

When I was being persuaded to part with
my wind-up gramophone in favour of ‘hi-
{1’ equipment, a few years ago, one of my
colleagues who had placed himself in
charge of my sonic education used to drag
me all over South-East England to listen to
loudspeakers. After the first two or three
of these lecture tours my hearing began to
fail under the assault: it must have been
that, I suppose, but anyway I found that I
couldn’t swear to any audible difference
between any of the gigantic boxes he
showed me. It seemed to me that so long as
the speakers occupied not less than a quar-
ter of the volume of a good-sized sitting
room they could be called high-fidelity
units,

Maybe it all got to be a bit too much, or
perhaps the application of science instead
of guesstimation began to tell, but what-
ever the cause there is now a great number
of tiny boxes, all labelled ‘high fidelity’.

Until quite recently, I’d thought that this

description was a bit optimistic, but I’ve
had a pair of microscopic Koss speakers on
loan for several weeks and they’ve brought
a new element into our lives — space: we
have rediscovered carpet we haven’t seen
for years. No longer does the cat cringe in
terror at the sound of Val Doonican — I
do, but the cat’s all right because the
speakers are up on bookshelves, being only
the size of a couple of atlases. And all this
has been achieved without any significant
loss in sound quality, to my ears at least.

There’s a problem, though, because
we’ve lost a talking point. The ones I had
before were pyramidal, omnidirectional
speakers and people who had never been
before couldn’t resist asking what in the
world they were, which usually started a
conversation along the lines of “Vivaldi
wrote one concerto 400 times” or “Did
you know Mozart was a drunken slob?”,
Riveting stuff, and it’s gone forever. I ex-
pect we’ll have to talk about Wedgwood
Benn, now.

Record — of a sort

I think I can claim a record, or maybe the
Post Office can. I’ve heard before of the
sorting-office people dealing with impos-
sibly addressed mail, but this time they’ve
really pulled one off.

It was a letter from Belgium, posted in
September and reaching me about a week
later, that put them on their mettle. The
address was “Mixer, Stamford Street,
GB”’: not only an incomplete address, but
the wrong area, because we’ve been here in
Sutton since last November. It didn’t
stump the PO, though — they got it in
one. They delivered to Dorset House,
reasoning that only someone employed by
IPC would assume a daft name like that, I
suppose, and it was collected from there by
the forwarding service.

Although I don’t expect it will stop me
grumbling when I arrive home from holi-
day before my “Wish you were here” com-
munications, I feel like standing the rele-
vant sorter a drink. I’d send the money off,
except that it would most likely get lost in
the post.

Plan-view

I don’t know whether the motor car will
survive the next twenty years, in view of
the drying up of oil wells, but if it does —
perhaps with some other method of
propulsion — the inside isn’t going to look
much like the kind we’re used to. The
seats will still, I expect, be people-shaped,

but the instrument panel is going to look
even more like the cockpit of a Tornado
than I had previously supposed. C.r.ts
will, as I have mentioned before, probably
replace ‘clocks’ as they are already doing in
aircraft, and now Honda has developed a
‘moving map’ navigational display, too.
You know the sort of thing — either a spot
of light moves over a map of the area or the
map moves relative to fixed point on the
display to show you where you are.

Sounds great, but I’m not sure that all
this entertaining gadgetry on the dash-
board is such a good idea. They’re all com-
ing up with it now: Zenith with their com-
puter that plays games, countless
variations on the standard instruments —
many of which don’t seem at all easy to
read — and now Honda wants us to do
map -reading. Admittedly, the machine
only comes alive when the car stops, but
that in itself could very well be a bit tricky.
Anyone trying to thread his way through
London in the rush hour might find
doubts being cast on his ancestry and
future prospects if he has to stop every
hundred yards or so to see where he is.
Too much reliance placed on this sort of
thing could be a mistake, too. It will not be
an acceptable excuse, when picked up for
driving the wrong way down the fast lane
of a motorway, to say that the machine
made you do it, being ten yards out.

Bits and peace

Scotland Yard’s delighted leap on to the
computer bandwaggon has caused a slight
disturbance of equilibrium, according to a
report in the Observer. It seems that if you
know ‘“‘one of three childishly simple
methods™, you can get into the Police
National Computer and find out which
terrorist gang your mother-in-law belongs
to, should the need arise.

The police say that the computer bureau
’phone number has now been taken out of
service and that requests for information
must be sent by teleprinter until they come
up with a more tight-lipped way of going
about it than the telephone. They also
imply that they don’t know how many
Toms, Dicks or even Harrys have been
furnished with info. that ought to have
been clasped tightly to the collective police
bosom, and can only hope that dumping
their computer store hasn’t begun to rival
Space Invaders as a pastime.

There doesn’t seem to be any real ans-
wer to this kind of thing. However clever
the police become at specifying and using
electronic aids to investigation and com-
munication, there’s always going to be a
way for individuals to use them illegally
The rising generation is going to be a lot
brighter about computers, too, so anyone
placing excessive faith in electronics had
better be very careful.
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ror THESE CASIO WORLD BEATERS
World’s Most Powerful BASIC Pocket Computer

FX-702P | T | =

poen

RRP oL UL Be s s
RIS R S =

£134.95 St ==
L T o=

ONLY Quuuuuu;‘i%guuﬁ

£119.95 I
Plus FREE MiCROL Professional Programming Pack* (RRP £9.95)
Flattens the Sharp PC1211

Alpha/numeric_dot matrix scrolling LCD. Variable input from 1680 steps, 26
memories, to 80 steps, 226 memories, all retained when switched off. Up to 10
programs. Subroutines; 10 levels. FOR: NEXT iooping; 8 levels. Debugging and
Editing. 55 built-in functions, including Regression and Correlation, all usable in
programs. Program/Data storage on cassette via optional FA-2 adaptor
{£19.95). Auto

ower Off. 17 x 165 x 82mm. 176g.

World's Fastest Programmable?
FX-602P

o LCD alpha/numeric (dot matrix) scrolling
display.

e Variable input from 32 program steps with
88 memories, to 512 steps with 22 memories.

e Memory and program retention when
switched off.

e Up to 10 pairs unconditional jumps (GOTO}.

e Conditional jumps and count jumps. Indirect
addressing. Manual jump.

e Up to 9 subroutines, up to 9 levels.

« 50 scientific functions, all usable in programs.

e PAM (Algebraic) with 33 brackets at 11 levels.

e Program and data storage on cassette tape
using optional FA-2 remote control adaptor,
£19.95.

o Compatible with the FX-501P and FX-502P.
e 9.6 x 71 x 141.2mm. 100g.

ONLY £74.95 {RRP £84.95)
Plus FREE MiCROL Professional
Programming Pack* (RRP £9.95)

FP-10 MIN! PRINTER For FX-702P, FX-602P, FX-502P, FX-501P,
Available soon. Price and delivery on application

CASIO FX-702P SOFTWARE
Produced by MiCROL exclusively for Tempus
10% discount on software, if you purchase your hardware from us.

MiCROL 702 USER SUPPORT

Professional Programming Pack. Get the best from your FX-720P with:

PROFESSIONAL PROGRAMMING — practical 702 programming from the ground

up plus 702 REFERENCE MANUAL — definitive guide to every 702 program

command — INVALUABLE! MiCROL 702 PPP. Price £9.95

MiCROL PROCOS for PROFESSIONAL USERS

Now you can create powerful, reliable programs in just minutes, even if you have

never programmed @ computer before!

MiICROL PROCOS is an advanced integrated operating system that cuts

programming time by 80-90% in most applications areas, saving many hours of

valuable time. PROCOS A and PROCOS B are supplied together on a ready-to-run

cassette, with a fully detailed User Manual offering features to suit every application.

PROCOS A is ideal for complex multi-variable calculations, while PROCOS B

provides many of the features of a ‘Visicalc’ type modelling system — answers ‘what

if’ questions and analyses trends. Both systems feature easy-to-use commands and

support FP-10 print options. Brochure on request.

Availabie late November MICROL PROCOS (A + B} Price £24.95

MICROL 702 Basic: Plus. Add the power of up to 20 new commands to your
programs! Custom-made to ease advanced programming — features in-
clude: String — number conversions; single-shot, await, timed KEY with
user-controlled return values; programmable RAN // generator; DATA-PACK-
ING — up to 2000 single digit, single name variables; INTEGRATED DISPLAY
COMMANDS — display data and text with extra-low memory overheads.

Modular design uses minimum memory; easy to customise. Full-detail User
Manual plus Program List for direct entry.

SHORT FORM CATALOGUE of latest calculators, keyboards

and watches available on request. 14p stamp appreciated

*Only on request, at time of ordering. RRP of 702P/602P
versions, £9.95.

Price includes VAT, P&P. Delivery normally by return of post.

Orders received by Dec 18th should be delivered in time for
Christmas

Send cheques, PO, or ‘phone your Access or B'card number to:

TEMPUS ?ggﬁg\é\l;s/fgggs,ocs;nbridge

CB11DB - Tel: 0223 312866
\ )

W ‘ S
WW - 070 FOR FURTHER DETAIL WW — 066 FOR FURTHER DETAILS
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S & R AMPLIFICATION

S & R AMPLIFICATION
21, Deptford Broadway, London SES8
Telephone: 01-692 2009

~\

* 500 WATTS SINE WAVE PER CHANNEL
INTO 2 ohms

* 0.005% DISTORTION AT ANY
FREQUENCY FROM 20HZ TO 20KHZ

* SIGNAL TO NOISE RATIO 120DB

* POWER BANDWIDTH 10HZ-100KHZ +1db

* DUAL POWER SUPPLIES USING
TOROIDAL TRANSFORMERS

* HIGH TECHNOLOGY MOS-FET
OUTPUT STAGE

* FAN COOLED

* WE HAVE JUST DESCRIBED QUR
STANDARD NO-FRILLS POWER SLAVE
AMPLIFIER

* ANY INPUT SENSITIVITY CAN BE
CATERED FOR AS STANDARD

* STUDIO VERSION AVAILABLE WITH
METERS BALANCED LINE ETC . ..

* STANDARD PRICE £385.00

* STUDIO VERSION £455.00

* ALSO AVAILABLE AS SINGLE
500 WATT £195.00

WW — 094 FOR FURTHER DETAILS

MICAOBYTE LTO.

MICROPROCESSORS, SYSTEMS DESIGN & SOFTWARE

8 REDAN ROAD, ALDERSHOT
HAMPSHIRE GU12 4SW
Telephone:

Aldershot (0252) 319588

A RAPID WAY TO CONVERT SOURCE
PROGRAMS TO EPROMS

% % %k vk 832 EPROM PROGRAMMER v % v v Y %

Programs 2708/2716 (TMS and Intel)/2516/2532/2732/2732A
Pre-and post-programming checks
RS232 connection to host computer or terminal

Download .HEX files from processor to 832 to program EPROM
Simple command structure to inspect, modify, verify, find parti-
cular bytes, program and compare EPROMS £345

Yo %% % % DEVELOPMENT SOFTWARE FOR USE
WITH PROGRAMMER v v v % %o % %

8048/9 Cross Assembler and Simulator (under CP/M) £175
M6800 Cross Assembler and Simulator (under CP/M) £175

EXPAND YOUR PROCESSOR'S CAPABILITY

Yk %k sk MICROBYTE 421 MULTIPLEXER % % % Y %k

Link up to 4 peripherals to your processor

Simple protocol

Each peripheral independently configurable

Automatic baud rate detect for keyboard devices

Software options for non-standard requirements

£425 (excluding special software)

All prices exclusive of V.A.T.
One-year guarantee on all products

FOTOLAK
POSITIVE LIGHT SENSITIVE AEROSOL LACQUER
Enables YOU to produce pertect printed circuits in minutes!'
Method Spray cleaned board with lacquer. When dry, place positive master of
required circuit on now sensitized surface. Expose to daylight, develop and etch.
Any number of exact copies can of course be made from one master Widely
used in industry for prototype work
Pre-coated 1/16 Fibre-glass board

204mm x 114mm £1.50

........................... ...£2.25

Bovaioper T BB S04mmy 228mm . €3.00

Ferric Chioride ........................ .85p  .40Bmm x 228mm £600
467mm x 305mm £9.00

Plain Copper-clad Fibre-glass Single-sided Double-sided

Approx. 2.00mm thick ft. sq. £2.25

Approx. 1.00mm'thick ft. sqg. £2.00 €1.75

Clear Acetate Sheet for making master, 260mm x 260mm 15p

Postage and packing 60p per order. VAT 15% on total

G. F. MILLWARD ELECTRONIC COMPONENTS LIMITED

P.0O. Box 19, Praa Sands, Penzance, Cornwall
Telephone GERMOE (073-676) 2329

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

BROADFIELDS & MAYCO DISPOSALS

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
Telephone 445 2713/0749 {9461)

WW — 093 FOR FURTHER DETAILS

WW — 096 FOR FURTHER DETAILS
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DANAVOX
ARE ALWAYS COMING UP
WITH SOUND IDEAS.

