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Front cover is a montage of an
electronic watch circuit
superimposed on an-Aztec
calendar wheel. Picture by Paul
Brierley.

NEXT MONTH

Eprom emulator/
programmer — enables
program evaluation
without constant alteration
of eprom. When testing is
finished, emulator transfers
its contents to eprom.

Selective call for c.b. radio
— allows keypad-generated
data frame to modulate c.b.
carrier and call designated
receiver.

Simple low-frequency
oscilloscope — suitable for
audio work. Vertical
bandwidth is 1MHz at
50mV/cm — triggered or
free-running sweep. Costs
around £40.
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* P R RES! SE DC ~ 45KHz + 1dB.
Y OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD
(CONTINUQUS R.M.S.) |

% D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA. A
% HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6
OHMS,
% PLUG-IN MODULES:*CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS.
% UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
GENERATORS, AND MANY OTHERS.
% OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
VIRTUALLY 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. = -

Model — M600
aeeer. Analogue Associates

Tel: 0953-452477
PROFESSIONAL INDUSTRIAL ELECTRONICS

For fuli details on all Amcron Products write or phone Chris Flack
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INSTANT PRINTED CIRCUITS!! TV TUBE REBUILDING

Make your own — to professional standards — within minutes using ) X . . el
either “Fotolak” Light-sensitive Aerosol Lacquer or Pre-coated board. ‘Faircrest Engineering Ltd. ma_nufacture a comprehensive
No Darkroom or Ultra-violet source needed! range of equipment for processing all types of p_mu:re ._t\ube;,

‘colour and mono. Standard or custom built units for estabr
22028 Sgp; Rg:fal?epgag. g?g ng; {lished or new businesses. We export world-wide and have an
wl | N € | 2 excellent spares service backed by a strong techf\ncal team.

Copper-clad Fibre-glass Boards: Single-sided ........ voeeenn. £2 ft. 5q. {45 - = L : .
i ¥ Dou%le-sided £2.25 ft. ssg ((Gb’gﬁ Full training courses are individually tailorea to customers

requirements.

Fotolak aerosol.......
Ferric Chioride

Pre-coated Fibre-glass Board: . !

8''xa%"...£1.75 (25p)  16''Xx9""......... £7 (60p)  24''x18" ... £18 (£1.70) - ) el .
8''x9" ....... £3.50 (45p) 24''x12"'..£13(£1.20) Eurocard £1.25(25p)" For full details of our service contact Neil Jupp

Postage IndiviclljuoaLI‘E)tf;isﬂﬁdbE:ca{;é.awﬂ)z(?:'\)uanql(::rzlg:/;e £2 per order. FA' RCREST EN G l N EEB | N G LTD »
WHITE HOUSE ELECTRONICS 4 Union Road, Croydon, CRO 2XX

P.0. Box 19, Praa Sands, Penzance TR20 9TF 01-684 1422/01-684 0246
Telephone: Germoe (073-676) 2329 - - . ¢

R —
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St LekJ LOMPUTERS
s e 192 HONEYPOT LANE, QUEENSBURY, STANMORE, MIDDX HA7 1EE. 01-204 7525

“oogn s THE “PET" SPECIALISTS

4016 16K Computer £460 WE HAVE A DAZZLING ARRAY OF COME AND = § =
4032 32K Computer £575 CONNECTIONS WITH THE OUTSIDE WORLD! 'SEE THE NEW j H,
2031 171K Single Drive Floppy Disk £350 | D _TO A CONVERTERS (8, 12 & 16 BIT £165 ; feay Bl

: ] ATO D CONVERTERS RESOLUTIONS
el el Es X/Y PLOTTERS (A3 SIZE UPWARDS) FULLY WORKING AND OPERATIONAL
4022 Tractor Feed Printer £350 DIGITAL INPUTS/OUTPUTS ¥

ASK US ABOUT ALL THE ADD-ON-GOODIES
gggg gg& gomputer ggg RS 232: IEEE : CENTRONIC INTERFACES THAT GO WITH THE VIC
omputer : AS WELL A I FTW. WE A MASSES OF BOOKSONTHE
8050 950K Dual Drive Floppy Disk £750 e CiNBgSPr;ﬁSEI\JS(gNEEFII\I’;Eé LSO PET & VIC
8023 Tractor Feed Printer ) £750 REQUIREMENTS, LIKE: + INTERFACING & CONTROL
8422 22 Megabyte Winchester Disk £3250 DATA ANALYSIS/STATISTICAL PACKAGES SEND US A LARGE STAMPED ADDRESSED
9000 SuperPet 134K Muitilanguage Computer TAPEPREP FOR ONC MACHINE TOOLS ENVELOPE (12x9) AND WE WILL BE DE-
£1295 | SECTION CALCULATIONS FOR DRAWING | LIGHTED TO SEND YOU ALL OUR CURRENT
INFORMATION!
* PRICES l_)O NOT INCLUDE VAT

TOOL KITS (BASIC 2 & 4). SUPERCHIPS OFFICES
AND ALL SORTS OF OTHER CHIP. ANALYSIS FOR CONTROL SYSTEMS

PERSONAL SHOPPERS WELCOME ALL GOODS SENT SAME DAY WHEREVER POSSIBLE | “=™! |{
Phone & Mail Orders accepted LARGE S.AE. FORLISTS ETC.
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THE SOURCE

 OF ALL HIGH QUALITY
USED TEST EQUIPMENT
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HILOMAST |
SYSTEMS

PNEUMATIC
TELESCOPIC

HILOMAST LIMITED

THE STREET HEYBRIDGE — MALDON
ESSEXCM9 7NB ENGLAND
Tel. MALDON (0621) 56480
TELEX NO. 995855
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THE COTSWOLD
“BUDGET RANGE" OFFERS
BUILT-IN QUALITY COUPLED
TO A RELIABLE

i DELIVERY SERVICE
% MOST TYPES

& % FROM STOCK

IEC 65
VDE 0550
BS 415

TO ORDER

PHONE
“TELEX, WRITE
FOR DATA SHEET

AND PRICE LIST

Budget Range Stockist
_ BARRIE ELECTRONICS LTD.
3 The Minories, London EC3N 1BJ. 01-488 3316

Cotswold Electronics L.

Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX
Tel: 024241313 Telex: 897106
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{ BE PREPARED |

Ideal for the experimenter
B THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS
@ UNIT IS SIZE OF FOUNTAIN PEN & CLIPS i
ONTD TOP POCKET FREE e ronchase -
B PRECISION INSTRUMENT
B MANUFACTURERS CURRENT PRICE OF A
SIMILAR MODEL OVER £25 EACH
WO0-5R
British design & manutacture. Ao
Tested and fully guaranteed, Ex-stock delivery. COMPLETE
As supplied to Fire Services/Civil Defence WITH DATA

-M’&"%— o
01-7231008/9

CALLERS: 404 EDGWARE ROAD, LONDON W2 1ED
Mail Orders/Export Enquiries to: 11-12 P Green, London W2

VIEW THRU LENS »

PIANOS  jhecaustssice o s, Elenrnia Bocin
n
0ORESTICOHISTAGE TRIO. Drums, Bass
SiX OR 7‘/‘OCTAVES Chord Instrument.
KITS OR MANUFACTURED User Programmable
VOCAL & INSTRU- for 50-100 scores,
"nu m;’sl advanped MENTAL SOLOISTSI using microprocesser—
orm of e
tive action simulat- § MASTER RHYTHM
ing piano key inertia § \yser Programmabie
by patented tech- | DRUM MACHINE.
IO Twenty-four patterns.
Eight parallel tracks.
Four mixable voices § Twelve instruments

for serious tone § sequence operation. .
variatlon plus 2 P £79 KIT £113 BULT
electronic chorus § write or Phone for full details of our range ot

and flanger effects. ll high quality Kit and manufactured Electronic
Mgsmgl Instruments. Prices inciude V.A.T,, Carr.,
s. and we operate Telephone BARCLAY-

DOMESTIC PRICES  Component Kis in- | & 8, SCCESS,

£‘ ) SIX 7V Competitive EXPORT Quotations given.
| rurxas s con- | “CLEF PRODUCTS I’Et‘scﬁomcs)
Comp!| 234 266 tain: Cabinets, Har- LIMITED
| — ness, Power Amp
Full | 388 | 442 and Speaker. Dept. W, 44a Bramhall Lane South
MFD | 620.| 695 Bramhait, Stockport Cheshire SK7 1AH
\._ -439 3
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TOROID

The toroidal transformer is now accepted as
the standard in industry, overtaking the
obsolete laminated type. Industry has been
quick to recognise the advantages toroidals
offer in size, weight, lower radiated field and,
thanks to I.L.P., PRICE.

Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within
7 DAYS together with a short lead time on quantity orders which
can be programmed to your requirements with no price penalty.

vee |SERIES s:coumvl WS | pace Y 294 TYPES TO CHOOSE FROM!
No. Voits  {Current
B et ol 5 v ORDERS DESPATCHED WITHIN 7
70m30mm | 1x011] 948 166 £5 1 2 DAYS OF RECEIPT FOR SINGLE OR
045K | 12012} 12412 | 128 N SMALL QUENTITY ORDERS
e | ais| 1o | 08| o YEAR NO QUIBBLE GUARANTEE
2014 18+1 SVAT 0 92
12015 22422 | 088 | sgiacr0e 5 YEAR NO QUIB
12016 25.53 g,osg
1017} 30+ I
= SERIES|SECONDARY| AMS
o 801 88| 58 oy (2 e o),
+! . I — 1T R .. r
o-g:;\m 2x012| 12412 | 208 225VA |ex0t2| 12+12 | 9.38
Reguaton | 25013 | 15415 | 1.66 £570 110x45mm| 6x013[ 15415 | 7.50
1 25014] 18+18 1.38 g 2.2Kg [6x014] 18418 6.25
2015] 22422 | 113 v Reguiation | 6x015{ 22422 | 5.11 £g 20
2016 25425 1.00 VATE 08 ™% g:g;g gg:gg ;i;g .
Iir| aad0 | 0831 wmow 6x018| 35435 | 321 | e
2¢029 220 0.22 6x026| 40440 2.81
22030 | 240 0.20 6025 45+48° | 2.50 | TOALmizee
e == 62033| 50450 | 225
80VA |3x010| 6+6 6.64 6x028 110 2.04
90x30mm | 3011 9+9 ;.u 62029 220 1.02
1 k012 12412 .33 62030 240" 0.93
ot 325 53 | 2 | £6.08 | ks 1
* § 8
015 | 2+22 | 181 g 110x50mm| 7x014 | 18418 | 8.33
32016 | 25+25 | 1.60 G 2.6Kp | 7x015| 22+22 | 6.82 0 1 7
g,gg 30430 1:;; TOTAL €8 91 Req:.l/amn 7.8:? ggbgg gg o
110 0. o u + y )
n0m| 20 0.36 7x018| 35435 | 4.28 -
32030 240 0.33 72026 40440 | 3.75 UL
— 72025] 45+45 | 3.33 | Tomicieco
120VA fax010|  6+5 (1000 | R B |12
90 x40mm { 42011 9+9 6.66 7x028 10 2.72
wagaon | 3013 | 15035 | 400 | £6,90) el oy
eguiation | 4x + 7:030| 240 1.25
M% 4x014 18+18 3 Bl - — N .. 1
ax015 | 22422 | 2.72 o1 67 500vA |82016( 25+25 |10.00
gl Bim | 2| s | gl B2 | 921 £13.53
N . i x i
4x008 | 35e35 | 171 | MO Reguiation | 8x026 |  40+40 | 625 | 5
42028 | 110 1.08 4%  [8x025] 45445 | 555
4x029| 220 0.54 8x033| 50450 | 5.00 SEAICES
42030 | 240 0.50 8x042| 55455 | 4.54 [ Toraitieze
I — 1 4
160 VA [5011| 9+9 | 889 | | T
82028 220 2.2
10x40mm| 52012 | 12+12 6 ;63 ) 8x030 240 2.08
18Kg [5x013 | 15615 | 5. o e =
Reguiation | 5x014 | 18418 | 4.44 £7,91 625 VA [9:017) 30+30 |10.41 | W
8% s.gug gm N 140x75mm] 9x018 | 35+35 | 8.92 £16-13
5x01 +25 | 3.20 5Kg |9x026] 40+40 | 7.8t
5x017 | 30430 | 2.66 SVATEY 44 Roguiation [9x025 [ 45445 | 684 | T, o)
5018 | 35435 | 2.28 | towenor 4% [9x033| 50450 | 625 "
52026 | 40440 | 2.00 9a042| 55456 | 5.68 LPALEINTY
5:028 | 110 145 %028} 110 568 | romere
5x029 [ 220 0.72 w029 | 220 284
5x030 | 240 0.66 9x030| 240 2.80

IMPORTANT: Hegulallon-kl.l voitages quoted are FULL LOIAD. Please add regulation ligure to
sacondary voltage to obtain off load voltage.
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) insert “1" in place of X" in type number.
For 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 fromather ILP Electronics advertisements. No stamp is needed if you address to
Freepost. Cheques and postal orders must be crossed and payable to ILP Electronics Ltd.
Access and Barclaycard welcome. Al UK orders sent within 7 days of receipt of order for
single and small quantity orders.

Also available at Electrovaiue, Maplin and Technomatic.
T S A S SEEENE G DR AN R

Please send

Total purchase price __
| enclose Cheque[]

Postal OrdersD Int. Money Order[:]

Debit my Access/Barclaycard No. 8 s

Name
Address

Signature _ -
Post to: ILP Electrenics Ltd., Freepost 5, Graham Bell House, Roper Close
Canterbury CT2 7EP, Kent, England.
Telephone Sales (0227) 54778: Technical (0227) 64723: Teiex 965780.
{a division of

. l F ILP Eiectronics Lid)

\ TRANSFORVIERS
A N EaEs RN S I
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New Fluke
4'/2 Digit
Hand-held
D.M.M.s

Basic dc accuracy 0.04%; 10uV. 10nA
and 10 mR sensitivity.
Dispiay annunciators for low battery
{BT} and special functions: frequency
{kHz}. dB. continuity (===, I} and
relative reference (REL).
Autoranging M 2 measurements from 2
MQto 300M Q.
Conductance functions for resistance
measurerments to 10,000 M Q.
Separate constant-current source diode-
test function for checking
semiconductor Junctions. :
Full range capability for voltage. current.
resistance (200 uA, 200 mV and 200 Q
ranges}.
Wideband True RMS AC measurements
to 100 kHz.
Overload protection to 750 VAC or
1000 VDC on voltage inputs and 500 V
on resistance. Protection on current
inputs provided by 3 2A/250V fuse in

In 80 line with a heavy-duty 3A/600V fuse.

| tac— BiCW Sophisticated self-diagnostics provided

! i for all range and function selections plus

1 b 1 LCD display, battery and CMOS

| il 'u 1.| circuitry.

_— .= Fluke’'s 8062A makes many of the same
= — measurements as the 8060A, at a lower
{ price.

- Continuity and relative reference
functions identical to 8060A.

True RMS measurements to 30 kHz.
Basic dc accuracy 0.05%: 10uV. 10nA
and 10 mQ sensitivity.

Fluke BO60A
Fluke 8062A

® "e"'e
ta ]

£275.00
£210.00

...£85.00
.. £95.00
. £125.00

¥ - . £155.00

. MainsModel £255.00 MainsBattery £285.00

. MainsModel £229.00 MainsBattery £257.00
MainsModet £175.00 MainsBattery £203.00

Fluke 8022B. With 2year warranty .
Fluke802 1 B. With 2yearwarranty .
Fluke8020B. With 2 year warranty .
Fluke 80248. With 2 yearwarranty .
Fluke B050A

Fluke8012A .

Fluke8O10A .

ACCESSORIES

AB81-230 Battery eliminator .
C90 Carry case for hand held .
801-600 Amp clamp .
80.-10 Current shunt 10A
80K-40 H.V. probe 40kV
80K-6 H.V. probe 6kV .. . ..
80T-150 Temperature probe .
80T-H Touch hold probe .
83RF R.F. probe | 0OMHz.
85RF R.F. ptobe 500MHz.
Y8102 Thermocouple probe .

.. £14.00
£10.00
£68.00
£22.00
£56.00
£40.00
£72.00
£36.00
£40.00
£69.00
£41.00
£18.00

.. £8.00
.£14.00

Y8103 Bead thermocouple . ... ...
Y8104 K type thermocouple termination
Y8133 Deluxe test leads. . . ..
Full Specs. on Request.
The above prices do not Include carrlage
or VAT {15%).
Simply Phone or &
Telex your order for

immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G
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Superior Quality Precision Made

NEW POWER RHEOSTATS

VARIABLE VOLTAGE TRANSFORMERS EPROM ERASURE KIT
Why waste monay? Bulld your own EPROM ERASURE for a frac-
INPUT 230/240V a.c. 50/6 p tion of the price of a made-up unit. Complete kit of parts less case,

1 ampinc. a.c. voltmeter £ 0 to include 12'* 8 watt 2537 Angst Tube. Ballast unit. pair of bi-pin
0.6 KVA (22 amp MAX) £19.00 leads. Neon indicator, safety microswitch, on/off switch and cir+

£25.00 cuit.
LESS CASE. Price: £13.60+ 75p P&P. (Total incl. VAT £16.50).

New ceramic construction, heavy duty brush as- £41.00 :

sembly, continuously rated. £49.00 wn_mhlnngé:ll:lébe' ust:jdi In this circuit is highly dangerous to the eyes.
N 9.00 nit e fitted in suitable case.

25 WATT . B ST Wil

ot 30‘%?&5 50 100/150/250/500/1KA2 1.5k2 £174.00 3 REVERSIBLE MOTOR. 42 RPM 110V A G. 1001b In: Will operate on
-10 + 30p P&P. (£3.91 inc. VAT, 15 KVA (75 amp MAX £270.00 — i

50 WATT ] 75 amp 4 - 230V A.C. Speed remains at 42 rpm but torgue reduces by 50%.

25012 £5.50 + 50p P&P. (£6.90 inc. VAT). 3-PHASE VARIABLE VOLTAGE Price £16.50 + £2.50 P&P (Total incl. VAT £21.28).
100 WATT  1/5/10/25/50/100/250/300/500/ 1k1/1.5k2/2 5K/ TRANSFORMERS S/rpmoriisatpinisigolelnonisve iSRRI GIOE Eithertypeltaish
5k0)/3.5k02 £7.25 + 75p P&P. (£9.20 inc. VAT). Oual input 200 .240V or 380415V, Star connectsd oach +50p PAE (ot lipe VATV EZ s ST o

:hck Sliver Skirted Knob calibrated In Nos. 1-9, 12/n die. brass 3KVA 5 amp per phase max T £108.00 BRAND NEW CASSETTE TYPE MOTORS. Three types. 6V. 772V,

ush. Ideal for above Rheostats 24p . +VAT. 6 KVA 10 amp per phase max £162.00 Carriage, packing 12V. Price, any three, for £2 + 50p. P&P (incl. VAT £2.88) N.M.S.
19rKVA 16 amp per phase max £329.00 & VATextra ::‘&3 Tﬁ GEA“_E(D M;)'_fohg;grgge 3.‘Ezlb. in. reversible 115V AC
inc. start capacitor. Price: .50 + £2.00 P&P (total incl. V.

SOLID STATE E.H.T. UNIT " 1L3 OIBRVAatq§£pOg'BWOEPgPS7sp {£4.08 inc VAT) £14.38). Suitable Transformer 230V AC operation‘. DP:iCB' EB.SOAI

Input 230V A.C. Fully isolated. Aprox. 15KV. Built-in 10 sec. Timer. 0,15V at 24 0-30V 12 £20.40 PAP £2 . T 50p P&P (total inc. VAT £8.05). N.M.S.

Easily modified for 20 sec. 30 sec. to continuous operation. Size &.P) af amp, 0- at 12 amp X .3 {£26.11 inc VA R- TAR R A & M

155xB85x50mm. Price £5 + 75p P&P. (Total inc. VAT £6.61). 0.6V/12V 2t 20 amp £16.20 P&P £2.00 {inc VAT £20,93). PF?ESASgRCA BON VANE VACUUM COM-
N.E.C. Geared Motor. 152 rpm, 200ib.in. 230V \0/‘1%\’&3;)20 amp or 0.24V at 10 amp £14.90 P&P £2.00 (£19.43 inc Direct coupled to 1/3 h.p. 110/115V AC Motor :Zimpj'ﬁab rpm.
FOHs, Rati; 9 Pt Non-reverse.incl. 0.6V/12V at 10 amp £9.10 PAP£2.00 linc VAT £12.76) A L T L PTG fhes i

ractlon of mak ice, Price: i ax. pressure cont. 10 p.s.i. int. 16 p.s.i. Max. airflow 3 cfm. a
er's price. Price: 0.6V/12V/17V/18V/20V at 20 amp £20.90 P&P £2.00 (£26.68 inc VAT 66066 H.G. Price £30 + P&P £4 (£39. tRinc VAT). N.M.S.

£37.50 + £4 plp. (total incl. VAT ! o
£750 £47.73). zultable transformer 240V op. £10 P&P £2 {£13.80 incl._ VAT).

&P).
8 10V/17V/18Y at 10 amp £11.55 P&P £2.00 inc P&P (£15.58 inc MS.
WATER PUMP

240V A.C. SOLENQID VALVE ] = ]
Designed for Air/Gas at0-7. Water 0.5 psi. Inlet/outlet 3. Forged [ IAL S BE. Suitable for both Mig. by SPA. Astais of Italy. 220/240y AC 80 ha. 2800 R.P.M.
dy. . Dewraswitcl b . . Q o X B il i il " i
B ol ¥ I8 P&, (£7.10 inch VAT). n.m.s. industrial and educational purposes. Kit i e N R, P T GR T
METERS (New) — 90mm DIAMETER || when assembled produces a variable £18.80. P&P £2,50 (£21.86 inc. VAT). N.M.S. =
AC Amp. Typs 6772.0. 1A 0.0A D10A 1  speed 1 to approx. 70 flash per second. A};‘,Ir;liyguﬂssLﬁggE !ﬁ'l!"' LA R
DEN O G 100 0,904, 0.10A, 0-504, 0:100A. DC Vol 15V, Light output appErO)‘g.&O.S joules. Pn%e, Lq%?g;:_cﬂ'_aﬂq reflector price £11 + £2 ;; {Total inc. VAT
30V. All types £3.60 ea + P&P 75p (£5.00 inc. VAT) except 0-50A- less case, £27 + £2 P&P (total incl. VAT £74.96]. Foolscap s.a.e. for further details inc. Super Hi-Lyght
9&(;1‘30,«0(:. Price £6.00 plus 75p P&P (£6.61 inc. VAT). £33.36). 'Suitable case £11 + £2 P&P !l(]\ll’s‘lgl!.é:g?N TESTERS NEW
- . megol £49.00 P&P £2.00
ULTRA VIOLET BLACK LIGHT (total incl. VAT £14.95). - ] {£50.65 inc. VAT & P) 1000 VOLTS 100012 £55.00
FLUORESCENT TUBES e ———— e ——— | P&F £2.00 {£65.55 inc. VAT & P). SAE for leaflet. ;
M J— FROM STOCKOAT PRICES TIME SWITCH VENNER TYPEERD  J
wi .20. Post £1.25 (£8.57 inc. VAT & P). b g o k5
{For use in standard bi pin fittings). e THAT DEFY c M PETITI 0 N ' :vevy 24 hrs. at any manually pre-set time 36 hour
3 - . spread reserve and day omitting device. Buil to
;ﬁ'}i“,’;"&; f‘;’;‘; f%,‘?é_’,',"f,;é"{‘,ﬂh_ \ AC GEARED MOTDRS C.F. BLOWERS pgg:,'g‘ Sﬁéefég‘i‘%‘?"g & fﬂeg‘gﬁ,‘"“""- Price £11.50
Commplens baltass unlt for-sithes 60, oV oy 12v tube 2300 acop. | OC MOTORS AL CAPACITORS SANGAMO WESTON TIME SWITCH
£5.50 Post 55p (£6.96 inc. VAT & P). Also available for 12V DC £5.50 MICROSWITCHES STROBE KITS 07250 AC 2 om
Post 55p (£6.96 VAT & P Type $251 200/250 AC 2 on/2 off every 24 hours. 20 amps contacts
p {£6.96 inc. ). RELAYS FLASHTUBES with\;}x?;riga switcﬁmgiam_e:ler 4I ):13 ',Rn&i;:e £9.50 P&P {1 {£12.08
inc. . Also availabte with solar dia. =
gll-fAbcllK LIdGn:iT BUI}\?SUSW e e g(EJE%\JS(\J/}/(I)TSCHES geNNTACTORS Afﬂl‘s:g ava'ilabls Sangamo Westgnsso a.mp and AEG 80 amp. Phone
elf-ballasted Mercury U.V. ulbs. Available for either B.C. CHRONOQUS for details. |
o1 E.S. fitting. P cl. p&p & VAT £11.50. Type 5288 1 on, or 1 timed ¢/ 24 hours, d itting d
F|a<‘:’k Light .V’.‘%’:‘";‘BS fprg‘r‘:\ 6in to 4ft from stock. Foolscap s.a.e. PROGRAMME TIMERS MOTORS ?m ts'sg fz'n"g;‘- (fg?wci&tvﬂ'). N&ugs pLE (T S
or details. H H" . bove, plus 36 h i . L
400W UV LAMP AND BALLAST complete £38.00 Post £3.50 (£47.73 Phone in your enquiries cover. Price: £13 4 £1 P&%bs.ﬂaui':cw:%fﬁ.s&r.v; o
inc. VAT & P). 400W UV LAMP only £14.00. Post £2.00 (£18.40 inc. } 'N.M.S. — Naw Manufacturers* Surplus

L VAT&P). o —C PE o EEE CEE A e BR B % i R&T — Roconditioned and Tested.
SERVICE I R ADING co Personal callers only. Open Saturdays

Ample parking space g

o e '57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB, 01-995 1560 D Little Mewpart Street

Monday-Friday ACCOUNT CUSTOMERS MIN. ORDER EIU, Tel: 01-437 0576
WW — 005 FOR FURTHER DETAILS
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EssexTiny
sic System

* RS232 interface * Powaerful Tiny * Autostart Operation
48 I/0 Lines Basic Processor with Watchdog Timer
3K Up to 16K Byte EPROM Accommodates instant
EPROM Programmer ROM ® Modules

The Essex Tiny Basic Computer Is an ideal cholce
for data acquisition and process control systems. Its
crystal controlled timer and interrupts provide
accurate timing and fast response to critical events,
while the watchdog timer ensures reliable operation.
Programs can be entered and tested from an RS232

6ft dia. for use in satellite reCEption and terminal, and then be copied into EPROM. Alter-
H el tively, Instant ROM modules may be used both
microwave transmissions. Please send e T A

S .A- E . fOl’ fU ” detai |S a nd data S h eet. *INSTANT ROM is the trademark of Greenwich Instruments
PRICE EXCLUDING VAT: £185 — CARRIAGE WITHIN THE UK £2
— PLEASE SEND FOR FULL INFORMATION

Tarri Bros. :
Harrison Essex Electronics Centre

|
r Electronic Distributors University of Essex, Colchester, CO4 3SQ.
22 Milton Road, Westcliff-on-Sea, Essex SSO 7JX Jelepfigiig Colchester (0206) 865059
Tel. Southend (0702) 332338 WW — 042 FOR FURTHER DETAILS
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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.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1

Phone: 01/837/7937 ||

Telex: 892301 HAR
RTHER DETAILS |

A compact mai‘nsrpowered unit with one
balanced input and ten 8.¢. and d.c. Iso-
lated floating line outputs.

% Exemplary R.F. breakthrough speci-

DISTHIBUTION fications giving trouble-free operation
B 3 in close proximity to radio telephones
and links

* Excellent figures for noise, THD, static
and dynamic IMD

“ Any desired number of outlets may be
provided at microphone level to suit
certain video and audic recorders
used at press conferences

% Meets IECG65-2, BS415 safety and

W OSRAT DA

1.B.A_ ‘signal path’ requirements
Also available as a kit of parts less the
case and all XLR connectors for one or
ten outlets.

Broadcast Monitor Receiver 150kMz-
30MHz ¥ Stereo Disc Amplifier 2 and 3 %
Moving Coil Preamplifier % Illuminated
PPM Boxes % PPM Drive Boards and
Ernest Turner Movements Y Stabillzer
and Fraquency Shifter Boards % Pesk
Deviation Metar ¢ Programme and De-
viation Chart Recorders.

SURREY ELECTRONICS LIMITED
The Forge, Lucks Green
Cranlsigh, Surrey GU6 78G
Tel: 7

ELECTRONIC VALVES
WANTED

All Types Receiving, Transmitting, Industrial

PL504 — PL802 — PCL805 — CV131. — CV136 -
Cv138 — CV329 — CV345 — CV450 — 805. — 807 —
813 — 2K25, etc.

Phone/write to:

PYPE HAYES RADIO LTD.
606 Kingsbury Road
Birmingham, B24 SPJ
021-373 4942

WW —018 FOR FURTHER DETAILS
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OSCILLOSCOPE

Single trace. DC to 1 0MHz, Risetime
35nS. 5SmV/em to 20Vicm. Timebase
0.5uS-0.2S. Bullt in component tester.
LPS technique provides stable and
reliable triggering up to 30MHz £138.00

HM412-5

Dual Trace. DC to 20MHz 8 x 10cm
display with internal graticule. Rise time
17.5nS. Variable input 2mVv-20V/icm.
Add and invert modes. Timebase
0.5u5-0.2S with sweep delay 100nS-1S
x5 expansion. X-Y operation Z
modulation. Trigger CH1, CH2, CHI/2,
Line or EXT .- £350.00

HM 203 PORTABLE
OSCILLOSCOPE

Dual Trace. DC to 20MHz. 8 x 10cm
display. Risetime 17.5nS. Sensitivity
SmVicm-20Vicm. Timebase 0.5uS-0.2S.
x 5 magnifier. X-Y operation. Auto or
variable trigger. Channel 1, Channel 2,
line and external. Coupling AC, or TV
low pass filter. Weighs only 6Kg. Size
{m.m.) H. 145, W. 285, D. 380 £220.00

Dual Trace DC-70MHz 8 x 10cm display
with internal graticule. Risetime 5nS.
Variable input 2mV-20V. Add and invert
modes. 95nS Signal Delay Line.

Timebase 50nS- I Sicm with Sweep delay
100nS-1S x 10 expansion. XY

operation. Z modulation, Trigger CHI,
CH2. CHI1/2 line or EXT . £580.00

The above prices do not Include carrlage
or VAT (15%).

Simple Phone or 7
Telex your order for
immediate dispatch.

Electronic Brokers Ltd
61/65 Kings Cross Road
London WC1X 9LN
Telephone: 01-278 3461
Telex: 298694 Elebro G

WW - 202 FOR FURTHER DETAILS




hand-held digital multimeters

28 Ranges, each with full
overload protection

10 amp AC/DC

SPECIFICATION 6010 & 7030 _ ,
BATTERY: Single 9v dry cell. BATTERY LIFE: 200
hours. DIMENSIONS: 170 x 83 x 38mm. WEIGHT:
400g inc. battery. MODE SELECT: Push button. ACDC
CURRENT: 200uA to 10A. AC VOLTAGE: 200mV to
750V. DC VOLTAGE: 200mV to 1000V. RESISTANCE:
2000 to 20MQ. INPUT IMPEDANCE: 10M(}. DISPLAY:
3% Digit 13mm LCD. O/LOAD PROTECTION: All

ranges.
OTHER FEATURES: "
Auto polarity, auto zero, battery-low indicator, ABS
plastic case with tilt stand, battery and test leads
included, optional carrying case.

Please add 15% to your order for VAT. Postage and
packing is free of charge.