STETOCLIP STETOCLIP SENIOR STETOCLIP STETOMIKE
JUNIOR 60 LIGHTWEIGHT STETOCLIP GEMINI HMT 808
HEADSET HEADSET HEADSET HEADSET
> :
[
& . g v
...t.\'g \'i u ;iA ..' ..
; it 2,5mm 3,5mm
LA EARHANGER - JACK PLUGS &
S e
EARPHONES DANAMIC FIDELITY y SOCKETS
~ EARSET STETOTUBE
HEADSET &

INDUCTIVE LOOP AMPLIFIER TYPE 36A

FIELD STRENGTH
TESTER FSI

The Danavox policy has always been one of
constant improvement.

Our refinement, development and research
has enabled us to offer an advanced range of
components and accessories for dictation
machines, tape recorders, tele-communications,
hearing aids and electro-acoustic equipment.

All our products are built with care and
precision.

And all carry the Danavox guarantee.

WW — 098 FOR FURTHER DETAILS

SOUND PLUG £\ \ NASOUND

HEADSET

SUBMINIATURE
SWITCHES

For more information about
any Danavox product,
contact John Carter.

DANAVOX (Gt. Britain) Ltd.,
1 Cheyne Walk, Northampton. NN1 5PT
Tel: (0604) 36351 Telex 312395
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The MICRO-
PROFESSOR ...

I N

| MIERO-PRopessoR |
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MICRO-PROFESSOR is a
low-cost Z80 based microcomputer
which provides you with an
interesting and inexpensive way to
get into the microprocessor world.
MICRO-PROFESSOR is a
microprocessor learning tool for
students, hobbyists and personnel.
It is also an ideal microprocessor
educational tool for teaching in
schools and universities. Besides,
MICRO-PROFESSOR is more
than a learning tool. It provides a
wide range of applications such
that you will be surprised at its
amazing power.

The main object of MICRO-
PROFESSOR is for the user to
understand the software and
hardware of a microcomputer
easily and conveniently. Besides

AT IN

the complete hardware/software
system, you have the User's
experiment manual available to
you. It includes self-learning text
with 20 experiments which range
from simple software programming
to design a complex electronic
game.

2K bytes of monitor source
program with documentation is also
provided in the manual. It shows
how to write system programs
including system initialization,
keyboard scan, display scan, tape
write and tape read.

APPLICATIONS:
Learning and teaching tool
Low cost prototyping tool
Low cost development tool
Tester

WIRELESS WORLD JANUARY 1982

Process controller
Electronic game
Electronic music box
Master mind

Timer

Noise generator

Home appliance control
Burglar alarm

System control simulation
... and many more.

Low Price, High Capability
experimental tool for only

£5995

POWERSUPPLY  *Pandp
A 9V, 0.5A Adaptor is provided.

Z801s a trade mark of Zilog Inc
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solves

87

the'mystery”

of micro-processors.

TECHNICAL SPECIFICATION

CPU

SOFTWARE COMPATIBILITY
RAM

ROM

INPUT/OUTPUT

MONITOR

DISPLAY
AUDIO CASSETTE INTERFACE

EXTENSION CONNECTORS

COUNTER TIMER CIRCUITS
PARALLEL I/0 CIRCUITS

SPEAKER AND SPEAKER
DRIVER CIRCUITS

USER AREA
POWER REQUIREMENT

USER'’S AND EXPERIMENT
MANUAL

OPTIONS

KEYBOARD

Z80 CPU high performance microprocessor with 158 instructions.
Capable of executing Z80/8080/8085 machine language program.
2K bytes expandable to 4K bytes.

2K bytes of sophisticated monitor expandable to 8K bytes.

24 system 1/0 lines.

2K bytes of sophisticated monitor. It scans the keyboard and executes
the command entered immediately after the power is turned on.

The monitor includes: system initialization, keyboard scan, display
scan tape write and tape read.

6 digit 0.5" red LED display.

165 bit per second average rate for data transfer between memory and
cassette tape.

Provides all buses of CPU, channel signals of CTC and 1/0 port bus of
P10 for user's expansion.

Circuits are provided.
Circuits are provided.
A 2.25" — diameter speaker is provided for user's applications.

Provides a 3.5" x 1.36" wire wrapping area for user’s expansion.
Single +5V DC.
Complete self-learning text with experiments and applications.

Z80-CTC EPROM programmer board  Prototyping board
280-PIO Breadboard Audio Cassette

36 keys including 19 function keys, 16 hex-digit keys and 1 user
defined key.

Use the unique MICRO-PROFESSOR to truely understand the inside workings of microprocessors.
Open up a whole new spectrum of projects in home electronics, or simply use the MICRO-
PROFESSOR as a practical learning/teaching aid.

et B b b
iIE!!aE.-p-EréFﬁ!!E“" 4
A A A
Flight Electronics Ltd.
Tel: (0703) 31323/34003

To receive your MICRO-PROFESSOR Complete the coupon today!
Please send me ........ MICRO-PROFESSOR(S)

]

]

]

l

I I'enclose cheque/P.O.for£............. +pandp £195

D UNITIO oot
i AGAIESS: oottt e
]
OO OO POSRTIESS et
! Please allow 21 days for delivery

|| Flight Electronics Ltd. Flight House, Quayside Road,

Bitterne Mancr, Southampton, Hants SO2 4AD.

WW — 084 FOR FURTHER DETAILS
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V A LVE S Minimum VALVES VAT
Order £1 IS INCLUDED,
g e ——
A1065 140" EL509 3.95' QV03-12 420! 6AMS6 1507 12AT7 0.657 6067 2.301
A2293 8.80 EL802 1.70 SC1/400 450 6ANBA 250 12AU7 0.60° 6080 5.30
A2900  9.20 ELB21 820 SC1/600 450 6AQ4 340" 12AV6 095 6146 495
ARB 075 E(822  9.95 SP6) 180 6AQ5 100 12AX7 065 61468 5.20
ARP3 070 EM31 160 Tr21 1650 6AQ5W 180 12BA6  0.90 g360 285
ATP4 0.60 EM80 0.85 U5 115 6AS6 115 12BE6 125 6550 6.60°
B12H 3.90 Emg? 130 U26 1.15 6ATE 090 12BH7 110 6870 14.00
[SE) 140 Eysy 0,95 U27 115 6AUG 0.60 1208 085 g552 820
DAF96 070 Evyg3 0.65 U191 085 6AV6 0.85 12E1 18.95 6973 3.30
DET22 26.95 Eygs/g7 0.60 U281 070 BAX4GT 130 12J5GT 055 7199 288
DF96 0.70 Evas 0.65," U301 065 BAXSGT 130 12K7GT 070 38P1 11.00
DH76 0.75 EZ80 070" UB0D 1150 6BA6 055 12K8GT  0.80 &FP7 18,00
DL82 0.60 EZ81 0.70 UBOY 090 6BE6 060 12Q7GT  0.60 4EP1 32,00
DYB6/87 0.65 GMa4 5.90 UBC41 120 6BGEG 1680 125C7  0.65 g8y 14.00
DY802 0.70 GYS501 1.30 UABC80 0.75 6BJ6 1.30 125H7 0.65 88l 14.00
ja.90 GZ32 105 UAF42 120 6BQ7A 085 125J7 070 cvis2e 16.00 §
ES5L 90 5733 420 UBFB0 070 6BR7 480 12507 145 pGr33 3480
EBSCC  1.60 G735 275 UBFS3 070 6BW6 620 125Q7GT 0.85 Daras 3800
EB8CC/01 3.10 G737 395 UBL21 175 6BW7 0.90 12v4 070 5PM3-11 3840
E92CC 120 KTes 630 UCC84 085 6C4 0.50 1303 0.70 D13.33GM
E180CC  2.80 9.20* UCCB5 070 6C6 055 13D5 0.90 41.80
E180F 630 Krsg B95 UCFB0 130 6CH6 820 1306 080 |, aQ
E182CC  4.95 13.80* UCH42 165 6CL6 170 1487 115~ SPec
EA76 225 MH4 250 UCH8! 075 6CX8 380 19AQ5 085
EABCE0 0.60 ML6 250 UCL82 095 6CYS 115 19G3 1150 PLUMBICON
EB91 0.60 MX10/0121.50 UF41 1.35 606 0.70 19G6 850 P8O0 3LF
EBC33 115 N78 9.90 UF80 0.95 6EA8 320 19H5 39.55 PBOOIR
EBC30 090 QA2 0.70 UF85 095 6F6 160 20D1 0so PS00IB
EBFB0  0.60 0B2 0.80 ULB4 095 6F6GB 110 20F2 085 XQ1020R
EBFB3 060 PABC80 0.60 UMS0 090 6F7 280 20E1 1.30 XQ10208
EBFB9  0.80 PC85 075 UMs4 0.70 6F8G 0.85 20P1 0.65
EC52 065 PC86 0.95° UY82 0.70. 6F12 150 20P3 075 SpECIALV.
£C9T 440 pCsg 0.95 UY85 085 6F14 115 20P4 125 = -
EC92 0.85 PC97 150 VR105/30 6F15 130 20P5 135 4CX1000A
ECC81  0.65 PC300 1,15 125 6F17 115 2506GT  0.96 4CX 50004
ECCB2 060 PCC84  0.50 VR150/30 135 6F23 075 25246 075 BM25L
ECCB3  0.65 PCC89  0.85 X66 095 6F24 175 3015 050 BWI153
ECCBA  0.60 PCC189 1.05 X6IM 170 6F33 1050 30C17 050 OM25L8
ECC85 060 PCF80  0.80 XR16400A 6FHE 420 30C18 245 YL1420
ECC86 170 PCF82  0.70 8290 6GAS 090 30F5 115 YL1430
ECC88 080 PCF84 075 Z759 19.00 6GHBA 095 30FL2 140 YL 1440
ECC189 095 PCF86 150 2749 0.75 6H6 160 30F(12 125 GXUS
ECC804 090 PCF87  0.50 Z800U 345 6J4 135 3or(14 215 CV1597
ECF80  0.85 PCF200 1.60 Z801U 375 6JAWA 200 30015 110 CV2116
ECF82 0.65 PCF201 1.65 2Z803U 16.00 6JS 230 30017 1.0 BR189
ECF801  1.05 PCFBO0  0.50 Z900T 2.45 6JSGT 090 30P12 115 BR179
ECH34 225 PCFBO1 1.75 1A3 085 6J6 065 30P(13 126 CV6I131
ECH35 170 PCF802 085 1L4 050 6JEW 090 3PL14 245 GMU2
2.10* PCF805 245 1RS 060 6JEGC 29 356GT 140 TY4-500
ECH42  1.20 PCF806 120 154 045 6JS6C 295 35wW4 080 BK485/55624
ECH81  0.70 PCF808 275 155 045 6K7 080 3574GT 086 MIL5948/1754
ECH84  0.80 PCH200 1.35 1T4 045 6L6M 280 40KD6 315
ECLBO 070 PCL81  0.75 1U4 080 6L6G 250 5)C5 1.15
ECL82 075 PCLB2 095 1X28B 140 6L6GC 210 50CDEG 138
ECL83  1.40 PCLB4 090 2021 110 6L6GT 125 75@1 125 SN5402N 0.28
ECL8S 0.80 PCL86 1.05 1.85* 6L7G 065 75C1 1.70 SNS410F 0.32
ECL86  0.90 PCLB05/851.25 2K25 1190 6L18 070 76 095 SNE470F 048
EF37A 2.15 PO500/510 4.30 2X2 1.15 6LQ6 295 g 095 SN54196J 1.20
EF39 1.80 PFL200 110 3A4 0.70 6LD20 070 170 SN7407N 0.29
EF80 0.65 280 3AT2 240 BKG6A 270 gsA2 140 SN7408N 0.18
EF83 1.75 PL36 1.25 306 050 607G 130 255* SN7445P 0.85
EF85 0.60 PL81 085 3022 2300 65A7 100 723A4/8 1190 SN74453P 1.10
EF86 0.75 P82 0.70, 3E29 19.00* 65G7 115 go3y 195 SN7453N 018
E£F89 1.05 PL83 060 354 060 65J7 1.05 2.95* SN74L73N 0.38
EF91 150 PLB4 095 4B32 1825 6SK7 095 gq3 1332 3N7474N 0,30
EF92 290 PL504 145 5B/254M 1690 6SLIGT  0.85 6850 SN7485N 0.95
EF95 0.65 PL508 195 5B/255M 1450 6SNIGT 080 gygp 1400 SN74LB5N 110
EF96 0.60 P 290 5B/258M 1250 6SR7 110 g3oa 890 SN7491AN 0,32
EF183 080 P(519 320 5C22 2990 65Q7 095 geeA 380 SN74123N 042
EF184  0.80 PL802 320 5R4GY 180 6V6G 150 geee 825 DM74123N 0.38
EF812  0.75 PY33 0.70 5U4G 075 6V6GT 095 g3ia 1380 SN15836N 0.26
EFL200  1.85 PY80 070 5V4G 0.75 6X4 0.75 954 060 SN76013N 180
EH90 085 PY81/800 085 5Y3GT 080 6X4WA 210 gsg 076 SN76003N 1.60
EL32 110 PY82 065 523 150 6X5GT 085 gog 060 SN76033N 195
EL34 -1.80 PYS3 080 524G 0.75 6Y6G 090 g5y 105 MCSS00P 5.80
2.90° PY88 085 524GT 105 624 070 185 180 MC68B00P 6.40
EL37 4.40 PY500 170 6/30L2 080 787 175 1529 185 MC145118A1
EL81 2.45 PY809 6.45 6AB7 070 7v4 125 051 290 2.20
EL82 0.70_ PY801 080 6AC7 1.15 902 070 53e3 420 B1702AL 330
EL84 0.80§ QQV03/10 285 6AGS 060 906 290 cgqy 750 MMB300-1J
EL86 0.957 QQV03 20A 6AHE 115 10C2 0.5 5ggy 3.40 380
EL9O0 1.00 - 1440 6AKS 065 10F18 070 933 690 MCME810AP
ELD1 4.20 QQV03-25A 6AK8 060 10P13 150" 6057 220 3.40
EL95 0.80 2120 BALS 060 11€2 19,50 195 6340-1J 360
EL504 1.70  QQVv06/40A BALSW 0.85 1246 070 064 230 MIC945-50 0.28
ELBO3 5.0 16.10 6AMS 420 12476 070 gogs 320 MIC9365D 0.2
VALVES AND TRANSISTORS FIELD TE,LEPHONES TYPE "J".
Telephone anquirées 1%0 valves_’,a:(;(a)g;g;smrs, etc: Troplcal, in metal cases.
retail 749 3334, trade and export
‘D10" cable for field telephones. 10-LINE MAGNETO!
Geiger Muller Tubes GM4, MX120/01 and othaers. SWITCHBOAR[f). Can W‘:rk W'Im
PRICES MAY VARY every type of magneto tele
TEST SET FT2 FOR TESTING Transceivers Ado, Phones.
A41, A42 and CPRC26.
HARNESS “A” & "B" CONTROL UNITS "a” "R~ POSTAGE: £1-£3 45p; £3-£5 55p;
;’J'I" “J2,” Microphones No 5, 6, 7 connectors, £5-£10 60p; £10-£15 75p; £15-
rames, carrier sets, etc. .
DRUM CABLE continuous connection YC 00433. £20 90p; over £20 free.
Tel. 01-743 0899
COLOMOR or 01-749 3934
(ELECTRONICS LTD.) Open Monday to Friday
170 Goldhawk Rd., London W.12 9 a.m.-5.30 p.m.

SPECIALISTS SINCE 1572
DOMESTIC OR STAGE
SIX OR 7% OCTAVES
KITS OR MANUFACTURED

PIANOS

% * o

£ oy
"’g";‘i‘lé An El

VOCAL & INSTRU-

BAND-BOX

ectronic
TRIO. Drums,

aof

Chord Instrument
User Programmable
for 66-100 scores,

Backin
Bass

The most advanced § MENTAL SOLOISTS! using Microprocessor.
form of touch i =

tive action simulat- § MASTER RHYTHM

ing piana key inertd I {)cer Programmable

by patented tech- f np M MACHINE.

nique

Four mixable voices
for serigus tone
variation plus
electronic chorus
and flanger effects.

MESTIC PRICES

DO Component Kits in-
clude Keyboard
r T

) J -1 SIX e Full Kits turther con-
comp | 217 | 2um tain: Cabinets, Har-
p ness, Power Amp

Full | 380.7 | 387.7 and Speaker

\ MFB | 585 | 675

Twenty-four patterns.
Eight parallel tracks.
Twelve instruments
sequence operation.

£78 KIT £118 BULT

Write or Phone for full details of our range ot
high quality Kit and manufactured Electronic
Musical Instruments. Prices include V.A.T., Carr.,
& Ins. and we operate Telephone BARCLAY-
CARD/ACCESS. " —

Competitive EXPORT Quotations given

CLEF PRODUCTS (ELECTRONICS)
LIMITED

Dept. W, 44a Brambhall Lane South
Brambhall, Stockport, Cheshire SK? 1AH J
061-439 32_97

WW — 052 FOR FURTHER DETAILS

TEST INSTRUMENTS

SAFGAN DUAL TRACE SCOPES
DT 410 £169 DT-415£175 DT-420 £188
Probe {X1-REF-X10) — £11.50 P&P £3.50 or parcel service £6.50 (+VAT)

LEADER
BATTERY-OPERATED DUAL TRACE  SIGNAL GENERATOR
OSCILLOSCOPE LSG-16 £55

LBO-308S £468 FUNCTION GENERATOR

LFG-1300 £328

LCR BRIDGE
LCR-740 £149

REGULATED DC POWER SUPPLIES
LPS-155 £84. LPS-156 £166

AUDIO GENERATOR
LAG-26 £64

WIDE BAND DUAL TRACE
OSCILLOSCOPE
LB0-508A £316

SINGLE TRACE TRIGGERED
OSCILLOSCOPE
LB0-512A £183

£1 P&P
Many more instruments available from all these ranges
ADD 15% VAT ON ALL PRICES Also
All prices correct at 1-8-81 E&QOE
Cash with order or Credit Card
CATALOGUE AVAILABLE (30p) TMK
DAROM SUPPLIES Analogue
Open: Mon-Fri9a.m. — 5.30 p.m. meters
Callers welcome from
4 Sandy Lane, Stockton Heath under
WARRINGTON. WA4 2AY, CHESHIRE £15
Telephone (0925) 64764

WW - 047 FOR FURTHER DETAILS

=Y

Part Type 1off 25-99 100up
4116 200ns .95 .85 .65
4116 250ns .90 .80 .60
2114 200ns Low power 1.25 1.15 .95
2114 450ns Low power 1.20 1.10 .90
”‘4’1-1'8-25&73'—"‘\\ _/_3 3.15 2.65
6116 150ns CMOS e 6.95 45 5.65
Wm&eﬁe——-—/———“g 1.85 1.65
2716 450ns 5 volt 2.25 2.15 1.95
2716 450ns three rail 6.40 6.00 4.95
2732 450ns Intel type 4,25 3.95 3.35
2532 450ns Texas type 4.95 4.70 4.20

Happy Memories

Z80A-CPU £4.75 Z80A-PI0 £4.25

Low profile IC sockets: Pins
Pence

Z80A-CTC £4.25

814 16 18 20 22 24 28 40
91011141518192533

Soft-sectored floppy discs per 10 in plastic library case:
5-inch SSSD £17.00 5-inch SSDD £19.25  5-inch DSDD £21.00
8-inch SSSD £19.25 8-inch SSOD £23.65  8-inch DSDD £25.50

74LS series TTL, large stocks at low prices with D..Y.
discounts starting at a mix of just 25 pieces. Write or
phoneforlist——wou =~

ease add 30p post and packing to oDiers
V.

~.

Access and Barclaycard weicome
24-hour service on {054-422) 618

Government and Educqtional orders_welcome, £15

Trade accounts operated : Phone or wr

rices are still tending to drop —
K before you buy
HAPPY MEMORIES (WW)
GLADESTRY, KINGTON
HEREFORDSHIRE HR5 3NY
Tel: (054-422) 618 or 628

etails
phone for)a quote
/

/
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NOW AVAILABLE FROM BARRIE ELECTRONICS

Secondary ‘ ) Secondary
Volts Current Dimensions Weight Volts Current Dimensions Weight
RMS RMS Dia. Height Kg i RMS RMS Dia. Height Kg Price

6+6 250 70mm 30mm

COTSWOLD TOROIDAL
12412 1.25 70mm 30mm
15+15 1.00 70mm 30mm

POWER TRANSFORMERS 18+18 083 70m 3omm

e B

We now stock the full range of these budget priced e 1 (IF Sl

) ; 30+30 0.50 7
products by Cotswold Electronics; all in top grade 070 (OS8 vgnn
grain oriented silicon steel, for high efficiency
operation at high flux density with very low iron 9+9

losses. } e

* Reduction up to half weight and volume. 18+18

« Radiated field one tenth lower than conventional 4 §§+§§ g7mm 33

laminated equivalents. + (TSIt
L oy AL ! ' 30+30 1.00 87
* Fixing knang technical information sheets supplied. ST T R
- . — : 220 027 87mm 33mm
. S o C1019 240 025 87mm 33mm

160 18+18 444 108mm 42mm
160 22+22 3.64 108mm 42mm
160 25+25 3.20 108mm 42mm
160 30+30 2.67 108mm 42mm
160 35+35 2.29 108mm 42mm
160 110 1.46 108mm 42mm
160 220 0.73 108mm 42mm
1037 160 240 0.67 *08mm 42mm

£12.26

(+£1.73
p.p.)
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C1040 230 25+25 4.60

g731 | C10a1 230 30+30 3.83 115mm 50mm
C1042 230 35+35 329 115mm 50mm

(+£143 | 1043 230 2.88 115mm 50mm

C1044 230 2.0 115mm 50mm

P-0) | Croa5 230 1.05 115mm 50mm

©1046 230 0.96 115mm 50mm

€1050 330 6.60 130mm 52mm
C1051 330 5.50 130mm 52mm
1052 330 471 130mm 52mm
1053 330 4.13 130mm 52mm

’ €1054 330 3.67 130mm 52mm
£8.15 €1055 330 3.00 130mm 52mm

| C1056 330 150 130mm 52mm
(+£1 43)| C1057 330 1.38 130mm 52mm

pp

87mm 33mm 115mm 50mm

87mm 33mm
87mm 33mm
87mm 33mm
87mm 33mm

£14.87

(+£1.73
p.p)
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£17.36

1020 12412 4.17 88mm 40mm
c1021 15+15 3.33 88mm 40mm
1022 18+18 2.78 88mm 40mm
1023 22422 2.27 88mm 40mm
1024 2.00 88mm 40mm
1025 1.67 88mm 40mm
C1026 0.9t 88mm 40mm
C1027 045 88mm 40mm
C1028 0.42 88mm 40mm

|
|

(+£1.90
p.p)
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1060 530 8.83 145mm 60mm
C1061 530 7.57 - 145mm 60mm
1062 530 663 145mm 60mm
1063 530 589 145mm 60mm
" — = ———| ©1064 530 5.30 145mm 60mm

NOTE: All types normally supplied with 240 V primary 110 V. Hpe o DO R Sy

220 V or other voltage supplied on request €1067 530 2 21 145mm 60mm

i
l

£22.57

(+£2.05
pp)

888888888

WwWwWwWwww |
[=-F. Yo Yo Yo -T. -Ne-Je-]

B

' TRANSFORMERS LAMINATED B WLOTHER PRODUCTS

12 or 24-VOLT RANGE MAINS ISOLATORS {screened)

AVO TEST METERS |BRIDGE RECTIFIERS
Separate 12V windings Pri 220-240V Pri0-120: 0-100-120V {120, 220, 240V} Sec 3 Mk.5 latest Model £122.10 | 700y 2A 45p
Ref.  12vAmps  24v £ P&P . {Watts) £ 71 (Electronics &  €45.80 | 400v 2A 55p
0.25 d 95 20 4.84 73 TV Service) £63.90 | 100y 25A- £210
. 1.00 7.37 MMS Minor £40.50 | 100v S50A £2.60

o
o

1.00 8.38 DA211LCD Digital  £58.50 | 200v 4A
1 1228 DA212 LCD Digital £81.90 | 400v 4A
1 14.61 4 DA116 LCD Digital £121.70 | 400v 6A
1 18.07 Megger 70143500v  £97.20 | 500v 12A .
1 2252 . Megger, Battery BM7 £65.30 P&P 20p VAT 15%
ggg 1 165 32.03 Avo Cases and Accessories
i 156 40.92 P&P £1.32 + VAT 15%
79 172 | 157 56.52 - L ey e e L
15.87 184 | 15
1972 204 | 159 e SPECIALIST TRANSFORMER WINDING
40.41 OA | 161 6000 20365 SERVICE Quotes by phone or post
) 115 or 240v sec only. State volts required =

EO_VEEF}ANGEA(S- lit Sec) Pri 0-220-240V o MERS
Pri 220-240V Vollavallab‘l)e 3456891012 | " SPLIT BOBBIN TRANSFORMERS

15, 18, 20, 24, 30V or 12V-0-12V or 15V-0-15V = e T Sec voltages available: 3.4, 5.6, 8.9, 10, 12, 15, 18, 20,

CONSTANT VOLTAGE TRANSFORMERS % 1% 24,30V or 12:0-12V o 15:0-15V. 1 Amp £2.06 + 980 p&p
For ‘clean’ mains to computers, peripherals. VAT 2 Amps £4.11 + £1.20 p&p ~ VAT