MODEL 7030

DC ACCURACY 0.1%¢". - L Trade prices available on application.
L . (-] 5
b > 1 ARMON ELECTRONICS LTD.
£35 95 " | Cottrell House, 53-63 Wembley Hill Road
plus VAT Wembley, Middiesex HA9 8BH, England

Tel. 01-902 4321 (3 lines). Tix: No. 923985

17\

WW — 051 FOR FURTHER DETAILS

Happy M@rﬁmrﬁ@s RSMDUGTIEN POWER UNITS

TESTING Now available with

Part type 1 off 25-99 100 up 3 OUTPUTS
4116 200ns .83 72 .66

4116 250ns .75 .65 .60 DEVELOPMENT

4816 100ns for BBC comp 2.95 2.70 2.50

4164 200ns ] 6.15 5.25 4.65

2114 200ns Low Power 1.15 1.00 .90

2114 450ns Low Power .95 .85 .80 SERV"'“NG

4118 250ns 3.25 2.85 2.65

6116 150ns CMOS 4.25 3.65 3.35

2708 450ns 2.60 2.25 2.10

2716 450ns 5 volt 2.60 2.25 2.10 Type 250VRU/30/25
2716 450ns three rail 5.75 5.00 4.65

2732 450ns intel type 3.95 3.45 3.25

2532 450ns Texas type 3.95 3.45 3.25 OUTPUT 1-0-30v, 25A DC
Z80A-CPU £4.35 Z80A-PI0 £3.25 Z80A-CTC £3.25 '

6522 PIA £3.98 7805 reg .50 7812 reg .50 OUTPUT 2: 0-70v. 10A AC
Low profile IC sockets: Pins......... 8 14 16 18 20 22 24 28 40 OUTPUT 3: 0-250v, 4A AC

Pence....... 9 10 11 14 15 18 19 25 33

Soft-sectored floppy discs per 10 in piastic library case:
5-inch SSSD £17.00 5-inch SSDD £19.25 5-inch DSDD £21.00
8-inch SSSD £19.25 8-inch SSDD £23.65 8-inch DSDD £26.50

ALL
74LS series TTL: Large stocks at low prices with D.LY. discounts :
starting at a mix of Just 25 pieces. Write or phone for list. Co\r};i:::&zsly

Please add 30p post and packing to orders under £15 and
V.A.T. to total. Access and Barclaycard welcome. 24-
hour service on (054-422) 618. Government and Educa-
tional orders welcome; £15 minimum. Trade accounts

operated—phone or write for details. v I I 5

HAPPY MEMORIES (WW)
GladeStry' Kington VALRADIO LIMITED, BROWELLS LANE, FELTHAM
R oA FHY S

Tel: (054-422) 618 or 628

WW — 036 FOR FURTHER DETAILS
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FIRST IN THE WORLD

The ICM-12, synthesized, marine
hand-portable radio

DEC SALE

a selection from our huge stocks

Ali itermns reconditioned unless otherwise stated

DISK DRIVES BA11KFexpanderbox . . .
AKO5J2.5meg ............ BA1 1LFexpanderbox. .
FEATURES: AKO5FS megfixed . . . = DB11AUnibusRepeater .
® 12 channels — 6 and 16 fitted as standard. EL(E,%DRKO andCtl I i
@® No waiting for crystals, can be diode pro- K611 RKO! DDA 1CK 4-slot Backpla
grammed between 156-164MHz. E’.E?Z?EKO Banggas:qtgdplane..
1 1 i 2
® Automatic semi-duplex for private and RLO15meg.. ... DH11ADMuIrr:nglexqr. ........... ‘g4,
fink calls. _ . RL11 ALOT andCH | DJ11AAMULplexorETA{NEW] . ... £1,250
@ Slide-on nicad pack recharges from mains RLO2 10meg . . DL11 Serialinterface .. ......... .. £250
or 12V AL211 ‘IOmeg andCtl . .....£2,200 DL11W Asynchronous Interface . . ... £395
; . . . BAMO2B7MEQ . - v ovvovaeeeeeenens £8,500 DM11DALneAdaptor. .. ............. £525
@ Lots of options, speaker mics, alternative P AR and i £11,500 DR11CGenPurposelD. ....... .5 ... £E250
battery packs, 12V leads, and desk charg- AMO3E7MEg . .. oo £8,250 DR11KDigitall/O . .................. £425
e R M O
n . . megal - » nchronousintertace . ......
® Complete with nicad battery pack, mains RPOABDmeS | S Tea950 DUP1 1 DASynchronous Interface . . ... £750
charger, belt clip, earphone, rubber RJPO4RPO4andCH. . .....£7,950 DZ11AMultiplexor. .. ............ .£1,385
antenna. R&?}%%"STﬁeQ T c1zéggg FDF%‘;I {IEll:\‘Aumplegor 17 £995
1 ug! pya 5 loating Poi
@ Home Office type approved. RTD HP 105. *AX211BDDualFoppyandCl ... .. £1,450 FPHEFIoaungpomc[ﬂ/eD] - £1,975
@ PRICE £199.13 + VAT. Free carriage. * Available in either rack mounting or desk top H720 Power Supply - .£175
version. - n;zggowerguppry R T
Also IC-M25D 25W, synthesized 25 channel PROCEESORS e
X ’ PDPBA-205 32KWMOS(N ....£1,750 H754 PowerSupp
VHF marine transceiver £207.83 + VAT. PDPBA-4008KW Core. [ . EW’ 1 €1,500 H7758BBsttery Bhécku ............. £495
PDP11/0410%"32KBMDS .. .....£3,625 H775E:BBatber'yBack up[’l1l34] .£695
Trade enquiries verv welcome — Ask for Phil PDP11/34A128KBMOS ..........£5,000 H7750BD Battery Back-up[11/44] . . . £685
Hadler PDP11/34A256KBMOS . ......... £6,250 KE11 AExtended Arithemtic .£825
We can also supply PDP11/4096KW Core, KT110D .£4,650 KE1 1 BExtended Arithmetic £585
the ICOM IC100E POP1 1/44 256KBMDS . £11,500 KG11ACRCmodule . £485

PDP11X44-CB256KB. TUSB £12,750

KIT11HBusInterface. .

I f
Highband PMR. Base POP11/70512KBMOS([NEW] ... £43,000 | KT11 DMemoryManagement[NE\N] ‘£750
and Mobile transceiv- KW?1 1L Real TimeCloc! .£150
PRINTERS/TERMINALS
ers. Fully approved, LA3620mA . ... £450 Kw11PProgrammable Clock.... ... £345
e LA3BRS232 . ...  £495 LP11 PrinterControimodute. . .. ....... £325
very compact, built-in (A34R5232 £425 SYSTEMS
CTCSS and at very 38RS232..... 4 . £495 PDP1 1/44 SYSTEM
competitive  prices. LA120-DA(NEW] .. .... . . £1,225 11/44 CPU 256KB MOS
Dealer outlets re- LA1B0-PD Parallel(N . ....£495 Dual TUS8, HI642 Cab
Jired Kk for D LA180-EDRS232(NEW]............. £670 AK71128MBDisk & Ctl £24,750
quired, ask for Dave LPO4 DrumPrinter{NEW] . . . £5,500 RKO7 Add-on Oisk
Stockley. VT5020mA. - ....E19 LA120 Console
VT5DRS232 .£225 ASX1 1M Licence .
° \ . —
INTERFACES PDP11/44 SYSTEM
Thanet Electronlcs @ ICOM DU WAsynovonousE. ... £385 | 11/a4 CPUB1BKEMOS
143 Reculver Road, Herne Bay, Kent TGy g Doabllad S i
A ' DUP11DA yr\chronousIIF .£750 RJMO267MBDisk & Ctl £37,500
Tel: 02273 63859. Telex 965179 KLBE Asynchronous ? ..£175 AMO2 Add-on Disk S
KLBJA Asychronous BA] ..E275 LA1 20 Console
WW - 038 FOR FURTHER DETAILS mgsgg grln:rz; = 1‘1'1] ggsg RSX1 1M Licence
rinter o Al S T — B
- MB342Printer/F(BE, i 225 PDP11/44 UPGRADES
MB256RX02 Controlier(POP11]. ... .. ‘E178 Complete service offered
including supply andinstaliation
- pmcesPSDOfllﬂgw 0; 11/44 CPY and trade-in
of redundant processor
BBKWMOS(NEW) ... ... .£1,750 proces s —
PDPBA-400 Processor, BKW PDP11/24 SYSTEM
s Core, KMBAA,DKCBAA . ... ... £1,500 11/24 CPU, 256KB, 984
uartz rvstals KCBAAProgrammers Console . _. 8275 AL211 Disk Drive & Ctl,
MMBAABKW CoreMemory. . ... .....£500 ALO2 Add-on Disk Drive £16,500
MMB8AB16KW CoreMemory . . ., ... .. £995 KT24 PAX option
MSBCB32KWMDSMem _i.....£750 VT100 Console with AVD
T RXBE DuelFloppy SCUINEW]. | £885 | RSX1iMlcence /)
RX28 DualHoppy&CtI o .£1,250 PDP11/70 SYSTEM [NEW) 5\
OPTIONS 11/70 CPU, 512KBMDS,
AA11DA/D + Backplene . . ... ....£125 Data System Cab, £78.0
AR1116channel A/D . . _£750 RWMOS Disk Drive & Ct, :000
BA1 1ESexpanderbox . .£750 TWU77 Mag Tape & Ctl,
BA1 1FEexpanderbox . .£995 LA120 Console

HAZELTINE VDUs
SAVE UP TO 51%

HAZELTINE 1510

(MLP £880])
............. Oniy£550
- o HAZELTINE 1520
C):zgc(si oa St::rlziifl't;r:ls‘ll'on [MLP £1 050]
Individuac: units to the tlig;nc;t ---------------- Onl 3625
specification made to order. Interface [HAZELTIN]E 1552 ?
i MLP £800
This technology is available now from Ll::::e e: FURTHW& mz;?rs R L= Only £395
Manufacturer’s HAZELTINE 1410
gg Mkarke( Street sur Ius — ALL : [MLP £475]
Somerset sa1B 70 BRANDNEWBOXED ................ Only£295

ADD 15% VAT TO ALL PRICES Carriage and Packing extra

Electronic Brokers Ltd., 61/65 Kings Cross Road,
London WC1X 9lN. Tel:01-278 3461.Telex 298594
= A = =l o | el 2 | =59

e gl i feendl B Rl e RS
Electronic Brokers | == = | ==m{ —

Crewkerne (0460) 74433
Telex 46283 inface g

WW — 012 FOR FURTHER DETAILS
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° e . °q4s. ., -' D
hi! performance hi! competitive hi? | PM COMPONEN
& —~3
> b~ VALVE & COMPONENTS SPECIALISTS
oW
- ;;
!
: TA7120P 165 | TBA6S1 175
E : = INTEGRATED CIRCUITS| TA7130P 150 TBA720A 2.45
2 3 nlg e
2.50 ML231B  1.75 04 A 5
= : ﬁ:;%:o 250 ML232B 1.75 TA7205AP 1.50 TBAB‘WOA& 112?
= = AN240P 2.80 ML237B  1.95 TA7222AP 1.80 TBA82! o
- AN7150  2.95 ML238B 420 TA7221P 4.25 TBASI0 2.50
= dDF760 == BAS21 335 MLS20  4.92 TA7310P  1.80 TBA920 1.65
BRI ERE I 0%11706; 7201an - ETT6016 175 | ML928  1.65 | TVA7313AP 295 | TBA9200 1.65
g Tnlo — HA1151P 2.50 MSMSE807 6.75 TAAS50 0.25 TBASS0 2.35
Tel} = HA1366W 1.95 PLLO2A 5.75 TAA570 1.80 TBA950/2X ‘25
(] Y2 and 44 digit LED LA4031P 270 | SAAI025 7.25 TAAG6IB 120 | TBA9SO 148
o @3 A LA4102 295 | SAASODA 305 | TAA700 170 | TBA930Q 149
w= ©®Ruggedand Reliable - LA44 415 SAAS010 6.35 TBA120B 0.70 TBA1:7t81 ﬂg
& Simple Oporation— e it 53| Som e | Tuas am | jo N .
¥ o Simple Operation - o L1335 | Sases res TBA1205Q 0.70 Tcas0 250 ]
° R in 3 LC7131 5.50 L490 195 TBA120T 0.70 AB0O 2.1 ]
AUt'O anging . LC7137 550 SL901B 4 85 TBA120U 1. TCAB30S 1.40 3
EEEA moh gf | wome e | T x| s |
g o CipwEreg STt ountoe = LMY 295 | SU1my 130 TBA396 0.75 TDA1004A 2.20 i
£ St = VR R R R
& ® DV, SEVLESENAN, 3 MSlols 298 | SNIGOTIN 1.6 TBA510  1.65 TDA1035 2.50 035
R - MEA, B3 | VNG | IR IR | RN 12 H:
i 7 1.00 1.65 - z :
&= @ Basicaccuracy 0.8,0.25, 0.1and 0.05% Mcingp 190 | snreozantes | TBASaea 110 TDAT1705 195 os0
g ke = Mol 0% | VRIS | T 1| R i
y MC13 5 . .
e o Testheics = ey |l 1= | B =
e e ltiMerc=11 28,1130, 13 iagd 135 MC1380p 078 | SNoessN 108 TBA550Q 145 A1812 085
e: KEITHLEY e —— k- VEIRE I | Swmnie | AR S | A 1%
igi MC1352P 1.00 o !
B g deap 3 PRSI s s R
MC1435 3,00 g B
S ithataby = MEMOHBCP SN76660N 0.80 250 gzggz :g
& Full One year warranty —} 032 | SN7esseNon | TBAGatexi Toazs2a 1.9
& ®DCV,ACV, DCA, ACA, Ohms, - Meaier 238 | Tariosr Te TEAB41-8113.00 TDA2532 1.95
'.: Temp and Comp Tester E :
j 1 * blee
Tk g g & SEMICONDUCTORS BD133 032 | BF3% 034 | R322 058
with variable threshold = : i BOTS [0 D "%?3,3 03
¥ o8iscouacros0ze 2 Bl oz ano) mia RS D E | el
* and 0.05% ~ Al 0 | RO O0e | BDI 048 | bR 038 RCAE335 0 80
. b i KE v
R i rakpg i : Ak o | sne om | B aR | oah ew | e e
.= single r_\and operation = ﬁgﬁax g:” cimr 019 sozo; g_:g gsg; g_;g HE%SS g:g
-4, ML oo ACIaK 03a | BCIE o 010 | BDzos o7 | BRess o8 | Temc b
= bility — *® AC142K 030 | BC182LB 0.10 CENCo EESSD OEY | TESic otz
-‘ ot Amp B tv () ACIS e Acies R gggzZ 0.‘3 BF595 0.23 TIP33B 0.75
omm High MTBF . - = ACHISK 031 | BCIE 0% | Bo?s  o4s | mrser oz | meaas 078
W= @ Many optional accessories - E e & GRS g 070 olsAE 00 BDz25 a_;g SEEi% 0 §§ T é 048
E @ Prices from approx £89 inc FREE Batteries and Test Lea - N e e R I || R P 047
- y i 2 028 | TIPa7 08
= S0ERZ Modeis MA 1D, 1H,2D,2H,3D,3E and 5D  yuy ﬁg}ﬁ gg ggg:gL ggg ggggg gig gg:a ks “5130 2%
= BBE wehwr X Bie 0 | B 58 | oy ok | pww ox | Tew In
e S e = e o | fEh iR | R I8 | BE ik | Ihe i3
- b e g - APia’? 038 BGalec 009 BDz4s 030 BFX86 030 | TIP3055 055
@ Huge LCDs - Many Safety =0 AFi2e 634 | Bosiar oos. Boa o= I ‘ez s ) Tedi SeE
s Features ] AL D N (s R S - G
d Reliable ~ AF126 032 BC237A  0.09 D437 050 BFYS2 025 2N2905  0.40
: 4 BlaCk' Rugged e B Ard27) o fcse gg 50438 0.60 BFY90 0.77 2N3053 0.40
i e AFi%o 04z | BCase oqz | BDS0B 0.0 | BRI0 o L
& ©3'%and4l;Digits = AF239 042 B = R 1| [ E O T e
MR i R E I R B
R EL M IE | E f2 EE I8 bR R A
S o DO/ ACY. DCA A % sl =l el e B | e R | aecm
E lialde L Lo - BCIOT8 040 | BC0s o026 ] BFMS o3 | BUi2a 100 | w73 178
g Lol b L = SaRL=t o8 | SE G 2n gE (e &
B o o Lovglincs e iks ol | B 0B |oriss o | svax 1m | e ou
‘= @ Meet DIN 40050, 43780, - BC105. 010 BC327  0.10 BEISHY | fe2) U294 0 | ienszee | 932
= e = BCI0GC 010 | Biass o | BF73 022 | BUSEA 142 | 25A718 08
- i BC109C  0.10 BC338  0.09 Br1gs ™ jo22 BUIZCS 195 | 38Cass o0
SR agents i ies, M land = B Begara®™ 013 BF178 026 U407 124 | 25C496 080
&, @ prices romapprox £25 n FREE Batcri, Manusl e s Bn | s mR | SN R ) BN M| 0N
¥ ¥ 526 1.90
- Test Leads a BCICRNCZe [iacszr o205 BUvess 130 2scis 115
- - Y 3000 198 25C1306 d
= i e R s o3 | scd, sl | s em | W 03 | ROl 1w
= Hc v e ° : i MJES20 048 | 25C1249 O
i gg“z g:gl SC55(7) ggg g::% gg M#’ZMZ 0.20 2581572 ;fg
igi i p \ 020 | 25C1945 2.
b = i o8 | BB o8 | wni ol | w0 | Rohs 1D
Analogue .9 BCII/B 009 | BCETB D08 | BRise 013 | MAF4soA 1150 | 25C1%7 0.0
T panei o cdgosw s e | mmw | o oan ) WS be | Booe s
- panel and edge switches 2 BCldy 009 | BCsoem 008 | DIl 014 | MArms '2eo 25c202 155
- . 3 BC157 3 .. 477 10.00 d
ORI = SE Gk | B R | = 48| S el |ame b
Tilt stand = BOIEIRN 059 Ik BF245 030 | 0OCAa2 085 | 25C2166 195
= BCl60 028 BD12dR] 059 o OC4s 085 | 25C2314 0.80
* @ Safety features meets = B So Bj2eh Sed gggg/m 028 ocus 05 SCz 0.20
= LA A BCIB 010 | BD)3 040 | @Fzer oz | OC70  oas | aNzi1 180
» . 1 . . N y I
&=  ®Basicaccuracy 0.6 and 0.2% - BCI71IA 0f0- | BD1® 030 s e too
a @ Full Range of DCV, ACV, =3 B 930 | BDi% o2e | BFz71  o2s | Raoces 17
=< DCmA,ACmA and Ohms = BCl7z  uN | BN a3 | Bfzza  on | Rmws 1.
w @ Switched Hl and LO ohms P
ol
== Ll g Banery’ < i F' Dlo—DEs BY199 040 iN4ODY 0.04 ch TUBES
= g0 BY206 03 | INa0z 004 | A gsolaction of tubes
- Digital from approx £37 BY208-8000.33 | IN4O03  0.04 3 1 :
% R e o = BAl02 017 | BY210800 033 | inaooa 005, | available. Prices avail-
BY223 ‘0. .05 -
o= MHouseofInstruments ‘ BAles  o1s | BYmsa0022 | INaoog o006 | able onrequest.
- Clifton Chambers, 62 High Street = BA148 047 BY299-800 3'22: :mﬁ?% ggg 3BP1 D14-260GH
:0 Saffron Walden, Essex CB10 1EE Sﬁ}i:é g_gg gx;gmm. N o 5BHP11 D14-250GH
" Tel: (0799) 24922 Telex: 818750 SO vt m“‘a%; 012 | gaxpy DG7-32
.-l SARCLA ARG Extended gg}g ggz B 0. IN5403  0.12 13BP4 DH7-11
E=ENE . i 0% | g e LRGSR ) 0t DP7-11
able p . 5
' 1 Bizs om0 | Bnesco o3 | Wsade 013 | Cyazg M17-151GVR
iti M BY127 011 | OA47 00 . . ¥
hi?! competitive hi? HouseofinstrumentsLid. Brisi oai | Ok 008 | s ote | DI0210GH  M3B-121GH/R
1 BYiee 045 | Sa3l 9% | M4 0% | D13.450GH/01SEADP7
BVize bes | oAz ol0 D13-481GM  XP2020
CRAES O™ U "D14-1206GH  95449GM
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PHONE P. M. COMPONENTSLTD TELEX
0474 813225 SELECTRON HOUSE, WROTHAM ROAD 965966 .
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI30QY WESTSTG

g 0.75 | QS1202 1.25 10.00 250 30015 060
A SELECTION FROM OUR 70.00 085 0,95 10.00 375 60
0.70 50 00
STOCK OF BRANDED VALVES 12 g o 120 350 '-gg
1.00 . 50 I
A1714 1850 | E280F 1950 | EFS2 250 2500 o 10 oo s 4
A1998 1150 | €283CC 750 | EFS3 0.85 2 o I ifog 1o : %
A2087 1150 | E288CC 1360 | EFS4 0.55 120 e, 12 0.0 o2 120 bal
A2134 17.60 | EB10F 1350 [, EF95 250 o o i o0 110 080 jec
A273 720 | Ella8  1ee |EFST 90 1.00 070 075 1.50 160 072 95
A2426 2250 | EASD 100 | EFSE 089 1.00 070 115 100 1.60 0.69 50
A2521 2100 | EA78 195 | EF183 065 Lo au B 1% 18 o9 50
A2599 37.50 | EA7S 195 | EF184 065 Pt 0.80 Lt 250 100 080 I
A2900 13.00 | EAA91 060 | EF731  1.80 s L o 055 108 150 e
2400 | EABCBO 088 | EF73Z 180 1.00 060 225 100 150 250 50
AC/HL/DD 400 | EACO1 090 | EF800  11.00 e ples 28 oD 1% 280 50
ACP 400 | EAFa2 120 | EFBO4S 9.85 078 120 250 10,00 125 1.00 .00
AC/PEN 400 | EAFS0Y 140 | EFB05S 985 L3 2 o oe W 080 50
AC/THI 400 | EB34 150 | EF806S  9.85) pes 220 oCy - 1 0e 50
AC/VP1  4.00 EB41 200 | EFB12 065 080 13s 195 a0 3 pii =2
AC/VP2  4.00 EB91 0s2 | EFL200 1.50 1.05 ya3 070 7o < A o
AC2/PENDD EBC33 250 | EHO 072 1o oo o7 3100 080 o8 o
8.00 EBC41 1.15 | EK90 0.72 400 B 12:00 00 34 5 i
AH221 39.00 | EBCB1 085 | EL32 0.95 o op oo 1700 oss 200 450
AH238 3900 | EBCZ0 075 | EL33 4.00 e ik 25 7.0 070 175 | 7581 180
AL60 6.00 | EBC91 . 075 | EL34 154 350 s o 12100 S0 8l % b
ARB 070 | EBF33 250 | EL36 150 L 12 o= 200 120 230 | 26 150
ARP12 070 | EBFS80  0.50 | EL37 9.00 e e 250 095 375 150 | 84 2.00
ARP34 125 | EBFB3 050 | EL38  6.00 3550 250 | Rig VP133 2,00 2550 188 200 | 85A1 5.40
ARP35 200 | EBF85 0.95 Etﬁ; 2% 4.00 075 | R20 VR3? 150 12,00 1.30 300 | 85A2 2.00
Az 200 Eares 0% | Eidi 2.75 1.00 080 | RG1-125 350 VR7S/%0 300 K00 450 100 oAV 1000
L63 200 | EBLI 150 | ELE2 ofet B e Il kA VR101 150 e o o0 185
Erer Mesita o 29 | e 0.69 3559 080 [ RG3-250A VR105/30 }355 1000 gae 125 oo
8T 3250 | ECO0 425 | HED e 4.00 3% Rsuzsoﬁl" 1 1.50 3.00 200 195 10.00
BI7s | 1250 Bl 4R LS oe 4.00 365 45.00 150 110 250 250 550
CIK 16.00 ECB6 1.00 EL90 0.82 i 2.00 6250 5.00 0.95 0.95 0.78 1.50
C3JA 1600 | EC88 1.00 | EL9Y 6.00 200 | RK2K2S ! 0% o 0T 150
.C1108  55.00 EC90 0.70 ELS5 0.70 o ol e uge 2ipo 39
Ci1aa 1750 | EC1 700 | ELISIE 330 3.00 00 3.00 125 1650 150
C1128A 6000 | EC92 128 | EL183P 350 03 .00 300 128 1650 5
Cli491 6300 | ECS3 080 | EL36D 790 125 | RPLI6  12.00 7.50 250 085 1.50
1534 3200 | ECSS  7.00 | EL500 148 250 | Rev13 50 12,00 2550 150 00
SELsT™ -i2i00) |[f ECH] Ahop|REPS0S | e 125 | RPY43 250 1.00 0.60 1.00 100
260 | ECB010 600 | ELS08 299 095 | APYB2 250 12550 | 450 059 00
el Z00 | |EeS2L w2 i - 095 | RR3-250 37.00 250 180 055 00
200 | ECC3 350 | ELS1S - 450 072 | RRY3380 8400 250 €00 250 50
CMG2s 800 | ECC3S  3s0 | ELSOZ 149 072 | Rowis >’ 4500 24.00 1.50 1,50 00
CV Nos Prices ECC40 2.00 EL821 8.85 g HEER €20 40 i 158 v
on request ECCB1 0.55 EL822 9.50 TS s S = o 055 2
120 { ECCB2 055 | EM1 200 082 | RSess 3050 3850 250 050 00
DAF91 045 ECC82 Philips EM4 9.00 463 ssms SRS £ s T 2
DAF96  0.65 1.10 EM34 5.00 150 oo oo o 1] ® -
DC70 1.75 .ECC83 0.55 EMB0 0.70 K7Z63 1.25 3 S6F33  36. ) G 2 o
B ™) SRR | BRR $e| o 1.00 250 g;:)/Ez‘l% 2% 83.75 1.00 1.50 00
ocxuoooz ECCB4 Z,'!-.% EMBS 190 ) L102/2K  8.00: 095 { S104/1K 6.00 226 2.00 0.75 .00
DCX4-5000 ECCBS 050 | EM87 10 L120/2K 12.99 0.95 | $109/1K 15.00 225 088 108 00
2500 | ECC85 145 | EMMBo3 250 | LCF801 138 175 | s130 3.00 2350 230 oss 50
DET10 8.00 ECC88 0.65 EN10 8.00 | LCF200 1.3% PL509 4.50 SC1/800 5.00 e 420 i ]
DET22 2800 | ECCS8 Mullard | EN32  1050-[ LCH200 135 | PL519 495 | SC1/1200 5.00 0.00 180 a0 | 813 ., 1%
DET24  45.00 185 | EN91 096 | LFB3 100 | PLBOZ 325 | SC1/140012.00 25 L0 s 50
DET25 22.00 CC91  0.65 Emm(so) z.:g t;l%o }gg ;Lr‘:” gg gg;/zooo 3.058 %’zo 1o ALz, pe
45 | ECC180 o072 | ENS2 4 i Y ] ; : _
B e I 972 | Es500 11500 | LY500a 175 | PTIs 600 | SPa1 5.00 200 200 n0 1800
DF96 0.85 CC801S 3.50 ET1 11.00 | M502A 135.00 |- PY31 0.80 SPa2 3.00 XED 264 g /00
i tie 'E‘éms S E;g: e Maras }?2% gﬁg g'.sg ngsom;ﬁ 1450 3.00 0.70 0.50
D7y 0% 2 *1.50 ! PY81 0.70 | STV280/80 1450 1.00 1.00 0.90
H7! 056 CC807 195 | EY83 150 MB079  6.00 . i i :
D 18|k iR BM B RS G2 TR MR . W = 5 " o
ey o ; . I 052 | TB2.5/3000 1850 1.50 050 9.00
DK 120 ECF80 0.85 EY86/87 0.50 | M80S6  3.00 PY88 I j X
OKes %80 | Ecrez o060 | Eves 060 | M8100 - 285 | PYS00A 179 80.00 280 ses 100 400
DL35 100 { ECF88  1.25. | EY91 350 | M8136 7.00 { PYBOO 069 | TB2-300 45. 80 250 050 400
DL63 100 | ECF200 vas | EY500a 180| Ms1y 550 | PYBOT 083 | TD1-100A o o710 100 550
DL70 250 | ECF202 185 2 0.70 | M8161 550 | PZ30 A pE o G L
DL73 2.50 ECFBO1 085 EZ35 0.80 MB162 5.50 a13-1 A0 TD03-10F28 o b 1% e L&
DL91 150 | ECF 600 | EZ40 125 | M8163 388 . 20l A 200 080 12 150 2%
DL92 080 | ECFB05 250 | EZ241 125 | MB190 385 | QB3.300 30.50 | TD3-12 ose Nz 320 5.00
DL93 1.10 | ECF806 10.25 Ezgo g.;: mg}gg gg 8583—;80 3.50 }1;%!; ;3 ol 1% 3 3%
o0 | ECH3 250 | EzZ81 ! ! - . 1 . ! !
B A% | R im | m i) mem I, MR\ TN B Y 8 - £ -
ka;‘é’ “:'?8 EEL‘%? }?.3 F6060 250 | MB822¢ 200 | QQEO2-512.75 | TT22  1450. 2505’%| lg.g 0.60 2.00 1.75 ig
Do 3R G oR | WE R\ M IS b we m ) G iR % % i i
K HB3 078 0 50 [ I | i . !
8:?%1) “Ig E(cznaa 0.89 FC2A 200 | ME1401 2950 2700 | UB-20 2.00 Z7ggu g:g 1.20 135 e g.zg gosg
BVeo? Gte | Ecias” &8 Fwa/Boo 200 METS0Y Taoo QOEOSS0 .m0 | Ubs o0 | 719 2200 120 130 | Joa2 1080 150
E‘V_?oz 1&3 Ecuaz 0.60 G1/371K 30,00 | MH4 3.50 Qavoz-612.75 u2a 2.00 %wﬂ :% z% :.og gggl 2;2 ;.r;g
ES5L 2150 L83 115 | G55/1K 9.00 | MS4B 550 | QQVO3-10850 | U5 gesllifzeaiul suo 2. o1 | 2004 175 i
ES0CC 700 | ECLB4 074 | G180/2M 9.00 | MU1a 150 | QQVO3-20 U26 0% | zB03U 1380 0.60 0 20uF 350 35
ESOCF  10.00 ECL8S 0.69 G240/2D 9.00 | N37 13.50 17.00 uaz 9.00 CAcol  1ige ggg 1.g§ a0 P ot
Eaor | e B | o it o 58 QA0S o' Uéo 3% | Zat00r 180 250 395 | 20P3 0.60 3.90
9. ECLBOS  0.69 10 . g ! ] 50 I y Y
ES?EC :_553 ED5100 350 | GCIOD 1150 { OA2wWA 150 | QQVO3-208 us2 1.00 %a‘()&% g% t‘sg gg gg’r:g Hg 33553
EBIL 9.50 EF22 250 GC10/48 11.50 3.95 32.00 | US4 450 v e o Bl fu e
E820C 350 | EF37A 2,00 | GC10/4E 11.50 [ 082 0.80 | QQV06-40A us2 aioopl[f ZMacgs al00 . | 2 e i
E 350 | EF39 100 | GCizes 12000 | OBowa 128 | 1800 | U1st ool I} ZMID2CRRel00 215 190 | 25806 175 225
] EFay 3o GbT120M 500 o6 s | 020320, Uiss  oes M1 .00 200 [ 6kDs 450 285 | 6005 3.50
E88C 6.00 | EFS50 150 E10 900 | OD3 1.70 | Q0206-40A U251 100RY 21021 14000 200 | 6L 2550 oct oz | sz €00
EBSCC 260 | EFS5 225 | GN4 6.00 | 'OM4 1.00 25 | U281 CAEA-R -0 sLeg(T: tigo | apie - o0 | “Goc 188
ES0CC 500 | EF71 Y50 | GN10 1500 | OMSB  3.00 | QS72/20 150 U291 080 | ZM10B0 1280 | 6ASE 50 |  6L6 1. i 8059 a7
ESOF 9.00 | EF72 120 | GR10OG 400 | OMS6 75 | QS75/40 3.00 | U301 o5t Wi zwibed 1o 6AS7G  6.00 | 6L7 0s5 | docia 200 | 6O x
ESIN 200 | EF73 100 | GR10J 400 | OM3 4.00 | QS92/10 5.00 | UBO1 078 zm%gg 5!2% 6ATE 075 | 6LD20  0.60 30F5 0.95 wgg z':g
E92CC 250 [ EF80 055 | GS1I0C 1200 | ORP43  4.00 | QS95/10 4.85 | UABCBO 0.85 . 6AUS 200 | 6LF6 295 | MFL1 0% | 6063 200
E130L 1300 | EFg3 320 | GS10MH 1200 | ORPSO 850 | QS108/45 400 | UAF42 1.00 | ZM1612 3.00 | 6AUG 055 Qs 2% | WFL2 0% | 6064 ]
E180CC 650 | EF85 050 | GS120 1200 | P61 250 | QS150/15 5.00 | UBFSO 060 | 2T1011 29.00 | 6AV6 072 6NIGT 150 |-30 b &g 150
E182CC 9.00 | EF86 070 | GTIC_ 17.00 | Pa1 250 | QS150/30 1.15 | UBCA1 126 | 1AC6 120 | 6AWBA 250 6PIS 0:80 | 30FL13  1.10 420
E180F 625 | EF89 o6 | GTICs/s1300 | 1PABCs0 050 | QS150745 7.00 | UBCB1 100 | 1B3GT 150 | 6BBG 075 | 6P25 4.00 |.30FLY4 185 | 6080 50
*E186F 850 | EF91 135 |- GTE175M 8.00 | iPCBE 075 | QS1200 3.96 [“ UBF8B3 0.0 1:°185 2.50 A6 050 |  6P28 2.00 | :30L1 0.45 . 60S8OWA 850
RESISYORS it b i LLERS WELCOME
RESISTORS ETC. ! A
L PREFERREDVALUES 16 oo T 3 018 ==
4R7- - it 6V2 7V5 8V2 9V1 10V 11V 12V}
2K26K8 0.8 s 030 15V 16V 18V z% 22v v 2V ;g‘\l/ % ENTRA -
. 33V 36V 39V 47V 51V 56
Gwalt o 024 B 020 ‘ 50 YDS SOUTH OF MEOPHAM GREEN
B9A Skirted
RA74KT 048 0.30 BZY8s 0.07
5K6-12K  0.18 B10B 016 2V7 3V 3V3 3V6 3V3 4V3 4V7 5V1 CAR PARKING AVAILABLE
7 Watt 8138 0.50 5V6 6V2 6V8 7V5 8V2 9V1 10V 11V p
a 152K 020 o TR 12V 13V 18V 18V 20V 24V 27V 30V A HOURS: MON.-FRI. 9.00-5.30. SATURDAY 9.30-12.00
1R-10K 0.20 14PinDIL 0.12 = + 24 HOUR ANSWERPHONE SERVICE &
14 Pin DIL/Q mmms*mas* Mnﬂua ACCESS AND BARCLAYCARD ORDERS WELCOME
NMWalt scax oz ATE il L e TR % MANY OTHER ITEMS AVAILABLE %
1R-10K 026 OCTAL 0.35 ) VA1040 ~ 0.23 | 7V Power Mike
CANS 027 DRSS 0.2 bateries RS P&P 50p PLEASE ADD V.AT. AT 15%
17 Walt  scax oz i BIAPCB 0.15 VA1 (1504 0.70 11;‘175 £1.40 00 UK ORDE! P
BS 0.75 VAB650 0.45 other prices on
wWw-2 89G 0.38 VA1087 028 request EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST

WW - 052 FOR FURTHER DETAILS &
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An entire
range of
low-cost
high-
performance
instruments

sabtronics &
‘Making Performance Affordable

*2010A 3%-Digit L.E.D. Bench DMM 5020A 1H2-200KHz Function Generator

*2015A 3%-Digit LC.D. Bench DMM *8110A 100MHz 8-Digit Frequency Meter
2020 3%-Digit L.E.D. Bench DMM *8610A 600OMMHz 8-Digit Frequency Meter
with Microcomputer Interface *8610B 600MHz 9-Digit Frequency Meter
2033 3%-Digit L.C.D. Hand DMM 80008 1GHz 9-Digit Frequency Meter
*2035A 3%-Digit LC.D. Hand DMM 10MHz Universal Frequency
*2037A 3'%-Digit L.C.D. Hand DMM Counter/Timer
with Temp. PSC-85 600MHz Prescaler
LP-10 10MHz Logic Probe 2005 5MHz Single Trace Oscilloscope

. * Also available In kit form.
Test our low priced test equipment. It
meadsures up to the best. Compare our
specs.and our prices - no-one can beat our
price/performance ratio.