250VA £95 00 Also 1.C. [Ty AN ym— e——
500VA £127.00 p&p sensing types METAL OXIDE RESISTORS £1/100
1kVA £147.00 for low main Special Offer TR4 5% Electrosil (100s only} !
. o y}. Use in place
| 2kVA £229.00 VAT volitage supplies o?c film 47} - 752 - 180() - 36011 - 3904 - 43012 - 4701}
= sl i N W - ——~1 §10() - 56012 - 8202 - 1K - 1K2 - 1K3 - 1K6 - 1K8 - 2K - 2K4

s TELEPHONES 3K - 16K - 20K - 22K - 24K - 27K - 47K 82K - 100K - 110K
f’ngi?ls“lcF)‘ANGE 746 Grey £1150 P &P £120 | 120K - 130K~ 180K - 220K - 270K - 300K P&P 30p + VAT

Pr 220240 Volt available 5,7, | VAT Othertypesavailable Fope v ooy DE-SOLDER PUMI-‘:Si
10,13, 15, 17. 20, 25, 30, 33, 40 N

or 20V-0-20V or 25V-0-25V +—_ ] ————| Spring loaded quick action button release for one hand
= -, Sl Amp; 400/440V ISOLATORS | working Large £5.86 P&P 355 + VAT Small €5 17 P&P
SCREENED MINIATURES Pri 240V Ref ¢ pap | 200/44010200/240(screens) | 30p + VAT Replacement ips: Small 65p - VAT Large
£ 102 375 1.20 Ref. £ P&P | 86p

60 243 737 20 I ==
I = 246 461 2. | ANTEX SOLDERING IRONS

195 9.42 1. 1894 = | 15W CCN240 or C240 £4.50 25W X26 £4.80 12V 25W car
106 122 ¥ e solder kit £5.30. Safety stand £1.75. P&P 55p + VAT

118 2229 67.99 OA oI iy ——
119 L 3 9532 MAINS BATTERY ELIMINATORS
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109 6000 189.02 No wiring, ready to plug nto 13A socket 3, 6.7.5,9, 12V
e WA T el DC100mA - 400mA £5.10 + VAT 6. 75 9V DC 300mA

teo b __| CASED AUTOS £4.60 + P&P 69p + VAT

1.20 VOLT RANGE ' 240V cable input USA 115Voutiets | o .

e |80V _ VA Price P&P PANEL METERS £6.70 ea + 76p P/P + VAT

20 | {Split Sec) Pri 220-240v ‘ £655 95 56W .

Voltages available 6. 8. 10. 12 £850 1.20 43 x 43mm or 82 x 78mm V.U. Indicator

AUTO TRANSFORMERS | 16 18 20, 24, 30, 26, 40, 48 60V, | £1100 144 | 50uA.5004A. 1mA. 30V d.c.  £1.95 + 30p P&P + VAT
Voltages available 105, 115, 190, 200 210,220,230, | or 24V-0-24V or 30V-0-30V | 200 £1202 144 | Educational Meter 10A 30V £4.50 + VAT

240. For step up or step down. Amps £13.38
Ref VA (Watts) TAPS £ P&P v £ P&P | £2013 2. Send 20p for catalogue.
13° 0-10-115-210-240V 277 100 427 120 £30.67 2 Prices correct at 20/3/81
0-10-116-210-240V aa1 120 650 1.20 £54.97 PLEASE ADD 15%
o

0-115-200-220-240V  5.89 1.20 8.36 1.60

- S
.200-220- ) . 0-15 VCT (7.5-0-7.5V
Wossnaley s 5D LSRN v A.T. AFTER P&P

115-200-220-240V  20. 2 137 ce
15.200-220-240V  25. A a .
19.87 2. 326 Overseas post extra

115.200.220 240V !
116.200-220 240V a5 ) pres TELEPHONE:
1 7o EIEMECE  01-488 3316/8

15-200-220-240V 84,
57 !
Barrie Electronics Ltd. /. i el sivivoo s

WW — 019 FOR FURTHER DETAILS
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LINSLEY-HOOD 300 SERIES AMPLIFIERS

LINSLEY HOOD CASSETTE RECORDER 2

X
These latest designs from the drawing board of John Linsley-Hood, engineered to the very
"highest standard, represent the very best that is available on the kit market today. The delicacy
and transparency of the tone quality enable these amplifiers to outperform. on a side-by-side
comparison, the bulk of amphfiers in the commercial market-piace and even exceed the high
standard set by his eartier 75-watt design

Three versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-watt,
both with Mosfet output davices. All are of identical outside appearance which is designed to
match and stack with our Linsley-Hood cassette recorder 2.

As with all Hart kits the constructors interests have been looked after in a unique way by reducing
the conventional (and boring) wiring almost to the point of extinction.

Any of these kits represents a most cost-effective route to the very highest sound quality with the
extra bonus of the enjoyment of building a sophisticated piece of equipment

30-watt Darlington amplifier, fully integrated with tone controls and magnetic pick-up facility.
Total cost of all parts is £81.12. Special offer price far comptete kits £72.

35-watt Mosfet amplifier Total cost of parts £98.41. Special offer for complete kits, £87.40.

45-watt Mosfet ampilifier. Total cost of parts £104.95, Special offer price for compiete kits £94.80.

Our new improved performance model of the Linsley Hood Cassette Recorder incorporates our Reprints of origingl Articles from Hi-Fi News 50p. Post free. No VAT
VFL 910 vartical front mechanism and circuit modifications to increase dynamic range. Board Reprints of MOSFET article 25p. No V.A.T. Post free.

layouts have been altered and improved but retain the outstandingly successful mother-and-

daughter arrangement used on our Linsley-Hood Cassette Recorder 1.

This latest version has the following extra features: Ultra low wow-and-flutter of .09% ?j‘i:,\{ FEED YO UR MICRO BYTES W'TH OUR

meets DIN Hi-Fi spec. Deck controls latch in rewind mode|s and do not have to be held. Fuil 4

stop on all modes. Tape counter with memory rewind. Dil damped cassette door. Latching recor

button for level setting. Dual concentric input level controis. Phone output. Miciophone input SOLENOID co NTROLLED cAssEnE DEcK
facility if required. Record interlock prevents rerecording on valued cassettes. Frequency generat-

ing feedback servo drive motor with built-in speed control for thermai stability. All these desirable

and useful features added to the excelient design of the Linsley-Hood circuits and the qualil% of

the components used makes this new kit comparable with built-up units of much higher cost than

the modest, £94.90 + V.A.T. we ask for the complete kit.

LINSLEY-HOOD CASSETTE RECORDER 1

Front loading deck with full solencid control of all functions including optional read in fast wind
modes. 12 voit operation. Fitted 3-digit memory counter and Hall IC Motion Sensor Standard
erase and stereo R/P Heads. Cheapest price ever for all these features. Onty £38.90 plus VAT, Full
technical specification included

BARGAIN CASSETTE DECK, brand-new Top Load, manual deck mechanism with 3-digit counter,
stereo r/p and erase heads, 12v. D.C. governed motor and auto-stop solenoid.
Cheap enough to use as spares at only £5 + V.A T and post

HART TRIPLE-PURPOSE TEST CASSETTE TC1

One iniﬁpensive' test cassette enables you to set up VU level. head azimuth and tape speed
" . Inval hen fitti h - Ont L
We are the Designer Approved supplle_rs qf kits for this excelle_nt design. Thp Authoi’s reputation veluable when fiting new heads. Only £2.70 plus V.AT. and DL

the circuitry and Hart expertise and CASSETTE HEADS
imi i iri HS16 SENDUST ALLOY SUPER HEAD. Stereo R/P. Longer life than Permalloy. Higher output than
Ferrite. Fantastic frequency response. Complete with data £820
HC20 Stereo Permalioy R/P head for replacement uses in car players, etc
HMS0 Stereo R/P head for METAL tape. Complete with data.
H561 Special Erase Head for METAL tape
H524 Standard Ferrite Erase Head.
metalwork make this a most satisfying kit to build. Also included at no extra cost is our latest HS 4 Track R/P Head. Standard Mounting
16 Sendus Altoy super head, available separately at £8.20 but included free with the complete kit R484 2/2 [Double Mono} R/P Head. Std. Mtg.
at £75 pius VAT ME151 2/2 Farrite Erase. Large Mtg.
Reprints of the 3 original articles describing this design 45p. No VAT CCE/BM 2/2 Erase. Std. Mig
Reprint of the subsequent postscript article 30p. No VAT

PRACTICAL WIRELESS ‘WINTON' TUNER Al prices pius VAT

Britliant new Ted Rule designed Tuner with everything! Gives you fantastic stereo f/m reception
with pilot cancelling decoder i.c, fluorescent display, digital frequency readout along with clock
and timer functions. In addition to f.m covers | w., m.w., s w. and even TV sound. Further details*
are inour lists; send for your copy.
Part Cost of Post. Packing and Insurance
8:3:::&‘0‘)!?&950& P&P Export Orders - Postage or shipping at cost plus
Over £50 - £1.50 £2 Documentation and Handling
Please send 9 x 4 S.AE. or telephone for lists giving fuller details and
price breakdowns.
Instant easy ordering, telephone your
requirements and credit card number to us on

Oswestry (0691) 2894

ADAPTORS C‘A.‘)
HIGH QUALIT Y TRANSFORMERS /]
ANO POWIR SUPPLIES -

EYEBALL!! EYEBALL!I| —

AT LAST — A HIGH-QUALITY BRITISH POWER
SUPPLY AT A FANTASTIC PRICE.

P NLY . + VAT
?gglEiflgx';M}Y ONL £1O 95& P/P { WITH OVERVOLTAGE PROTECTION The CB 3500 is full of features you would expect on units costing nearly three
S aulTsa MADE IN times as much. HOW IS IT DONE? Quite simply by design and the advantages of

=2|&—§ TYPE CB3500  gngiLano mass production.
= The CB 3500 is housed in a durable metal case and comes with full instructions

f . Th is fused he PCB and th i HERMA
PLEASE SUPPLY (QT Y)CB 3500 POWER SUPPLIES AT £10-95 Each  transiormer for sded praaction. < | CC 2nd there is @ THERMAL fuse on the
+£1-64 VAT ANDE£1-75P/P TOTAL £14-34 SEND TODAY — money back if not completely satisfied.

lenclose Cheque/ PO for £ Name
Address

SEND TO TITAN TRANSF

RMERS, DEPT. WW, CENTRAL HALL, DUNCQMBE STREET, GRIMSBY, SOUTH HUMBERSIDE DN32 7EG

WW — 065 FOR FURTHER DETAILS
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7400 74367
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7401 i 74368 014
1p 55, 60p 7
74 74 P 40 45194
7203 2h  7a39 100 a0l 60p 745241 30p  M51516L
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7409 o zaso: p 4022 65p  Av1-5080 3200  MC3340P Hoy CPUs MEM! AUMPER LEADS
2410 e 740504 4p 4023 00 Av3.8910 1a0p  MC3403 0p | 1802CE 7 ORIES INT! - able with Headers
7411 sy [AhSd pioe FA02 P AY3-891 700p  MK50398 120p | 26504 sop 21004 400 ERFACEICs CRY Singl 14pin 16pin 24pi
20 0 15 40p 2 6! 750 f12 2102 > A STALS gls end pin 24pin 40pi
2312 20p 4508 o o 20p  nvo 2aA Sl ez 8000 oo [ Iz Mm A 32.768KH B T DD 380p)
7413 25, 740509 15 26 130 ¥5-1315 p  MMS7160 s50n 2 500p 2 €14 o 2 1000 0p 230p 345
1 600 620 6800 1114 AM25510 100K Hz CAble p 540,
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74C14 b rasn p 4028 2 cajumsa P 531 809 2112 0 AM p 1.0MH P Single end (24" pin 26pin 34 '
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7420 f5" 741520 40p 4031 170 CA308 70p  NES64 50p | 8039 750p 40273 m DP8304 375p Lt p 540p
7421 e 7aisn 1% 4034 11%  casms 226p  NESES 420p | 8080A Bp  s0aeas 700 PR AT
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742 P 74 p 4039 CA308 p  WEST P 980 € - 500 gg38 22 .686MHz 300
Tase 289 Tatszy  peel poa o CAMWAQ 3o e az50 | Soon Jio feuss o R o e SoTll || D P i St
7227 By pee B4 5P CA3130E 375p  MES534A a26p | Boss 450p 2 mMclm e 41sa 200 eceptacle S0p 200p 2400 270
el e Y Yoo d0az  sp cAl® 90p  FLLO2A 2500 £13 (" 6116P3 VR Soommg P e! 200p]240p]2300
= = e e T e b VI A
432 74LS A3161 i 4151 P MC3480 6 OMH: E
7433 ;;z 74L52§ igg %46 ;8: CA3152€ l;gp 55661 ggp ;3373 ;(1’8,‘; mgaAas ‘;ggg ?-(‘,“Mlm §§8§ 3 UROCONNEP?TORS
743 74 47 CA31 p  SAD1 P 9 024 LOMM; N 416 ug
o aussy ol Kioas B Caxza. bR R 45201 O 7o ;’égaMIHx 300 T 50p
7440 3% 741573 p 4049 330 cassog 1200 SL49%0 800p 9 325 mcisl) 7000 goomH: 2500 O 41617 3) Way - “00p
7441 2R T (e 2 oacia8 8 2000  SN76477 350p 14412 900D T ey Ae0%) 200
74424 0p 741575 15p A0S Gon  HAT 200p  SPE515 175p SUPPORT MMs8174 - 12 el 2500 ay please specify A +8 g
7445 Bo 14876 2 |20 o WAL 300p  TA7205 &) DEVICES EAEM,B‘IPRUM; ULN2003 1000 R e +Ctypel or
¥ 8 D Cl
raea b jase g L5 8 i RO I T s g 2L e DIL HE
7448 45 7aus8e 850] 2055 125p v, j0p TA7222 2500 | s42; Moo veszs ;e DL 1600 19 asnakz 1500 ADER PLUGS
2350 I T 20 R0sel 120 LC7120 80p  TA7310 200p | 6532 o0p  risay  asde 75114 1605 o eaomns 180p | Soldertvpe pin 16pin 24pin 40pi
7451 e rass o b s00p LC7130 600p  TAABZI 200 | 2 ise  pasard s 160 s e DC type S0 800 100p 275p
453 17 741593 30; 90, LC9109 475p TBAE5] P 1 160, 745474 & P 140p 28 0M 2175p P p 200p 286
7454 P 741595 P 4063 A £10 TBA 200p | 6845 p 745570 50p 75154 %0 Hz 175 D
17 45p oop LF347 { 800 88 £10 650p 76182 P .5MHz2
7460 P 74L596 4066 160 TBAS 0p 47 £ 745571 & 230 1 400p
17p 100p 4 35p LF351 p 10 1 6850 10 745873 - 50p 75324 o 18.0MRz 300
7470 b s 4 067 400, 48, TBAE2 00p 180p 73 * 960 375p P 25 Wa
p LF3 P 0 685 P 75361 Y
772 Iob raision ol T rsoep wo  TBA%0 I OB ¢ o %,  KEYBOARD MINIATURE D-CONNECTORS
30p 34, 8p LF357 P CA220 154 9 PR 65 150, EN Male
7474 Mo 745113 p 4070 18 1200 TEA 350p | 8155 50p OMs 7545112 P CODER Fe-
30p 4 p LMIOC P 940 8004 17 72p Solder B
7475 X 7414 3 p 4071 18 425, ™ 175p | 8205 o 024 500p 75453/4 AY 62376 ucket male
0 p  LM301A P AT004A 320 2708 72p 74 700p Solder Pi 200p
7476 3 7415122 p 4072 1 2 ™ 300p | 8212 o 300, 754912 co22 er Pin 245p
0 42, sp LM311 7p A Y008 180p 2716 » 8 70p $00p Sold: 215
7480 P 741512 p 4073 2 75 ™ 320p | 2208 18 (+5V) 300p 726 120, er Pin (angled) P 255p
7481 e oo bl 4075 208 e 2000 oAt 2250 | 3228 Paoc P pr A L5 1208 UHF Top entry/side entry 265p 310p
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: D GEWARE ROAD, LONDON W2 Tel: Government, College 6 VAT (Export no VAT)
. LONDON W2 Tel ! s, etc. ORD
: 01-723 023 BARCLA d ERS WEL
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KITS FOR BEGINNERS

MICRO TIMES

19 Mill St., Bideford, North Devon
EX39 2JR, England (WWN) J
Telephone Bideford (023 72) 79798

INTRODUCING CMOS AND TTL

see below for micro prices

VOLTAGE
IS REGULATORS
741500

74L501
' 741502
74L503
741504
741508
741810
74L814
741520
741526
741530
74LS32
740538
741542
741547
741573
74L574
74L575
74L586
74LS90
74L593
74LS5107
7405112
7416123
7418125
7415132
7415138
7415151
74LS5155
74L5157
74L5161
7415163
7415164
7415173
7418174
74L5175
74L5221
7415244
74L5245
7415251
74L5257
7415261
7415366
74L5373
7415374
74LS8393

ELECTRONIC
WHEEL OF FORTUNE
Fun kit. £5.00

ULTRONIC FLY REPELLER
Amust for campers

LOW PROFILE
DIL SOCKETS

ENCODER/
TRANSMITTER

LM 1871 £1.90

RECEIVER/
DECODER
LM 1872 £1.90

Data £1 pr. Large
SAE 20p.

TiL32
TIL209 red
TIL232 green
TIL212 yell.
TIL216 red
TIL228 red
Tltgzo ::d SN 76477N £1.75 ea.
L SOUND
EFFECTS

GENERATOR

Suitable for video
games, atarms, N
toys, etc.

Data 75p. Large SAE
20p.

TIL321/A
TIL330A

INTERSIL
ICL 7660

Voltage Converter

THYRISTORS

25
106D 28, Data 20p. Large
: p SAE.

S-100

kiucecaro Vel

SIMPLIFY YOUR PROJECTS WITH
A PROTOTYPE BREADBOARD
WITH EXTRAS!
% 40n-Board Pwr. Supplies up to 3
of which can be +5, or +5, £12.
% Switch Selectable Memory or
Device Address.

% On-Board Address/Device De-
coding. ,

% Bi-Directional Data Bus Buffer-

ing
% On-Board Wait States

% Large Breadboard Area.

Bare Board & Manual. £33.00. De-
livery: 2 weeks.

$-100
PROM BLASTER  Mfy,

PROGRAMS MOST

FAMILIES OF EPROMS|

% Accepts 1K/2K/4K or 8K Eproms.

% Extended Device Option.

% Phantom Slave Option

* All Programming Characterls-
tics. Sottware Controfled|

% Accepts Single or 3 Supply parts.

% Deyice Address Switch
Selectable.

% On-Board Wait States.

Put your frequ ently used routines

into EPROM!

BAREBOARD

PROMWRITER

KIT

Inci. all parts, sockets and Promwriter.
Del: 2 weeks.

FLOPPY DISC
CONTROLLERS

FD1771

FD1791-2

WD1631D

WD2143.01 £5.
WSPECIAL & Complete Pkg. £50.
Includes FD1791-2 + WD1691D +
WD2143-01.

Set data available £3.00 (20p SAE
please)

EPROMS

2708 450ns
2716 5v 450ns
2732 Intel type
Buy 5 off for

WIRELESS WORLD JANUARY 1982

6809 SINGLE BOARD COMPUTER

|EEE S-100 standard

Uses Motorola’s powerful MC 6809 CPU
4K/BK/16K ROM 2K RAM, ACIA, PIA, 8080 simulated
1/0, RS-232 Handshake. 8 sel. Baud Rates.

BARE BOARD
Uses 6809 : 6850 : 6821

user notes. Software listings and more!
ADMONS {2716)

DATA AVAILABLE ON 6809. SAE please.

MEMORIES

1+ 25+
2114 450ns £1.30 £1.25
2114 300ns £1.45 £1.40
TC5514P £3.65 £3.45
{4K CMOS RAM (1K x4) 450ns. )
4116 200ns £1.20 £1.18
4116 150ns £1.70 £1.65
CMOS RAM 5101
HM6116-3 (16K

£5.45
£7.25
£5.70
£15.00

280 CTC
Z80PIO,
ZBOACTC  £4.50
Z80APIO  £5.40
Z8ODMA  £13.00
ZBOADMA £15.00
2B0S10/0 £15.00
Z80AS10/0£20.00
Z80S10/1 £17.50
Z80AS10/1£20.00
Z80510/2 £15.00
Z80AS10/2£20.00

£4.25
£4.25

Z80 COMBO CHIP

MK3886.
Data £1

AY-3-8910
GI SOUND COMPUTER
CHIP

2V2meg
plus 51p SAE.

£19.50

eatures:
Full software control of sound
generation
Interfaces with most 8-bit and 16-
bit microprocessors
— 3independently programmed
anaiog outputs
Two gAbit general purpose 1O
ports
Single +5 volt supply
SPECIAL PRICE £6.95
Data £1. Large SAE please

: Buy set for £18.40.
COMPLETE KIT £175 + 15% VAT + £1 P&P.
Manual includes: 11x17in. Schematic Parts List.

EPROM
ERASER

FAST ERASE TIME
EPOXY COATED
STEEL CASE

£48% & HOLDS UP TO SIX
EPRQMS

SAFETY
INTERLOCKED U.V.
SOURCE

Data available
£41.70 each

VEROBLOC
SOLDERLESS
BREADBOARD

360 reliable contacts. Will accom-
modate any size IC. Can be full in-
terlocked one with another

£3.55 each
$100 Prototyping Boards:
Microboard Pattern 06-2175L

£16.40

$q. Pad Universal Pattern £16.40
Prototyping Board for your APPLE
/ITT 2020 £8.37

£24.00

ANTEX SOLDERING
IRONS.

Model CX. 17W

Kit SK1. 15w

Incl. base/stand + solder.
Kit SK3. 17w £6.50
Kit SK4. 26W £6.50
SK3 and SK4 complete with stand.
MLX Repair Kit £5.30
Can be used where no mains elec.
is available,

Spare Bits

£4.80
£6.50

ORDERING
INFORMA-
TION

Please add 50p P&P.
Plus 15% VAT to all
orders.

EXPORT ORDERS
ACCEPTED,

Add 15% P&P on total order. VAT
nat applicable.
ACCESS/BARCLAYCARD
WELCOME.

Please add 15% VAT after P&P.

B £ with \rews

Schools, Univ. Official Orders wel-
come.

It is our policy to offer you brand
new, full-spec. devices. Prices
subject to change without notice.

‘Put your
finger onthe
Electronics
Industry

Electrical,
Electronic,
Computer & Data
Processing,

For further details on how to advertise
in—orreceive --Dial Industry, contact
Malcolm Charnock or Clive Foskett,
IPC Business Press Information
Services Ltd Windsor Court

East Grinstead House. East Grinstead
West Sussex RH19 1XA

Telephone 0342 26972 Telex 9512

-

value.

£4.29,

each Decade Pack.

Measuring, Dial Industry is a totally new concept rerier
Analysing & in industrial directories. The latest BD140- 325
Controlling volume — tobe published in June 1982 TIP41A: 45p

r ot TIP42A: 45p
Instruments, — will provide in-depth coverage of the TIP2955: 55p
Watches, Clocks electronics and associated industries. ;,':3:55;} 2-"2-";’
and Photographic It will be used and re-used by 40,000 2N3055: 70p
Equipment and U K. buyers - and it will sell foryou
Jewellery. 365 daysayear! ‘ ® COMPUTING ICs

Z80A: £6
Z80A PIO: £6
6402 UART: £4.50

4116 (300nS): 90p
4118: £7.90
| 2114: £1.50

LE

@ SEMICONDUCTORS-
LD30A red LEDs (2.9mm}: 25 for £1.

LS1RD red LEDs (5mm): 25 for £1.58
1N4148 diodes: 25 for 68p

1N4007 (1000V, 1A} diodes: 25 £1.30
1N5402 (200V, 3A) diodes: 25 £2.80
BC107/BC109: 25 for £2.98
BC182/182L/183/183L/184/184L: 25 for £1.88
BC212/2121/213/214/214L: 25 for £1.88

| | ® OTHER POPULAR ITEMS: UNIT PRICES

4116 (250nS): £1.30

ALUE L]
Surrey, TW20 0HB. Phone Egham 33603 (STD 0784);
Northern Branch (Personal Shoppers Onl

Popular components from our “CATALOGUE 82, all prime
stock; no seconds or fall-guts. Buy in quantity for best

® COMPONENT PACKS )
CP1: 100 ceramic capacitors from 1.8p to .1u. The selection
is determined by the popularity of different values. Price

Resistor Decade Packs: 1/3W, 5% tolerance; each pack 100
items, selection determined by relative popularity of each
value, £1.50 each pack.
RD1: 1RO-8R2; RD2: 10R-82R; RD3: 100R-820R; RD4: 1K-
8K2; RD5: 10K-820K; RD6: 100K-820K: RD7: 1M-10M. £1.50

PACKS/SINGLES
£1.58

@ VOLTAGE
REGULATORS
7805/12/15/24 65p
7905/12/15/24: 85p
78L05/12/15/24: 32p
79L05/12/15/24: 67p
723 (14-pin): 36p

SATURDAYS gtalp.m.
® OTHERICs o [
4001: 18p; 4011: 19p
4013: 40p; 4017: 80p | Foryour copy of
NESS5: 23p; 7555: 86p
CA3140: 40p | Catalogue 82
LM380ON: 99p | Please send 70p to receive
LM381: £1.51 your copy post free {includes
TLO71: 45p | 700 voucher to be reclaimed
TLO72: 75p against orders valued £10 or
TLO74: £1.20 DYS(

ZN414: £1.22 —

*SPECIAL OFFER: 25 x 4116 (300nS) £20 only
When ordering or writing please be sure to mention this |

fournal

. DEPT. WW182, .29 St.