Full colour iliustrated

brochure and price list from:
BLACK STARLTD., ﬂg)
9a Crown Street,St. lves,
Cambs. PE17 4EB

Tel: (0480) 62440. Telex 32339

WW — 033 FOR FURTHER DETAILS

meet the metrics

A great variety of tools ano sets to help you turn most
any Metric fastener or adjusting screw you're likely to en-
counter ... hex socket set screws and cap screws, hex nuts,
hex head cap screws, and whatever.

All tools precision made for exact fit. Bright nickel chrome
nutdriver shafts and protective black oxide finished hex
socket screwdriver blades. Plastic (UL) handles shaped for
pertect grip and ‘balance.

FIXED HANDLE NUTDRIVERS COMPACT SETS
NS No. 99-PS-41-MM
(7 Metric hex
socket blades,
extension and
handie)

NUTDRIVER SHANKS &

HEX SOCKET SCREWDRIVER
BLADES for use interchangeably
in Series 99 plain and ratchet
type handies.

74 No.99-PS-51.MM
£ (10 Metric
nutdriver

( shanks, 1
extension ¥ )
and handle) m
Z

Replacement Blades and Shanks sparately available for 99 Series
Sets
Full catalogue available on request

Tel. Cables:
01.629 Speciprod

9556 ] London W1

Distributed by SPECIAL PRODUCTS DISTRIBUTORS LTD
- 81 Piccadilly. ‘London W1V OHL

WW — 056 FOR FURTHER DETAILS
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TECHNOMATIC TECHNOMATIC ECHNOMAT

% SPECIAL OFFER %

1-24 25—99
2114L-200nS 100p 90p
2114L-450nS 90p 85p
2716 { + 5v}) 250p 225p
2532 400p 375p
2732 400p 375p
6116P-3 E00p 475p

CONNECTOR SYSTEMS
) i .
(0. connectons | D CONNECTORS -
|Speedbiock Type) 9 way 15way 25way Jlway DIP PLUGS Wway  60p
No.of Header Recep Edge MALE Solder 10C | 44 ay 80
Ways  Plg tacke Comn.| Solder  90p 130p 180p 250p Type Type| ygway  90p
10. 0p  90p 200p Angled 160p 230p 265p 425p | 14 po o 40p  90p | g way  105p
2. W5y 1250 240p FEMALE 16pin  S0p 100p | o5 oy 140p
... 15 150p 300p | Soider 110p 180p 210p 350p | 24pin  100p 175p Hway 220
M., 200p 160p 380p | Angled 175p 240p 3%0p S00p | 40pin  200p 225p Wway 265
I 20p 130p S50p [ Hood 95 35p  BEn 125p Nway 300p
50... 23% 200p 600p | 'BCType 25 way M £4.50. P £5.00 SMway 370p
JUMPER LEADS
24" Cable with DIP Headers EDGE EURO
Wpin 16pin 28 pin 40 pin CONNECTORS CONNECTORS
1End 1450 165p 240p 380p 01" 0.156" Plug Skt
2Ends 210p 230p 345p 540p 2x=1way - 140p DINAB122 = 32 220p  290p
Cable with Sockets 2= way 200p 170p 2 = 32 Angled
No. ot 2xBway 0p - Pins 230p  330p
Ways 20 2% U 4 2x Bway 225 220p {pse specify a+bla+ )
1End 160p 210p 270p 300p 1=43way 260p -~ 3 = 32 way 250p  380p
_Cable with D Connectors 2= Bway 3%p - IDC2 = 32 way 475
2" Single End Male £5.50 Femate £6 1x 7T way 700p DINAIGI7 3V way 180p  180p

3% Double End Maie £11 Female £11.50 $100 £6.00 ] Qway T0p VI0p
36" MaleFemale £11.00

® ACORN ATOM @

Buiit 8K + 2K £135 5K + Coloured Card £175 12K + 12K £180
(p & p £3/urit)
Atom PSU £7 (p & p 70p) 3A 5V Regulated PSU £24 (p & p £1.50)
F.P. ROM £20 1K RAM (2 x 2114L) £2 Tool Box Room £25
NEW COLOUR ENCODER CARD £39.00

I Ask for our ATOM list for details on Sound Board and Atom Vision

PRINTERS

SEIKOSHA GP100A dot matrix printer, full graphics double width
characters, up to 10’ wide paper, self testing parallel interface
£189 + Carriage £6
EPSON MX80 Friction and Tractor, 9 x 9 matrix 80 CPS
bi-directional with logic seeking, variety of charac.

MX80 F/T 1£350 + £6 carr. MX 80 F/T 2 with High Res Graphics
£360 + £6
BMC 12" Green Screen Monitor £100 + £6 carr.

BBC COMPUTER UPGRADE

MEMORY
1C61-68 16K RAM 100nS AP3 £25.60

I PRINTER & USER PORTS

1C69, 70, PL9, 10 £8.50 SK10 with 36°’ Cabie £2.20
36" Printer Connector Lead Complete £13.50
SK9 with 36" Cable £3.30
ANALOGUE PORT
IC73, SK6 £6.80 PL6 £1.60 PL6 + Hood with 36’* Cable £5.00
F.D. PORT
IC77-87 + PL8 £44 SK8 with 36"’ Cable £3.50
BUS PORT
IC71-72 + PL11£3.30 SK11 with 36’ Cable £3.50
TUBE PORT
PL12 £3.00 SK12 with 36" Cable £3.90

SOFTY Il EPROM PROGRAMMER

The complete microprocessor development system for both

Engineers and Hobbyists. You can develop programs, debug,

verify and commit them to EPROMs. Will accept most +5V

EPROMSs. Can also be used as a ROMULATOR. Full review in

September ‘81 P.E. Built unit complete with PSU and TV lead
£169

MENTA "

New Z80 Development System. Plugs into TV angi cassette

recorder. 40 key direct ASSEMBLER/EDITOR, 24 bits of 1/0.

ideal for study, micro control and robotics. PSU & TV lead incl.
£115

TECHNOMATIC TECHNOMATIC TECHNOMA
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I | 725
2 5 56p
ol Wl a2 a0
7402 125 | 74276 w0p
7403 12p 74278 100p
7404 12p 74279 50p
7405 150 | 74283 55p
2406 00| 74284 75p
7407 200 | 74285 17sp
7408 o | 74220 100p
7409 1ap | 74293 100p
7410 1p | 74208 1000
7811 18p | 74365 a0p
7412 18p | 74366 40p
7413 18p 74367 40p
7414 28 | 74368 50p
7416 200 | 74390 50
2417 200 | 74393 100p
7420 15p | 74490 9%p
s
723 200 | 74LS00  11p
7425 245 | 74LS01 126
7426 28p | 741802 2p
2427 25 | 74LS03  12p
7428 26p | 74LS04 12
2430 iap | 74L505 120
7432 25| 74508 120
7433 2| 741508 159
7437 %p | 74810 13p
7438 2| 741511 130
7439 %0 | 791812 15p
7430 Jep | 741813 20p
7441 700 | 79LS14  36p
72428 :p | 74LS15  30p
2443 %0, | 74520 120
7444 9p | 741521 15p
7445 so0p| 74522 12p
7446  eop| 741526 14p
74474 aop | 741527 16p
7448 a5p | 741528 18p
7450 18| 74LS30 15
7481 15 | 74LS32 15
7483 15p | 74LS33  16p
2454 15 | 74LS37 160
7480 15p | 74LS38  15p
7470 36p 4 741842 30p
7472 2:p | 74LS47  36p
2473 %p | 741548 4sp
7474 20p | 791851 15p
7475 %p | 74854 2p
7476 30p | 78LS55 150
2480 0p | 791563 120
7482 70p | 74L873 200
7483A 38p | 791874 16p
7484 8p | 74LS75  20p
2485 cop | 74LS76  20p
7486 20p | 791583  38p
7489 210p | 741585 65p
7490A  20p | 74LS86  18p
7491 e | 791590  2p
74028 2| 741892 3p
7493A 20p | 741893 27p
7494 g | 741595  a0p
7496A  3sp | 74LS9  SOp
2496 wp | 7415107  40p
7497 9op | 74LS109  30p
74100 Bop | 74LS112  25p
24107 2p | 748113 2%
74109 oo | 7418112 22p
24110 %p | 74LS122  36p
24111 5o | 7418123 3p
74116 50p | 74LS124  90p
78118 6oy | 74LS125  24p
74119 80y | 74LS126 25
74120 60p | 74LS132  40p
74121 25 | 74LS133 200
74122 a0p | 7418136  25p
74123 wp | 7415138 Xp
74125 ap | 7615133 32
74126 3ap | 7415145 70p
24128 p | 74LS147 160p
24132 30p | 74LSM48  TSp
24136 28p | 74LSI51  40p
74141 S5 | 74LS153  40p
74142 200p | 74LS154  90p
74145 p | 74LS155  36p
74147 aop | 74LS156  3p
74148 Jop | 74LS157  27p
74150 s0p | 74LS158 300
74151A  40p | 74LS160  36p
74153 ap | 74LS161  36p
74154 sop | 7415162  36p
74156 aop | 74LS163 360
24156 s0p | 74LS164 40
24187 0p | 7415165  €0p
74159 75, | 7415166  65p
24160 s0p | 7LS168  8Sp
74161 agp | 795169  8sp
74162 asp | 7415170 TSp
24163 aan | 7418173 20p
24164 gy | 74LS174  a0p
74166 ap | 7415175  45p
74166 agp | 74LS181 100p
24176 1200 | 74LS183 180p
74172 zrsp | 7418190  45p
74173 sop | 74LS191  asp
74174 ssp | 7418192 4Bp
24175 Sop | 7415193 459
74176 0p | 74L5194  35p
74177 a5 | 7908195  35p
24178 s0p | 7418196  43p
74179 sop | 74LS197  60p
24180 a0p | 781221 s0p
74181 1sp | 74LS240  65p
741824  cop | 79LS241  65p
7a184A  90p | 74LS242  p
74185 %0p | 745243 650
74186 s00p | 74LS244  60p
7a188  2s0p | 7915245  TSp
23130 a8p | 745247  50p
24191 a3p | 7415248 s5p
24192 ap | 7415243 55p
74193 a8y | 7418251  3%p
74194 agp | 7415253  3%p
74195 asp | 785257  3%p
24136 asp | 7415258 3%p
74137 a3p | 7415259  60p
74198 gop | 7415260  2p
74139 gog | 74LS266  20p.
74221 sep | 7915273 60p
74251 709 | 74LS275 22%p

7415279
7405280 180p | 4043 50p
7415283 40p | 4044 50p
7405290 45p | 4045 105p
7415293  agp | 4046 550
7415295 90p | 4047 50p
7415297 5 | 4048 50p
7415298 90p | 4049 24p
74L5299 270p | 4050 24p
7415323 175p | 4051 45p
7415324 150p | 4052 60p
7415348 120p | 4063 50p
7415352 80p | 4054 90p
7415353 80p | 4055 90p
74LS366 450p | 4056 0p
74LS363 140p | 4059 500p
7415364 140p | 4060 60p
74L5365 30p | 4063 100p
74LS367 ~ 30p | 4066 35p
7415368 30p | 4067 250p
74LS373 60p | 4068 16p
7418374 60p | 4069 16p
7415376  45p | 4070 16p
74LS377  60p | 4071 16p
7415378  60p | 4072 16p
74L5390 4073 16p
7415393 45p | 4075 16p
74LS395  90p | 4076 48p
74LS399 160p | 4077 18p
74LS445 100p | 4078 18p
7415490 4081 16p
7418540  75p | 4082 16p
7418541 100p | 4086 s5p
7415624 150p | 4089 1500
7415629 180p | 4093 28p
74LS640 160p | 4094 100p
74LS641 170p | 4095 5p
74LS642 200p | 4096 70p
74LS643  34p | 4097 340p
74LS644 250p | 4098 90p
74LS645 160p | 4099 100p
7415668 120p | 4501 28p
74LS669 120p | 4502 60p
74LS670 140p | 4503 $0p
7418678 550p | 4504 5p
74LS682 400p | 4506 ®p
74LS684 400p :.‘5:8‘7! 1£p
p
S0 W
48p
74500 60p
s sz
74504 800 | 45ys  120p
74505 750 | act1e w"
74508 750 | 4e18 o
74S10 60p | 4550 SR
488Ny a60e | 4e2y 1200
74520 60p | 4626 ssp
74530 60p | 3253 =
o
74532 0P | 4598 =
74837 60p | 4e35 m"
74574 %olge3i  ap
74885  300p | 4p3e o
74586 180p | 4e3q 'pr
745112 %p | 435 1aqp
745113 90p | 4823 w"
745114 0p | 453 2709
748124 300p | 4pc5 359
745132 160p | 4556 359
748133 TS0 | 4660 1700
745138 25p | 4oee 1700
748139 225p | 000 mp
745157 250p | 4eeq e
745163 300p | 4o70 g
745174 250p | 4258 %
745176 320p | 45gy s0p
745188 360p | goge ‘mp
745189 380p | 4009, il
748194 380p | 45080 o
745200  450p P
40097 50p
745201 4000 | 40100 o0
745225 50D | 40905 qa0
745241 400p | 40900 |2op
745260 70p | 40400 5o
745261 3000 | 45109 100,
745262 £10 | 45910 m“
745287 350p | 40463 P
745288 3500 | 4015, 50
745373 400p | 01 0 5p
745374 400p | 40103 P
745871 650p | 40137 1)
745474 400p | 30208 0P
P
748571 9006 | 40373 fgoh
745573 9000 4037z 1a0n
14500 008
4000 120 | 14568  200p
4001 12p | 14569  260p
4002 12p | 14599  290p
4006 50p
4007 18p | 745
4008 48p msocos EmEsso
4009 24p | 74504 60p
4010 24p | 74508 7Sp
4011 14p | 74832 %0p
4012 16p | 74574 90p
4013 25p | 74585 300p
4014 50p | 74586 180p
4015 50p | 745124  300p
4018 20p| 745132 160p
4017 38p | 745133 75p
4018 45p| 745138  225p
4019 25p1 445139 225p
4020 S0p | 745157  250p
:82 :p 745163  300p
p| 745174 250
4023 6p| 248175 3200
4024 Rp| 745194 350p
4025 16p| 745241  as0p
4026 80p
48% 24p
4 50p
4029 pidl  ECLs
4030 30p | MC4024
4031 125p| MC4044 3250
4032 80p| MC10116  70p
4033 125p MC10231 3500
prsSLa] COuNTERS |
P petd] COUNTERS
1036 275p| 74C925 £
4038 10p| 74C928 5
4040 50p| 72168 £16
4041 60p ZN1040  670p

LINEAR ICs

Z80PIO  280p
ZBOAPIO  300¢.
Z80CTC 280t

CRT

CONTROLL

CRT6545
CRT5027
CRT5037
}» EF9365
MC6845
MC6847
SFF96364
«TMS9918
TMS9327

AD558Cy
AD561J
AM256S10

COM8116
07002
DAC80
DMB131
DP8304
DS3691
DS8830
Dses3
DS8832
DS8833

AM25LS2521£2
AM26L.531125p
AM26LS32125p

8ILSI8  90p

9602 220p
9637AP  160p
ZN425E8 350p

00 | 2N1zee8 350p
£18 | na27e8 650p
£18 | Zna28e8 5000
Rl TELETEXT
8 DECODER
£80 | SAA5020 £6.00
SAA 5030 £3.00

SAA 5041

£16.00

SAA 5050 £9.00

T75p
£14
%0

DISC

CONTROL
ICs

wFD1771
FD1791
FD1793
FD1795
FD1797
wD1691
w2143

CHARACTER
GENERATORS
RO-3-2513UC
750p
R0-3-2513LC
700,

800p

P
SN74S262AN
1

(a0
KEYBOARD
ENCODER

TECHNOMATIC LTD.

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED
SHOPS AT: 17 BURNLEY ROAD, LONDON NW10

{(Tel: 01-452 1500, 01-450 6597. Telex: 922800
305, EDGEWARE ROAD, LONDON W2 Tel: 01-723 0233

pATA SHEETS3 -

WIRELESS WORLD AUGUST 1982

Fo 127/

A

MmOy

LM3S8P 60 | NEDB34A 150p
ADC0808 B W
AY1-0212 LM380 oo
AY1-1313 668p | LM3B1AN 200p
AY1-1320 320p | LM382 260p
AY1-5050 140p | LM386 SARIIOoRLD
AY3.1270 825p | LM387 SAD1024 A850p
AY3-1350 f£4 | LM389 SFF96364
AY3-8910 550p | LM391
AY3-8912 650p | -M392N
AY-5-3600 f£6| LM393
AY5-4007D LM394CH
520p | LM709
CA3028 120p | LM710
CA3019  80p | LM711
CA3046  70p | LM725
CA3048 226p | LM733
CA3059  300p m;g; T
CA3060 350
CA080E  72p tm;?‘a TBAGSTAM
CA3086 48
CA30B9E 200p t“}g‘;’é TBAG41BX]
CA3090AQ375p | LM
CA3130E  90p | LMISTI TBAss1
CA3130T 130p [ LM1B72
CA3140E 50p | LM1886
"CA3160€ 100p | LM18B9
CAJ161E 175p | LM2917
CA3162E 450p | LM3302
CA3189E 300p | LM3900
CA3240€ 120p verr o
e r D e TCA940  178p
DACT408-8 TDA1004A 300p
200p TDA1008 320p
HA1366  1%5p }g::g;g %z
s S TDAT024 1200
\CL7660 €2 TDA10348 250p
\CL8038 300 TDAI170 300p
h TDA2002v 325
ICM72168 £16 v 320
ICM7217 750 TDA2006 350p
[ TDA2020 320
ICM7555  80p 2
ICL7611  90p
Lgnzo 325p
LC7130  325p
LF347  160p TLo74  -100p
LF351 48p ;tlma Ze
tgggp lggp T'-gg‘ 200p
P
2 1 TLI70 50p
tﬁgm L3 TL430C  70p
LMIOC  a28p UA1003-3 950p
LM30TA  27p UA2240  150p
M310 120p UAA170  170p
M311 T5p ULN2003 100p
(M318 150p ULN2004  75p
g1y 2o Uinzeoz
LN334Z  100p UPC575  275p
LM3352  140p UPCE92H 200p
(M339  50p UPC1156H275p
LR Al X307  doop
VOLTAGE REGULATORS [[éziiilibesd
XR2216  675p
FIXED PLASTIC N oo
1A +ve ve Zparc 9
5V 7805 a5p 7905 sop| ZNAZIE  190P
&v 7806 7906 60p| SNase 350
8V 7808 50p 7908 SNA2EE  390p
12v 7812 S0p 7912 50p| 5N433F 625
15V 7815 50p 7915 S0p| Suatie S0
18V 7818 500 7918 60p| SN103aE 2000
2av 7824 SO0p 7924 60p| ZN1CA0E  Er0b
5V 100mA 78L05 30p 79L05 60p B
6V 100mA 78L06 30p 2l
8V 100mA 78L08 30p cloTs
12V 100mA 78112 30p 79L12 60p | [NaI
15V 100mA 78L16 30p 73L15 60p | aD161/2 45p
BC107/8  13p
8C109C  ap
BC117  20p
g BC147/8 9
BC14 10y
LM09H 1AV 100p 78HGXC 600 | BE1S7/8 1o
LM309K 1A BV ,140p 78HOSKC 550p | 8C159 1p
LM317K 325p 78MGT2C 140p | BC16SC  12p
LM317T T03  200p 78GUIC 200p | BC172 12p
AM337T 25p 73GUIC  225¢ | BC177/8  17p
LM323K 3A 5V 500p 79HGKC 700p 179 8p
LM723 150mA ICL7660 200p | BC182/3  10p
Adj 37p TL497  300p | BC184 1p
TL494 400p LM30SAH 250p | BC187 30
78540 2265p 78H12  500p | BC212/3  11p
78P05 (9 SG3524 £3.00 | BC214 12p
BC237 15p
8G%7 e
2N5777  45p  ORP60  120p | BC338 160
QOCP71  180p ORP61  120p | BC461 5p
ORP12Z  120p  TIL78 55p | BCA77/B  30p
R s
TiL100 75p | BCS4BC 12p
BC549C  16p
BCoETe 1o
D74 130p  TWLINT 90 14
MCT26  fo0p  THT12  sop | SSYIO 180
MCS2400 190p  TIL113 900 | 60139 75::
074 2400 TILME 9 | gpiagss  aon
- BD139  40p
0.2 BD140  a0p
0.125" TIL220 Red 12p | 8D189  60p
TiL32 $5p  TIL222 Gr 15p | BD232  60p
TIL209 Red 11p  TIL228 Yei 22p | BD233  TSp
TiL211 Gr 16p Rectangular 8D235 85p
TH212Ye 18p  LEDs(R.G.Y) 30 | BD241 60p
TIL216 Red 18p  NSBS881 570p | 8D242  60p
TIL3T1I  600p [ BD379  60p
TIL312/3 110p | BD380 60p
TIL321/3 130p | BD677  40p
DL704  140p  TI330  140p | BF244B  35p
DL707 Red140p 7750 60 200p | BF2568  S0p
FND357  120p BF267/8 32
FNDS00  90p 9368 250p | BF337 30p
FNDS07  S0p 9370 300p | BFR39  26p
MAN3640 BFR40/1  265p
o s, =
BFR96  180p
BFX29 40p
BFX30 Zp

MODULATORS

3MHz UHF 375p
8MH2z UHF 450p

32-768KHz 100p
100KHz  250p
200KHz  280p

1.0MHz  290p
1.008MHz 275p
1.5MHz  450p
1.8432MHz
210p
2.00MHz 225p
2.45760MHz

3.686MHz 300p
4.00MHz  150p
4.194MHz 200p
4.43MHz 110p
4.608MHz 250p
4.9152MHz

250p
5.00MHz  175p
6.0MHz  150p

7.168MHz 175p
8.00MHz 175p
8.86MHz 175p
10.00MHz 175p
10.5MHz  250p
10.7MH;  150p
12.00MHz 150p
13.318MH2

175p
14.756MHz
15.000MHz

AY-6-2376 700p | 16,00MHz 200p
74C922  500p | 18.00MHz 200p
6875  600p | 745387 325p | ULN2003A100 | EEFOGLTNTRM | '0TMMA
8154 950p | 745471  650p | ULN2004A100p | [Fesiade o
8165 a50p | 745473  850p | 75107  160p | ROAGMAMelACAc) . 4
8156 €5 | 74S47¢  650p | 75110/12 160n | MC1441% 7000 | 20 goommz  ©
8205 2265 | 74S670 650p | 75114/15 160p | COMB116 800p : _—
8212 160p | 745571 650p | 75121/22 140p | 47024 7500 | 24 gaomMz
8216 100p | 745573 950p | 75150P  140p :
838 200 T oy | WELIEE | 27105wme
P 13
8228 250p LGN | 75320 arsp | AY31015P | 3.e6670m b,
Sy = v ey el A oTae 1750
L8251 D05 | 25161+502%5p | 75365 180, p | 48.0MHz 175p
3253 s | 283 0p | Jeasys2 70 | COMS017 300p | 55.5MHz 400p
p / L
3268 toon | 2564 £25 | 7240374 IM6402  450p | 116MHz  300p
3200 e | 2708 250p | joa9902 oo | TR1E02 "300p | 145.80MH:
27161 +5v1250p | g795 1200 250p
S5 o | 7 oo | 51 1% | ECESSEN | O
3279  6s0p | 271613%0ns} | 8T95/96 %0p [ TEX TOOLY SWITCHES I
o8 tn| wezccons U | GEGE G (e B8 6L s,
3755 £16 P | gisee  sop | 28PN 0 gy 20p
71158918 Ao | TMS2716 7500 | 935a7  sap | 10PN £ | Ynway  185p
WIRE WRAP SOCKETS
OW PROFILE SOCKETS BY Tl BY TEXAS
8 pin 9 18 pin 16, 4 pin 24
14 z'i: |o$ 23 222 mz gs 25: is,'; 8 pin 25p 18 pin 50p 24 pin 70p
16pin 1tp  22pin 22p 40 pin 0p 4 pin¥Bp  20pin 60p 28 pin BOp
16 pin 40p 22 pin 65p 40 gin  £1
= C - A
Til 34A 90p | INoodid 48p | 1Lk 3 )
BFX84/5 40 G314 48
apxaaﬁ 27; TIP34C  120p | 2N3702/3 12p | 40410 100p | TRIACS
BFX88 P TIP35A 120p | 2N3794/6 12p | 40410 300p PLASTIC
BFX89 180p TIP35C 140p |- 2N3796/7 14p | 40594 120p
BFY50 2ap | TIP36A  140p | JN3708/9 12p | 40535 1200 | 4, 400y o
? | rip36C 1500 | 2N3773 40673 75p "
BFY51/2 24p N3773  300p 6A 400V  70p
TIP41A S0p | 2N3819 25, 40871/2  100p
BFYss 3% | LR 20 1 2 £ 6A500V  88p
BFvep  aop | [ES)T G561 ZN38a0 e 8A400V  75p
BRY39 45 84500V  9p
BSx19/20 24b | TIP42C  65p | 2n3s66  9op |
P | TIPS4  160p | 2N3902 7 12A 400V 85p
BUI04  226p 001 12A 500V 105p
U105 190p | TPI20 75w | gN3s03/a dep | BYAZL 126 | 46 d00v
Butos 2800 | TIP121 750 | 2N3905/6 18y | BYX36.300 20p | 16 110p
DR e e A27 8p | 16A500v 130p
BUISS 20| np1a2  120p | Nat23/a Z7p | OA0/91 % | TZ800D 130p
RUIEGR  1o0nd (NIETATRNES, B2l 25708 270 oA T RISTORS
BUB0s  2oop | TPaoss  70m | 2naazz a0y | OAZ0Z 106 | 3a400v tooe
BUs  1asp | TIS93  p | Nagy1  sop | 1NN 4| 8A60OV 1a0p
BUXB0 g6 | ZTX108 120 | onsom7  z7p | IN316 70 | 124400V 160p
BUYSSC 3s0p | Z1X300 13 | ans0sy  z7p | 1NN 2P| 16a 100V 180p
E310 50 | ZTX452  45p | ans172  27p | IN4001/2 B | 1ga 400v 180p
MJB02 % | ZTx500  15p | aNS191  S0p | 1N4003/4 6 | cioep  as
M99t 2zay | ZTXS02 160 | JNsyoa  sop | IN4OOS B0 | Gcmio  3sp
MiZoos s | ZTXS01 18> | nszas  aop | IN4O0BTT 7o | mées  z7p
MI3007 225 | ZTX8S2  Sp | onsyom  esp | INSOU3 Mo | anzezs 10
MJ4502 Ta | 2TX652  60p | 2NS401  60p | INS404/7 190 | naaas Lol
MJE340  60p | ZTX752  70p | 2N5457/8 40p | 15920 % | 2ns060 30
P | VNBEAF 72 4 g
MJE2956 100p | Uy ioem so" 2N5459  40p 2N5064 35p
MJE3055  70p | VAID 0 | ansac0  6op
MPF102 40p 2N687 259 IN5485 44p BRIDGE
MPFI0/a 300 | JNGoR  4op | sn6osy soe | RMACLALAILAY
P | 2N706A  30p | 2N6052 300p | 1A 50V 19
MPSAJG 3P | 2n708  30r | 2NG0S9 325p | 1A 100V 20p RELAYS
%223% 32 2N918 255 | IN6107  G5p | 1A400V 25p | 60112V DC
MPSA20 S0p | ZN930 18p | 2N6247 190p | 1A600V 30p | Coil SPDT2A
MPSA42  sop | AN1131/2 36p | 2nN6254  130p | 2A 50V 30p | 24vDC  160p
MPSA43  50p | ZN1613  25p | 2N6290  65p [ 2A 100V 35p | Gor 12V DC
MPSAS6  Tp | 2NI711 256 | 25€1172 150p | 2A400V  45p | Coil DPDT5A
MPSAJ0 50p | 2M¥2102  70p | 25C1306 100p | 3A200V 60p | 24vDC
MPSA93  40p | IN2160  350p | 25C1307 150p | 3A600V 72p | 240VAC 200p
MPSUO6  63p | 2N2219A  25p | 25C1957 90p | 4A 100V 9p | 6ori2v DC
MPSUO7  60p | 2N2222A  25p | 2SC1969 150p | 4A 400V 100p | Cod SPDT10A
MPSU45  90p | 2N2363A 2o | 35€2028 95 6A 50V 80p | 24vDC
MPSUS5  78p | 2N2484 - 30p | 25C2029 6A100V 100p | 240VAC 225
TP29A 36y | 2N2646 45 | 25€2078 6A 400V 120p H
TP29C  4a0p | 2N2904/6  25p | 2502335 104 400V 200p
NP30A  35p gmgggg: 2{,’ §fﬁ§§'2 25A 400V 400p RELAYS
Tr::g?g ﬁz gxgggg ng 3N140 FOR ALL
TIP3IC  45p | 3N141 ETI
TP32A  45p ék“ggg‘; ﬁg 3N201 ZENERS PROJECTS
Mo  on| a2 e | addoo VIV AVAILABLE
fP33C 80 40361/2 ]
| P | 9N3584  250p W wp | EX-STOCK

PLEASE ADD 4up P&P & 15% VAT (Export no VAT)
Government, Colleges, etc. ORDERS WELCOME
VISA & ACCESS CARDS ACCEPTED
FULL PRICE LIST ON REQUEST
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Used test equipment, calibrated to Manufacturer’s original specification.

»

Prices
fromf
ACOUSTIC & VIBRATION
BRUEL & KJAER
1621 Tunable Band Pass Filter 550
2113 Audio Frequency Spectrometer 1400
2203 Sound Level Meter 450
2215 Sound Level Meter inc. Oct. Fitter 1050
2218 Sound Level Meter inc. Leq. 1475
2305B Level Recorder inc. 50 dB pot. 1360
2625 Vibration pick-up amplifier 350

2808 Power Supply/Mains Adapter 90

2972 Tape Signal Gate 200
4230 Sound Level Calibrator 120
4423 Noise Dosemneter 350
4424 Noise Dosemeter 375
CASTLE ACOUSTICS

CS181 Sound Level Meter & Calibrator 295
(o

144 Environmental Noise Analyser 500
DAWE

419C Audio White Noise Generator 190
1461CV Vibration Analyser 350
1463B % Octave Filter 200
1465 Octave Band Filter 150
KiSTLER

504A Charge Amplifier 200
WAYNE KERR

B731B Vibration Meter inc. probe 270

BRIDGES & V and | STANDARDS
HEWLETT PACKARD

4261A Digital Automatic LCR Bridge 975

4342 QLC Meter 22 KHz-70 MHz 2600

MUIRHEAD

D30A DC Bridge 0.15% 180

WAYNE KERR

B224 RCL Bridge 0.1% 500

B521 LCR Bridge 115

B801/CU681/Q801/SR268 VHF

Admittance Bridge with source and

detector transistor adapter & D.C. Control

Unit for transistor measurements 750
COMMS & CABLE TEST
EQUIPMENT

DYMAR

BC282 Battery charger for 883 Radio

Telephone 40

883 Radio Telephone — VHF band — hand

held 120

MARCONI

TF2091 White Noise Generator (exc. filters) 1000

TF2092 White Noise Receiver (exc. filters) 1000

TF2809 Data Line Analyser 600

NORTHEAST ELECTRONICS

TT537B Psophometer/ VU Meter 200

SEIMENS

U2033 Psophmeter 475

S.T.C.

74106 Bridge Unit 135

74184B Selective Level Measuring Set 600

74216A Noise Generator 300

7426 1A Psophometer 300

74262B White Noise Generator & Receiver 2000

74307C Level Measuring Set 175

74834C Distortion Measuring Set 500

96016 Setective Null Detector 200

GTA-2 Quantization Distortion Tester 800

GTAA4B Pattern Generator 900

T T e T Y|

Carston
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 9NR. Telex: 23920.
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Prices
from£€
COMPUTER EOUIEMENT
{90 day guarantee)
CENTRONICS
702 matrix printer 500
HEWLETT PACKARD
9835A Desktop Computer 64K + expanded
1/0 ROM + HP — IB interface. Includes
C.R.T. Cartridge Tape Drive — Full
documentation test tapes etc. 5900
TEKTRONIX
4610-1 Hard copy printer for 4010 series
computer display terminals 1160
COUNTERS & TIMERS
FLUKE
1912520 MHz 7 digit Counter 375
1912A01 As 1912A butinc. re-charging
batteries 430
1920A 520 MHz 9 digit Counter inc. Brst.
mode 575
1920A14 1250 MHz otherwise as 1920A 750
HEWLETT PACKARD
5300A /5305B 1300 MHz 6 Digit Counter 425
5345 500 MHz 11 Digit Counter Timer 2000
MARCONI
TF 2432 560 MHz 8 Digit Counter 275

Prices
fromf
DIGITAL TESTING EQUIPMENT
HEWLETT PACKARD
1600A Logic Analyser 16 ch 20 MHz 1150
16008 Logic Analyser 32 ch 20 MHz 2250
1602A Logic Analyser 16 ch 10 MHz 900
1615A Logic Analyser 24 ch 20 MHz 4850
TEKTRONIX
832 Datacom Tester R5232/Vv24 1150
833 As 832 plus BERT/BLERT feature 1300
MAINS TEST EQUIPMENT
DATALAB
DL019 Mains Interface for DL.905 300
DRANETZ
606 3ch Volts Av/Spike/ Time/Printer 2950
616 2ch AC 1ch DC Volts/ Av/Spike/
Time/Printer 3300
GAY
LDM AC/DC/Spike/ Time inc. Printer 900
MISCELLANEOUS
A.l. INDUSTRIES
TCS General Purpose Gas Leak Detector —
intrinsically safe 290
BRADLEY
192 Osciltoscope Calibrator 825

PECIAL OFFER

WAVETEK 157D

Programmable Waveform
Synthesizer
100 uHz- 1 MHz-sine, square and triangle
waveforms. Output voltage 1 mV to 10 V P.P. into
50 ©2. Clear digital readout of front panel
frequency and voltage setting. Frequency sweep
facility, B.C.D. Programmable.

£1200

HEWLETT PACKARD

427A
Analogue AC/DC
Volt/Ohm-Meter

Compact, battery operated unit.
DC-100 mV-1KV AC-10mV-300 V
10 Hz-1 MHz. 2-10-10 MQ

£99

PHILIPS
PM6614/02 520 MHz 9 Digit Counter TCXO 480
PMB6624/02 520 MHz 9 Digit Counter Timer

TCXO 750
PM6661 80 MHz 8 Digit Counter 180
RACAL-DANA (E.I.P.}

37118 GHz 11 Digit Counter with Source

Locking facility 4950
8110 50 MHz 8 Digit Counter Timer 320
9025 1 GHz 8 Digit Counter 450
9903 50 MHz 7 Digit Counter Timer 310
9905 200 MHz 8 digit Counter Timer 360
SYSTRON DONNER

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

DC501 7 Digit 100 MHz Counter — TM500

Plug-in 180

COMARK
1601BLS Thermom 10ch 87 + 1000°C type K 50
N.B. Thermocouples not included

CROWCON

71P Inflammable Gas Detector/ Alarm 125
DATALAB

DL905 Digital Transient Recorder/ Display

Storage 1050
FLANN

16/11 Rotary Vane Attenuator WG16 295
HEWLETT PACKARD

342A Noise Figure Meter 500
X382A Rotary Vane Attenuator WG16 175
536A 0.96-4.2 GHz Cavity Frequency Meter 300
MEGGER

BM6 500V 0 - 200 m{? tester. Batt op. 70
MJ4 1 kV 0 - 200 mf? tester. Hand Drive 160

All items have a 12 month guarantee unless otherwise stated.

MULTIMETRICS
AF120 Dual H/Pass L/Pass active
fitter 20 Hz - 2 MHz

PHILIPS

PM 5501 Colour TV Pattern Generator
PM 5519 Colour TV Pattern Generator
PM 6456 Stereo FM Generator

RADIOMETER
SMG1 Stereo FM Generator

ROHDE & SCHWARZ

BN252 Transistor Y Parameter Test Set

SCHLUMBERGER
4010A VHF /UHF Radio Telephone Test S

SAl:C:

74800J Attenuator 0-9 dB 500 in 1 dB
steps

74616A Attenuator 0-100 dB 60092 in 0.1 ¢
steps

TEKTRONIX

184 Time Mark Generator

521PAL Vectorscope

528 TV Waveform Monitor

575 Semiconductor Curve Tracer

1485C TV Waveform Monitor PAL/NTSC

TELONIC

6001 RF Detector with Log Amplifier —
Analogue dispiay & recorder O/P. 0.4-13(
MHz — 80 dB range

YELLOW SPRINGS
YS157 Water Pollution Measurement
System

NETWORK ANALYSERS/
PHASEMETERS

DRANETZ
301A Analogue Phasemeter 5 Hz-500 KH

HEWLETT PACKARD

8405A Vector Voltmeter 1-1000 MHz
8407A/8412A/8601A 100 KHz-110 MHz
complete Network Analyser system
comprising Analyser, Phase/Magnitude
display and Sweep Generator. 502 or 758
system available. 80 dB dynamic range
8745A S Parameter Test Set 0.1-2 GHz
11570A Accessory Kit for 8B405A

11600A Transistor Test Fixtures
TO1B/TO-72

11602A Transistor Test Fixtures
TO5/T0O-12

11604A Universal extension arm for 87454

OSCILLOSCOPES &
ACCESSORIES

BIOMATION

350 Compact XYZ Display
GOULD ADVANCE
0S1000B 20 MHz 5mV 2 Trace

HEWLETT PACKARD

1740A 100 MHz 5mV 2 Trace 2TB
182C 100 MHz Mainframe

182T 100 MHz Mainframe with digital
normaliser interface

1804A 50 MHz 20mV 4 Trace Plug-in
1825A Dual Timebase Plug-in

1805A 100 MHz 5mV 2 Trace Plug-in

PHILIPS

PM3207 16 MHz 5mV 2 Trace TV trig
PM3211 15 MHz 2mV 2 Trace TV trig
PM3212 25 MH2 2mV 2 Trace TV trig
PM3233 10 MHz 2mV 2Ch fixed delay Dus
Beam

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 2TB

465B 100 MHz 5mV 2 Trace 2TB

475200 MHz 2mV 2 Trace 2T base

475A 250 MHz 2mV 2 Trace 2T base
485350 MHz 5mV 2 Trace 2T base

5B42 2 T/base plug-in 50 MHz Trig for 50(
series Mainframe

661/4S3/5T1A 1 GHz Sampling scope
7A18 75 MHz 5mV 2 Trace Plug-in

7A22 1 MHz 10uV Differential Plug-in
7A26 200 MHz 5mV 2 Trace Plug-in
7BS3A 2 Timebase Plug-in 100 MHz Trig
7403N 76 MHz 3 slot M/ Frame

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

063/V1/V1 15 MHz 2 Trace 1mV
D63/V5/V5 15 MHz 5mV 2 Trace & fixed
delay

S$615 MHz 5mV 1 Trace

p
-
>
-
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Prices Prices Prices Prices

from £ from£ from £ from£
CAN SE LABS PM5129 Function 1 mHz-1 MHz Sin/Sa/ HEWLETT PACKARD t\\‘\\
0 Large CRT XY Display with 9946 ch galvo preamp + DC bridgesupply 460  Tri/Ramp/Pulse + Sweep + Burst O J40MSHIDjAE/DC/ VI AU Range.  TADHIENERN
julation 280 6008 UV chart £ 25 ch 16 speed 950 RADIOMETER PHILIPS RN
we hold a range of cameras P.0.a, 6150/51 UV recorder 12 ch-inc 6 ch amps 1275 MS27G Generator 0.3-240 MHz AM/FM 585  PM2517 4 Digit AC/DC/V//Q Auto Range -
SEIMENS TEXSCAN TRMS
iCILLOSCOPES (STORAGE) M36 Chart 5" 1 pen 0-20 mA F.S.D. but 9900 Sweeper 10-300 MHz 6/in CRT disp 625 PM2522G 3% Digit AC/DC/V/I/Q 145
VLETT PACKARD can readily be adapted by internal links to a WAVETEK PM2524 4% Digit AC/DC/V/I/Q Auto
100 MHz Mainframe Scm/ us 2500  wide range of volt and current 157D Waveform Synthesiser 100 uHz - Range B 239
A 35 MHz 10mV 2 Tr2TB 1000 Div/ms 1850  measurements 150 1 MHz BCD Prog 1500 PM2527 4% Digit AC/DC/V/1/Q TRMS -
. 5
TRONIX LARTRON Auto Range
5 MHz 10mV 2 Trace. Split screen L P.OA. SPECTRUM ANALYSERS SOLARTRON
3240 Modular Data Logger system (o] ;" CIVIIDCIA N
fof e 2850 5 ote: UV recorders are priced less galvos HEWLETT PACKARD 705154 DigitAC/D uto RN
00 MHz 5mV 2 Tr2TB 1350cm/us 2950 NAL ANALYSIS 141T/8552B/8555A 10 MHz-18 GHz Range 325 Ay
25 MHz 3 slot M/frame split screen ::IGUIPhENT system 10250 \\\\\;
us 1700
100 MHz 3 slot M/frame 4.5cm/us 2700 AIRMEC ot 1’\'/;2/?!2)%00}:\1'110 MMz Digi-store display CROTECH Oscilloscopes 9
IWER MEASUREMENT g:)g :Aﬂ;FM ModlRleIcie Z 238 built-in counter and tracking gen 7500
VLETT PAC",(ARD ! 248A Wave Analyser 5-300 MHz 200 TEKTRONIX ; ) |
RF-Microwave Powermeter for use 853 Wave Analyser 30 KHz-30 MHz 200  7L6/L320 Hz-5 MHz Plug-in for 7000 series [
470 series sensors 430 M/ Frame 10 Hz resolution. Sensitivity 18
(e Cmea (RIS MARCONI —148 dBV. Impedance 502, 6002 and '
42-10 GH2 Ipip " Ti2esuAalVavalanaveri@bilz pekn: 00 1MR. C.R.T. readout. Digi-s'tore display 6750 X
A\ Power sensor for 432 meter W.G. 16 160 RADFORD 7113 1 KHz-1800 MHz Plug-in for 7000 \\\\
/478A combined price 550  pMS2 Distortion meter 20 Hz-20 KHz 200 geries M/Frame 7700 ;§:\\
/X486A combined price 650 SOUND TECHNOLOGY 7L18 1.5-18 GHz Plug-in for 7000 series. AR
1 Co-ax sensor for 435/436 1700A Distortion Meter 10 Hz-100 KHz inc. High resolution. Digital storage display.
.Hé-gz (l;Hz 190 ccillator 800  Buikt-in pre-selector 9500
RCON 7603/7L5/L3 System with display
R.F. Powermeter DC-1 GHz 10W max 475 WAYNE KERR 20 Hz-5 MHz 7750
A321 Wave Analyser 20 Hz-20 KHz 180 ith display 0.1-1800
R.F. Powermeter DC-1 GHz Note: see also “Spectrum Analysers™ 7603/7L13 System with display 0.1-
f max 800 MHz 8900 i |
)WER SUPPLIES etc SIGNAL/IFUNCTION/ + SWEEP 7613/7L13 System with storage/var. .
ANCE GENERATORS persist. display — 9900 RS
20 Switching PSU module 5V-20A FARNELL 7603/7L18 System with dispiay 1.5-18 GHz These are brand-new §
90  S$5G520 10 MHz-520 MHz Generator - {60 GHz with external mixers) 10500 instruments
\NDENBURG Auto Phaselock. AM/FM and SINAD VOLT/MULTI-METER
HT Power supply 3-30 KV-1mA 450 feature. Reverse power protection 2000 (ANALOGUE) 3030 15 MHz 1 Trace SmV built-in
GENERAL RADIO BOONTON component tester 150
ANELL o
: 1362 Generator 220-920 MHz 375 92C AC/RF 10 KHz-1.2 GHZ %mV-3V 250 | 3033 15 MHz 1 Trace 5SmV battery
50-30V-5A variable 110 S
200-30V-20A variable 225 GOULD HEWLETT PACKARD operation 280
.5V ~ 20A PSU module 80 J3B Generator 10 Hz-10 MHz O/P level 400E 10 Hz-10 MHz 1mV-300V DC O/P 285 3034 'I:'> MHz 2 Trace 5mV battery
1/10 0-30V-10A variable 190 meter & Attn. 350 400H 10 Hz-4 MHz 1mV-300V 75 | operation o 360
J4 Generator as J3 but no output level 411A 0.5-500 MHz 10mV-10V DC O/P 175 3131 15 MHz 2 Trace SmV built-in
NLETT PACKARD . - 220 427 AC/DC/VIQ 195 | componenttester 240
B 0-40 V variable 30 A Metered V +1 875 2T V with si N
SG21 Generator — Square Wave only 3400 TRMS 10 Hz-10 MHz 1mV-300V 3337 30 MHz 2 Trace 5mV with signal \\
JLSE GENERATORS 0.3-100 MHz 80  pc-o/P 390 | delay 395 N
VANCE $G200 160 KHz-230 MHz Generator AM 45 | EVELL NN
el PHIsElg=netalon systamy: HEWLETT PACKARD TM11 Analogue Multimeter AC/DC/V/1/Q 115
RIGHR{ccpgnetions — cot 204C Dscilator  Hz-1.2 MHz 220 EERING | e e——
ReEUEapmegCles=Atypical 850 204D Dscillator 5 Hz-1.2 MHZ inc. 80dB M.L. ENGINEE v
02D 0.1 Hz-1 MHz 50V 10022 Double T 280 NAI:AV ;;JC sensitive u Volt/ nAmp meter - LOW COST CORNER
:R.T. 15ns 290 G0gE Generator 10-480 MHz AM/Pulse Fogr peeotrel Items in this box have 30 day
NLETT PACKARD 8614A Generator 800-2400 MHz MARCONI guarantee only.
A 0.1 Hz-20 MHz 16V 509 RT 10ns inc AM/FM/Pulse 2800  TF2600 10 Hz-10 MHz 1mV-300V AC + DC
tmode 475  8620C/11 Sweep Generator Mainframe o/P 230 AIRMEC
‘A Digital word generator to 50 MHz with HP-1B 2350  TF2604 20 Hz-1.5 GHz 300mV-300V 425 210 AM/FM Modulation meter from
2 bit 3400 86222A 10 MHz - 2.4 GHz Plug-in for 8620 PHILIPS 2.25-300 MHz 150
NS system 2950 PM2404 Analogue Multimeter CEL
3N 20 MHz 10V 5002 R.T. 5ns 390 86230B/11.8 - 4.2 GHz Plug-in for 8620 AC/DC/VIIQ :gg 112 Environmental Noise Analyser. Digital
system 1600 PM2504 Muitimeter AC/DC/V/I/Q readout of Leq. in dBA, ¢/w Mic and
:CORDERS & ACCESSORIES 8660C/86632A/B6603A Synthesised Signal =
RACAL-DANA (E.I.P.) leather carry case. Battery operated 160
YANS SOUTHERN ks Generator 1-2600 MHz AM/FM digital 9301 RMS 10 KHz-1.5 GHz 100uV-300V 550 CINTEL
h ' 16 d 1 . :
14 Chart 10° 4 Pen 16 spee: readout, push button controls, BCD VIBRON/E.LL. 2773 Wide range inductace bridge o
o RoSApgery 14090 33822 1mV-1V Eactrometer 200
W Wow & Flutter Analyser 800  MARCONI Lo g 53ULD N -
TF144H/4S Generator 10 KHz-72MHz AM 550 VOLT/MULTI-METER (DIGITAL) Ewlzﬂ:‘:tia ?A%‘/lag}[\)// f/osvznoam encl .

T Linear Displacement & Transducer 50 TF955/2 Generator0.2-220 MHz AM/FM 670  BOONTON 5 \§
DE TF2000 Generator 20 Hz-20 KHz-111 dB 92AD 3% Digit 10KHz-1.2GHz 104V res. 525 I'ZOEO‘QILLETI PIAC:(SAFD L NN
L N
Bridge supply and Amplifier 110  2ttenuator 750 FLUKE Jock ogic Ahalyserloignanne’s z 390 ;&i\t\

NLETT PACKARD TF2011/S Generator 96-140MHz FMonly 550 g510a 3% Digit AC/OC/V/1/2 TRMS 1qg Clockrate
" 750 TF2012 Generator 400-520 MHz FM 550 g010A01 3% Digit as 8010+ int, re-chg. HEWLETT PACKARD
PR SMlioenspeed TF2015/1 10-520 MHz Generator AM/FM 1350 o 159  GOBE 10-480 MHz AM/Pulse Signal
Rl 709 TF2020 Synthesised AM/FM Generator 8050A 4% Digit AC/DC/V/1/Q/dBTRMS 216  Generator 190
IN EYWELL‘ 50 l?Hz-520 MHz2z. Built-in modulation 8050A01 4% Digit as B0S0 + int. re-chg. M.L. ENGINEERING NAMV
B gt o pltapelgaorderitSith oscillator. State of the art performance. batts. 245  D.C. Sensitive nAmp/uVolt meter —
_DR 9000  Canuse on GP-IB with optional adapter 8900 g200A 4% Dlgit DC only. Fast reading centre zero 30
-RO-MOVEMENTS PHILIPS systems V. meter 850 TEKTRONIX
120/AC uv1idch? d i T1Hz- 1M % Di i

'A Compact ch7 spee: PMS5108L Function 0.1 Hz-1 MHz 8300A 5% Digit OC only. Fast reading 575 Transistor Curve Tracer 200
rder {inc. galvos) 1900  Sin/Sq/Tri O/P meter — 50 and 6009 425  systems V. meter 1100
ILIPS PMS5127 Function 0.1 Hz-1 MHz Sin/Sq/ B880CA 5% Digit AC/DC/V/Q Auto Range _
261 Chart 10" 1 pen 12 speed 375 Tri/Rmp 300 TRMS 430

WW - 021 FOR FURTHER DETAILS 'S

| details and specification of equipment listed, available. Because of long copy dates this list is not comprehensive — ring for inventory
jate or fell us your SPECIFIC NEEDS. Hours Monday fo Friday 9.30 am -5.00 pm (lunch, 1-2 pm). Prices exclude delivery and VAT.
) foke Access or Visa.

L e ———————

arston Electronics Ltd
01-267 5311

rley House, 27 Camden Rd, London NW1 9NR. Telex: 23920 - |t
Contact us for a cash quote on your under utilised test equipment
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The lightweight
mast with
applications

The smoothly

operated QTM Mast comes fitted with

handpump or can be vehicle mounted with ‘Power Pack’ for

extension and

retraction. Available in a range of heights up

to 15 metres, the QTM mast can provide the ideal answer

for:

® Mobile Radio Telephone

@ Police Mobil

® Field Telecommunications
® Floodlighting

® Anemomete

® Environmental - gas
sampling cotlector

® High level photography

e HQ (UHF)

® Meteorology

r and Wind ® And a host of other uses

Measurement

CIARK MASTS

Find out more about the QTM series by writing or phoning:-

V.K.

CLARK MASTS LTD.,(W.W.}
Evergreen House, Ringwood Road,
Binstead, Isle of Wight,

England PO33 3PA

Tel: Isle of Wight (0983) 63691

Telex: 86686

EUROPE

GENK TECHNICAL PRODUCTS N.V.(W.W.)
Woudstraat 21, 3600 Genk,

Belgium.

Telefoon 011-380831

Telex 39354 Genant B:

WW—041 FOR FURTHER DETAILS

TEST GOMPONEN

ON THIS NEW OSCILLOS

...from

OSCHLOSCOPE DTCI2

USE READER CARD FOR DETAILS

WW — 039 FOR FURTHER DETAILS

[AEN
ON-OFF

SWITCHES
Gold-plated contacts
Sealed base. Ideal for pro-
gramming. 6-position at
less than half
manufacturer's price

ONLY
5p
Will ft into 14-pin dil

socket, Ten at 65p ea.; per
100 55p ea.

HONEYWELL PROXIMITY
OETECTOR mlewal
ampliher, 8v. D.C., £3.

PHOTO CONDUCTIVE
CELL, £125. High-power
Cds cell, 600MW, for
control circuits
Resistance 800 ohm to 4K.
Max. volts 240. Size 112 x
Yain

RIBBON  MICROPHONE
with pra-amp. on chassis,
£1.75

Miniature type sealed

MULLARD MODULES ULTRA SONIC
LP1171 LP1179 TRANSDUCERS  40KC'S.
IF. Strip AM, FM Complete on 18in

Front end Screened cable, £1.75

Pair £5.75 each; pairs £2.95.

Complete with Data TRA SONIC
LPi186 LP1157 TRANSMITTER. Complete
varicap Med. & Long unit luncased requires
£5.00 Tuner £2.50 1.5V}, £325.

> FnCSTPER DYNAMIC

MICROPHONES. 200 ohm

e AC LAY impedance. Moving coil
4433619 me/s £1.25 Complete on chassis. £1.75

pair.

o ——
U.HF. MODULATO!
Latest type, adjustable.
ideal for computers.
with data circuit
Size 3x2V2x1 Inch
Only £3
in screened case

MINIATURE EDGE
INDICATOR METER

LM380 Amplifier. . 85p
LM318N Hi-Slew Op. Ai’“%ﬂ

LM323K, 5v. 3-amp, req

LM:HON vpIt, Follower
£2120

LM31|H High Perf. Volt,
Comparator. £1.00

—_—
MINIATURE HIGH-
QUALITY FANS
“Whisper Model” by Ro-
ton. Low-power consump-
tion (less than 10 watts).
Silent running. t15v. ltwo
in series gr 230v.).
511J/SOHL Sual/I x 42 x

1Y2in. gNLY £6.50 EACH

STEREQ CASSETTE

Mechanisms 6 or 12 voit.
Complete with Heads +
Erase and Solenoid. Brand
(LU e——— 1 TN

smms: RECTIFIER
00 PIV 35 amps
11/zx11m<'/zm £350

(eachl...
XRP535 Recurleaplay
(each| .00
XES11 Erase (gach)...£1.00

incl. VAT, 50 ohm
With illuminated dial scale LM3B4N, 5-watt Amp £1.20 c
0-10. F.S.D. 100 microamp. } LM333N Dual Com........ 60p BRAND NEW g" ‘5::

Size 112 x 112 x 2 deep. § 7905Reg. ~5v. .. 75p § 50% less than manufactur- K ™
Only £1.65. ) er's price & -
MONSANTO STERED 0 CASSETTE TAPE | HEWLETT-PACKARD EX-MOTOROLA

o ali
+"'la"§'l'"'5h rsplacnms!\l for most 5 + 5-WATT
4 splay recorders with mounting 5082-7650 CAR
NWA'"N?‘SIW plate. Record/Reptay £2.80 HIGH STEREO
set of 4350 MARRIOTT TAPE HEADS | EFFICIENCY
L Ouaner track. AND VERY BRIGHT] AMPLIFIERS
14 Pin Dil Package XRPSIB Record/Re HgyiET0dEacl “| Complete and tested units.
ol .&‘ay Set of 6 for £5 Medium and Long Wave.

Haif-inch red common
anode wifl replace
DL70/14-pin Oul.

Suppiied as two bui't units
{5 % 2 x 2in.) with circuit
and -data. Only £5 pair.

includes pre-amp.

B216..

IN4t48 DIOOES

Full spec. bul no polarity
band. Par 1. .. £10
MINIATURE MP c.
POTENTIOMETERS. Model
M2. High-quality, §%
tolerance, 2-watt, with fin.
spindles. All values, 47
ohms-47k only 60p each
per 10; 50p each per 100;
A0p each.

RECHARGEABLE
ATTERIES

M/AH 225 £1.50
DRYFIT 6-volt, 4.5 amp,
f1

XTAL FILTER 107 mc/s.
12.508 saparalwn
1h2x1Vax1inch £7.00
100KC/S + 1 meg. 3-pin

’ £2.00

VARTI‘\\ 36 volts DEAC,

*'CHERRY"’ ADD-ON KEYPAD

(USRLINE «eypad suitable for use
£2200

R oum price
ONlY Supplied brand new
£7.50
incl. V.AT.

A compact 12-button

Keyboard
s functons
plus four extra keys.

A 3 x 4 non-encoded
single mode keyboard

QUANTITY DISCOUNTS on ALL items {unless stated), 15% per 10, 20% per 50, 25% per
100. All items BRAND NEW (unless otherwise stated).
DELIVERY from stock —~ Add post 35p per order.

EXPORT enquiries
invited

TELEX 262284
Transonics
Mono ‘1400

01-723 100879
Callers to: 404 EDGWARE ROAD, LONDON W2 1ED

ALL MAIL ORDERS/EXPORT ENQUIRIES 11/12 PADDINGTON GREEN, LONDON, W2
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It's the chance

every constructor wants

POWER AMPS

T
r 3

PS.Us

PRE-AMP
MODULES ke

SEND COUPON

{NO STAMP NECESSARY)

AND OPEN UP
TOA

| NEW WORLD OF
QUALITY & VALUE

WIRELESS WORLD AUGUST 1982

It's something you have always wanted....something to build
your equipment into that's smart, modern, strong, adaptable
to requirement and not expensive. The ‘UniCase’ is yet another
triumph of .L.P. design policy. It presents totally professional
appearance and finish, ensuring easier and better assembly to
make it equal to the most expensive cased equipment.

The all-metal ‘UniCase’ is enhanced by precision aluminium
extruded panels engineered for speedy and perfect aligned
assembly within a mere five minutes. Designed in the first case
to accommodate |.L.P. power amps with P.S.U’s, the range
will shortly be extended to house any other modular projects.

WHAT WE DO FOR CONSTRUCTORS

Our product range is now so vast we cannot possibly hope to show it
all in our advertisments without overcrowding or abridging
information to the point of uselessness. So we have devised a solution
which we invite you to take advantage of without delay. ALL YOU NEED
DO IS FILL IN AND FORWARD THE COUPON BELOW TO RECEIVE
OUR NEWEST COMPREHENSIVE I.L.P. CATALOGUE POST FREE BY
RETURN. 1t gives full details of all current i.L.P. products for the
constructor together with prices, full technical and assembly details,
wiring and circuit diagrams etc. and it's yours, FREE. You don’t even
have to stamp the envelope if you address it the way we tell you.

H)E P

ELECTRONICS LTD.

FREEPOST 5
GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY CT2 7€P
Telephone Sales (0227) 54778 Technical Only (0227) 64723 Telex 965780

FREEPOST
Mark your envelope clearly FREEPQST 5  and post it WITHOUT a stamp to
|.L.P. at address above. We pay postage when your letter reaches us.

To: I.L.P. ELECTRONICS LTD.

PLEASE SEND ME I.L.P. CATALOGUE,
POST PAID BY RETURN

Name: __

Address: £

Did
you
Know

I.L.P. are the world’s
largest designers and
manufacturers of hi-fi audio
modules?

|.L.P. pioneered encapsulated
power amps and pre-amps for
enhanced thermal stability,
mechanical protection and
durability?

There are TWENTY power
amplifiers from 15 to 240 watts
RMS including the very

latest super-quality Mosfets to
choose from?

TWENTY pre-amp modules
allow you to incorporate
exciting professional
applications to your equipment
never before available to
constructors and
experimenters?

LL.P. are suppliers to

the B.B.C.,1.B.A,N.AS.A,,
British Aerospace, Marconi,
Racal, Ferranti, G.E.C., Rolls
Royce etc?

Goods are despatched within 7
days of your order reaching us and
covered by our 5 year no-quibble
guarantee?

| HAVE/HAVE NOT PREVIOUSLY
BUILT WITH |.L.P. MODULES

FOR YOUR FREE [ e
ILL.P CATALOGUE

1.L.P. products are available also from Henry's, Marshall's, Technomatic & Watford.

WW — 024 FOR FURTHER DETAILS

17



BY ORDER OF B. BAMBER ELECTRONICS AND OTHERS

SALE BY AUCTION

TO BE SOLD BY

ANGLIA INDUSTRIAL AUCTIONS

SPECIALIST AUCTIONEERS TO THE RADIO AND ELECTRONICS INDUSTRY

LOTS INCLUDE:
Resistors, capacitors, pots, connectors, switches, diecast boxes, plastic project boxes,

vero board, transformers, relays, bulbs and neons, tools, transistors, valves, panel meters,
digital watches, calculators, car radio speakers, intercom units, multimeters, cable, test
equipment, radio telephones and spares, amateur radio transceivers, Weller spares.

Over 900 lots - Catalogues available
TO BE HELD ON WEDNESDAY, AUGUST 18, 1982

ON THE PREMISES OF

B. BAMBER ELECTRONICS
5 STATION ROAD
LITTLEPORT
CAMBS. CB6 1QE
TEL: ELY (0353) 860185

WW —068 FOR FURTHER DETAILS

THE MOST
ECONOMICALLY — PRICED
PROFESSIONAL EPROM
PROGRAMMERS AROUND

SUITABLE FOR EPROMS:
2708, 2516, 2716, 2532, 2732, 2732A
plus option for 2564, 2764

STARTING AT £395 + VAT
Albetros (Products) Limited Frances Road Basingstoke Hampshire RG21 3DA

Telephone {0256) 57551

P k
- -~

WW — 032 FOR FURTHER DETAILS

\ORDER YOUR FAVOURITE
O‘} AUDIO ACCESSORIES BY MAIL

© SEND FOR YOUR FREE COP
OF OUR 1982 CATALOG
OVER 250 ITEMS
INCLUDING DIRECT BOXES, MIC-SPLITTERS,

SIGNAL PROCESSING. AUDIO MODULES,
TRANSFORMERS & MANY OTHER ACCESSORIES
S WITH TECHNICAL DATA
8l x11 & USE DIAGRAMS

ELECTRON GUNS
TV TUBE COMPONENTS

if you are Rebuilding or Manufacturing TV Tubes — We are the
leading suppliers of Electron Guns and TV Tube Components to the
™v Tu%e Industry. We specialise in all aspects of Electron Mount
Technology.

Our product range includes more than 250 gun types for Colour, in
Line, Mono and Display Tubes along with Mount Parts, Bases, Get-
ters, Sealoffs, and all other associated items for TV Tube Production.

A Full Technical Back-up and Advisory Service is available to all
customers Worldwide.

Please request our current catalogues and Data Information.

We Ship the fastest & most convenient way for you! Most Shipments From Stock

nGnu:'rnoNu: e

WARWICKSHIRE

mm EMISSION LTD  s50r

ENGLAND

SESCOM, INC.