IMA: Phone {061) 432 4945,

| CATALOGUE 82

ESSENTIAL READING FOR
THE ELECTRONICS
ENTHUSIAST

THE COMPUTING FREAK
THE EQUIPMENT
MANUFACTURER

Packed with Information on
more than 6,000 steck hems:
Actlve and passive compo-
nenls, haxes, cases, compe-
fer housings, knobs, pots.,
switchies, relays. Everything
frem Rs ang Cs to Compuiing
Systems

ALL ITEMS BRAND
NEW AND
GUARANTEED

SPEEDY MAIL
ORDER SERVICE
PLEASE ADD 15% VAT
’ 70 TOTAL VALUE OF ALL
OROERS

No P&P charges on UK

C.W.0. orders over £5.75 inc.

VAT (add 40p handling
charge if under|

| SHOP HOURS  9185.30 p.m.

FOR EV BARGAINS LIST AND
INTERESTING NEWS-SHEET,
SIMPLY SEND US SAE

Judes Road, Englefield Green, Egham, -
London B7). Telex 264475.

ly): 680 Burnage Lane, Burnage, Manchester, M13

|
|
I

|
|
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@

TRADE COUNTER
NOW OPEN

Everything you'll need to sell in
CB RADIO
YES EVERYTHING!

SWRs — POWER SUPPLIES ANTENNAS

P.A. HORNS — RECEIVERS — RIGS — SPARES
AND MUCH MUCH MORE. WE ALSO .STOCK
WATCHES CORDLESS PHONES WALKIE

GAMES AND ACCESSORIES
TRADE ONLY

TALKIES — VIDEO TAPES — ELECTRONIC

B. BAMBER ELECTRONICS

COMMUNICATIONS HOUSE
5 STATION ROAD - LITTLEPORT - CAMBS.

TEL: ELY (0353) 860185

,T
;

WW — 046 FOR FURTHER DETAILS

TV TUBE REBUILDING

Faircrest Engineering Ltd. manufacture a comprehenswe
range of equipment for processing all types of plcture tubes,
colour ‘and mono. Standard or custom built units for estab-
lished or new businesses. We export world-wide and have an
excellent spares service backed by a strong technical team.

Full training courses are individually tailored to customers’
requirements.

For full details of our service contact Neil Jupp

FAIRCREST ENGINEERING LTD.

4 Union Road, Croydon, CRO 2XX
01-684 1422/01-684 0246

WW — 057 FOR FUR-THER DETAILS

RADIATION DETECTORS

BE PREPARED [ ey thrU LENS»

fdeal for the experimenter

W THIS OOSIMETER WILL AUTOMATICALLY
OETECT GAMMA ANO X-RAYS
W UNIT IS SIZE OF FOUNTAIN PEN & CLIPS "
ONTO TOP POCKET FREE e i P oRciase
W PRECISION INSTRUMENT
B MANUFACTURERS CURRENT PRICE OF A £6 95
SIMILAR MOOEL OVER £25 EACH -
inc. VAT Post & Pack 60p
COMPLETE

British design & manufaciure
WITH DATA

Tested and fully guaranteed. Ex-stock delivery.

404 EDGWARE ROAD, LONDON W2 1ED

ILP TOROIDALS

UNBEATABLE
VALUE FOR MONEY!

New production capacity at Canterbury has increased our range,
decreased our prices, improved our special customer
design service. Choose from toroidal transformers in -
arange of 98 types.

i

Order using
Tsenes [scconoart] aws | prce | pace | the FREEPOST
No Volrs Cutrent g VAT e VAl ! b |
ww (oo ees |20 |2 | wse coupon below.
7 X011 9+9 6 |+ (AR D .
Vi | o2 | i |1 [Tee | | Trade enquiries are welcome.
Reguiation | 1X013 | 15+15 o
18% };9‘? oL ¢ g Supplied with nigid mounting kit with centre bolt
1XG16 954 25 60 | steel and neoprene washers. GUARANTEED 5 YEARS
X7} 0+ 199 - reme | SERIES ssconom s Tpmce | paice
S0VA | 2X010 | 646 416 | g583 | €293 No nc VAT [ex VAT
goxomm| 2601 | 948y ZI8 40101 ¢ £100 b [ oocva | ex0iz| 12412 | 938 | €183 | €006
gsta famal] nzpeniiemsy P noxaomm| 6x013| 15ets | 750 |+8173 [e173
Regdren | oxons | 13e1s 3 22%g | 6x013] 18418 | 625 [ PP | PP
’ axors| 222 | 113 Reguiaton | 6X015| 22422 | 511
016 | 25425 | 100 7 6X0B| 29425 | 4%
%017 30+30 8 6X017 30430 n
x028| 110 4 X018| 35+35 | 321
X029 2 BK026| 20+30 | 281
w0B| 240 2 X025 | 45445 | 250
e — 6X033| s0+50 | 22
BvA | 3X0W0| 6+6 | 664 |65 | £547 ol ot | 26
90 % 30mm | 3X011 9+9 | aa4 |+£143]+€143 6%029 0 102
1Kg X012 12412 | 333 | PP L 6X030 240 093
e L (R 2% | [ 30w [ o] teets 10w | o367 | 166
mO15 22422 18 MO xH0mm | 7x014 18+18 B33 (+8173 |+D1 73
06| 25425 | 160 26Ky | 7015| 20422 | 682 | Pre | PP
xo7 +30 133 Regulation le?‘s 254!:213 600
( 6° X017 0+ 500
Niy| o ok Nog| e | 128
wox| 20 |03 7xe26| 0420 | 375
1 = | - mo25| eheds | 333
120V | 4x010| 6+6 | 1000 | €755 | €638 o3| s+ | 30
90x40mm | aX011 | 9+9 | 666 [+£143 [+£143 7%028 1o 272
12Kg | 12| 12412 | 500 | Pre | PP ol 20 | 1%
flegulation | 4X013 +15 [ 200 7%030 20 125
0| Ban |37 S0VA | 8X016| 29425 | 1000 | £1817 | 11553
x016| 2542 | 240 Va0 x60mm | 8X017| 30430 | 833 [+£205 [+€205
a7 | 0+ | 200 axg | 808} 35435 | 713 | PP | P/E
21| 3+ (17 Reguiaton | 8X026| 40440 | 625
aaz8{ 10 |09 o | monsl e | 0%
09| 20 [0 X 0450
e S FLRITRE om| P | ed
160 VA 5X011 949 889 EQ 92 | €844 8X029 220 29
noxsomm | vz | 1272 | 665 |r£153 | #5143 sow| b | 508
: e - | |83 20 | 208 |
a;ggx;?an e | 1a%ia | 3as | 625vA | 9x017| 0+30 | 1041 [ £2590 [£2154
8% | sx01s| 22+22 | 363 140 75mm | 9x018| 35435 | B92 |+£220|+E220
5X016 | 29425 2 | SKg [ 9026\ a0 +40 781 P bV
Sx017] 10+ 266 Requaton | 9x025| 45445 | 69
ax18| 35435 | 228 | D X031 050 | 625
5026 | w0+20 | 200 | ax042| 643 | 568
T e
5%029
[,i \_sxo;o 240 | 086 l |1 | oxo0| 20 260

IMPORTANT: Regulation — All vaitages quated are FULL LOAD. Please add regulation tigure to secondary
vottage to obtain off load valtage.

The benefits of ILP toroidal transformers

ILP toroidal transformers are only half the weight and height of their laminated
equivalents. and are available with 110V, 220V or 240V primaries coded as follows
For 110V primary insert "0 in place of "X in type number.
For 220V primary {Europe) insent "1 in place of "X in type number.
Far 240V primary (UK) insert “2" in place of "X in type number
How to order Freepost:
Use this coupon. or a separate sheet of paper. to order these products. or any
products from other ILP Electronics advertisements. No stamp is needed 1f you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd: cash
must be registered. C.0.0 — add £1to total order value. Access and Barclaycard welcome
All UK orders sent post free within 7 days of receiptof order for single and small quantity orders
Also available at Electrovalve. Maphn . Marshalis. Technomatic and Watford Electronics

Please send me the following
ILP modules

N D

Total purchase price

|enclose Cheque [:] Postal Orders [j Int. Money Order [:]

Please debitmy Access/Barclaycard No I
Name I
Address

Signature wW1/1

Postto ILP Electronics Ltd. Freepost 2. Graham Beli House, Roper Close
Canterbury CT2 7EP. Kent, England
Telephone (0227) 54778 Techmcal (0227}64723 Telex 965780

(a division of I
ILP Electronics Lid)

TRANSFDRMERS /

'srAvAHﬁn STAY WITH US

WW — 006 FOR FURTHER DETAILS
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ALWAYS ACHANGING RANG OF

OSCILLOSCOPES, COMPUTERS, TERMINALS, etc.

ttem No.

TEKTRONIX STORAGE OSCILLOSCOPE type 564B with 3B4 and 3A6 Plug-ins £350
TEKTRONIX STORAGE OSCILLOSCOPE type 549 with 1A1-30MHZ
TEKTRONIX Dual Trace DSCILLOSCDPE type 581A with type 82, plug-in BSMHZ £200
TEKTRONIX 561A with 3A1 & 3B3 plug ins. Dual Trace Oscilloscope.....
TELEQUIPMENT OSCILLOSCOPE tvpe DE1A. Dual Trace 10MHZ
SCOPEX OSCILLOSCOPE type 4010. Dual Trade 10MHZ.
B & K ACCELEROMETER PREAMPLIFIER type 262.
B & K DEVIATION BRIDGE type 1503.
K MICROPHONE AMPLIFplER type 2602.

K MICROPHONE AMPLIFIER type 2605.
K BEAT FREQUENCY OSCILLATOR type 1013
K BEAT FREQUENCY OSCILLATOR type 1018,
K AUDIO FREQUENCY SPECTROMETER rvpe 2112
B & K FREQUENCY RESPONSE TRACER type 4704
HEWLETT PACKARD LCR BRIDGE type 42614
HEWLETT PACKARO QLC METER type 43424 .
AUTO TRANSFORMER 1.4KVA Pri Volts 90/240 Sec 115 £18
POLARAD FIELD STRENGTH METER type FIM-B2 with RF Tuning Unit FIM-X2 7360-
10,000MHZ . £150
POLARAD MICROWAVE RECEIVER MODEL R with RF Tuning units covering 400
2050MHZ and 7400-22,000MHZ £275
POLARAD MICROWAVE SIGNAL GENERATOR Mode! MSG-1 950-2400MHZ . £250
POLARAD MICROWAVE SIGNAL GENERATOR Mode! MSG-2 2150-4600MKZ ... £250
MARCON) 0 METER type TF1245 with TF1246 Dscillator ’ £295
TEKTRONIX CURVE TRACER type 575
KROHN-HITE BAND PASS FILTER Model 330A. £35
KROHN-HITE REJECTION FILTER Model 350A . .£35
MARCONI in Situ UNIVERSAL BRIDGE tgpe TF2701 Banery Operated. £95
BRANDENBURGH HIGH VOLTAGE GENERATOR type M| £75
PHILIPS FM STERED GENERATOR type PM5456 Separala L&R Slgnals Carrier
Freq 100MHZ + 1%. RF O/P 3mV pk-pk 50

%CDNI STANDARD SIGNAL GENERATDR type TF144H 10KHZ- T12MHZ.
HEWLETT PACKARD OC CURRENT SOURCE type 61818
SCHLUMBERGER AUTDMATIC COUNTER type FB2602 OC-50MHZ
SIEMENS FREQUENCY METER 450-1000MHZ
AV0 MULTI METER type 71. Unused
MARCON| WIDE RANGE OSCILLATOR TF137D 10HZ-10MHZ ...
RACAL HF. SELECTIVE ANALYSER type 90! ”
RANK ABENA EH.T. METER 0-30KV .
MARCONI {SANDERS) MICROWAVE PDWER METER type 6538 with probe
FARNELL DIGITAL MULTIMETER type OM _
GRIFFIN SIGNAL GENERATOR & AMPLIFIER 1HZ-100KHZ
TEKTRDNIX SAMPLING PLUG-IN-type 151...
MUIRHEAD WAVE ANALYSER tvpe K-134-A,
SOLARTRON/SCHLUMBERGER COMPUTING VOLTMETER type JM1776.
HEWLETT PACKARD DIGITAL VOLTMETER type 3440A
STOODART RADIQ INTERFERENCE & FIELD INTENSITY METER type N-M 52A £125
MARCON! (SANDERS) LEVELLING AMPLIFIER type 6587 £125
KEITHLEY REGULATED HIGH VOLTAGE SUPPLY type 241 £195
GENERAL RADIO MICROWAVE OSCILLATOR tvge 13608 1.7-4.1GHZ £475
GENERAL RADID FREQUENCY/OISCRIMINATOR METER type 11424 0-1.5MHZ £175
GENERAL RADID DSCILLATORS types 1209C; 12090L; 1215C with Power Unit rype
1269A 50-960MHZ

&
&
&
&
&

£150

£1

.€125
165

CHS

_£35
£225

£75
£125
£175

50
£50

No.
BRADLEY MULTIMETER type CT4718

BEMEX CROSSHATCH/DOT GENERATOR UHF/VHF

MARCONI AF Output Meter type TF893, —
RHODE & SCHWARZ NDISE GENERATOR SKTU BN4151/2/80 3- 1000MHZ..
TAYLOR RF SIGNAL GENERATOR type 68A/M Mk2
ADVANCE Q METER type T1 100KHZ-100 MHZ
ADVANCE PULSE GENERATDR type PG50020.
AIRMEC MILLIVOLTMETER type 301 "
TAYLOR VALVE TESTER type 450 ... . . £60
B & K LEVEL RECORDER type 2305, 50dB Potentiometer. Brand New with accezggs
B & K LEVEL RECORDER type 2305 .~ .~ "

MARCONI AM SIGNAL GENERATDR tvpa TFB010/88 10- 485MHZ

MARCON! UHF SIGNAL GENERATOR type TF1060.