RETAIL SALES DIVISION (702)384-0993
1111 Las Vegas Blvd. North (300)834-3457
Las Vegas, NV 89101-1197 U.S.A.  1wx (910)307-6096

Telephone: (0789) 764852/764100. Telex: 312354 Grifem G

WW — 045 FOR FURTHER DETAILS WW - 048 FOR FURTHER DETAILS
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v450g
5 . . NRDEF DOF f ANL UR YOUH
Lol i sl TEST EQUIPMENT CENTRES J# ml 5 w1 w0:
f o
. {UK C/P Single track £3 ea. Safgan £3ea.
DIGITAL MULTIMETERS ait models complete with leads and batterles O0SCILLOSCOPES Dualtrack £4ea. SC110 £1.00)
ini i TR0 C515664 HMA12-5 Dual 20 MHZ delayed Sweep: r
Hand Held Models3'% digit LCD Bench Models 3!, digit LCD 20 - 20 MHZ trig 1o 40 MHZ. 5mV 0.1 micro sec 8 x [0cm
(UK C/P65p] unless stated (UK C/P 90p) el 7 A A display (HAMEG) £402.50
601 26 range push button 24 20104 LED A1 range. 10A AC/ “;E:-zf'."':lf 05 J0ptionat case £21.85)
AC/0C Basic 0.5% £36.50 (C basic 0.1% [Sabtronics) £81.50 | | smn"n,,’;,'f""“' SC110A New Model 10 MHZ battery
y 2033A Similar to above by TM353 LCO 27 range 2A AC/0C Limited oter WAS £363.40 porfable 'mmvnn}lauf;” frace .
1 Sabtronics £39.95 basic 0.15% (Sinclair] £86.25 | NOW£320.00 (UKC/P£4.00) ATlsg e TRANOAR) L; -
{ 4 703 As601 bul 0.2° basic £54.00 2015A LCO31 range 10A AC/OC HM307 Single trace 10 WHZ Smyg5  (9PNONS: iy case £569,
i 188m/60114 15 range - Hie basic 0.1% [Sabtronics} £89! 500 [[misrogerils builpleomponeniicshy Nicads £8.63)
Sw  tester push bution 10A OC £43.50 TM351 LCO29 range 10A AC/ ey IHANEG)  Eaap CS1820 Dusl 20 MHZ 2.5mV .1 S,
189m 30 range plus Kfe tester. OC basic 0.1% {Sinclair} £113.85 3030 Singletrace 15 MHZ. SmV05 Sy Gelay sweep. 140 mm tube (TRI0) £483.00
B3|  Rotary switch 1DA AC/0C £69.95 2001 LCO2B range plus 5 range sec Plus built in companent tester. 95mm 5?157721 0‘;" 3 "'"‘l»fl!'l“"
3 2035A 28 range 0.1% basic 2A capacitance meter 104 AC/0C ube. Trig. Io 20 MHZ ICROTECH) £172.50 ‘I‘;w*r‘“s,:“l-um’“:,'aja’l"" e
g & AC/DC push bution [Sabtronlcs]  £71.00 Basic 0.1% (Pantec| £108.00 3035 Single trace 15 MHZ.5mV.Irigto 20 o.cypanyy gual 30 MHZ, 2m¥ '
=t 2037A As 2035A plus 2-temp. 15034 4%, digit LC0 30 ranges TS':J“IU; ":";g;;??g:re"' '""'g"zaugs;% 0.2 pSec |fitted delay fine). Delay
ranges £77.00 10A AC/0C 4 MHZ counter. 4 KHZ e -75 sweep 140mm tube {TRID) £626.75
129 25 range 0.8% basic 10A osc. 0.05% baslc [Thurtby) £171.00 HM203 Oual 20 MHZ: Trig to 30 MKz HM705 Qual 70 MHZ delayed
AC/OC rotary switches [Kelthiey) £79.35 1503HA As above but 25A an B e 00 W e
130 As mode) 129 but 05 basic £102.35 0.03% basic £189.75 | gs1s62a uallo 2 lony. sec 8 x 10cm display (HAMEG)  £667.00
ACCESSORIES 1ySec. 140mm whe (TRIO) £267.95 05000 of tow cost Duai Trace
3131 Qualtrace |5 MHZ (rig 10 35MHZ  Scopes mains operaled. Made in UK 1o
gelcap inis| (201 D201 8o nty)es T DEgbale SIS Sl SEtS 5mV:0.5 micro sec. 130mm tube z:a:lmg standards. Avallavie as 10 MHZ,
2001 £7.50 1503 £20.45 Touch and hstd probe THP20 £14.95 pliss component tesler £276.00 15 MHZ. o 20 MHZ All feature Smy
| CS1575 Ouval SMHZ ImV 05 sensitivily. 05 micro sec. 6.4 x 8cm display.
Sec. 140mm tube. Phase display 12.80 ISAFGAN)
=l audlo scope. |TRID) £312.80 QPTIONS HM203/412/705
1083 m“m"i‘:, e A\ | CS1560AI Oual 15 MHZ 10mY s View mumsT oo
= 0.5 pSec.|TRID| 41.55 Camponent Tester 3
! TR S 3034 Baltery-mains dualirace 15 MHZ. DT410 Qual 10 MHZ £205.85
e = | trigto 20 MHZ bultin Nicads. Smv.0.5 DT415 Oual 15 MHZ £217.35 »/
micro secs. [CROTECH] £356.50 DT420 Quat 20 MHZ £22885 o0 § - "]0-

JEtiminator charger optional £28.75) Scope probes all models - see below,

GENEHAT“RS :::E:LZJD:;II.AGIZOAD::IZD;)T 50204 | HZ - 200 KHZ

[SABTRONICS) £80.00

R- G- Pulse: AF Funcilon' Audio AG203 10HZ - | MHZ 5 band TG100 | HZ - 100 KHZ 80008 Sdiglt LED 3 range 1000
fukc/eelr) D.1% Sine/SO(TAIOl  £126.50 |THANDAR) FREQUEN cv cou NTEHS MHZ BenchlSlBTﬂDNlCi}na
Al models 220/240 V AC RF [Al with Int/Ext mod, variable  TG102 0.2 HZ - 2 MHZ All models battery operated: .
AUDIO (20 42 - 200 KHZ 4band.  0otpul) (THANOARY £166.75 T o e 2 TFO40 B digh LCQ 40 MHZ (600
Sine/S0 0-P) TE200 100 KKZ - 100 MHZ 6 PULSE PFMZOOA Packe! 8 digit LED MHZ with TP600) THANTAR)
TE220 Maxdistortion 1% band |300 MHZ harm]  £59.95 TG105 5HZ -5 MHZ Various 200 MHZ 10 mv [THANDAR) £126.50

£69.95 LSG17 As above made by outputs [THANDAR) £97.75 £67.50 T€200 B digit LCO 2 range 200

LAG27 Max distortion 05-1° LEAQER - new modet £71.30 B110A 8 digit LED Z range, 100 MHZ {600 MHZ with TP600)

{LEADER new model  £86.25 SG402 100KHZ-30MKZEband T oy {THANDAR) £166.75

AG2024 Mo disorion 05 1 ITRIO) £68.00 W o ; 7. Bench [SABTROMICS| o TPGOO 600 MHZ prescaler

{1810) 820 FUNCTION (Al sine/S0/ o F-ma 7 #6108 BaigilLE03 rangeens  |THANDARI £43.13

(AG1208 5vand 1042 1Mz, Trigle/TTLetc) = TP #HZ Bench|SABTRONICS) oPTIONS

Sine/S00.0508° dist. £146.00 £94.00  TF series carry case £6.84
86108 9 digit LEO 3 range 500 AC adaptors £5.69

INSU LA'"oN Multl-range ctamps all with resistance range.carry

case and leads. Also digital and OC clamp in stock

AND CLAMP  wxc/psp

MHZ Bench [SABTRONICS] | ‘8 series AC Adaplors £5.69
£113.85 Al models probe kits £7.95

ST300 300A. 6000V AC. 9 ranges. £28.95 DIRECT READ HV PROBE
METERS K2606 300, 6000V AC. 8 ranges. [Optional £49.50  TOP QUALITY : 2
temp. probe £13.80) } (UK C/PB5p)
K2903 900A. 750V AC. 8 ranges. £77.50 ANALOGUE T 0/40 Kv: zou/vmt“a 3
EI_EcTnoNlc Baltery operated complete with carry case. (UK C/P£1) MULT'METERS . ' c| 0800PE
YFSO1L 500V /100 Meg. Plus 0-100 ohm £65.00 os I_I_
UK C/P £1.20
lNSULAT|0N K3103 600v/100 Meg. Plus 02 6K ohm £109.00 lAII leaturing Al:/llll:vﬂm/l:unm and Ohms PROBE (UK C/P S50p per 1 lﬂ-"l
TESTERS K3106 500V & 1000vV. 1000 & 2000 Meg. £119.00 ranges. BNC plug X1 £7.95
K4101 Earth resistance tester £149.00 MAJOR 20K 29 range 20k/V. K|‘|’s x10 £9.45
i 21 DC. 124 AC (PANTEC] £33.90 X-X10  £1050
MS00 Kand cranked insulation tester 2 e IR X100 £16.95
500V/100 Meg. £79.50 AT 0 2 :
K8031 110V/600V phase tester £23.50 M1200 J0cange 00K/ ISAACAOC. DECADE BOXES
200 Mep. !
AMATEUR RADIO AND CB TESTING FASE Sermp 00150 /0 g
i 50 Meg. CS820 20 Value Cap. box, 470 m
NOMe ) S250 Wz s range 0P meler |itius)  £47.95 i 10 uF £21
RC1000 0/10/100/1000 watis, SWR elc. 150 MHZ max. lillus) PAN3003 42 range 1 Meq/V. SA AC/DC. PORTABLE TV cm_oun
£45.00 ron L6670 | GENERATOR
CB20 SWR/Power twin meter 1030 MHZ. [KW [illus] £8.95 S s anic
HM20 20K/Voll multirange multimeter. Plus SWR/Power R e ok o MC101
R meter 150 MKZ £22.95 ge larg N w100 8 patterns /dots/lines etc. Builtin
LPMBBO AF P 5/20/120W.1 8 W2 AC/DC. 20 Meg ohm. 5KV AC/0C nicads. Pal B UHF only. Complete
owe pRIE" 8- 500 MHZ £84.00 g K200 39 range 10 Meg. ohm input. wilh charger. case and leads.
LPMB8S5 SWA/Power. 20/200/1000W. 18 - 54 MHZ filius| . 25HZ -1 MHZ £105.00 £162.50
5 £54.00 — )
HAVE A BANANA! YN3GOTR 19 range plus Hie test VARIABLE POWER SUPPLIES | piRecT READ TEMPERATURE
L 20K/ Volt £14.95 Mains input - Volis/Amps meter THIOT -50°Cto 750 C.LCO
Low cost rellable meters (All supplled with  «RY5001 16 range 10 amp OC (UK E/PET) / S re T Do w VRS
batts/leads} (UK C/P 55p) range double 50K/Volt £17.95 PP241 0/12.12/24 VolL and thermocouple  §68 43
BANANA 15 range pocket 20K/ Voit ST303TR 21 range plus Hie Test . ll)’lrlza‘;"a . Vollcas 00
plus cont. buzzer (illus) £20,64 20K/Volt £18.95 LOGIC PROBES/MONITOR
KRT101 10 range pocket 1K/Volt TMK500 23 range plus 12A 0C 0/3amp £59.95 Ssoonis 1710 o
£4.95  plus cont. buzzer 30K/Volt £24.50 [ . S probe 8.50
T10L 12 range 1K/Volt + overlead 168m 36 range large scale 10A SCOPE ADD ON UNITS GSC LP2 15 MHZ prove £1595
£5.75 AC/0C 50K/Voit £28.50 f LEADER LDPO76 50 MHZ |w|;r:J
NH55 10range pocket2K/Volt £6.50 3B0TR 23range large scale 10A ; Erog s (LEAGERT ™ 05,45 L T
ST5 11 rangepocke! 4K/Volt ~ £7.50  AC/OC Hle test 50 meg ohm. 1KV ) i & {UK C/P 85p) Ic’s) £33.00
NH56R 22 range pocket 20K/ Volt AC/DC 100 K/Voit £39. von /L MZ65 Component tester HAMEG) 6SC DPI Oigital pulser. Singte/
£ Choose from UK's Jargest range (UK C/P 65p} £27.95 100 pps  £58.50

Order by Post
with CHEQUES/

ACCESS/VISA
301 EDGWARE ROAD,LONDON, W2 1BN,ENGLAND. TEL01- e M T
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2 y (20p UK)

Allow up to10 days for Schools, Companies,
/ﬂ Aﬁ m 6MWA’ WEEK —~CALLIN A/VDSE & Wo, defivery {unless advised)| gre. Please writein.
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10into1 DO

Complete audio
measuring system
see the 10
features...

Wayne Kerr  AMS1

Sowin V0 A W R e A oW Rai- fe

1. Freq. Counter, 2. Oscillator, 3. Noisemeter,
7. Phase, 8. Power, 9.Drift, 10. Rumble.

Already in use from the small service workshop to Audio Equipment
manufacturers to professional studio to IBA Broadcast station to the “BBC"’
AMSI provides the solution.

4. Wow & Flutter meter, 5. Level Meter, 6. Distortion,

Belgium — Simac Electronics SPRL. Tel: 022192453. Telex: 23662. France -
Tekelec Airtronic. Tel: 5347535. Telex: 204552, Netherlands — C.N. Rood B.V.

Tel: 996360. Telex: 31238. Sweden — Scandia Metric AB. Tel: 20400. Telex: 10766.
West Germany — Keithley Instruments GmbH. Tel: 7144065. Telex: 5212160.

Italy — Telav Intemational SRL. Tel: 4455741, Telex: 312827. Spain — Unitronics SA.

i i i i Tel: 2425204 Telex: 22596. Eastern Europe, USSR, China — Data Loop Ltd.
Saves time, saves space, saves capital equipment cost, saves earthing Tel: 0306 81166. Telex: 853417, South Africa — Telkor Pty Limited. Tel: 011 489740.

problems. Transportable and easy to use. This low cost comprehensive audio | Telex: 4-22171.

workshop meets the latest specifications for Audio Measurement with accuracies FE T e —

equivalent to many of its stand alone counterparts. WAYNE KERR —— e s— .
10 Instruments, 15 Measurements WKR Limited Durban Road

for the pr ice of One. That's the AMSI... Bwofs'}()s'.ﬁi%if PO229RL England
fromWayne Kerr.

Tel: (0243) 825811 Telex: 86120

WW — 029 FOR FURTHER DETAILS

EV88 — A low-cost evaluation system for
the 8088 microprocessor

EV88 is a single board microcomputer that is ideal for
evaluating the 8088 8-bit/16-bit microprocessor. EV88 can
also be used as a powerful controller, and, with a suitable
cross-assembler running on a standard microcomputer, and
an EPROM programmer, for low-cost development of 8088-
based systems.

FREE VOUCHERS
| TOSRUEYOU UP 1Oy

EV88 is supplied fully assembled and tested, with compre-
hensive documentation, and a copy of The 8086 Book, by
Rector and Alexy. All you need is a 5V 1A power supply and a
terminal or a suitable microcomputer.

% 8088 microprocessor in minimum mode (software compa-
tible with the 8086 16-bit microprocessor).

Comprehensive monitor in 2K EPROM.
2. e %KCMOS RAM.
Send for Cataiogue ofore August assette interface.
ot B e 24Tines of 1/0,

VOUC ERS FREE valid for spendl og
singly at any time on any one C.
order minimum list value E1O to

Eight levels of interrupt.

20

uickly save you a total of £2.10. Send
gOp now for your EV Catalogue 82 + 3
free vouchers by return . . . and all in
addition to the other banefits
{discounts, 8uavantees to spec., brand
new stock, etc} vou enjoy by buylng
from Electrovalue.

o IISUAI. IIISCIIUNTS + FREE POSTAGE

DISCOUNTS

U QN CEORIVC % SEMICONDUCTORS/ICS/OPTRONICS
10% on orders over £57.50 (inc. w COMPUTERS/SOFTWARE, etc
t\)lrf.;t)ast catalogue items but * clplc“onsmESIs")ns

r\otd on payments by credit : gg?gﬁg;ﬂﬁi/ssmgfg;ssl KNOBS
cards.

POSTAGE % BOOKXS/SOLDER TOOLS

Not charged on UK. orders.
over £5.75 (inc. V.A.T.). if under, and more and-more and more

add 40p handling charge.

ELECTROVALUE LTD 28A St. Jude's Road, Engsefeld Green, Egham,

Surrey TW20 OHB. Telephone Egham 33603 (London 87 33603: STD 0784 33603) Telex

264475 Northern Branch (Shop service only) 680 Burnage Lane, Manchester M19
1NA. Telephone 061-432 4394

bRS-g)aZ compatible serial interface (300 baud to 9600
aud).

Three-channel counter/timer.

Buffered data, address and control lines.

Double Eurocard.

(_)dn-g?ard expansion to 16K EPROM/RAM (sockets pro-
viaed).

Breadboarding area.

All bus signals available on 64-way DIN 41612 connector.

Single 5V supply.

% Price £300 plus VAT. Includes delivery.

8088/8086 design service available (software and hardware).

b2 o b 2 2 o 4 ***!”lﬂ#

LFH Associates Ltd.
40A High Street
Stony Stratford
Milton Keynes
(0908) 566660

WW — 065 FOR FURTHER DETAILS
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PRINTED CIRCGUITS

FOR WIRELESS WORLD PROJECTS

£4.25
£5.00
£4.25
£8.50
£4.00

Audio compressor/limiter—Dec. 19751 s.s. (stereo)
Cassette recorder—May 1976—1 s.s.

Audio compander—July 1976 —1 s.s C

Audio preamplifier—November 1976—2 s.s.

Additional circuits—October 1977 —1 s.s.

Stereo coder—April 1977—1d's. 25s.8.

Low distortion disc amplifier (stereo)—September 1 977—1 s.5.
Low distortion audio oscillator—September 1977 —1 s.s.
Synthesized f.m. transceiver—November 1977—2d.s. 1 s.s.
Morsemaker—June 1978—1 d.s.

Metal detector—July 1978—1 d.s.

Oscilloscope waveform store—October 1978 —4 d s.
Regulator for car alternator—August 1978 —1s.s.

Wideband noise reducer—November 1978—1 d.s.

Versatile noise generator—January 1979 —1 s.s.

200MHz frequency meter—January 1979 —1d.s.

High performance preamplifier—February 1979—1 s.s.
Distortion meter and oscillator—July 1979—2s.s.

Moving coil preamplifier—August 1979—1s.s

Multi-mode transceiver—QOctober 1979—10d.s.
Amplification system—0Oct. 1979-3 preamp 1 poweramp .. .. .
Digital capacitance meter—April 1980—2 s.s o oG
Colour graphics system—April 1980—1d.s.

Audio spectrum analyser—May 1980—3 s.s

Multi-section equalizer—June 1980 — 2 s.s.

Floating-bridge power amp— Oct. 1980 — 1s.s.(12V or 40V)

-£4.20 each

£7.50
£18.50
£10.50
£8.00

. £4.00_

Nanocomp 6802 or 6809 — Jan., July, 1981 — 1 d.s. 1 8.5 iccicenniiinnniiinsiinnane £9.00
£1.50
£4.50
£6.00

Cassette interface — July, 1981 — 1 s.s...
Eprom programmer — Jan., 1982 — 1 d.s.
Logic probe — Feb., 1981 — 2d.s.
Moduiar frequency counters — March, 1981 — Bs.s.....c......
Opto electronic contact breaker (Delco) — Aprif, 1981 — 2s.s..
CB synthesiser — Sept. — 1d.s.
Electronic ignition — March, 1982 — 1s.s.

Boards and glassfibre roller-tinned and drilled. Prices include
VAT and UK postage. Airmail add 30%, Europe add 10%. in-
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL
CONSTANTINE, FALMOUTH, CORNWALL

WW — 037 FOR FURTHER DETAILS

SAFGAN DT-400 Series
BRITISH MAKE
DUAL TRACE 'SCOPES

wwi

DT-415 15MHz
* External Trigger

DT-410,10 MHz |

 CH1, CH2:5mv/div—20v/div.

+ Time Base: 1 sec/div—100ns/div. * Z-Modulation.

* XY Facility: Matched XY inputs. # CAL output 1v 1kHz.

% Trigger: Leve! control, + Slope + Graticule blue ruled 8x10 div. {4in. CRT})
selection. “ Size: H215mm, W165mm, D280mm.

DT-420 20MHz.

“ Auto, Normal, TV Triggering. K Weight: dkg.
OMEGA ROAD, WOKING, SURREY TEL. WOKING (04862) 69560
North-West Stockist: Darom Supgplies, Warringten, Ches. - Tel: \flarrmulnn 84764
rfield Stockist: Kays El . Chesterfield - Tel: {0246) 3169
Derby Stockist: RTS, Derby - Tel: {0332) 41235

PROBE (XI-REF-X10) £11.50
Carriage: England & Wales £.50 + V.A.T.; Scotland £10.50 + V.AT, .
F. Londen Stockist: Audlo Electronics - Tel: D1-724 3564 BARCLAYCARD
Avon Stockist: L F. Hanney, Bath, - Tet: Bath 24811 U
CarlMl Stockist: Steva's Eleclromcs Supply Co., Cardiff - Tel: (0222} 41905 = -
Newcaslls Stockist: Aitken Bros. & Co., Newcastle - Tel: 0632 26728
Birmingham Stockist: P.A.TH. Electronic Services - Tel: 021-327 2333
WW — 055 FOR FURTHER DETAILS
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ACTIVE COMPONENTS

MAIL ORDER SPECIALISTS

Lowest Prices = Fastest Delivery

DEVICE PRICE DEVICE PRICE DEVICE PRICE “OEVICE PRICE
MEMORIES REGULATORS 4520 068 LOW PROFILE—
. 2114 Low power 7805 039 4526 0.70 GOLD
20005............0.80 7812 039 4528 070 B-pin [¥73
21084500 179 1815 0.3 4541 099 14-pin 02
2716 450ns 78105 029 4543 [X] 16-pin 031
{+5v) 229 8L12 029 18-pin 033
216 350us 78L15 02 74LS SERIES 2-pin 0.35
+5v 159 7905 0.55 10 22-pin 0.40
2716 (3 raill n2 055 74501 on 24-pin 082
450ns 595 1915 055 740502 012 2pin 0.54
273248500 390 LM09K 0.99 740503 0.2 40-pin 081
R T
532 45005 2 4L S05
41162000s 070 740808 012
a 12 Bos 0o ;4309 0 |;
4118 200ns 4LS10 0.y, DIL JUMPERS
4164 200ns 465 280 FAMILY 740811 012 24in Cable single
4516/4816 8 CPU 349 LS12 [35] ended 14-pin 1.40
100ns 15 Z80A CPU 359 741813 oz 24in Cable single
5516200ns 938 Z80CTC 19 741814 0.37 ended 16-pin 1,60
6116 200ns 5.10 Z80A CTC 310 741815 012 34in Cabl 1
6115 LP 200 Z80ADART  5.70 74L820 (3] wnded 2-pin s'"f;;
150ns 161 %R)MA '}E 74521 0.12 24in Cable single
d 74LS26 0.15 ended 40-pin
Fio b 7 012 6in Cabls double
%ﬁ 2:8431 :: ;: ]IALszs 0.15 ended 14-pin  1.50
H ALS30 ) i
BUFFERS BASI-2 119 LS3 i Spiont atouble
2 012 ended 16-pin  2.05
81LS% 030 K3886 100 4LS37 015 6in Cabls doubls
Cs u
811596 0.50 MK3885-4 1447 740538 018 e
B1LSe7 0% 740540 012 g
in Cable doub e
811598 0.50 741582 [3:] ended 40-pin 485
8T26A 10 5800 FAMILY 741547 039 12in Cab|pe double
8T28A 120 6800 299 74LS51 0.4 ended V4-pin 200
:S;A :g 5807 % ;:tg;): ::: 12in Cable double
i g ended 16-pin 215
8798 145 G e MiST4 016 1in Cable double
6810 1m 4LST5 024 ended 24-pin 325
i 1
4LST6 020 12in Cable double
6812 = 241583 04 ended 40-pin 510
gg ;g 741885 0.60 18in Cab?e double
OATA CONVERTERS 5850 150 ;:tgg g g ended 14-pin 206
ZN425E-8 345 6880 107 18in Cable double
ZNAZIE-8 599 6887 0.80 741592 033 ended 16-pin 225
IN42BE-B 475 58488 a1 741893 0.3 18in Cable double
INA3CJ-10 2259 6875 562 748109 oz ebded 24-pin 340
INARE-D 1300 5843 1399 ;:gllg s 8in d(igblgﬂ doubla
ende i
e o 7418125 ] °
g2l s 14(5128 0.25
a0 200 7418132 044
748136 028
HEX =70 415138 S
FOHRTIHSC LD L 7415139 035 ZERO INSERTION
coNTROLLERS 7415148 0.30 FORCE DIL
WD139t kit 4550 T4L$151 0.33 24-0in 630
WPkt 4550 6500 FAMILY B e 28-pin =2 I
WOI3g5kit 4550 6502 345 Ly v 40-pin
WD1397kh 4550 6520 19 Iyl o
(KIB include FD179X 6522 (W] 7415158 03
wwu‘1 A s:‘-)m + 6532 665 lité‘ﬁé Ny
1 038
4LS164 045
5080 FAMILY 7415165 0.5 f'mlms -
80BEA 520 7415166 0.84 A g-”
8212 110 7415173 069 TR :
MISCELLANEOUS 8216 060 T4LS174 045 UMz 220
SUPPORT CHIPS 8251 s 14L8175 045 }ﬁﬁ; Mz 295
AY-3-1015 8255 3% 1! 04 6 MH ]
AY-3-1270 15 7415192 0.43 i b
A3 @ 715193 0.45 :
.5-1013 299 CMOS 4000 415134 039
5-3600 18 8 SERIES 7418195 039
AY-5-2375 589 (X1 74L822% 0.54
DPB304 5% 4001 on 7415240 )
MC1488 0.55 4002 013 TaLS241 069 UHF MODULATORS
MC1489 0.55 4007 015 7415242 0.78 5§MHz 37
s 2% 011 012 7415243 079 8 MHz "
MC3848A vl 4012 0.15 45244 060
MC3480 15 013 ) 7415245 0.8
MC(C3487 295 4015 058 74L8251 0.40
MC14411 694 praxs 0% 145257 043
MC14412 199 pra 045 7415259 %)
RO-3-2513L 699 1415266 oz BBC MICAO-
4020 058 2 COMPUTER
RO3-2513U 530 4023 on 745213 070 JPeities
4024 0.35 7418219 0.33
4025 0.1 ;:ll-ggg : ; BBC 1 RAM
4027 0.30 Upgrade kit 26.00
4028 055 74LS366 0.3 s%%’z Printer
DVM CHIPS 4040 054 1418367 034 User I/D kit 950
ZNASOE 761 4042 0.54 7418368 035 c BEC 4 Analogue
2ZN450E DYM Kit 4046 0.68 ;AL?;Z! 0.70 1P kit
135 4047 0.68 415374 0.70 BBCS Serial
4049 026 ;m %2 1/0 and RGB
4050 026 g kit 145
4051 059 7415393 058 8BC 6 Expan-
4052 0.68 sion BUS
LINEARS 0.79 il g
LM301AN (-3 % 034 DIL SOCKETS g&c w 1=
tugﬁm gg 4069 0.17 ILI‘:JW PROALE - Connectors 25
! 070 017 BBC /5
LM31SN 214 4 017 Bpmn 0.07 Connectors 080
LM324N 0.30 4073 o18 14-pin 0.09 The above kits make
LM348N 059 4075 0N 16-pin 0.08 up the fulf model A
LMSS5CN 0.16 4081 0.94 18-pin 0.13 to model B Upgrade
LM556CN 0.45 4093 039 20-pin 0.14 for the BBC
LM725CN 3] 4508 130 22-pin 017 Microcomputer.
LM741CN 014 4511 0.49 2-pin 0.19
LM747CN 064 4512 060 28-pin 025
LM748CN 03 4518 0.4¢ 40-pin 029

24 HOUR TELEPHONE SERVICE FOR

CREDIT CARD USERS -

% All prices exclude VAT and Carriage (0.75 + VAT) on orders under £10 &
% All orders despatched on day of receipt with full refund on O/S items if requested #

# Order receipted & retumed with goods. If full VAT invoice required please add 0.50 + VAT %

ACTIVE COMPONENTS (MAIL ORDER)

DEPT WW, HEWITT HOUSE, NORTHGATE STREET
BURY ST. EDMUNDS, SUFFOLK IP33 1HQ
TELEPHONE: (0284) 701321 TELEX: 817670

WW — 013 FOR FURTHER DETAILS
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Marconi
Type R1020

Hinged antenna
column.

Easy to raise
Easy to lower

22

%k Immensely strong, corrosion
resistant MATHWEB* g.r.p.column
in a rugged steel tabernacle

% Lightweight, easy to install, and can
be safely lowered by one man

% Can support a number of VHF/UHF
antennas

%k Column supplied in range of colours
including ICAO orange/white, and
requires no painting or maintenance

% Available in heights from 11to

19.5 metres

e AT
OTHER MARCONI SUPPORT STRUCTURES

Include the MATHWEB* Lattice Antenna Mast Type
R1010, and the Triangular Section Tubular Steel Self
Supporting Tower Type R1060.

For details of these and other Marconi Antennas
products please contact Chris Pettitt, Marketing
Manager, Antenna Systems Division.
* MATHWERB is a registered trademark of the BP Group

Marconi

Antennas

Marconi Communications Systems Limited
Lane Works, Waterhouse Lane, Chelmsford CM1 2QX, England
Tel: 0245 67111 Telex: 99108

AGEC-Marconi Electronics Company
WW — 014 FOR FURTHER DETAILS

A Minimum VALVES VAT
Order £1 IS INCLUDED
A1065  1.40 EL82Y 820 SC1/600 4.50 6ANBA 250 12AU7 0.80 6146 4.95
A2293 880 ELB22  9.95 SP61 1.80 6AQ4 340 12AV6 095 6146B 520
A2900  13.75 EMSC 0.85 TT21 23.00 6AQ5 1.00 12AX7  0.65 6360 285
AR8 0.75 EM87 130 Tr22 1850 6AQ5W 1.80 12BA6  0.90 6550 8.60
ARP3 0.70 EYS) 0.95 U2 1.15 6AS6 115 12BE6  1.25 6870 14.00 |
ATP4 0.60 EY8I 0.65 U26 1.15 6AT6 090 12BH7  1.95 8552 8.20
B12H 3.90 EYB6/87 060 U27 1.15 6AU6 0.60 12BY7A 230 7199 285
cY31 140 EY88 065 U191 0.85 6AV6 085 1208 0.65 38P1 11.00
DAF96  0.70 EZ80 0.70 U283 0.70 6AX4GT 1.30 12E1 18.95 5FP7 18.00
DET22 2695 €281 070 U301 0.65 BAX5GT 1.30 12J5GT 055 4EP 32.00
DF96 070 GM4 5.90 USOC  11.50 6BAS 0.55 12K7GT  0.70 14.00
DH76 075 GYs01 130 Us) 0.90 6BE6 0.60 12K8GT 0.80 gg) 14.00
DL92 060 G232 1.05 UBC41 120 6BG6G 1.60 12Q7GT 060 Cvi526 16.00
DY86/87 0.65 G233 420 UABC80 0.75 6BJ6 130 12SC7  0.65 DG7-32 34.80
DY802  0.70 GZ34 275 UAF42 120 6BQ7A  0.85 12SH7 085 DG7-36 36.00
ESSL  14.90 G237 395 UBFBO 070 68R7 480 12547  0.70 DPMS-11 38.40
EBSCC  1.60 KT66 630 UBFB9 070 6BWE 620 12507 145 D13.33GM
E88CC/01 3.10 9.20° UBL2Y 175 68W7 0.90 12SQ7GT 0.85 4180
E92CC 280 KTs8 895 UCCB4  0.85 050 12Y4 0.70 egpecQ
E180CC  4.20 13.80° UCCBS  0.70 6C6 0.55 1303 0.70
E180F 770 MH4 250 UCF80 130 6CHe 820 1305 0.90
E182CC 625 ML6 250 UCH42 165 6CL6 2,75 1306 0.80 o MBICON
A76 225 MX10/01 2150 UCHB1  0.75 6CX8 380 14S7 115 LesoalF
EABCSC 080 N78 990 UCL82 095 6CYS 115 19AQ5 085 Sooio
EB9I 060 0A2 0.70 UF41 1.35 6D6 070 19G3 1150 paioio
EB 1.15 082 0.80 UF80 0.95 6F6 1.60 19G6 850 »(3020R
EBCI0 090 PABCSC 0.60 UFSS 095 GF6GB 110 19H5 3855 o000
EBFS0  0.60 5 0.75 UL84 0.95 6F7 280 2001 0.80
EBFE3 060 PC86 0.86 UMB0  0.90 6F8G 0.85 20F2 0.85
EBFES 080 PCs8 090 UMB4 070 6F12 150 20€1 130 cpeni v
EC52 0.65 PCY? 125 UYsz 0.70 6F14 115 20P1 085 Ly J000A
EC91 440 PC900  0.90 UY85 0.85 6F15 1.30 20P3 075 L EO00A
EC92 085 PCC84 050 VR105/30 1.25 &F17 320 20P4 125 goto
ECCB1 065 PC 0.85 VR150/30 1.35 6F23 0.75 20P5 135 SIS
ECCB2  0.60 PCC1B9 0.85 X66 095 6F24 175 25L6GT  0.95 U 2o
ECCB3 065 PCF80  0.80 X61M 1.70 6F33 1050 26246 075 M5
Cl 060 PCF82 070 XR1-6400A 6FHE 420 30C15 050 9%
ECC85 060 PCFB4 075 8290 6GA8 195 30C17 050 g0
ECC86 170 PCFB6 150 Z759 19.00 6GHBA 095 30C18 245 o
CC88  0.80 PCF87 050 2749 0.75 6H6 1.60 30F5 115 20ieey
ECC189 095 PCF200 1.45 Z800U 345 6J4 135 30FL2 140 <oove
ECCB04 090 PCF201 165 2800 375 6JAWA 200 30FL12 125 by
ECFB0  0.85 PCF800 0.50 2803y 16.00 6J5 230 30FL14 235 o l0d
ECF82  0.65 PCF801 1.75 2900 245 6J5GT  0.90 30L15 110 Gvsia
ECFBOY 105 PCFB02 070 1A3 0.85 6J6 0.65 30L17 190 g0
ECH34 225 PCF8I 120 1L4 0.50 BJEW 0.90 30P12 115 b
ECH35 170 PCF808 1.45 1RS 080 BJEEC 295 3J0PLI3 125 pliln o).
2.10° PCH200 1.35 1S4 046 6JS6C 295 30PLI4 245 (LEIESICL,
ECHa2 120 PCLB1 075 1S5 0.45 6K7 080 35L6GT 140
ECHBT 070 PCL82 095 1T4 0.45 BKD6 335 35W4 0.80
ECH84  0.80 PCL84  0.90 1U4 080 6L6M 2.80 3524GT 0.80
ECL80  0.70 PCL86  0.75 1X2B 140 6L6G 250 50CS 115 K€
ECL82  0.75 PCLB05/850.95 2D21 1.10 6L6GC  2.10 50CD6G 1.35 SN5402N 0.28
ECL83  1.40 PDS500/5104.30 1.85° 6L6GT  1.25 7581 1.256 SN5410F 0.32
ECL8S  0.80 PFL200 1.0 2K25  16.95 6L7G 085 75C1 1.70 SN5470F 0.48
ECL86  0.90 2.80° 2450° 6L18 0.70 76 0.95 SN54196J 1.20
EF37A 215 PL36 1.10 2x2 1.15 6LQ6 295 78 0.95 SN7407N 0.29
EF39 125 PLBY 0.85 3A4 070 6LD20  0.70 80 1.70 SN7408N 0.18
EF8O0 0.65 PL82 0.70 3AT2 240 6KG6A  2.70 85A2 1.40 SN7445P 0.85
EF83 1.75 PL83 0.60 306 0.50 607G 130 2.55% SN74453P 1.10
EF85 0.60 PL84 095 3D22  23.00 6SA7 1.00 807 125 SN7453N 0.18
EF86 0.75 PL504 1.00 3E29 19.00 6SG7 1.15 1.90° SN74L73N 0.38
EF89 1.05 PL508 195 354 0.60 6SJ7 1.05 813 19.32 SN7474N 0.30
EF9 150 PL50S 3.20 4B32 18.25 6SK7 0.95 6850° SN7485N 0.95
EF92 2.90 5.65¢ 5B/254M 16.90 6SL7GT 0.85 8298 14.00 SN74L85N 1.10
EF95 065 PLE1S 396 5B/255M 14.50 G6SN7GT 0.80 832A 890 SN7491AN 0.32
EF96 0.60 8.10° 5B/258M 12.50 6SR7 1.10 866A 3.80 SN74123N 042
EF183 0.80 PLB02 3.20 5C22 29.90 6€SQ7 0.95 B66E 6.25 DM74123N0.38
EF184 080 PY33 070 5RAGY  1.80 6V6G 150 931A  13.80 SN15836N 026
EF812 075 PY80 0.70 5U4G 075 6V6GT  0.95 954 060 cX4 0.95
EFL200  1.85 PY81/800 0.85 5VAG 0.75 6X4 0.95 956 120 SN76013N 1.80
EHS0 0.85 PpY82 0.65 5YIGT  0.95 BX4WA 2.10 956 0.60 SN76003N 1.60
EL32 110 PYs3 0.80 523 150 BXS5GT  0.65 957 1.05 SN76033N1.35
EL34 1.80 PYB8 0.60 524G 0.75 BY6G 090 1625 1.80 MC6B00P 5.80
2.90° PY500A2.10 524GT  1.05 624 0.70 1629 1.85 MC68B0OOP
EL8Y 245 PYB09 645 6/30L2 080 7B7 1.75 2051 2.90 .40
ELB2 0.70 PY801 0.80 6AB7 0.70 8BNS 2.95 5763 420 MC14511BA
EL84 0.80 QQV03/10 7.50 6AC? 1.15 902 0.70 5842 7.50 2.20
EL86 0.95 QQV03-20A 6AGS 0.80 906 2.90 5881 340 B1702AL 3.30
EL90 1.00 2150 6AH6 1.15 10C2 0.85 5933 6.90 MM6300-1)
ELS 420 QQV03-25A 6AKS5 0.65 10F18 0.70 6057 2.20 3.80
EL9S 0.80 36.50 6AKS 060 10P13 150 6060 195 MCMB810AP
EL504 1.70  QQV06/40A 6ALS 060 11E2 19.50 6064 230 340
ELBO3  5.90 16.10 GALSW  0.85 12A6 0.70 6065 320 6340-1) 3.60
EL509 3.95 Qv03-12 420 6AMS 420 12AT6 0.70 6067 230 MICS455D 0.28
EL802 170 SC1/400 450 6AM6 150 12AT7 085 6080 530 MIC936-5D 0.22
FIELD TELEPHONES TYPE “J".
VALVES AND TRANSISTORS

Tropical, in metal cases.
10-line MAGNETO SWITCH-
BOARD. Can work with every
,type of magneto telephones.
PRICES MAY VARY

POSTAGE: £1-£3 45p; £3-£5 55p;

Telephone enquiries for valves, transistors, stc:
retail 749 3934, trade and export 743 0899.

“D10"” CABLE FIELD TELEPHONES
Geiger Muller Tubes GM4, MX12/01 and others
TEST SET FT2 FOR TESTING Transceivers A40,
A41, A42 and CPRC26.
HARNESS “A” & “B” CONTROL UNITS A"~ "R"”
“J1” “J2." Microphones No 5, 6, 7 connectors, B .
frames. carrier sets, etc. £5-£10 GOD, £10-£15 800, £15-
DRUM CABLE continuous connection YC 00433 £201 00p.

Signal Generators MARCONI TF 144H/4S; TF144H/6S 10 kHz-72MHz

COLOMOR

Tel. 01-743 0899 or 01-749 3934
(ELECTRONICS LTD.)

Open Monday to Friday
170 Goldhawk Rd., London W.12 9a.m.-5.30 p.m.

ScheTronics
Limited

For repair and calibration of test equipment.
We also have the following second user LF/HF equip-
ment for sale.

Siemens including Pegamat - W & G - H.P. - Hatfield
Anritsu -- Marconi - Fluke - STC - etc.. ..

Unit 10, Dunstall Estate
Crabtree Manorway
Belvedere, Kent DA17 6AW
Telephone: 01-311 9657

WW — 066 FOR FURTHER DETAILS
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STOP WASTING TIME TESTING BOARDS

MD will pin-point microtroubles in seconds.

Portable and simple to use by non-technical staff

in the REPAIR SHOP or on the PRODUCTION LINE,

MD tests ROM, RAM & 1/0 and prints diagnostic reports.
MICRODOCTOR can be plugged into an unknown system
to perform a general diagnostic and print a MEMORY-MAP.
The ENGINEER may enter sequences

of CHECKSUMS and RAMTESTS,

READS and WRITES to specific MEMORY and |/O locations,
SHORTING tests on DATA and ADDRESS LINES,
PRINT-OUTS of memory in ASCIl or HEX.

These sequences are retained in CONTINUOUS MEMORY,
available always at the push of a key.

# FREE Z80 DISASSEMBLER with each MD

(other disassembiers soon to retrofit at low cost)

Get a DISASSEMBLER LISTING of ROM in any microsystem

MICRODOCTOR — £295.00 5 '
INTELLIGENT EPROM PROGRAMMER

Good tools need not be expensive. SOFTY 2 is the latest
version of the engineer’s favourite EPROM HANDLER

for anybody who uses 2516, 2716, 2632 and 2732 EPROMS.
SOFTY will program any of these EPROMS

or copy any type into another.

SOFTY puts out a TV picture of memory contents,

with many code-manipulating and editing facilities.

There is also a fast cassette data storage system.

SOFTY is also a ROMULATOR (a lead is supplied

which may be inserted into a board under development

to emulate the ROM using SOFTY's internal RAM.

This procedure can also be used on the single-chipper
piggy-back type MPU.) SOFTY is complete in itself

as a PRODUCT DEVELOPMENT SYSTEM.

Code may be entered in HEXADECIMAL via the keyboard
also SERIAL and PARALLEL inputs and outputs

allow downloading of object code from your computer

or printing EPROM contents on your printer.

SOFTY 2 —£169.00 TEX U PROM ERASER — £39
Z80 DEVELOPMENT SYSTEM

MENTA puts out a TV PICTURE of memory in hexadecimal.
The 40 key keyboard will accept inputs,

both in hexadecimal and Z80 mnemonics;

there is a quick cassette data storage system,

a powerful editor which permits program debugging
by showing contents of registers and stack.

Also there are 24 bits of 1/O -

for external control. A Z80 disassembier

is also available which outputs to any RS232 device
such as a printer or terminal.

MENTA was designed as a low-budget device

for teaching microprocessing in schools: professionai
course-material is available to teachers

together with add-on boards for a variety

of control functions and robotic applications.

MENTA — £115.00 SERIAL DISASSEMBLER — £19.5

Zhe b;awj-leager ir; ngpan: gain;\ng ground rapidly in Amarica; this
eautifully made, reliable system has all the features you could want at [

the right price. See it! Try it! Y THANDAR TA2080 £1950
8001 Keyboard Unit
(24K BASIC, 32K RAM, colour graphics, function keys etc.)  £599 20MHZ LOGIC ANALYSER
8011 Expansion Unit " ) ’
(32K RAM, RS232, IEEE-488, CLOCK, 34 pin 1/0 etc.) £489 Avalue-for-money instrument with both TIMING and STATE capture anddisplay
8023 Dot Matrix Printer and excellent triggering from 23 bits.
(100 CPS, up to 136 columns, proportional spacing, greek and math) £399 We are designing RS232 and IEEE interfaces, Z80 and 8048 disassemblers for
8031 Dual Disk Drive £669 8043 Colour Monitor £579 our own use, which will be available when tried and approved by Thandar.

All CPM software is available FLEQE PO NE FOR PRICES

LOMBARD HOUSE, CORNWALL ROAD, DORCHESTER, DT1 1RX
Telephone: Dorchester (0305) 68066

Prepaid or credit card orders normally shipped by return. Pricesinclude first-class recorded post in UK.
Securicor, Red Star, etc. at extra cost. VAT shouid be added at current rates.

WW - 022 FOR FURTHER DETAILS
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LINSLEY-HOOD 300 SERIES AMPLIFIERS

LINSLEY HOOD CASSETTE RECORDER 2

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 amplifiers in the commercial market-place 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 36- and 45-watt,
both with Mosfet output devices. All are of identical outside appearance which is designed to
match and stack with our Linsley-Hood cassatte 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 sophlsti d piece of i

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 for complete kits £72.

36-watt Mosfet amplifier. Total cost of parts £98.41. Special offer for complete kits, £87.40.

45-watt Mosfet amplifier. Total cost of parts £104.95. gpecial offer price for complete kits £34.80.

Our new Improved performance model of the Linsley Hood Cassette Recorder incorporates our {Reprints of original Articles from Hi-Fi News 50p. Post free. No VAT.
VFL 910 vertical 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 ouvfinsley-Hood Cassette Recorder 1,

This latest version has the following extra f : Ultra low d-flutter of .09% — easily

meets DIN Hi-Fi spec. Deck controls latch in rewind modes and do not have to be held. Full Auto-

stop on all modes. Tape counter with memory rewind. Oil damped cassette door. Latching record' FEED YOUR M ICRO BYTES WITH OUR

button for level setting. Dual concentric input level, controls. Phone output. Microphone input

facility if required. Record interlock prevents rerecording on vaiued cassettes. Frequency generat- s OLEN 0' D co NTR 0 LLED CAssmE DECK

ing feedback servo drive motor with built-in speed control for thermal stability. All these desirabte
and useful features added to the excellent design of the Linsley-Hood circuits and the quality of
the components used makes this new kit comparable with built-up unlts 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 solenoid control of all functions including optional read in fast wind
modes. 12 volt operation, Fitted 3-digit memory counter and Hall IC Motion Sensor. Standard
arase and stereo R/P Heads Cheapest price ever for all these features. Only £38.90 plus VAT. Full
“technical specification included.

HART TRIPLE-PURPOSE TEST CASSETTE TC1

One inexpensive test cassette enables gu to set up VU level, head azimuth and tape speed.
Invaluable when fitting new heads. Only £2.70 plus V.A.T. and 50p postage.

:Nﬁ !mlal the Desi%nley |(Appmv::d su&plle{s o'f kvis.lgv’:his excellent design. The Author’s répulalion,

ells all you need to know about the circultry and Hart expertise and experience guarantees the ETT

engineering design of the kit. Advanced features include: High-quality separate VU meters with HS16 SENDUST ALLOY SUPER Hgﬁgts R/pELHEAmD%, Py Hoy. High h
excellent batlistics. Contrals, switches and socksts mounted on PCB to eliminate difficult wiring. e . b prongeriEngn PermalioyXiligherotputial
Proper moulded escutcheon for cassette aperture improves appearance and removes the need Ferrite. f fieqlencyi & CoE T DI G L5720

q 5
for the cassette transport to be set back behind a narrow finger trapping slot. Easy to use, robust HC20 Stereo Permalloy R/P head for replacement uses in car players. et
“tenco mechanism. Switched bias and equalisati differ tappz f?n o All v\;iy?nguiss =Ngossw'?ﬂl E/P h‘ﬁid f;; M“EATATLA!GDB. Complete with data.....

terminated with plugs and sockets for easy assembly and test. Sophisticated modutar PCB system ”224 SgerféaamrFazfrit:Eva:;HeEad L tape

gives a spacious, easily-built and tested layout. All these features added to the high-quality
metalwork make this 8 most satisfying kit to build. Also included at no extra cost Is our latest HS g‘}s':%k/zﬂ(/g Nebald.atand)anrldphaougﬂ;gd e
;tﬁggndlu: CRFI"V super head, available separately at £8.20 but included free with the complets kit ME1512/2 é):"hee E;’;‘; Lavge‘:\;té s
b y D ;
2 CCE/8M 2/2 Erase. Std. Mtg. ... e

Reprints of the 3 original articies describing this design 45p. No VAT.
Reprint of the subsequent postscript article 30p. No \?AT.

PRACTICAL WIRELESS ‘'WINTON' TUNER Al prices plus VAT

Brilllant new Ted Rula designed Tuner with averything! 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 I.w.. m.w., s.w. and even TV sound. Further details+
are in our lists; send for your copy.
Part Cost of Post, Packing and Insurance
8:2:::&%’5,‘8;95_0& pap Export Orders-Postage or shippln'g at cost plus
Over £50-£1.50 £2 Documentation and Handling
Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and
price breakdowns. ) |
Instant easy ordering, telephone your
requirements_and credit card number to u§'on

Oswestry (0691) 2894.

ERASERS % DEVELOPMENT LAB
uUvIT I IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING

— e ot PROMs PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-

quickly and safely. 10-60-min-
ute electronic timer. TIES OF COMPONENTS BECOME REDUNDANT. WE ARE

£59.13+ V.AT.
UVIB CASH PURCHASERS OF SUCH MATERIALS AND WOULD
As above but without imer._ APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
Cariage paid (UK) WE PAY TOP PRICES AND COLLECT.

Send cheque or official order
IN USE IN DESIGN for prompt delivery.

LABS & EDUCATIONAL available in London from: - :
ESTABLISHMENTS TechnematcLod | BROADFIELDS & MAYCO DISPOSALS

AROUND THE WORLD fRadio, .
. et Eonational * . 21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner

NORTHERN ELECTRONICS y
51 Arundel Street, Mit;srslcy, Lancashire Tel: Mos;lc-y (04575) 4119 Telephone U ] e
WW — 047 FOR FURTHER DETAILS WW — 043 FOR FURTHER DETAILS
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((@ M@[}@ The Keithley 179A

The firm for Speakers

Bigger and Better for 1982
the colourful Wilmslow Audio brochure
—the definitive loudspeaker catalogue!
Everything for the speaker constructor - kits, drive units,
components for HiFi and PA. |

50 DIY HiFi speaker designs including the exciting new
dB Total Concept speaker kits, the Kef Constructor range,

Wharfedale Speakercraft, etc.
Flatpack cabinet kits for Kef, Wharfedale and many others.
% Lowest prices — Largest stocks %

% Expert staff — Sound advice ®

* Choose your DIY HiFi Speakers in the comfort of our %
two listening lounges
{Customer operated demonstration facilities) .

# Ample parking *

Send £1.50 for catalogue
{cheque, M.O. or stamps —or phone with your credit card number) Specification - Versatility F - Accuracy —p -
~Visa - Ameri d A d
T el i Price. In almost every major area the new

179A - a 4'/2digit bench/portable DMM

o from Keithley Instruments sets some pretty
s d . "
[\ UY0)] ] 0625 529599 impressive standards:

@ 20 amp capability @ Full function: 27

The firm for Speakers

35/39 Church Street, Wilmslow, Cheshire SK9 1AS ranges mcludung true RMS AC Measurement
Lightning service on telephoned credit card orders{ @ . Yeal’ Sgual’antee on SpeC . 0 04% DC

accuracy @ IEEE option @ Large display
and 10u V dc resolution.

For those requiring 10 times more sensitivity
and an analogue outputthere’'sthe 177, a
unit with similar specification to the 179A.
Both models are part of a vast range of test
equipment from one of the world’s leading
manufacturers.

For more information fill in the coupon at the
bottom of the page.

e ® Alternatively, phone our Instant
Information

Serviceon

0734 864784 now.

KEITHLEY i

Keithley Instruments Ltd

1 Boulton Road Reading BerksHhire RG2 ONL:
Telephone (0734) 861287

Telex 847047

WW — 007 FOR FURTHER DETAILS

RADIOCODE
CLOCKS

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems.

Applications

@ Automatic master clock and slave controller.

@® Synchronisation of separate equipment and events. r---------------1

@® Programmable energy management system.

@® Computer clock/calendar with battery backup. l I'd like to know more . . . I

@® Datalogging and time recording.

@® Process and equipment control. I Name I

@ Broadcasting, Astronomy, Navigation.

@ Satellite tracking. I Position I
If you have a time or synchronisation problem, l Company I
write or phone for further details of our portable I I
and new microcomputer-controlled Radiocode i Address |
Clocks. I I

Circuit Services, 6 ElImbridge Drive l Telephone l
Ruislip, Middlesex. Ruislip 76962 | —— L
L f P r 7P rr L F 01 ]|
WW - 034 FOR FURTHER DETAILS WW — 028 FOR FURTHER DETAILS
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The over and outperformer

You simply can't make it
any clearer.

For the address of your nearest dealer together with full details of the Shure Microphone range, write to
Shwre Electronics Ltd., Eccleston Road, Maidstone ME15 6AU or telephone: 0622 59881,

WW - 050 FOR FURTHER DETAILS
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.. . By any other name.. ..

In a recent Letter to the Editor, a reader
described his feelings at seeing a copy of
Wireless World for the first time after a long
interval. On seeing the content, he felt
impelled to write and suggest that the
journal might benefit from a change of
title, to take account of the fact that the
World is now rather more computer-
shaped'than it was when wireless was the
current miracle.

The letter constitutes cast-iron evidence
to support the assertion, made by WW
staff for seventy years, that one simply
cannot produce a journal like this — the
whole thing is logically impossible.
Philosophy and printed boards, audio
amplifiers and microcomputers, exposure
meters and clocks do not, it must be
admitted, appear to share much common
ground. Neither, indeed, do the types of
reader to whom our articles are addressed:
the enthusiast making an amplifier on the

corner of the kitchen table experiences but

modified rapture at the prospect of an
article on Rademacher-Walsh functions,
though he may read it and be interested.

The professional engineer does not require.

instruction in the design of an a-to-d
converter, but he might want to build the
digital voltmeter to which the article is an
introduction. And one of the continuing
arguments on basic physics possibly leaves
both of them glassy-eyed, but nonetheless
entertained.

The fact is, of course, that Wireless
World is a hybrid in so many senses that it
almost defies description. Both
professionals and amateurs read it; the
articles it contains are theoretical, or
practical, or both; its topics cover the field
from logic design to a discussion of the
best material with which to stuff
loudspeaker enclosures and from

descriptions of optical-fibre
communications systems to a design for an
electronic cat-door.

1n all this, the one common factor is
electronics, in its wider sense. It leads us
into any subject in which it is used —

‘optics, chemistry, motoring, aviation — in

addition to the more familiar area of
telecommunications. Computers happen
to be an important manifestation of
electronic engineering and are therefore
completely within our field of interest.

“Wireless” as a word disappeared in the
forties or thereabouts, at around the time
when “electronics’ was born. But even
then, Wireless World had been in existence
for thirty-five years and its title was far too
well known for Iliffe to risk causing an
outcry by changing it.

Forty years on, computers,
microprocessors and a mass of other digital
circuitry have edged out the more
traditional forms of electronic design —
even sound reproducing is becoming
digital in form. As this happens, it is clear
that the content of the journal must change
to meet new requirements, which is why a-
newcomer glancing at our contents page
immediately after a look at the Wireless
World logo might justifiably feel puzzled.
If, however, a change of name after thirty-
five years was felt to be too much of a
shock for readers to bear, how much more
of a jolt would it be after seventy-one?

The name is unimportant, except
inasmuch as it sometimes misleads the
casual bookstall browser and, perhaps, the
not very well informed advertising agent.
What is important is that the content

-should treat all aspects of electronics,

which it will continue to do, no matter in
what unexpected directions the subject
leads us.
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80-100W MOSFET AUDIO
AMPLIFIER

The final section of this three-part article describes the complete amplifier circuit in detail,
with the addition of a loudspeaker protection circuit.

In the earlier parts of this article I
discussed some of the design requirements
of power mosfet audio amplifiers and des-
cribed the evolution of a high-gain,
symmetrical, class ‘A’ driver stage suitable
for use with a power mosfet output. In-
evitably, the final design of the gain stage,
as shown in the completed power amplifier
circuit of Fig. 14, shows some minor dif-
ferences in comparison with the basic
voltage-amplifier circuit, which undeflines
the point that any final design represents
only the small tip of a large submerged
iceberg of design effort. Unless one is
lucky, or one’s target performance is relati-
vely modest, or one has considerable ex-
perience with closely similar designs, there
is always a large amount of work necessary
to convert a reasonably satisfactory basic
design into a final version having, as nearly
as possible, a blameless performance under
all conceivable test conditions.

Design considerations

The choice of output power rating for any
power amplifier is, inevitably, somewhat
arbitrary and depends on the voltage rat-
ings of the available components, and on
the cost of the power transformer, smooth-
ing capacitors and heat sinks which one is

by J. L. Linsley Hood

prepared to afford. However, in practical
terms, the major considerations which
limit the possible output power are the
voltage ratings of the output devices, and
of the available electrolytic reservoir capa-
citors. :

The output power mosfets I decided to
use are the complementary n-channel and
p-channel devices from Hitachi, since they
are readily available, are reasonably inex-
pensive, appear to be adequately rugged,
and have useful power ratings. These par-<
ticular mosfets are available in peak
working voltages up to 160V. However,

-there are other similar devices, either avail-

able now or promised in the near future,
from Fairchild, Motorola, Ferranti,
Supertex, International Rectifier and In-
tersil, so it seems likely that a design based
on complementary power mosfets will not
restrict the user to a single source of com-
ponents.

Some earlier experiments with mosfet-
output audio amplifiers had shown that the

Fig. 14. Complete circuit diagram of the
100W amplifier.

r.m.s power output could be related to the
available supply voltage in the manner
shown in Fig. 15, over the range 25-100
watts. Since it had been decided, for
various reasons, to use a symmetrical posi-
tive and negative supply, 63V electrolytic
capacitors on each half would allow a safe
working voltage, overall, of 120 volts,
equivalent to a £60V supply. In practice,
the limited regulation of a simple rectifier/-
capacitor power supply is likely to reduce
this, on load, to some *55V, giving an
overall power output of 80 watts.

This output power requires a voltage
swing of 25.3V r.m.s. across an eight chm
load, and if it is desired to drive this from
an input voltage of ‘OVU’ — which in
audio-engineering terms implies 0.775V
r.m.s. at a 600 ohm source impedence —
the gain will require to be 32.6, which
gives a suitable feedback resistor combina-
tion of 33k and 1041 ohms — though, in
the event, for other considerations, it was
decided to make this 1012, made up from a
1k and an 12 ohm series chain.

In the interests of d.c. symmetry, the
input-circuit resistance should be also of
the order of 33k. The values suggested are
adequately close to this.

The performance of any feedback ampli-
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fier under transient (step-function or
square wave) input conditions is helped if
the input rise time can be limited. This can
be done most easily by an input RC inte-
grating network, R,C,, which gives a
—3dB point at about 30kHz, allowing an.
adequate bandwidth for audio use.

A 470 ohm trimmer potentiometer in
the emitter circuit of the input long-tailed:
pair allows accurate d.c. balance to be ob-
tained with transistors having normal com-
mercial spreads in V. values and current’
gain. This is bypassed by a 100uF tanta-
lum bead capacitor to avoid loss of open-
loop a.c. gain. The output d.c. potential
may be adjusted by means of this poten-
tiometer to 0V, £20mV.

Circuit performance depends strongly
on the characteristics of the ‘tail’ of the
‘long-tailed pair’. For correct operation of-
any such circuit, the dynamic impedance
of the tail should be very large in compari-
son with the impedance as seen at the
emitters of Try and Tr;. Also, ideally, to
minimize common-mode problems, the
current from this source should be largely
independent of the dynamic emitter poten-
tials. Finally, the tail circuit should pro-
vide an adequate isolation from unwanted
signal components on the supply line. A
junction fet satisfies all these requirements:
very fully, and also allows, as explained:
above, control of the operating current in
the second-stage class A amplifier. To
allow a wider range of negative supply-line
voltages, the negative-line supply to this
fet is derived from a Zener-diode-stabi-
lized —12 volt source. The use of a
separate power supply for the driver stages
is of considerable assistance in avoiding the
performance degradation which can occur
due to the intrusion of distorted signal
potentials from the high-current output
stage.

The second stage, class ‘A’, voltage am-
plifier is similar to that shown earlier in
Fig. 13, except that conventional, two-
transistor, constant-current . sources are
used as the loads for each half, and that a
small amount of a.c. positive feedback is
derived from the output of Trs, through
Rg and Ry, in addition to the current stabi-
lizing d.c. negative feedback path through
Ry to Tr3. The positive feedback restores
the open loop a.c. gain to the 500,000
figure, over the frequency range 100Hz-
3kHz, obtainable from the less d.c. stable
configuration of Fig. 12. :

The output power mosfets require a qui-
escent current value of 100mA for opti-,
mum performance — although it is diffi-
cult, because of the efficient operation of
the n.f.b. loop, to see any significant
change in the distortion residues, as this is
adjusted, at any frequency below 10kHz
— and this quiescent current is largely
independent of the output device tempera-
ture. The ‘amplified diode’ circuit of Tryo
is not, therefore, used to sense the output
transistor temperature, but used simply to
generate a reasonably constant voltage
drop.

Although the output devices present a
very high Lf. input impedance, the effect
of the 1200pF total gate-source capacitance
cannot be ignored, and the current
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through Trs—Tr; must be enough to avoid
any slew-rate limiting within the rise-time
levels allowed by the input CR network,
(R;C3). A current of 7mA is adequate for
this, and permits worst-case dissipations of
900mW for Trs7 and 450mW for Trsg,
which are within their limits.

Since the Hitachi output devices are not
protected by internal Zener diodes, it is
unnecessary to exclude the possibility of
reverse gate biassing, provided that this is
within the *+14V gate-source breakdown
voltage limits. This gate breakdown pro-
tection can therefore be provided by a pair
of back-to-back 8V zeners, while the gate-
source capacitance and the 680 chm gate -
‘stopper’ resistor will exclude the possibil-
ity of very rapid extraneous noise pulses
which could escape Zener limiting due to
lead inductance or turn-on time delays.
Ideally, Ry7,19 and the Zeners should be
mounted close to the power mosfet pins.

Feedback loop, and loop stability

Although the use of a two-stage voltage
amplifier will not automatically guraran-
tee, under all load conditions, that the
internal phase shift will not approach 180°
until the open-loop gain is negligible, the
necessary conditions for an adequate phase
margin, at unity gain, are very much easier
to contrive in circuits in which only two
successive gain stages are employed -
provided that the additional phase shift of
any other element in the feedback path is
small enough to be neglected.
Unfortunately, in the case of the con-
ventional junction-transistor Darlington or
compound (p-n-p/n-p-n.) emitter follower
this additional phase shift is significant,.
even at a few hundred kilohertz where the
loop gain is still high, so this loop gain
must be artificially reduced at higher fre-
quencies to preserve closed-loop stability,
Two basic methods exist for this, of which
the first, and simpler, is simply to connect
an external capacitor across the whole of
the gain stage so that this acts as an inte-

Prototype amplifier. Loudspeaker
_protection circuit is at rear right.
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Fig. 15. Amplifier output power as function
of supply voltage.
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Fig. 16. Powsr bandwidth of amplifier.

gration network with a gain decreasing
linearly by 20dB/decade from some l.f.
break point. This has the advantage of
allowing a wide phase margin of stability,
and predictable performance characteris-
tics. The second method is to tailor the h.f.
performance so that it is maintained at as
high a level as possible up to the point at
which the loop phase shift approaches
180°, and then to reduce the gain rapidly,
and in a manner chosen not to exceed the
18(_)° stability threshold, until it is less than
unity.

This method is commonly employed in
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commercial transistor amplifier designs,
often by the simple artifice of a capacitor
between collector and base of the second
stage amplifier transistor, because it allows
better h.f. t.h.d. figures — and conse-
quently better reviews in the ‘Hi-Fi’ jour-
nals. It does, however, carry with it the
penalty that the phase margin of the ampli-
fier is less good, with a consequently in-
ferior transient response — manifest in
respect of a less good ‘settling time’® —
and a less predictable performance with
differing loudspeaker load characteristics.

In addition, the intermal slew-rate limiting:

imposed by the second-stage collector-base
capacitance (which is the mechanism by
which the h.f. gain is reduced) leads to the
predictable problem that signals accompa-
nying large transient inputs will be blotted

out during the period in which the ampli--

fier is slew-rate limited. This is the pheno-
menon called ‘Transient Intermodulation
Distortion’ by Otala’. This problem does
not exist with the first method of h.f. com-
pensation. A very good analysis of this
problem was given by Jung?® (with a small
addendum by myself%.

The biggest advantage, in this respect,
conferred by power mosfet output devices,
is that the inherent phase-shift of the out-
put emitter-follower impedance conver-
sion stage is sufficiently small that it may
be neglected up the megahertz region.
This means that, with care, feedback audio
amplifiers having high orders of negative
feedback (open-loop gain) can be designed
without the need for any external control
of h.f. gain, and which will exhibit the
desirable characteristics given by systems
in which the gain decreases with frequency
at 20dB/decade, and the loop phase shift
does not significantly exceed 90°.

Influence of negative feedback

The use of negative feedback is, unfortun-
ately, not as well understood, even among
electronics engineers, as one might
sometimes wish, and this misunderstand-
ing has spilled over into the more emotive,
and less logical, realm of the ‘Hi-Fi’
fraternity, where the ill effects attendant
upon the improper use of this technique
have encouraged the attempt to design am-
plifiers believed by their authors to employ
no negative feedback whatever — a case of

discarding the baby along with the bath

water, if there ever was one.

The necessary conditions which must be
satisfied if the potential benefits are to be
gained have been examined both by Bax-
andall'®!}12 jp his series on audio ampli-
fier design in this journal, and also, from a
different angle, by Wireless World’s own
Cathode Ray'?. The message from all these
contributions, if I may presume to precis,
is that the amplifier in question must be
made as linear as possible before negative
feedback is applied; that the gain — at the
frequency under consideration — must be
enough, or the customary simplification of
the mathematics will be inappropriate; and
that a small amount of n.f.b., by injecting
into the input an additional distorted sig-
nal, will worsen the harmonic distortion
which would have been present without it.

Translated into design requirements,

BNresistive load

R
a1

80N/2uF load with
output reactor

80N/2pF load without
output reactor

Fig. 20. Response of amplifier to 10Vp-p
100kHz square wave on resistive and
reactive loads, with and without output
inductor.

this implies that a high stage gain, coupled
with good linearity and the lowest practica-
ble phase shift, is the necessary design
objective — most easily attained if not
more than two gain stages are employed.
The inclusion of a positive feedback path
within the overall n.f.b. loop as a means of
increasing the loop gain brings with it
some supplementary requirements. These
are that the phase shift within the positive
feedback loop must be very small over the
range of interest, since the p.f.b. will wor-
sen it, and that the linearity of this part of
the circuit must be much better than that
of the remaining circuit outside the p.f.b.
loop, or the benefits will be negated.
Looked at in this light, the use of a boots-
trapped driver load in an audio amplifier is
not well advised, since the loop containing
the ‘bootstrap’ will include the output de-
vices whose linearity it is desired to im-
prove.

In the particular case of the feedback
loop built around Tr,, Trs, Rg and Ry, the
linearity of this is very good because it is
only driving a high-value resistive load,
and the dominant phase shifts are those
due to Cg4 at the L.f. end, and the circuit’
stray capacitances in Trs collector circuit
at the h.f. end of the pass band. This gives
a phase-linear bandwidth which is greater
than that of the overall n.f.b. gain loop,
and therefore satisfies the conditions for,
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improving the overall amplifier perform-
ance.

Because of the capacitive nature of the
load presented to Tre by the gate-source
capacitance of the power mosfets, the h.f.

loop gain of the amplifier falls below unity.

at about 30MHz, which is sufficient to give
-an adequate margin of stability, while still
allowing some 60dB of negative feedback
at 30kHz, the chosen upper operating fre-
quency limit. No additional h.f. roll-off
components are required.

Stability with capacitative loads
A minor problem associated with power
mosfets, discussed by Hitachi in their de-
sign note!* js that the very high-frequency
—3dB point of the mosfet used as a source
follower (typically 30-40MHz for the Hita-
chi devices) allows the inductance of the
internal gate-contact lead — some 70nH —
to produce a negative resistance condition,
with consequent parasitic oscillation, un-
der conditions of small capacitative load
(0.01uF-0.22pF). Oscillation, under these
conditions, but due to other causes, is not
uncommon in audio amplifiers, and can be
-the cause of amplifier failure when used
with the so-called low-impedance loud-
speaker cables, even when the amplifier is
completely stable under the 8ohm/2uF
load combination frequently chosen by re-
viewers. Needless to say, this possibility of
parasitic oscillation should be avoided and
this is most easily done in this type of
design by the inclusion of a small inductor
of some SuH inductance, (20 turns of
24s.w.g. enamelled wire, wound round the
case of a 10ohm, 1watt carbon-rod resistor)
in the output lead to the loudspeaker load.
This output inductance has two practi-
cal effects, apart from the avoidance of
parasitic oscillation. The first of these is to
reduce the total harmonic distortion of the
circuit, as measured at the output at high
audio frequencies, simply because it acts as
an output low-pass filter. The second
effect, due to the same cause is a ‘ripple’ on
the square-wave/reactive-load test wave-
form, which is an inevitable effect of any
steep-cut, low-pass filter. Without this
output inductor, the 8ohm/2uF test wave-
form is smoothly rounded and free of any
overshoots.

Output stage protection

Because of the freedom of power mosfets
from secondary breakdown, and because
they have an inherent positive temperature
coefficient of resistance, output stage pro-
tection can be much simpler than is the
case with normal junction transistors, and
a simple fuse in the output circuit is quite
adequate. This has a practical advantage
over many of the electronic protection
methods normally employed, in that it
avoids hard clipping under dynamic condi-
‘tions when the amplifier is required to
drive fast h.f. transients into loudspeakers
having a low h.f. impedance.

Fig. 21. Printed-board for power amplifier.
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Overall performance and sound
quality

The power bandwidth, the t.h.d. as a
function of output power, and the t.h.d. as
a function of signal frequency are shown in
Figs. 16-18, and the distortion waveforms
and 10kHz reactive load waveform, with
and without the output inductor, are
shown in the oscilloscope photographs of
Figs. 19 and 20.

Inevitably, the question must be asked
whether, in the event, the sound quality
given by a well designed power mosfet
amplifier is better than, or indeed noti-
ceably different from, that given by an
equally well designed power amplifier
using junction transistors. The designer is
_not a good person from whom to seek an
answer to this question, if only because his
awareness of the inevitable design compro-
mises in the circuit, and of the imperfec-
‘tions which remain as a result of the im-
possibility of achieving all design
-objectives simultaneously, colour his ex-
pectations in respect of its perceived per-
formance. However, having said this, I
believe that power mosfet output devices,
in appropriately designed circuitry, can
offer an improved performance in the
‘upper-middle and top end of the audible
spectrum, which is apparent as an im-
proved clarity and transparency in tonal
quality, particularly at low output levels,
in comparison with equivalent junction
transistor designs.
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Power supply

A suitable power supply circuit is shown in
Fig. 22. As mentioned above, the output
power of the amplifier depends almost en-
tirely on the supply line voltages, and the
original design was based on a conven-
tional ‘E’ and ‘I’ cored transformer with a
nominal 50-0-50 secondary winding,
which gave a quiescent output d.c.
voltage, after rectification, of -+:62V. This
was subsequently replaced by a 250VA 50-
0-50V toroidal cored unit, in the interests
of a lower residual 50Hz field, and this
gave a d.c. output of +65 volts, and in-
creased the power output, at 1kHz across
an 8ohm, water-cooled, resistive load,
from 83watts/channel to some 105watts/-
channel. It was thought prudent to uprate
the reservoir capacitors to 80V types, but
no other changes are necessary.

Loudspeaker protection circuit
Although the use of direct coupling be-
tween loudspeaker and amplifier output,
together with the use of split positive and.
negative h.t. rails, undoubtedly helps in
the economical design of high-powered au-
dio amplifiers by limiting the necessary
voltage rating of the reservoir capacitors, it
does carry with it the implicit hazard that,
in the event of a component failure within
the power amplifier, the whole output of
one or other of the supply lines may be
switched into the output circuit, with ex-
pensive consequences.

The most elegant way of avoiding this
hazard is to employ a small supplementary
circuit to monitor the average d.c. poten-
tial of the amplifier output terminals, and
to disconnect the loudspeakers in the event
that an averaged d.c. offset of more than a
volt or so is detected. Experiments over a
periold of time have shown that the loud-
speaker can be connected through a pair of
gold-plated relay contacts without audible

or measurable signal degradation. Silver- -

plated contacts are excellent when new and
clean, but tend to become partially rectify-
ing if sulphided by exposure to urban at-
mospheres, and should therefore be
avoided if possible.