AVO TRANSISTOR ANALYSER type TA.. . ..

ADVANCE STABILISED POWER UNIT type PP D-600V; 300MA

PYE SCALAMP 40KV RMS Max ELECTROSTATIC VOLTMETER

PYE SCALAMP 20KV RMS Max Fi FCTROSTATIC VOLTMETER

AVD IN CIRCUITTRANSlSTUR TESTER

VARIACS. Ex- eg{ulpmenl Good condition, 8Amp.. £25
0C SERVD MOTORS 110V 2.5 Amp continuous Double Shaft Brand new 4 wue 4
Brush . £18
HEWLETT PACKARD DC VACUUM TUBE VOLTMETER type 4124

WAYNE KERR COMPONENT BRIDGE type B521.

B & K LEVEL RECORDER type 2304

RHODE & SCHWARZ UHF TEST RECEIVER BN 1523 280-040MHZ .

R & 8 FREQUENCY METER VHF-UHF 30-300MHZ type W10 8N442.

R & S ATTENUATOR type DPR BN 18042/50 .

HEWLETT PACKARD WIDE RANGE OSCILLATOR rvpa 200C0

HEWLETT PACKARD AUDIO DSCILLATOR type 200

FERROGRAPH RECORDER TEST SET type RTS2..

MARCON! VHF WAVEMETER type TF643C. 20-300MHZ. Portable .

HOUSTON INSTRUMENTS LOG VOLTMETER-CONVERTOR Model HLVCI50.
RAOFORD DISTORTION METER type DMS2 20HZ-20KHZ

GOULD/ADVANCE AUDID SIGNAL GENERATOR J4A. ine/square 10- 100KHZ.
MDSELEY X-Y RECORDER type 2D-2 info available.

ADVANCE UHF SIGNAL GENERATOR SG69. 370-1040MHZ

HEWLETT PACKARD OC POWER SUPPLY type 6448B. 0-600Volts 0-1,5Amps.
GRUNDIG UNIVERSAL UHF CONVERTOR type VS2.

DECADE CAPACITOR 1413 with ANALDG LIMIT COMPARATOR 1782 and IM-

£150
.£395
.. £25

WIRELESS WORLD JANUARY 1982

SOLARTRON CD1400 Dual Beam 15MHZ
Oscilloscope. Size 19''x7''x16"’ deep. Manuai
Supplied £60 each.
Phone for availability

TEKTRONIX 545A Duai Trace 24MHZ. Dual TB
with dela £120 each.

™ INSULATION AND CONTINUI
TESTER 500 volts
Portable, Battery Operated. Standard P.P.7
(Battery not supplied). Complete with carrying
case. Used but good condition £25 each. As
above but 250 Volts. Used £17.50 each. P&P £3

ULTIMETER
Russian Type 4324
AC/DC volits; AC/DC current; ohms, etc. Brand
new, boxed. £12. 50 each, P&P £2.5

COSSOR VDU with KEYBOARD
Complete £25 each.
Phone for details

DECCA 20" BLACK & WHITE MONITORS type
MVA 2000. Video in/out. Audio in/out £20 each.
IKEGAMI| 20" BLACK & WHITE MONITORS.
SOIF‘ID STATE. Video in - int. & ext. sync. £75
eac!

COLOUR MONITORS 22'' by MAM ELECTRON-
ICS. VERY GOOD CONDITION. £135 each.

BRANDENBURG HIGH VOLTAGE GENERATOR
type MR50. Metered 0-50kV; 0-1MA. Negative/
positive oUtput.ONLY £75 each

PEDANCE COMPARATOR 1654 by GENERAL RADID .
TEKTRONIX VECTORSCOPE type £
BELL & HDWELL TV CAMERA wx!h SHIBAN FUJNON TV ZOOM LENS F1Z-8 1: l 8’-
20-100m
RACAL SOOMHZ DECADE DIVIDER lvpe W00
RACAL UHF FREQUENCY METER type 9839. 10- S60MHZ.
HEATHKIT TRANSMITTER Model DX-100U. 1.8-29.7TMHZ
BRANDENBURGH HIGH VOLTAGE P.U. Model 705 Melered 015KV, +/
MILES HIVOLT LTD P.U. type TH25, 0-25KV IMA. £175
CLAUDE LYONS AUTOMATIC VOLTAGE STABILISER Input 204-252Volts Oulpu!
250V +/-0.3%. 3.12KVA £75
SERVOMEX AC VOLTAGE STABILISER Metered 0-300Volts - 18Amps
19" RACK CABINET 3312"" HIGH X 2212'* DEEP. Blue. Nice condition. ...
COSSOR RMS VOLTMETER CT454-type 1453 ...
HENGSTLER ADDING & SUBTRACTING PULSE- CNTR Assemb. 5V opevauun =
AVO VALVE CHARACTERISTIC METER Mk 1V £
PLEASE CHECK AVAILABILITY BEFORE ORDERING
COMPONENT LIST AVAILABLE S AE. OR PHONE

GENERAL PURPOSE OSCILLOSCOPE
TECH TYPE TP2
Single beam. Size approx. 6 x 7 x 93ain.
Weight 7Ibs. Ideal for the beginner or school

USEr. ONLY £49.50 each. P&P £3
NE & SQUARE WAVE AUDIO GENERATOR

TYPE TE-22. 20HZ-200KHZ. Portable, as new.
Onlv £45 each. P&P £3

RADAR AERIALS
Rotary, complete with Waveguide Couplers.
These are brand new. Ministry boxed. Very
impressive. Dish diameter 27 inches.
£65 each. Carriage £6

BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome

CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc,

| o || B

NORWOOD ROAD, READING

(2nd turning left ast Reading

Technicat Coltege in King’s Road then first right

All units £6 carriage. Plus V.A.T. on total

TELEPHONE NO. READING 669656

WW — 088 FOR FURTHER DETAILS

- look on right for door with “Spoked Wheel"’)

TITAN TRANSFORMERS AND

COMPONENTS

DEPT. WW, CENTRAL HALL CHAMBERS

DUNCOMBE STREET, GRIM

SOUTH HUMBERSIDE DN32 7EG
Mail order. Prices include 15% V.A.T.
Send for our catalogue

12/24V RANGE PR|1220/240V
SEC 30/60V RANGE PRI 120/220/240V

'] 12V ov 12v EC W
TYPE AMPS PRICE P/P OV Z v 30V OV Al V BV?OV

2y 2y E £ VOLTSI6=I308
a, 3 015 170 040
§1§ 01305% s z.eg 087 | TYPE AMPS PRICE P/P
7n 21 277 110 30v 60v € £ TYPE
8 a2 398 143 | 124 1 05 330 143
68 3 15 348 143 | 126 2 1 6.36 143 =
85 5 25 606 143 127 4 2 786 173 aaw
o 6 3 667 143 | 125 6 3 1178 190 v
108 8 a 803 143 | 123 8 4 14712 220 o
72 266 173 40 10 5 1710 220 o
16 12 6 931 190 | 120 12 6 1944 235 o)
17 16 8 1146 205 | 121 16 8 2770 268 4
115 2010 1369 208 | 122 20 10 3208 4.00 ?iw
187 30115 1323 235 | 189 24 12 3702 600
232 40 20 2781 450
226 60 30 3535 400 —

]

CASED AUTOTRANSFORMERS
240V LEAD IN:115V 2PIN SOCKET OU

VA

or double density

PRICE  P/P

680 08 5VDC at 1.5AMp................
843 143

1086 1.73

LT RIEY FOR SUPER BRAIN

ol oio complete with 3.1DOS......

FOR S100

WW - 064 FOR FURTHER DETAILS

i TANDON THINLINE TM TM848-2 500/1000 KBytes.
Double Sided. Single or double density. Half thickness of
standard drive, only 2.3"' D.C. Power only required 24VDC +
............................................ £449.00
TANDON MINI WINCHESTER TM600. 5MBytes

] TM600 + controller + cables + CP/M 2.21

DISC DRIVES

AT UNBELIEVABLY LOW
PRICES

SIEMENS FDD100-8. 250/500 KBytes. 8'’ Single Sided. Single

£263.16
8"

TM600 + controller + power supply, in case, wired and

£1695.00
................. £1595.00

16/30V AANGE PRI 220/240V | ‘Saé?vMNGE RR!120/220/ 280V SOFTWARE
sec fmvony SRR, vouTS 12— 88 0 a8 Y | e aosusrmenr auTornansranmens From MicroPro From Graham Dorian
VOLTS AVAILABLE 3 =15 15 ( J WORDSTAR Software
[YGE FAMBSY REICE [B/P ' IMEE wAMES TRRIGE [B/P MAILMERGE .. Nominal Ledger...........
15 30v £ f a8y 9%6v £ £
M2 71 050 284 110 | 430 1 05 469 143 | oo L poce pp SPELLSTAR . Sales Ledger.......
79 210 329 110 | 4 21 784 143 et SUPERSPORT Purchase Led
342 ehe 14y | a2 42z 1284 208 | Lo oo G Lo ! urchase Ledger...
283 w18 83 e 220 | 4 100 346 087 DATASTAR .. Stock Control
51 105 1057 19 | 4% 105 2875 265 | 47C 200 400 100 CALCSTAR.... .. (new) £175.00 Order Entry/Inv.
itz p2s) tsa Zosy U gas )2y 8 Rasiel EEOo) Lose  Soo"  feizel s From Microsoft Job Costing ..................
8 16 8 1614 220 | 47 16 8 3947 500 | 41 500 874 173 L :
B 2010 1854 23 421F 1000 1184 208 Basic 80. £175.00 The above include Source
90 4 1 0.5 N H
3 w15 Bey 2 Basic Compiler. £185.00 Code in CBASIC 2
92 40 20 3321 4 | autorransrormtrs 240 220 sy
EOSSOSMIBIRI oo i 1—7* — EXTRA DISCOUNT
25/50VRANGE PRI120/220/240V TYPE VA PRICE  P/P 5
SEC: YIRRY - (TUIOLY 12 P wans soaTons a1y scarin An extra discount of 5% may be deducted from the above
V >0 38 200 ov SEeon 18y mow s0 Al A 4L e . . . .
vours 0UTe 3 Z0 a8 | 25 es 3s0 110 prices if cash/cheque is sent with order
64 80 482 1 : o,
TYPE AMPS  PRICE P,P & En s | e va mce e Allthe above prices exclude VAT at 15%
102 1 050 3.29 1,43 i i £ £
63 350 973 190 149F 60 840 173
e 230 4m 3| & s00 170 220 | 1s0F 109 o9y 13 IRVINE BUSINESS SYSTEMS LTD.
105 6 3 9.09 190 83 750 13.51  2.05 159F 200 1384 205
W06 8 4 1224 190 84 1000 1831 235 152F 250 1669 220 PO Box 5 TEL: 0294-218888
07 12 6 1615 220 95 2KVA 3436 5.00 153F 350 20.77 255 10 North Vi /
el olem | 22}, [3ise 3 3 6474 500 | 152F 500 2603 265 Ogupen el
119 20 10 2705 258 67 6§  97.85 6.50 155F 750  36.75 5.00 i nwah b Bourtreehill, Irvine
109 24 12 3244 450 0 10 179.05 10.00 | 156F 1000  47.82 6.0 Ayrshire, KA11-1NE
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PRODUCTION

TESTING POWER UNITS

Now available with
3 OUTPUTS

DEVELOPMENT

SERVICING

Type 250VRU/30/25

OUTPUT 1: 0-30v, 25A DC
OUTPUT 2: 0-70v, 10A AC
OUTPUT 3: 0-250v, 4A AC

ALL
Continuously
Variable

Valradio

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

‘WW - 005 FOR FURTHER DETAILS

SUPERSEM

PLYMOUTH 0752 21256
MEMORIES AT UNFORGETTABLE PRICES

1-24  25-99

80

100+
75
78
2.25
2.05
340
2.00
6.00
7.95
270
1.90
245
2.75
3.00
95
90
110
a7
2.00
1.55
2.15
315
2.00
3.15
3.15
3.30

1,000 +
0
75
220
1.95
3.20
1.80
5.50
5.55
2.40
1.70
215
245
260

80

80
1.00

70
1.80
1.45
2.00
2.80
1.80
2.80
2.80
3.00
1.50

4116 P-3 200ns

2114 LP 450ns .

2708k 450ns..

2716k 450ns..

2732k 450ns

8981 P-45 Cmos

8725 S 200NS ..o
K4164 200ns .

8039 8-bit

8080AP CPU.

8085A CPU

8155P + Timer...

8156P + Timer....

8212P i/o Port

8216 Bus Driver.

8224P Clock Gen ...

8226P Bus + B/Drives

8228P System Cont.

8243P i/0 Exp.... =y
8251AP Prog. int./Face.....
8253P Prog. Int./Time ......
8255AP Perip./inter..............
8257P DMA Cont....o
8259 Inter Cont ...

8279P Key Disp............

4044 P-3300ns........

Please add V.A.T. to all orders
FAST DELIVERY : TOP QUALITY
Phone 0752 21256

SUPERSEM

Export enquiries welcome

2.10
3.35
335
3.50
1.75

3rd Floor
Britannic House
Drake Circus
Plymouth PL4 8AQ

WW - 036 FOR FURTHER DETAILS

~ YOU CAN'T BEAT
ILP BIPOLAR POWER

AMPS FOR
POWER AND PRICE

Get maximum power at mimmum price. yet still with hi-fi
specifications and a wide choice of outputs. ILP Bipolar power
amps. now with or without heatsinks are unbeatable value for
domestic hi-ti — but for disco. guitar amplifiers and PA choose
the new range of heavy duty power amps. again with or without
heatsinks. with protection against permanent short circuit
added safety for the disco or group user. Connection in alf cases
is simple — via 5 pins

Every item has a 5 year no quibbie guarantee and
includes full connection data. So send your order FREEPOST today!

Load impedance, all modeis. 4 ohm — infinty tnputimpedance. all models 100K ohm Input
sensitivity, all models. 500 mV. Frequency response. all models 15Hz-50kHz-3db

BIPOLAR Standard. with heatsinks

T Output | ;[ﬁmwl'?\ro Is i — I 1
utput | upply |

)| By me ll A0, T Izz"iﬁsx’ s o'
HY30 | 1ows4-80 | 001 0006% | +18~ zn'l 76 X 68 x 40 ‘,Au‘ €828 | £729
HY60 | 30w/4 8| 0015 0006% | =25+30 | 76x68x40 | 240| £9 58 { £8 33
HY120 | 60w/482| 001% <0 006% | +35- 40 | 120X 7840 | 410 | £20 10 | £17 48

W 200 | 120w/a-82| oo 006% | <45+ ;, 120%78x50 | 515 | £24 39 g21

__HY 400 | 240w/40 | 0D1% <0 006" l»di"-(‘; 120 X 78 X 100 | 1025 ne 50| £31 8

BIPOLAR Standard. withoui heatsinks

THY120P | 60w/4.8 > <0006% | - Tl[ )X 2640 | 215 | £17 83 | £15 50
HY 200P | 120w/4-852| 0 01 006% | +45+50 | 120x 2640 | 215 | £2123 [ £18.45
HY 400P | 240w /452 | 001 006% | +45+50 | 120x26x70 | 375 | € 192833

Prolectlon Loadllne momenlary short circudt (typlcaly10°ec) Slew rate 1 SV /us R|se lnme
ous. S/N ratio 100db Frequency response (-3dB):15Hz-50kHz. Input sensitiity 500mV
rms. Input impedance 100k$2. Damping factor (8Q/100Hz)>400

HEAVY DUTY with heatsinks

' DISTORTION | [ a T

Model No = TprD 50:11'\/ /DkHzJ \?(;Jlgpgle I Size mm GV:"S nz”ﬁn ar SE\T
| Watts rms | al 1kHz 41 Typ/Max | ol J‘
HD120 | GOw/482 | 001 0006% | +3540 | 120x 78 x50 | 515 | £25 85| £22 48
HD 200 | 120w/4-82| 003 0006% | +45+50 | 120% 78 x 60 | 620 | £31 49 |27 38
HD 400 | 240w/ [ 00'% <0006% | 45250 | 120x 78 100 | 1025 £44 42|38 63
HEAVY DUTY without heatsinks

[6owasa | o0 ) 006% | +35=40 | 120x 26X 50 | 265 | £22 82 £1984.
HD 200P : 20w/4 1 0 0 00! +4 20x26 x50 | 265 | £2717 | €23 63
HD 400P | 240w /40 1 6% | +45+5 % 26 x 70 £3942 €34 28
' Prolection: Load ine. PERMANENT SHORT CIRCUIT (ceal for

disco/group use should evidence of short circuit not be immediately

k apparent). The Heavy Duty range can claim additronal output power
devices ard complementary protection Circuitry with performance specs
as for standard types

How to order Freepost: Use this coupon, or a separate sheet of paper. to order these products

or any products from other tLP Electronics advertisements No stamp 1s needed if you address

to Freepost Cheques and postal orders must be crossed and payable to ILP Electronics Ltd

cash must be registered C 0.0 add £1 to total order value Access and Barclaycard

welcome All UK orders sent post free within 7 days of receipt of order

LI N ;& N & B N N ]

Please send me the toflowing
ILP modules

Total purchase price

encloseCheque Postal Orders | int Money Order
Please debit myAccess/Barclaycard No
Name

Addres!

Signature

ELECTF!DNICS LTD /

S'I'AYAHEAD STAY WITH US

WW - 007 FOR FURTHER DETAILS
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HeENRYs

RETAIL SALES
AND DEMONSTRATIONS

COMPUTER KIT
DIVISION

WIRELESS WORLD JANUARY 1982

TANGERINE 50250 occran
LONDON & HOME COUNTIES STOCKISTS F"EE

ltP

404 EDGWARE RD. LONDON, W21ED TEL: 01-402 6822

TANGERINE- TANGERINE -TANGERINE -TANGERINE - TANGERINE

MIGROTAN 65

Microtan 65 is the most advanced.
powerful, expandable micro-
computer available - it

also happens to be the

most cost effectivet

Electronic Today
international held a
mammoth survey of kits.
The result: Microtan 65
WINS COMPUTER CLASS!

MICROTAN 65 CONTENTS
High quality, plated thru hole printed circuit board, solder res:st and silk
screened component dentification. 6502 microprocessor 1K monitor
TANBUG Now with 'V' Bug 1K RAM for user programme. stack and
display memory VOU alphanumeric display of 16 cows by 32 characters
MICROTAN 85 system file binder 136 page. bound. users hardware /
sottware manual with constructional details and sample programmes
Logic and discrete components to fulty expand MICROTAN 65

The MICROTAN 65 kit has won widespread acclaim for its superh
presentation We pay attention to detart!

kiTFormM £69.00 + £1035 v AT 1012l £7935

MICROTAN 65 assembled and 1ested

Specification as above. but assembled and fully hench tested by ourselves

£79.00 +£1185v AT 1ol £90 85
7anBUG v23 kit £21.85 inci.

| "FULL MANUALS: MICROTAN,

MIGRON

and housed

£395

nc VAT P&P

sysTEM RACK MIcRON £550 inc1.

6502 based microcomputer VOU alpha numeric display. Powertul
mondor TANBUG 8K RAM 32 paralfet 1/ 0 hines. 2 TTt senial 1/0 fines
Four 16 Bit counter nimers Cassette interface. Oata bus buftening
Memary mapping conto! 71 key ASCH Keyboard. including nument
keypad Includes power supply Also includes the lirst * 10K MICRO
SOFT BASIC " available in the U.K All the usual BASIC commands

g 54 Way 0 | N. edge connector TK RAM, casselte interface. 16 parallel

Mimmum

TANEX £43.00 .

CONTENTS +VAT £645.10al £49 45

High quality piated thru hole printed circuit hoard, solder resist and silk
screened component identification. 1.C. sockets for maximum expansion

170 lines. a T T.L senal /0 port, two 16 bt counter timers. data bus
butfering. memory mapping, fogic and discrete components for
maximum expansion TANEX users manual /‘W\
TANEX {Minimum configuration} Assembled ¢ A
£53.00 +vaT £795 1012 £60 95

TANEX, BASIC, X BUG
All £5 each

MIGCROTAN 65 OPTIONS

LOWER CASE PACK MINI MOTHER BOARD
Two integrated circuits which connect  Used 1o connect Microtan 1o Tanex

into locations on MICROTAN sult £10.00 - var
allowing 128 displayable characters :

£9.48 + 1142 1021 £1090

GRAPHICS PACK

Five integrated circuits which connect into locations on MICROTAN
allowing the display of chunky graphics (64 x 64 pixels) What are
chunky graphics? Wedl imagine a piece of graph paper with 64 squares
vertically and 64 squares horizontally, a total of 4096 Each sguare can
be made black on white

£6.52 +vat 98p 10rai £750

20 WAY KEYPAD

Inexpensive means of getting up and runming Uses ‘Schoeller key
switches, and connects to MICROTAN through a 16 pin 0! L plug on
ribbon cable Black anodised escutcheon, with TANGERINE (egends
himshes oft what must be the best value for meney keypad available
Available assembled-and tested

£10.00 +vav £150 i £1150

*Space Invaders game (for use with keypad only}
£1522 + VAT £228 1012l £17 50

TANRAM

AVAILABLE NOW TANRAM - 40K Bytes on
one board!  Single board of bulk memory
offenng 7K Statie RAM {2114), and 32K
Oynanuc RAM {4116) Onboard refresh is
totally transparent to CPU operation and s
unattected by normal OMA's TANRAM fully
expands the available address space ol the
6502 microprocessor MICROTAN, TANEX and TANRAM together
provide 16K RAM, 48K RAM, and 1K 1/0 that's a lof of memaory
and a lot of 170! Bust and tested TANRAM ASSEMBLED

40K RAM CARD with 16K DYNAMIC RAM £76 -vaT
CONTENTS High quality plated thru hole printed circuit board, solder

resist and sitk screened component identification Full complement of
1C sockets for maximum expansion 64 way OIN edge c

TANEX EXPANSION

Expanded, TANEX offers 7K RAM,
tocations for 4K EPROM (2716}
locations for 10K extended
MICROSOFT BASIC, 32 parallel1/0
lines, wo TTLsenal 170 ports, a
third serial 1/ 0 port with
RS232/20mA ioop. full mndem

cassene intertace. data bus
butfering. and memaory mapping
EXPANDED TANEX KIT {Excludes ROM. XBUG and BASIC)
£89.70 +vat 11346 w0121 £103 16

EXPANDED TANEX ASSEMBLED

£99.70 +v AT 1496 101l £11466

OPTIONS 70 FULLY EXPANDED TANEX

10K Extended MICROSOFT BASIC in EPROM {with manual)
£49.00 + VAT £735. total £56.35

ExtraRAM 1K (2x 2114) £5.20 + VAT 78p total £5 98
SERIAL I/0 KIT £17.25 incl.

6522 VIA  £B.O0+VAT £120, total £9 20

XBUG £17354VAT £260. 1atal £1995

+ 12v.KIT £9.20 incl.

AS YOU CAN SEE THE PRICES OF OUR EXPANSION
COMPONENTS ARE VERY. VERY COMPETITIVE!

1K RAM (2114} Data bus buffering TANRAM users manual

EXTRA RAM

1K STATIC (2114) £2.95each 16K DYNAMIC (4116 £1 50 each

MEMORIES expano YOURSYSTEM WITH QUR TANGERINE
Discounts 10% for 4, 15% for 8 20% for 16 APPROVED CHIPS

2102 1K x 1 Stanc RAM  BOp IM 6402 UART  £4.50

2708 £350 2114 1K x 4 Static RAM  £295
2716 £6.50 !
MK 4116 16K x 1 Dynamic RAM

£150 Al includingVAT“]B]K’asm“ RAM £7.50

TANGERINE DISC SYSTEM _

78 CONTROLLER CARD £150,00 -vat
DOUBLE SIDED DOUBLE DENSITY DRIVE
5.00 -var
CP/M DISK OPERATING SYSTEM
£80 -vat

~ Dec.’'81
>

POWER SUPPLIES

MPS 1 Input 120 or 240V AC Output 5 Vatis at 3 Amps Regulated
MPS 1 will power both MICROTAN and TANEX tully expanded Built on
the same size printed circunt board as MICROTAN efc Availabte as a
tully built and tested unit

£23.00 -var £345 108 £26 a5
XMPSZ +5V 6A +12V. -5 and

£69.13 +var

12V switch mode system PSU

MONITORS (PROFESSIONAL)
RECONDITIONED AND NEW - FROM £35.00 (o £129.95

MINI-SYSTEM RACK

We have produced a mini-system rack which accepts MICROTAN 65
TANEX and our mini mother board It has an integral pawer supply. just
plug #t into the mains and away you go' Finished in TANGERINE/BLACK
1t gives your system the protessional finish Front panel access tor 1/0
cables AVAHABLEAS AN ASSEMBLED UNIT

£5835 incl.

CENTHONlcs Ideal for Tangerme
PRINTERS

CENTRONICS P1. £150 +v a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>