An inevitable problem in the use of an
‘average d.c. potential’ monitoring circuit
is the necessity for some compromise be-
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Fig. 25. Complete two-

channel loudspeaker
protection circuit with
switch-on delay.

Fig. 26: Layout of printed
lz)gard for circuit of Fig.

tween speed of response, in disconnexion
following a fault condition, and the need
not to diagnose a large but legitimate v.1.f.
signal — especially if assymmetrical — as
such a fault. My own choice is an integrat-
ing time-constant of about 2 seconds. This
ignores all the normal 1.f. signal compo-
nents, at least at the largest signal levels I
have so far used, but allows a switch-off in
better than 80 milliseconds in the event of
a large direct voltage being applied to the
input. This should be adequate to avoid
thermal damage to the loudspeaker.

In order to accommodate a fairly long
integrating time-constant with the use of
non-polarized capacitors, a high-input-im-
pedance offset-detection logic circuit is
essential. C.m.o.s. logic elements of the
74C or CD4*** series are well suited to

-this task, especially since the switching

potentials are well defined in relation to
the supply voltage line employed. Typical
gate transfer characteristics are shown in
Fig. 23. Because of this, if the gates are
biassed by an input resistor chain, as
shown in Fig. 24, so that one sits below
and one sits above this threshold level, a
pair of Nor gates will effectively act as an
input-threshold d.c. monitor circuit, in
which the output will only be high so long
as input A is high and input B is low. With
the resistor values quoted, this condition
will be met while input C is within +2V
d.c., for a 10V supply line. The circuit also
will provide a switch-on delay of a few
seconds while C, charges up through R; to
a potential above the 2V level.

The complete, two-channel, loud-
speaker protection circuit based on this
arrangement needs only one Quad 2-input
Nor gate, and a pair of switching tran-
sistors. The final circuit is shown in Fig.
25. Itis ‘fail-safe’ in the sense that the relay
contacts are normally open, and can only
_operate if the h.t. supply is present and
both transistors are energized. The relay
used is an RS Components p.c.b.-mount-
ing, 24V unit, with 5A, 250V a.c.-rated
gold-plated contacts, of d.p.d.t. operation.
H.t. supply for this is best obtained from
the output stage +65 volt line.
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Editor’s note: We understand that a kit of compo-
nents for the amplifier is to be made available by
Hert Electronic Kits, Ltd, Oswestry, Shropshire.

A preamplifier design to match the mosfet power
amplifier will be described later in the year. O
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DISC DRIVES

When a read/write head’s position is determined by information on the disc surface, data-
storage capacity can be greatly increased. As shown here, there are different methods of
applying this technique which, in the case of a drive with ten discs in one pack, can
increase the storage capacity four times despite a loss of 5% in data storage area.

Possibly the most significant event in the
history of disc storage was the introduction
of the servo-surface drive. Through the
virtual elimination of thermal effects on
head positioning, servo-surface drives, in
which the head’s position relative to the

disc is determined by information on the.

disc surface, allow great increases in data
storage density.

Changes of temperature in relatively.

simple disc-drive positioners, such as those
discussed in the June issue of Wireless

World, do not only affect accuracy through-

expansion and contraction in mechanical
components such as head cantilevers.

Thermal drift in the cylinder transducer’

and associated circuits also causes prob-

lems. How temperature changes limit the

number of tracks on a given disc is illus-
trated in Fig. 1.

Because the position-error signal in a.
servo-surface disc drive is derived from a
head reading the disc, these problems are
drastically reduced. In a multi-platter
drive, one surface of the pack holds servo
information, which is read by the servo
head. All of the read/write heads move
with the servo head. In a ten-platter pack,
this means that 5% of the usable data sto-
rage area is lost, but this is unimportant
since the track density in a drive with a
servo surface can be typically four times
greater than in a drive without one.

Using one side of a single-platter car-
tridge for servo information would be un-.
acceptable as it represents 50% of the
usable data storage area so, in this case,
servo information is interleaved with sec-
tors on the read/write surfaces. Disc drives
using this technique are usually referred to
as ‘embedded servo’ drives.

Figure 2 shows the essential features of
these two main categories of servo-surface
drive, which will be described in turn.

Servo surface -
As stated, one surface of the disc pack
contains information to control the posi-

tioner. This surface is written when the,

disc is manufactured and, should it be-

come corrupted, must be rewritten on’

special machine known as a servo writer.
The key to the operation of the servo
surface is the way in which it is recorded

by the servo writer. Recorded transitions:

are in adjacent pairs known as dibits,
separated by a space, and Fig. 3 shows that
there are two distinct types of servo track.
On an A-type track, the first transition of

the pair will cause a positive pulse on read-

ing, whereas on a B-type track, the first

Digital Equipment Co.
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pulse will be negative. In addition, the A-
track dibits are shifted by one half cycle
with respect to the B-track dibits. The
width of the magnetic circuit in the servo
head is equal to the width of a servo track..

X >k

{a)

During track following, the correct posi-

‘tion for the servo head is with half of each

type of track beneath it. The read/write
heads will then be correctly centred on
their respective data tracks. This
relationship is illustrated in Fig. 4.

The amplitude of dibits from A tracks
‘with respect to the amplitude of dibits
from B tracks depends on the relative areas
of the servo head which are exposed to the

{b)

Fig. 1. At (a), misalignment x has little effect on the output signal, but at (b), the same
misalignment in a system using four times greater track density causes unacceptable errors

in the read signal. Distance x is not to scale.

\\
Daota
surfaces

Fig. 2. In a multi-platter disc pack, one surface is dedicated to servo information, left, but as
the number of platters in a pack falls, the percentage of data storage area lost to servo
information rises. For this reason, some discs have servo information embedded in the data
on the same side, as in the case of the single platter, right.

(a)

(©

Fig. 3. The servo surface, left, has two types of track, A and B, which are 180° out of phase
with each other and have opposite polarities. Waveform (a) results when the servo head is
directly above track A, and waveform (b) appears when the head is above track B. When the

_head is correctly positioned, waveform (c) results.
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Fig. 4. When the servo head is straddling
two servo tracks, the data heads are
correctly aligned with their respective
tracks.

respective tracks. As the servo head has

only one magnetic circuit, it will generate a
composite signal whose components will

change with respect to one another as the’

position of the servo head changes. Figure
5 shows several composite waveforms ob-
tained at different positions of the servo
head. The composite waveform is

processed by using the first positive and

negative pulses to generate a clock. From
this clock are derived clamping signals
which permit only the second positive and
second negative pulses to pass through.
This resultant waveform has a d.c. compo-

nent which, when filtered, gives a voltage:

proportional to the distance from the track
centre. The position error reaches a maxi-

mum when the servo head is entirely above’

one type of servo track and further move-
ment will cause it to fall. The next time the
position error falls to zero will be at the
centre line of the adjacent cylinder.
Cylinders with even addresses (1.s.b.=0)
will be those where the servo head is de-
tented between an A track and a B track.
Cylinders with odd addresses will be those
where the head is between a B track and an
A track. It can be seen from Fig. 5 that the
sense of the position error becomes re-
versed on every other cylinder. Accord-
ingly, an inverter has to be switched into

AL

the track-following feedback loop in order
to detent on odd cylinders. This inversion
is controlled by the l.s.b. of the cylinder
difference at the beginning of a seek, such
that when the heads arrive at the target
cylinder, the sense of the feedback will be
correct.

Seeking across the servo surface results
in the position error signal rising and fall-
ing in a sawtooth. This waveform can be
used to count down the cylinder difference
which controls the seek. As with any cyclic
transducer there is a problem'in finding an
absolute position. This difficulty is
overcome by making all servo tracks
outside cylinder zero type A, and all serva
tracks inside the innermost cylinder type
B. These areas of identical servo tracks are
called guard bands, and Fig. 6 shows the
relationship between the position error and
the guard bands. During a head load, the
servo head generates a constant-maximum
positive position error in the outer guard
band. This drives the carriage forward un-
til the position error first falls to zero.
This, by definition, is cylinder zero. Some
drives, however, load heads by driving the
carriage at low speed across the disc until
the inner guard band is detected, and then
find cylinder zero by performing a full-
length reverse seek.

Another, less common form of servo
surface is shown in Fig. 7. In this type,
there is a common sync. bit in both tracks,

Fig. 5. Waveforms resulting from several
positions of the servo head in relation to
the disc. Amplitudes of waveforms (a) and
{b), components of the actual waveform
(c), are proportional to the area of the servo
head over the track concerned. A position-
error signal, (d), is obtained by comparing
the second positive and negative peaks in
the composite waveform, (c).

iz g

| |

Servo head from a multi-platter disc drive.
The rectangular plug is for mechanical
support only.

and subsequent servo bits at differen

times afterwards. The position error is de -
rived by opening sample and hold gates at
different delay times after the sync. bit. As
three distinct transitions can be seen in one
cycle, the resultant waveform is known as
a tribit signal.

We have seen that a position error and a
cylinder count can be derived from the
servo surface, eliminating the conventional
cylinder transducer. The carriage velocity:
could also bg derived from the slope of the!
position error, but unfortunately such a
signal is only available while the servo head|
is above the disc, and velocity feedback is
needed when the heads are retracted.|
Some form of velocity transducer is still
therefore necessary.

As there are exactly the same number of|
dibits on every track, it is possible to des-;
cribe the rotational position of the disc
simply by counting them. All that is re-!
quired is a unique pattern of missing dibits|
once per revolution to act as an index;
point, and the sector transducer can also!
be eliminated.

Unlike the read/write circuits, the servo
circuits are active during a seek as well as

milil
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‘when track following, and so must be con-
structed in such a way that they do not
suffer interference from pulse-width mod-
ulated e.m.a. drivers. The main problem
comes when the index is due, where the
presence of a noise pulse during a “miss-
ing” dibit could inhibit recognition of the
index. There are two solutions to this
problem. In the first, a preamplifier i.c. is
incorporated in the servo-head cantilever,
so that the servo signal leaves at high level
and low impedance, making it noise im-
mune. In the second approach, the sector
counter predicts when an index pattern is
due, by counting slightly less than the
number of dibits in one revolution, and
inhibits switching in the e.m.a. driver un-
til index has been detected.

An advantage of deriving the sector
count from the servo surface is that the
number of sectors on the disc can be
varied. Any number of sectors can be ac-
commodated for by feeding the dibit-rate
signal through a programmable divider, so
the same drive may be used for storing,
say, 22 sectors of 16-bit data for a
minicomputer or 20 sectors of 18-bit words
when connected to a main-frame (2 disc
words are the same as 1 memory word).

In a non-servo disc drive, the write clock
is usually derived from a crystal oscillator.
As the disc speed can vary with supply
voltage fluctuations, a tolerance gap has to
be left at the end of each disc block to cater
for the highest anticipated speed, to
prevent overrun into the next block on a
write. In a servo-surface disc drive, the
_write clock is obtained by multiplying the
dibit-rate signal with a phase-locked loop,
The write clock thus obtained is locked to
the disc speed, and the recording density
will be independent of supply fluctuations.

Most servo surface disc drives offer an
offset facility, where a register written into
by the system controls a d-to-a converter,
which injects a small voltage into the track-
following loop. The action of the servo is
such that the heads move away from the
theoretical track centre line until the posi-

,tion error is equal and opposite to the

offset voltage. The position of the heads
about the track centre line is thus program
controlled, Fig. 8. Offset is only employed
for the purpose of reading, if a write is
attempted, the drive will return to the
track centre line.

Head alignment. The servo-surface tech-
nique is also used for head alignment. On
the data surfaces of the alignment disc,
dibit patterns are written at the reference
cylinder. A special test box is required for
head alignment, and this usually contains
an exact copy of the circuit board used by
the drive to obtain a position error signal
from a dibit signal. The module in the test
_box is fed not by the servo head, but by the
data head to be adjusted. The position-er-
ror output drives a centre-zero meter
which gives a direct reading of the head
misalignment in micro inches. The selec-
ted head is adjusted radially in the carriage
until the meter reading is within the speci-
fication. Precautions are taken to ensure
that the alignment disc is not written over.

Program-controlled head-alignment mea-.
,surement. In some test boxes, the posi-,

WIRELESS WORLD AUGUST 1982

Outer
guard band
——] §
=‘

1
\ |

—i A Al AiA

VIRY

|
|
{
1eylo

Inner
guard band

Flg. 6. The servo surface’s working area is defined by the inner and outer guard bands, at

which the position error signal is maximum.

(a)

{b)

(c)

(d)

(e}

Fig. 7. The ‘tribit"-type servo surface in which the position-error signal is derived from

.pulses from two types of track following a common negative synchronization pulse. (a) and

{b) are obtained when the servo head is directly above one or other of the tracks, (c} is the
correct waveform, and (d) and (e} show typical off-track waveforms.

tion-error signal from the selected data
head is compared with zero volts, to create
a binary signal depending on the head
position relative to the track centre line.
This signal is fed back into the disc-control
logic and becomes a bit in a register
accessible to the system, known as ‘sign
change’. Under program control, the posi-
tioner is set to maximum offset, and then
brought back until the sign-change bit
changes state. The amount of offset

‘needed to cancel the alignment error is

equal to the error itself, Fig. 9. After se-
quentially testing all of the heads, the
program can print out a table of the
alignments. By comparison with the speci-

fication, an engineer can decide which, if

any, heads need adjustment. The head
alignment can also be checked at further

‘reference tracks on both the innermost and

outermost cylinders, as a check on carriage

alignment accuracy.

Embedded-servo drives
In drives with few platters, the use of an

.entire surface for servo information gives a

high percentage loss of data recording
area. In the embedded-servo drive, servo
information is interleaved with data on the
same surface, causing a smaller loss of data
storage area.

The embedded-servo drive heads will be
reading data at some times and alignment
information at others as the disc rotates. A
sector transducer is required to generate a
‘pulse which is true when the head is read-
ing servo information and false when read-
ing or writing data. Figure 10 shows the
principle. On all disc drives, the width of
'the read/write head is less than the track
spacing to prevent crosstalk. As the servo
‘head is also the read/write head here, it is
;slightly narrower that the spacing of the
Iservo information. This has the harmless
effect of rounding off the: peaks of the
‘triangular position-error waveform. Dur-
'ing the pulse from the sector transducer,
the head sees alignment information, and
‘the servo circuit develops a position-error
signal in much the same way as any servo
.drive. Within the servo area there are two
.sets of alignment patterns, the second be-
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ing positioned to a position errof of zero'
when the first is at a maximum. The two
bursts of information are known as S1 and
$2. Sample-and-hold circuitry is used to
carry over the position error when the head
is traversing read/write data.

The discontinuous nature of servo in-
formation means that cylinder crossing
cannot be counted directly during a seek,’
as the positioner is fast enough to cross
several tracks between servo bursts. With
reference to Fig. 11, the cylinder crossings’

Servo head
i

‘are established as follows. During the S1

period, the position error is compared with
zero volts to generate one data bit, whose
state depends on whether the head was
inside or outside the S1 null point. A
similar process takes place during the S2
period, and the position of the head rela-
tive to the servo pattern is described as
being in one of four places by the two bits.
These bits are stored, and at the next servo
bursts, two further bits are generated, des-
cribing the new position of the head.

Eil;

Servo pre-amp + 0.g.C.

Position error

Flex
Pighal  StrP

Filter

Loopf mmpliﬁer

error
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Offset register
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Clock
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To write clock bus
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Load
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Fig. 8. Representation of servo-surface disc drive’s feedback loop. The offset register drives
a d-to-a converter which can modify the feedback loop, allowing the heads to be offset from
the track centre line under control of the operating system.

surface

Fig. 9. Head alignment. An alignment disc with ‘dibits’ on its data surfaces is used in
conjunction with a duplicate of the position-error circuit driving a head-alignment meter.
Using offset, the program can move the servo head off track until the read/write head is in
the correct position. The amount of offset necessary to achieve this is equal to the
alignment error.

Sector
transducer - /\J _1\,
signal
Sector pulse | 1 I 1
Read signal ; _Mm
‘ = | /
s1 2 Epie
Header

Fig. 10. In an embedded-servo drive, the same head is used for both servo information and
data. During a sector pulse, the read signal is treated as servo information.
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'Figure 12 shows that there are a number of;
cases which can satisfy the same initial andi
final conditions. The only difference be-
tween the cases is the carriage velocity, so
the output of the carriage-velocity
transducer is digitized and used to resolve
the ambiguity.

At every sector pulse, the two bits from
the previous bursts, the two bits from the
current bursts and the digitized velocity
are fed into a rom which is -pre-pro-
sgrammed to return the theoretically cor-
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Fig. 11. There are two basic types of servo
track, S1and S2, recorded in two different
_positions and staggered. During S1, a
position arror signal is generated from the
relative areas of the two types of track (S1
and S1) under the head as in the
conventional servo-surface drive. This
position-error value is stored in a sample
and hold circuit. For track counting, the
position error value is compared with 0V to
obtain a data bit. During S2, another
position error signal and data bit are
generated. The four possible combinations
of the two bits are shown here in relation to
the two position errors.

Position Vi

Alignment
meter

Position

To servo

rect number of cylinders which must have
been crossed for all combinations of in-
puts. This number is then subtracted from
the cylinder difference counter which con-
trols the seek. The calculation will only be
valid for one disc rotational speed, so the'
disc motor requires a speed control. This is
achieved by counting controller-clock:
pulses during the time between sector!
pulses, and developing a loop error by
comparison with the desired number of
pulses.

As the cylinder crossing count is deduc-
‘tive, there will be the odd occasion when
the count is in error and the positioner
comes to the wrong cylinder. In a conven-
tional disc drive, this would be a misposi-
tioning error which would warrant an en-

continued on page 46
WIRELESS WORLD AUGUST 1982



Theories and Miracles
Electromagnetic Analogy
Impact of the Photon

A more realistic Duality?
Quantization and Quantization
Waves of Improbability
Limitation of Indeterminacy
Haziness and its applications
The State of Physics Today

DO OONO U &WN =

THE ELECTROMAGNETIC
ANALOGY

In his second article Dr Murray takes a dispassionate look at Victorian electromagnetic
theory and finds that, contrary to popular belief and textbook wisdom, it had begun to go
decidedly green around the edges before it was thirty years old — a fact that many
otherwise worthy men have preferred to ignore.

“The earliest organized investigation of the
=physical properties of light was underta-
ken in the seventeenth century by Sir Isaac
“Newton. Despite the evidence of some of
his own experiments, Newton himself re-
mained convinced throughout his life that
light consisted of showers of particles, or
“corpuscles”. His authority among scien-

tists was such that much philosphical

argument arose before Thomas Young’s
famous experiment — on the mutual in-
terference of light rays after passing
through a double slit — was accepted as

conclusive evidence for the wave nature of-

light, largely through the mathematical
ingenuity of Fresnel. Incidentally, the
most convincing demonstration that I
know of in favour of “‘light waves” is due
directly to Fresnel, and lies in the fact that
the shadow of a one-penny piece has a
bright spot at its centre.

That light behaves as a wave system is
one of the most thoroughly researched and
supported conclusions in all science. By
assuming waves of a definite wavelength
one can calculate numerically how light
will behave in optical apparatus of any
complexity one chooses and, lo and be-
hold, that is precisely the way light does
behave in practice. The accuracy of the
prediction seems to be unlimited, and to
depend only on the accuracy with which
we can measure the result. I want to place
special emphasis on the precision with
which the wave theory describes the be-
haviour of light as observed in Nature,.
because it is primarily that precision which
makes the wave theory of light so convinc-
ing. As long as we stick to light which is
bright enough to be seen, and of ordinary
visible wavelengths, the theory works
perfectly every time.

The next major step in the wave theory
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was taken in-1862 by James Clerk Max-
well, on the basis of his formulation of
Michael Faraday’s ideas of electricity and
magnetism. Faraday had come to interpret
his observations in terms of electric and
magnetic fields of force, which Maxwell
found could be expressed by exact analogy
with the mathematical formulations of hy-
drodynamics — that is, the behaviour of
incompressible fluids. Faraday’s field
concept conveniently bypassed the funda-
mental problem of action-at-a-distance
(namely, how can one electric charge repel
another when there is no connecting rod
between them?). It suggested that the
electric field permeated everything and
everywhere, like a fluid throughout all
space, so that such actions really took
place locally, within the field, rather than
“at a distance™.

By this means action-at-a-distance came
to be regarded as a non-problem, the first
of many difficulties so handled in physical
science. Note that the non-problem tech-
nique does not solve the philosophical
problem to which it is addressed, but
evades it. It is clearly legitimate as a tech-
nique, to permit us to maintain our mo-
mentum and get on with the next phase of
the job, provided we put up a marker flag
to remind ourselves that-we have left be-
hind us a fundamental problem unsolved.
It is philosophically dangerous to omit this
precaution. For example, there are those
who have specialized in field theory so
strongly that they believe in an electric
field, as if it were a physical entity having

an independent physical existence in its:

own right — like an electron perhaps, or a

filing cabinet. Such folk do not envisage
an electric field merely as a convenient
mathematical trick for integrating a set of
inverse-square-law forces.

I am discussing this concept of a “force
field”’ at some length because it is the first
instance we have encountered where an
attractive product of romantic imagination
has come to be treated, with no basis of
experimental evidence whatsoever, as
though it corresponded to an established
or even a self-evident truth. It is in this
romantic, unscientific way that doctrines
arise in physics. (Wheén a doctrine is
subjected to criticism that it cannot with-
stand it usually turns into a dogma; it is
then to be believed by faith rather than by.
evidence). In the present case the truth is
that we know nothing of how or why one
electric charge should be influenced by the
distant presence of another, but only that
-t is so influenced and by precisely how
much. It is another miracle.

These ideas may seem far removed from
waves and light, but the connection be-
tween them was Maxwell’s very great
invention: he showed that a particular
combination of his changing electric and
magnetic fields, which can be written
down mathematically in the form of a
‘““wave equation’’, would propagate
through space at the velocity of light.
Thence it needed but one further, obvious

1

sstep to the postulate

“Light consists of electromagnetic
waves”’.

That step was taken. Combining as it did
the three topics of electricity, magnetism,:
and light under the single concept of wave
motion, it was extraordinarily satisfying
aesthetically and it seemed to remain true
when tested to any depth. It came to be
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believed by all scientists at the turn of the
century and it is still believed by nearly all
scientists today. Heinrich Hertz went on
to cap it by generating radio waves electri-
cally and showing that they belonged to
the same family of phenomena.

Thus at the end of the “classical” period
in physics all appeared superficially tidy.
It was generally accepted that the entire’
spectrum of light from long-wave radio
through and beyond the ultraviolet was a
manifestation of electromagnetic waves of
-defined, invariant velocity ¢, whose

colours were determined by their fre-
quencles and corresponding wavelengths
in accord with the general axiom of wave
motion, frequency X wavelength =
Those must have been happy days of self-
satisfied Victorian complacency before the
storms broke . . .

A couple of minor points arose. First,
‘the physical energy transported by the
light waves, which propagated at the speed
of light, was taken to be the energy con-
tained in the electromagnetic field as des-
cribed by a simple formula of the theory.
Once launched into space, this energy had
an independent existence even though its
source, a star for instance, should later
explode as a supernova. So here one had
an electric field and a magnetic field,
neither of which (according to the theory
itself) could exist without continuous
connection to a source and a sink of flu-
ence, while their combination, the electro-
magnetic field, did have an independent
existence. These static and dynamic fields
were therefore quite different in their in-
trinsic natures, yet there was nothing in
Maxwell’s equations to suggest that one
type of field was more physically “real”
(that is, had any more independent, objec-
‘tive and existence) than the other.

Second, and on a slightly larger scale of
discrepancy, Maxwell’s formulation of
electric and magnetic fields was mathema-
tically equivalent to the behaviour of in-
compressible fluids, as has been
mentioned already; yet the waves in his
electromagnetic field were transverse waves,
of a type which in the mechanical case
require a solid substance to transmit them
and will not propagate in a fluid medium.
Thus the medium involved, which became
known as the ether, was required to ex-
hibit physical properties which differed
from moment to moment, according to
whether the field it was supporting was
static or in motion. This gave rise to much
trouble.

In view of the intellectual triumph of
Maxwell’s work it would indeed have been
churlish to have raised such' apparently
insignificant points as these at the time.
Yet in retrospect one can see that: they
were real discrepancies whose incidence.
formed part of a pattern of discrepancy in
electromagnetic theory. (Remember,
please, that we are not attacking the
theory, but examining a miracle: a physi-
cal occurrence for which we can offer no
physical explanation). For physical waves
as normally understood are mechanical
waves; they are waves in something — in
air, or water, or at the air-water interface,
or in solid rock, or what-have-you. Their
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velocity is determined in relation to the
medium in which they travel. Hence a
careful measurement of the velocity of
light in the laboratory, coupled with the
assumption of the constancy of light veloc-
ity in its ether medium should, it was
believed, reveal the velocity of the
laboratory through the ether.

That experiment was duly performed,
most famously by Michelson and Morley
in a basement in the University of Chicago
in 1887. The date is most interesting, be-
ing 25 years after the first publication of
Maxwell’s postulate of the electromagnetic
nature of light, and 18 years before the
publication by Einstein of the special rela-
tivity theory with which it is usually con-
nected. That connection is something of a
myth. Einstein did not refer to the Michel-
son-Morley experiment at all but assumed'
the velocity of light to be universally con-
stant as a fact of nature (it was not tested in
Michelson-Morley!). His other starting-

point, the principle of relativity in the

form of the denial of absolute motion, was

in no sense new but had appeared in

Newton’s Principia just 200 years before.
Thus for contemporary thinkers the

really shocking implication of Michelson

and Morley’s result was not that it might
lead towards a new relativity theory some
two decades later, but that it asserted,
unmistakably and immediately, that there
was no ether for the electromagnetic light
waves to undulate in. It was of secondary
importance that the medium in which
electromagnetic waves travelled did not
reveal any frame of reference of zero mo-
tion, or absolute rest. It was an equally red
herring to say that it was merely the postu-

lated electromagnetic waves that had no

ether, because the experiment as per-
formed was a straightforward experiment
in light, having no reference to electricity
or magnetism. The really crucial experi-
mental result was that light waves, what-
ever their form, could not be waves in a
physical medium. And if they were not
waves in .a physical medium, how could
they be said to be waves at all? The answer
to that question is not straightforward.

There was an immediate and almost
instinctive reaction against the Michelson-
Morley result. Some physicists (like Sir
Oliver Lodge) simply refused to accept it,
while others up to the present day have
repeated the experiment with progres-
sively more refined apparatus in the hope
of proving it wrong. All such attempts so
far have failed. Most of those experiment-
ers believed themselves to be taking issue
with Einstein and special relativity; only a
discerning few have understood that they
were really trying to save the electromag-
netic theory, and with it the whole of the
concept of fields of force of nineteenth-
century physics. The. Michelson-Morley
experiment denies the existence of an
ether, and there is no doubt about its
finding: space is empty. There is nothing
there.

In view of the admittedly overwhelming
evidence that light consisted of waves (and
very probably electromagnetic waves),
physics at the turn of the centry refused to
face the consequences of the Michelson-

| electromagnetic theory as propounded:

| mathematical equations. The last of

| the 1890s, re-introduced mysticism into |

Morley result. Two lines of experimental
evidence that seemed to be equally valid
seemed also to be in absolute mutual con-
flict. The philosophical crisis was acute,
and it has never been resolved. One ap-
proach has been to ignore the problem in
the hope that in due course and in the light
of later knowledge it will go away — this is
the “don’t care” or “too busy” reaction,
which really means “too difficult” — but
unfortunately this is a problem that doesn’t
go away. Another approach is to ask why a
physical ether should be necessary for the
waves to propagate in: why do they de-
mand a physical medium? The answer
would seem to be that according to the
theory these “waves” carry physical
energy in readily measurable amounts, so
that they must be physical waves; and
physical waves cannot be waves in noth-
ing, unless we are to believe in miracles . . .
Then there are the semantic ap-
proaches, which seek to show that the
problem is one of wording only and has no
philosophical depth. “Very well”, it has
been said, “we have been denied a lumini-
ferous ether; let us call the medium in
which the waves travel ‘space’, or ‘an iner-
tial frame of reference’ ”. The trouble
with such proposals is that space, insofar
as we can measure its properties, is empty,
a vacuum, having no physical content.
(Do not let us get bogged down with argu-

ments about the “permittivity”’ or “im-

Summary
Hxstory of the scientific concepts of,
light: Newton (corpuscles), Young and |
Fresnel (waves), Faraday (fields of |
force), Maxwell (electromagnetic
theory). The philosophical problem of |
“action-at-a-distance” was not solved
but bypassed, setting a precedent; this
raised the question of the nature of a
field theory and led to the emergence of
" related doctrine and dogma. Some
minor discrepancies were inherent in

depending on scenario its fields pos-
sessed differing degrees of physical
reality, and differing properties were
required of the medium, or ether, in |
- which the electromagnetic phenomena
occurred. A major problem arose in
consequence; when the issue was put to
the test, the famous Michelson-Morley
- experiment unequivocally denied the
"existence of a physical ether for electro--
‘ magnetic waves to undulate in. At-
tempts were made to evade this philoso-
phical crisis by ignoring it, by,
" semantic arguments; and by attributing
physical properties to non-physical, |

these ideas, which began to take root in

natural philosophy after a banishment .
of only 350 years. An alternative ap-
proach (which was not acceptable in the
climate of those times) might be to re-
gard electromagnetic theory as an anal-
ogy of Nature which although often |

extremely useful may not always be a i

perfcct analogy. 4
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pedance” of empty space, which are arti-
facts of electromagnetic theory). We
cannot manufacture a physical medium
having physical properties out of nothing
merely by coining phrases or by re-defin-
ing space.

Yet another approach — and this one
had far-reaching philosophical conse-
quences — arose from the remark that the
mathematics of wave propagation predicted
results in accord with observation even
though the physical requirements for wave
propagation were not satisfied. The temp-
tation became very strong to say that these
light waves were not physical waves at all,
but mathematical waves. Here at a stroke
one seemed to have a potential solution
satisfying both aspects of the experimental
evidence: (a) light consists of waves (c.f.
Young and Fresnel, and perhaps also
Maxwell and Hertz), while at the same
time (b) the waves are not physical waves
in a physical ether (c.f. Michelson and
Morley), but of a purely mathematical
nature.

This was the first move in the takeover,
by default, of theoretical physics by the
Mathematicians’ Union. It wasn’t a com-
plete takeover until the 1930s when the
mathematics of the new quantum
mechanics became so obscure and esoteric
that the ordinary physicist gave up trying
to follow the wilder ramifactions of the
theory. The nature of the physicists’ de-
fault was their failure to insist sufficiently
strongly on the physical reality of the phy-
sical world. In the case of light, energy is

transmitted at a definite speed through a
vacuum, and this energy is a physical en-

tity which gives rise to measurable physical

effects at its destination. Mathematical
waves, being abstract and non-physical,
cannot give rise to physical effects. If we
accept mathematical waves as the basis for
light, we are accepting miracles; for by our
definition a miracle is a physical
occurrence for which we can offer no physi-
cal explanation.

Mathematical explanations of physical
events will not do. For those who believe
that mathematics can take the place of
physics, or who have merely failed to
think about the suggestion deeply enough,
1 offer the following litdle mnemonic:
Nobody ever became sunburnt as a result
of exposure to a differential equation!

Thus in addition to being the first move
in the general mathematical takeover, this
was the beginning of the return.of mysti-
cism into Natural Philosophy after a ban-
ishment which had lasted no longer than
350 years. The evidence we shall put to-
gether will show that the process has con-
tinued steadily, until today the whole fun-
damentals area has become so permeated
by mysticism that one can scarcely disting-
uish where the physics ends and the meta-
physics begins. There is a way of making
the distinction, but it calls for a certain
old-fashioned ruthlessness in complying
with physical discipline and rejecting un-
supported mathematical speculation,
however superficially attractive the latter

may appear. The process will become ea-
sier and more sure as our long-neglected
critical faculty is gradually re-developed
and applied to these problems.

What other alternatives do we have for
dealing with the quandary in which the
Michelson-Morley result has placed us?
There is one approach which always car-
ried a budding promise, although in the
face of the mystical takeover it has re-
ceived little more than lip-service. It is
that light does not in fact conmsist of
electromagnetic waves but behaves like a
system of electromagnetic waves. The
distinction here between “is” and ‘be-
haves like” is not merely tautological or
semantic, but fundamental. It tells us to
treat the great electromagnetic theory as
an analogy or mathematical model of
nature, which probably reflects some fea-
tures of physical reality but not necessarily
all features, and which may prove to be a
more accurate model of nature in some
circumstances than in others. Therefore
we do not say that electromagnetic theory
is wrong; indeed, we make use of it
successfully every day of our lives. We
simply say that the area of its applicability
may be limited.

Armed with that kind of philosophical
background, which is much more res-
trained and cautious than that of our
predecessors at the turn of the century, we
are far better placed than they were to
withstand the next shock to physical
thinking, which was about to be delivered
(in 1899) by Max Planck. 0

‘Next month

2Kbyte eprom
emulator/
programmer

A design for an emulator
for 2516/2716 eproms, in
which a ram, loaded
with software by key-
pad, carries out the func-
tion of a rom and allows
a program to be run and
| tested without the need
for eprom reprogram-
min?. Ram contents are
easily modified, and the
emulator plugs into the
system eprom socket.
When the program is
satisfactory, the emula-
tor transfers to eprom
‘the tested ram contents.
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Sélective call for c.b.

radio

To call any one of 64K
similarly equipped c.b.
receivers, enter a
number on a keypad to
generate a 16 data-bit
frame to modulate the
carrier. Only the selecti-
vely called receiver will
respond. The device is
easily modified for high-
security applications,
such as remote access
and data interrogation.

Simple, low-
frequency

oscilloscope

A very simple design,
using a surplus radar
tube. It uses easily ob-
tained components, is
straightforward and
costs only around £40.

Vertical bandwidth is up
to 1TMHz at 50mV/cm
and the timebase is
either astable or trig-
gered.

Op-amp
development

As a preliminary to a full
description of his new,
modular preamplifier,
John Linsley Hood
traces the development
of the operational ampli-
fier, from the eariy 741
types to the mostet-in-
put CA 3140 and the bi-
polar/fetTL071/2/4/
series, designed for use
in audio work.

On sale
August 18.
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CIRCUIT MODELLING BY
MICRO-COMPUTER

The small-signal a.c. properties of a circuit may be modelled on a computer. Here the
implementation of a program uses techniques to reduce the computing time by 77%, or
more, and to plot graphs of the frequency and phase responses.

A previous article on this subject! led me
to implement circuit modelling on my
home computer. I prefer to reserve the
word ‘analysis’ for analytical, normally al-
gebraic, methods such as complex variable
theory. As home computers cannot do al-
gebra, I have called the process ‘circuit
modelling’.

For the design of a 16-node active filter,
I used a program to plot frequency res-
_ponses on a pnnter, giving simultaneously
phase and gain curves. The reduction of
the infinite admittance determinant to a
two-by-two was done for 50 frequencies in
order to obtain enough points for a good
curve. At first this took nearly two hours
to run on my 4MHz Z80A microcomputer.
The table shows a breakdown of the
number of operations in Basic.

Operation Numberof  No. after
Type Operations  Optimising
Originally Code

FORX =.. " 700 700
FORP=.. 6650 6650
FORQ = 74550 21150
ADDS 223650 43400
SUBTRACTS 298200 29800
DIVIDES 149100 14900
MULTIPLIES 745500 61000
ARRAY REFS. 1341900 86800
IF...THEN 0 28500
TOTAL 2840250 292900

Clearly any operation contained in the
FOR . . . NEXT Q loop s carried out a far
greater number of times than in any other
position. The first step in reducing the
running time is to move as many opera-
tions as possible outside this loop. The
second step is to reduce the number of
array references, as these take the longest
time. Thirdly to eliminate any unnecessary
computations: the determinant being
evaluated is normally sparse because few
nodes are interconnected. This causes
many zero entries to appear and the com-
puter dutifully subtacts zero for each
unused node. This can be avoided by in-
cluding a test for zero. For a typical 16-
node circuit, these changes have reduced
the number of computations ten-fold. The
Basic interpreter code used is shown un-
der. It uses the notation of A. S. Beasley’s
article! and cuts the time for a 50 fre-
quency graph to 27 minutes, a saving of
77%. Note that the use of the exponentia-
tion operator (**) has been avoided. I have
used A=Y1*Y1+Y2*Y2 in place of
A=Y1**24+Y2**2. [Exponentiation is
slower than multiplication and less accu-
rate.

Further opimisation will be machine de-
pendent, and the use of a Basic compiler
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ByR. l. Harcourt

FOR X=N TO 3 STEP -
Y1=YR(XsX)
Y2=YI(XsX)
ASY I #Y [+Y2RY2
IF A=0 THEN 160@
FOR P=0 TO X-1
Y3=YR(PyX)
Y4=YI(PyX)
IF (Y3 = @ AND Y4=@) THEN 1I@0Q
FOR =0 TO X-t
Y5=YR(Xs @)
Y6=YI(Xy@)
IF (Y5 = @ AND Y6=0) THEN 1200
B=Y3#YS-Y4xrYH'
CY5#Y4+YLnYT
YR(Py@)=YR(Py ) - (BRY1+CHY2) /A
YI(PyQ)=YI(PsQ)~(CuY1-BD#YZ)/A
1200 NEXT @
1300 NEXT P
1400 NEXT X
RETURN
1620 PRINT “NODE "s8X:*
GOTO 1400

;such as that produced by Microsoft is the
simplest method. I did not use Fortran
because it is rather hard to plot graphs
using the Fortran Format statements. It is
also much harder to write a proper com-
mand decoder using Fortran rather than
Basic. However, rather than spending
money on a Basic compiler, I decided to
re-code the FOR . . . NEXT Q loop, using
assembler, and call the machine code sub-
routine from the Basic. I will not describe

UNUSED"

‘the assembler code in detail as it depends

on the computer in use; but I will describe
the macro-codes I used. Provided a Macro-
assembler is available, the macro-code will
be the same for any computer.

Macro-codes

A macro is a block of code which is
invoked whenever the macro call is used.
The macro-assembler sees the name of the
macro called, and automatically inserts in
its place the block of code defined. This
would be useful even if it just saved
typing, but the technique really comes into
its own when the macro can have argu-
ments.

If I define a macro for multiplecation,
called, say, MPY, then I shall need to
specify a multiplier, a multiplicand and a
place for the answer. The macro MPY is
used as follows:

MPY X,Y,Z is equivalent to Z=X*Y
It is defined by saying:

MPY MACRO A,B,C

*

* (code is entered here)
*

ENDM

The code for the multiplication is not
shown but whenever MPY is used that

code replaces the macro-call. The real
arguments X, Y and Z are substituted in
place of the dummy arguments A, B and
h(':l'c It is now possible to use expressions
e

MPY X,Y,Z

MPY Z,W,Z

which is the equivalent of Z=W*X*Y, and
MPY X, X, X

this is the same as (LET) X=X**2

‘The macro-codes for use in the FOR . . .

NEXT Q loop are shown in the appendix.

Graph plotting
Here is a Basic program for plotting ‘gain
and phase shift simultaneously on a line-
printer or v.d.u. Examples are shown. It
should be noted that both frequency and
gain are plotted using logarithmic scales.
Gain and phase axes are drawn so as to
completely fill a page, with automatic scal-
ing of axes. A gain point is plotted as a
letter G, a phase point as a P, but if both.
coincide the letter B is used at that point.
The code is as follows:

REM PLOT A GRAPH

INPUT °*HEADING®:C%

INPUT "FROM WHAT FREQUENCY";F1

INPUT “TO WHAT FREGUENCY";:F2

INPUT "IN HOW MANY STEPS" INF
RA=EXP(LOG(F2/F1)/(NF-1))

LPRINT CHR$(12) EW PAGE
LPRINT TAR(30)3"FREQUENCY RESPONSE CURVE ~ (¥
LPRINT

MN=1€38 : MX=-1E38 : F=F1/RA

A1=-90 : A2=90
FOR 1s1 TO NF
F=F*RA

FR(I)=F

GOSus 20000 'SETUP Y ARRAYS
GOSUB 21000 REDUCE TO 2 PORT
GOSUR 22000 "GAIN AND PHASE
GOSUB 23000 " CONVERT TO dB

IF MX<G THEN MX=6
IF MNO>G THEN MN=G
IF A1<A THEN Al=A
IF AZ>A THEN A2=A

*MAX GAIN FOUND
"MIN GAIN FOUND
“MAX ANGLE FOUND
"MIN ANGLE FOUND

6G(1)=6 TARRAY OF GAINS
AALI) =A ' ARRAY OF ANGLES
NEXT I TEND OF GET GAINS
RN=MX—MN *GAIN RANGE
RA=A1-A2 "ANGLE RANGE

ST=RN/20

SA=RA/20

LPRINT

LPRINT “GAIN dB (G) :
FOR =0 TO 20

LPRINT TAB(16+1#5) 3 "AX1S STEP SIZE
LPRINT USING “#%«.#*3(MN+ST#1) ;'AXIS MARKS
NEXT 1 TEND GAIN AXIS
LPRINT

FOR I=1 TO NF *FOR EACH FREQ.
LPRINT USING *sewutsunst.#® 5 FR(I) 3

LPRINT * Hz® i TAB(2@) :

"HORIZ GAIN STEP
HORIZ. ANGLE STEP

*AXIS LABEL

GE=INT{100({GG(I)-MN)/RN) "GAIN COORD

AS=INT(100# (AALI}-A2)/RA "ANGLE COORD

IF GS*AS THEN S1=AS : C1$="P" : (23="G" : G2=GS-4S-)
IF G5<AS THEN S1=GS Cis="G" & (2¢="P* : S2=AS5-GS-!
I G5=AS THEN C1$="B" : S1=GS : S2=1 : C2%=*

LPRINT SPC(S1}) "PRINT SPACE 1

LPRINT Ci% ; TTER 1

LPRINT SPC(S2) & 'SPACE 2

LPRINT C2% "LETTER 2

NEXT I TFINISHED

LPRINT

LPRINT °PHASE DEGREES : "; TAKIS LAREL

FOR 1=0 TO 2@

LPRINT TAB(16+1#5) 3

LPRINT USING "#a#, &°:(AZ+GA#])

NEXT 1 "END

RETURN

All the print statements can be seen to.
be LPRINT statements and a 132 column
printer was used. If v.d.u. output is re-
quired, then PRINT statements should be
substituted and the graph should be scaled
according to the width available.
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FREQUENCY RESPONSE CURVE - FIFTH ORDER LOW-PASS FILTER

GAIngg éG)Hl —79.2—75.#;71.#°67.5-63.5-59.5455.6-51.6‘#7.6‘#3.7-39.7—35.7—31.8—27.8—23.9—19.8-15.9411.9 -7.9 -4.0 0.0
. z

108.3 Hz G P

117.3 Mz PG

127.1 Hz P G

137.6 Mz P G

149.1 Hz P G

161.4 Hz P G

174.9 Hz P G

189.4 Hz P G

205.1 Hz P G

222.2 Hz P G

240.7 Hz P G

260.7 Hz P G

282.3 Hz P G

305.8 Hz P G

331.2 Hz P G

358.7 Mz P G

388.5 Mz P G
420.8 Mz PG
455.8 Mz P G
493.7 Hz P G
$534.7 Hz R

579.2 Hz P 6
627.3 Hz P G
679.4 Hz P G
735.9 Mz P G
797.1 Hz P 6
863.3 Hz GP
935.1 Hz G
1012.8 Hz G P
1896.9 Hz P G
1188.1 Hz P G
1286.9 Hz P

1393.8 Mz P G
1509.7 Hz P G
1635.1 Hz P G
1771.0 Hz P G
1918.2 Hz P G
2077.6 Hz P G
2250,3 Hz P G
2437.3 Hz P

2639.9 Hz P

2859.3 Mz P

3096.9 Mz P

3354,3 Mz P
3633.1 Hz P
3935.1 Mz P
4262.1 Hz P
4616.3 Hz P
5000.8 Hz P

o mmmmmmmmm

o]
0

PHASE DEGREES : -8B.7+79.9-71.1-62.3~53.4~44,.8-36.0-27.2-1B.4 ~9.7 -8.9 7.9 16.7 25.5 34,2 43.0 51.8 60.6 69.4 78.1

FREQUENCY RESPONSE CURVE - LCR NETWORK

GAIN dB (G) : =25.0-23.8-22.5-21.3-20.0-18.8-17.5-16.3-15.0-13.6-12.9-11.3-10.8 -8.8 -7.5 -6.3 -5.0 -3.8 -2.9 -1.3
2893.0 Hz 1 P
2991.5 Hz i
2910.1 Hz
2918.6 Hz
2927.2 Hz
2935.8 Hz
2944.5 Mz
2953.1 Hz
2961.8 Hz P
2970.5 Hz P
2979.3 Hz P
2988.0 Mz P
2996.8 Hz P
3085.6 Hz P
3014.5 Hz p
3023.4 Hz P
3032.3 Mz P G
3841.2 Mz P G
.305@.1 Hz P G
3059.1 Mz P G
3068.1 Hz P G
3077.1 Hz P G
3086.2 Hz P G
3095.3 Mz P G
3104.4 Hz P G
3113.5 Hz P G
3122.7 Hz PG
3131.9 Hz (1 P
31411 Hz G P
3150.3 Hz G P
3159.6 Hz G P
3168.9 Mz G P
3178.2 Hz G P
3187.6 Hz B
3196.9 Hz P G
3206.3 Hz P G
3219.8 Hz P G
3225.2 Hz P G
3234.7 Hz P G
3244.3 Hz P (]
3253.8 Mz P G
3263.4 Hz P 6
3273.98 Hz’ 7 G
3282.6 Hz P G
3292.3 Hz P G
3302.0 Hz P G
3311.7 Hz P G
3321.4 Hz P G
3331.2 Hz P G
3341.@ Hz P G

[~

POV UD
(o]
GBI aOnmaaaanmns

[nh q¥n]

PHASE DEGREES : —-B6.8-7B.1-69.5-60.8-52. 1-43.8-34.8-26.2-17.5 -8.8 -0.2 8.5 17.2 25.8 34.5 43.2 51.8 60.5 69.2 77.8 86.5
Graphs produced by the program. The frequency axis is vertical, so the curves may make more sense if viewed from the side.
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FREQUENCY RESPONSE CURVE -

GAIN dB (G) :
1.2 Mz P
1.3 Hz P
1.8 Hz P
2.3 Hz P
3.1 Mz P
4.1 Hz P
5.4 Hz P
7.2 Hz P
9.5 Mz P
12.46 Mz P
16.8 Hz P
22.2 Mz P
29.5 Mz P
39.1 Hz P
51.8 Mz P
48.7 Hz P
91.0 Hz P
120.7 Hz P
160.0 Hz P
212.1 Hz P
281.2 Mz P
372.8 Hz P
494.2 Mz
655.1 H2
868.5 Hz
1191.4 Hz
1526.4 Mz
2023.6 Mz
2682.7 Hz
3556.5 Hz
4714.9 Mz
6250.6 Hz
8286.4 Hz
18985.4 Mz
14563.5 Hz
19307.0 Hz
25595.5 Hz
33932.2 Mz
44984.3 Hz
59636.3 Hz
79@60.5 Mz
104811.@ Hz
138950.0 Mz
184207.0 Mz
244205.8 Hz
3237446.@ Hz G
429194.2 Hz [
368987.0 Mz G
754312.@ Hz G
10300000.8 Hz G

PHASE DEGREES :

While working on loudspeaker crossov-
ers, I wanted to model a crossover feeding
two drive units, one of which was connec-
ted out of phase. For speakers in phase it
was easy to find the sum by specifying a
summing network, but for an out-of-phase
speaker, I found it necessary to invent a
non-existent circuit element. I have called
this an ‘inverter’ which is a two terminal
device with the property of ‘losing’ any
current flowing into it while taking in an
equal current at its other end which is also
lost. This violates Kirchhoff’s law and the
charge conservation laws, but the method
works on the computer. The ‘inverter’ has

admittance determinant:
+1ES +1ES
+1ES +1ES

and the value used (always a positive value
added to the YR array) was +1ES5, so that
the net effect was of a small resistor
connecting an out-of-phase speaker to the
output node.

Having cut the time for our typical 16-
node circuit frequency plot to 16 minutes
from two hours, I then tried the effect of a
BASIC compiler and used the Microsoft
-compiler. This produces true machine
code and the time for 50 reductions from
16 nodes to a 2-by-2 was now 2 minutes 48
seconds. With the addition of the macro
assembler codes to the two inner loops (P
and Q), this was cut to 2 minutes 6
seconds, a saving over the original running
time of 98%.

So it can be seen that with a little effort,
much time can be saved. The purchase of a
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Basic compiler compatible with the in-
terpreter can turn the home computer into
a useful designer’s tool.

Appendix

Macro-codes for fast reduction

The macro-code used was as follows:
Each operation is shown with its equiva-
lent in Basic:

MSB Y3:YS:1 Y4y Y& B
MAD YSsY4rY6e Y3 C
MAD PyY1:Cri¥Y2eD
mMse CryY1sReY2HE
DIV DsAsD

DIV EsAsE

suB YRPQ: Dy YRPG
SuUB YIPGHE:YIPH
RET

END

$B=YIRYS+Y44YA
5C=Y4sYS+YERYT
;D=B#Y1+CxY2
$E=CoY1+B2Y2
;D=D/A

sE=E/A
FYR(PYQRI=YR(PyQ) =D
SYL(PYy@)=YI(PryQ)-E

The macro definitions, which should
precede their use, are:

MAD MACRO M1y M2 M3 M4, ANS

MPY MilsMZy T}

MPY M3 M4y T2

ADD T1sT2sANS

ENDM

MSE MACRO  MisM2yM3yMésANS

MPY MiyM2, T1

MPY M39M&4y T2

sus T1:T29ANS

ENDM

All other macro definitions (ADD,
SUB,MPY,DIV) are machine dependant,
and are not shown here.

Note: A version of the circuit modelling
program, called ACM, suitable for TRS80
micro-computers, will be available from
Molimerx Ltd, 1 Buckhurst Road, Town
Hall Square, Bexhill-on-Sea, E. Sussex.

‘TEST PLOT - CR LOWPASS - R=1@K C=1ON

-56.0-53.2—50.b-b7.6-4&.8—42.0;39.2-36.b-JJ.b—SB.8-28.0-25.2-22.b-19.6-16.5—14.0—11.2 -8.4 -5.6 -2.8 8.0

[aiaRalnlanEnlaRnlnlninEnlnEnEnknEnEknEnEnknln]

VUV DUVUVUVY D

o

8.2 4.5 9.0 13.5 18.9 22,5 27.0 31.3 346.0 48.5 45.0 49.5 54.@ 58.5 63.@ 67.4 71.9 76.4 80.9 85.4 89.9
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Orchestral sounds,
halls and timbre —
a correction

Denis Vaughan has kindly pointed out to
us one or two misprints which crept into
his article in the May 1982 issue: Just
under the heading ‘First reflections’ on
p.32, the phrase should read: ‘“Their
timing is exactly controlled by the width (1
foot = 1ms).” In the middle of page 33,
reference is made to Guildford and this
should read Gilford. In the third column of
the same page, there are two references to
reflection times which should read: ‘“‘this
means that the effectively larger reflections
start about 81ms after the original sound’.
and; “Kingsway has quite a lot of powerful
reflections to offer within the first 105ms.
Because the larger reflections continue to
return up to 147ms, the substantial and
lengthy support of the musicians is as-
sured”. The figures printed (18 and 14ms)
could be misleading, especially to those
interested in modelling electronically the
initial reflection pattern of the hall.
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DIGITAL DIVIDERS WITH
SYMMETRICAL OUTPUTS

The author uses Johnson counters with controlled feedback to give symmetrical even and
odd-numbered divisions of a clock pulse.

Time and again, in literature on digital
circuitry, ideas are published on the prob-
lem how to obtain a 50% duty cycle when a
-regular pulse train is divided by an odd
number. Some clever (and less clever)
methods are proposed, e.g. the use of ex-
clusive-or gates in the clock pulse lines, a
separate flip-flop with a delay of half a
pulse period, the output of which is com-
bined with the normal flip-flops, etc.

In my opinion, the use of EXOR-gates
in clock lines should be avoided, since
spikes on the output-signals of the flip-
flops may occur; a better way is to combine
the outputs signals of the flip-flops. The
ideas, found in Refs. 3 and 4 are broad-
ened in this paper, and a generalized
scheme is proposed which may be easily
expanded. Moreover, the control input is
pure binary and there is no attempt to
change the (odd or even) sequence length.
Standard i.cs are used.

The Theory

When a Johnson or Mébius ring counter
is fed back, a sequence length of n or 2n is
derived, depending on whether a straight
or twisted loop is used. The maximum
sequence-length is 2n for n bits, and sequ-

ences of 2(n-1) etc, are derived when out-

puts, other than the last, are chosen. When
‘two adjacent outputs are fed back via an
AND-gate and negated, (Fig. 1.) any
length between 2n and 2 may be obtained.
If an auxiliary flip-flop is connected to
the chain and is switched on the opposite
pulse edge, the output is shifted over 12T,
where T is the clock pulse period. It is
necessary for the incomong pulse train to
have a duty. cycle of 50%; if not, a divider
is needed which will halve the frequency.
In Fig. 2. the outputs of 2 flip-flops, FF,,
the last in the chain, and FF;, the extra
flip-flop, are combined in an OR-gate to

Table 1. Feedback signals and sequ-
ence length.

Feedback Sequence/length

A 2
.AB 3
B 4
BC 5
C 6
CcD 7

D 8

DE 9

E 10
EF 11

F 12

FG 13

G 14

GH 15

H 16
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obtain an odd sequence length (9) with a

symmetrical output. In this case, D and

E are fed back (see Table 1).

When an even sequence length is cho-

‘sen, a symmetrical output is derived from

the last flip-flop in the chain, only one

(negated) output is fed back and no OR

process is needed. In the Table 2, a list is
given of all possible combinations; I

.through VIII are the controls signals which

switch the (negated) I for A, II for B,
.. VIII for H.

Table 2. Control inputs and corre-
sponding sequence lengths.

Control inputs Qutput
0 mw vV VvIEVIIL (*T)
1 1 41 =2
1 1 1%2+1%2= 3
1 2 +2 =4
11 2%.+2%= 5
1 3 +3 =6
i 1 3%2+3V2= 7
1 4 +4 =8
1 1 4'o+4%= 9
1 5 +5 =10
1 1 5%245%=11
1 6 +6 =12
U 1 62+62=13
1 7 +7 =14
1 1 7%+7%=15
1 8 +8 =16

Complete circuit

In Fig. 3, 'the complete diagram is given,
consisting of 8 flip-flops (a shift register), a
pulse circuit, an output, feedback gates
controlled by the inputs I to VIII, and a
decision making circuit with 4 full adders
for odd and even lengths.

The latter operates as an EXOR -gate

‘with 8 inputs: Y =1 I SIV.... d

VIII and therefore Y = ‘1’ for odd and ‘0
for even lengths; the unused input of the
full adder at the bottom is permanently
held at a logical ‘1’ level.

In the output circuit, the function H +
YZ is realized. For Y = O, the output

'becomes H (for even length sequences)
and for Y = 1, the outputis H + Z (for an
‘odd length) as shown in the time charts in
Fig. 4a and 4b respectively.

The flip-flops A to H are D flip-flops,
operating in the leading clock pulse edge
and Z (auxiliary flip-flop) reacting on the
trailing edge of it. The P flip-flop is needed
‘when the input pulses are not symmetrical,
and a buffer gate is used for amplification.
{The correction and enabling circuit
is described in the Appendix. In normal
‘circumstances, this circuit is inoperative
‘and the shift register is loaded with all
zeros by the enabling input, and cycles via
10000000, 11000000, 11100000,
through 11111111, 01111111, etc. back to
the all zero condition. This is the “nor-
.mal” sequence, 1 out of the 16 possible
cycles. Of course, other values of n than 8
are possible, this number has been chosen
for comparison with the circuit described

'by Girolami and Bamberger”

Modification

In Fig. 3(a), there are 8 control inputs
‘which are used separately (for even
lengths) or in groups of adjacent pairs (for
odd lengths). If one wishes to control the
‘sequence length via a binary weighted
control input, a decoder is needed as des-
cribed in Table 3.

In Fig. 3(b), a read only memory is pro-
grammed as a decoder, and the input 1
.may be used to control the output circuit:
even or odd; the output function is H +

Clock
—-

Shift register
Input

—eredback(see table 1)

‘Fig 1. Basic principle of a variable length
counter.
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llengths.

Input Decoded input

8421 | ] m v Vv Vi vk vl
0001 no sense

0010 1 0 0 0 0 0 0 0
0011 1 1 0 0 0 0 0 0
0100 0 1 0 0 0 0 0 0
0101 0 1 1 0 0 0 0 0
0110 0 0 1 0 0 0 0 0
0111 0 0 1 1 0 0 0 0
1000 0 0 0 1 0 0 0 0
1001 0 0 0 1 1 Q 0 0
1010 0 0 0 0 1 0 0 0
1011 0 0 0 0 1 1 0 0
1100 0 0 0 0 0 1 0 0
1101 0 0 0 0 0 1 1 0
Il 40 0 0 0 0 0 0 1 0
1111 0 0 0 0 0 0 1 1
0000 0 0 0 0 0 0 0 1

YZ, realized by NAND gates via the for-
mula® . YZ

Conclusion

A method is proposed by which in a
straightforward manner any sequence
length may be chosen via a binary
weighted input. The circuits are normal
s.s.1. or m.s.i. i.cs; for an 8 bit integrated
shift register, the clock input is buffered as
is the clear input. The buffers may be left
out. The output is symmetrical and no
spikes occur, since the Johnson principle is
in fact a Gray code of sorts, changing only
1 output per clock pulse.

The number of flip-flops is Y2n, when n
is the sequence length, whereas for a nor-.
‘mal counter log;n flip-flops are needed.
“There is little disadvantage, however, with
low prices. In both cases the sequence is
nonbinary.

Appendix

With n = 8, there are 256 possible
zero-one bit patterns, of which only 16(8 X
1 and 8 X0 in groups of 8) are valid. All

e
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Sequence

Table 3. Binary weighted control inputs and corresponding signals and sequence ‘other sequences have to be detected and

-corrected; since 00000000 is a valid combi-
nation, resetting of all flip-flops is an easy
length way to correct. ' ' |
— If one wishes to correct any invalid com-
2 .bination immediately, a rather complex
3 circuit is needed; it turns out, however,
4 that with certain combinations, the regis-
5 ‘ter may be reset; within 16 clock pulses
6 any error will be removed.
g In the normal sequence, no ‘0’ is present
9 ‘between! ‘1’s; | so ! 101 looks ' a 'good ' bit

10 pattern to detect. However, not all sequ-
1 eences contain this combination; 1001 also
12 occurs.

13 To check these sequences we write
14 down any non-normal sequence, econo-
15 mizing space by writing the notation in a
16 row, as follows:

€g.1110110100010010

1 2 -} 3 5 6 7 8 %) 10 1 12 13 14 1 2

€ IR = o
B ___J\ ‘ 1 I
3 —[\ L

; l\ Feedback G—=Da L

v J\ ‘ |

] 4

H L l
2 ‘_\l \‘I )
OufpuhL'l I L=ty
Length| :[f = T‘:; o j

.Fig 4a. Time chart for an even-numbered division (e.g. 14).

1 2 3 4 5 4 ui 8 9 10 M 122 1B 1 2
Clock I | I I I | I I I | I | | I l | I | I l I | I | I | I | I
8 I\ T 17
C SN = ]

\ Feedback F G=0a
) i| B
% <
3 l\ j\\
F I ¢ 1 3
N -
G J l\ [ ]
[ i i
2 4L Y )
Oufput:lH'Z | | l |
? 65T i 637 |

Length ke 2 37 - =

|Fig 4b. Time chart for an odd-numbered division (e.g. 13).



The ends are in fact connected, so by
checking 101 and 100 1 “over the edge”
if needed, the result is:

101: (3x)and 100 1: (Ix)

This means that FGH and EFGH
have to be used; simplification gives:

(BF + ) GH = (E + F) GH or
rewritten in NAND-form:
E.F.GH

Since reset is a ‘O’ signal, we invert this to:

EF.GH; a buffer and an external
enable (normally ‘1’) signal results in the
circuit as show in Figs. 3and 4.

For a sequence of 2, however, this cor-
rection has to be corrected itself by an

LI signal (@ is 1, II = 0) since this;
short sequence the detection patter occurs.’

G

o0 dA—-00P
oo~ lco-m
[ JERENY | 1o RENENY o)
- 200200
o022 0OmMm
oo 2000

H
00
00
0 0 (inA,B,C,D}
00
10
11
0 1 (inE,F,GH)

Detection and correction follows: there is
no reason, to choose EFGH; any group of

4 consecutive outputs is valid. The reset is-

asynchronous, i.e. not controlled by the

‘clock pulse, but within one period T the
counter is ready and starts again, whatever
‘the sequence length may be. O
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continued from page 36

-try in the'system error log, as it indicates a
.malfunction. In the embedded-servo sur-:
face drive, however, the condition is
handled differently. Figure 13 shows a
flowchart for the control of the drive,
which has no absolute cylinder-address re-
gister, and in which all seeks are relative.
The system only knows where the heads|
are by reading a header. In order to reach a
particular cylinder, the program has to
read the first header it sees on the current|
cylinder, and calculate the cylinder dif-)
ference required to get to the desired cylin-'
der. This cylinder difference, which mayj
be positive or negative, is sent to the drive,
which performs a deductive seek. When:
this is complete, the program again reads a:
header. Most of the time the header will
contain the desired cylinder address, prov-:
ing that the seek was successful, but in the
odd case where the cylinder count deduc-
tion was in error, the program simply’

loops and calculates a new difference value
‘until the correct cylinder is reached.

Since each surface has its own em-
bedded-servo information, the heads may.
be aligned using a normal data disc pack.
As a new head is selected, it becomes the
source of the position error, and as the
heads are only aligned to one another
within a certain tolerance, the positioner
will adjust itself to eliminate any position’
error when head switching takes place..
This process takes time, and further time
is necessary to read a header to confirm
that the desired cylinder is under the new
head. The time taken by this process is the
same as that needed to perform a one cylin-
der seek, such as might be necessary when
all tracks of a cylinder have been written.
but there is still data to transfer. With a
conventional disc drive format, both of
these processes would cause the loss of an-
entire revolution of the disc, waiting for
sector zero to come under the heads again.
‘Having abandoned the concept of absolute

L |
S1
- S2 4}
S1 =
S2
&
S 5 !
1 4 p
5 o
52 e -
1 1 S1 <2 ——d‘g::-___
= —_
= Y] 4
§ S2
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S
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/’/ —S_i
boid L St S2 0 1
E B s S1 i
= T S 52 5
————— S1 7
__________ St el Mmy
S 9]
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N B =3 52 T
g S 3
\\
g At B ~-
S
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[

prom
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fm————s- Crossing
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Fig. 12. Here, a seek is being carried out and value 11 from a servo sector has been stored
for comparison with two bits from the next servo sector. As can be seen, there are many
positions on the subsequent sector where the positioner appears to be on the correct
cylinder. To avoid this ambiguity, digitized information from the carriage velocity
transducer together with the two stored bits and two bits currently being read address a
prom which returns the cylinder crossing count.
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e — —

I Read header J
[

Subtract current cylinder|
from desired cylinder

Is cyl.
difference
0?
Ready on
cylinder

Send cylinder difference
to servo

Is servo
 ready ?

Fig. 13. Flow chart for an embedded-servo

‘positioner system. An absolute cylinder-

address register is not used, so all seeks.
are relative. Seek errors simply cause
an extra exacution of the loop.

cylinder addressing, which made it neces-
sary to read headers to discover the head
position, it is also possible to abandon the
fixed index concept, as the sector number
is containied in every header read. There is
no index point on the disc, and all of the
sector pulses are identical. The format of
adjacent tracks is displaced to allow
enough time for a seek or head change, and

for a header to be read to confirm the:

position, before sector zero of the new
track comes around. In the case of a long.

‘data transfer of many blocks, a significant

transfer-time reduction achieved, since ro-

‘tational latency is eliminated.

It is possible to build two versions of the
drive. In the first, only the position error

.developed during S1 is used for track fol-

lowing. In the second, the position error
from S1 is used for track following on even

cylinders, and that from $2 used on odd

cylinders. The second version obviously

‘has twice as many cylinders as the first,
‘but in other respects is basically the same.

Winchester technology and floppy discs
and their drives are discussed in the next

_part of this series. 0.
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DIGITAL FILTER DESIGN

Fast numerical operations using limited precision fixed-point arithmetic are now being
provided by new types of microprocessors and l.s.i. circuits. This third article in a series of
four outlines some of the problems of using fixed-point arithmetic and gives a brief survey

of the new devices, concentrating on the Intel 2920.

Three types of operation are required for
digital filters: multiplication of samples by
constant coefficients, addition, and tempo-
rary storage for delaying samples. The

digital filter shown in Fig. 1, a bi-qua-.

dratic section, represents the sequence of
mathematical operations that must be car-
ried out for each input sample x, referred
to as X to produce an output sample y,
referred to as Y. The sequence of opera-
tions may be summarized as

1. Calculate W by adding W' multi-

plied by —b; and W multiplied by

—byto X. (W and W' are values of W

stored during previous executions of

this algorithm — see steps 3 & 4).

2. Calculate the output Y by adding W'

times a; and W' times a; to W,

3. Set W' to the number currently

stored in W' for next time.

4. Set W' equal to the number cur-

rently stored in W.
Recursive digital filters are generally im-
plemented as cascades of biquadratic sec-
tions i.e. the required transfer function
H(z) is expressed as the product of second-
order transfer functions Hi(z), Ha(z) . . .
each being realised by a distinct digital
filter section of the type illustrated. A
practical digital filter, therefore, would be
a device or devices capable of performing
the calculation sequence listed above for all
biquadratic sections, for each input signal
sample x,. These calculations must be car-
ried out accurately and within the time-
span available between samples in real-

time applications. Before looking at real-

time digital filters, however, consider
briefly their implementation on general-
purpose digital computers.
Real-time processing ;

Although digital filters have been studied
for many years, their use has until recently
been mainly confined to research applica-’
tions and computer simulations. This is
likely to change rapidly with the de-
velopment of special-purpose microproces-
sors and v.l.s.i. devices for signal process-
ing. Such devices essentially execute the
type of program discussed in the panel,
but if the programmed filter is to be used
for continuous signals sampled in the Ny-
quist rate, all numerical calculations must
be completed for each input sample before
the next one becomes available; otherwise
an increasing backlog of samples would be
built up. This imposes a speed require-

ment which is not present when processing .

blocks of stored data on a general purpose
computer. Such processing would nor-
mally use the highly accurate floating-
point arithmetic operations provided by
high level languages but at great cost in
processing time, typically 100us per
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multiply or add. The necessary increase in
processing speed required for real-time fil-
tering is currently possible only at the ex-
pense of accuracy through the use of fixed-
point arithmetic. It is thus necessary to
represent all samples, coefficients and re-
sults of additions and multiplications by
binary numbers of limited wordlength
with the equivalent of the decimal point,
i.e. the binary point, assumed fixed at
some position within the word.

For example, the 16-bit number
0.110000000001101 with fixed binary
point represents the decimal number
0.75040 correct to about five significant
figures, whereas 0.0075040 must be
written as 0.000000011110110 which gives

only about three significant figures of
precision. In contrast to floating-point
numbers, the accuracy to which a fixed-
point number represents a given number
depends on its magnitude. Care must be
exercised in positioning the binary point
lest the addition of two numbers be
allowed to overflow, producing a result too
large for the chosen format. Negative
numbers may be represented in two’s com-
plement form with a value obtained by
subtracting 1. XXX . . . from the fraction-
al part of the binary number. In this
representation, the fixed-point numbers
outside the range *1 are not allowed and
all numbers likely to appear within a digi-.
tal filter would have to be scaled accord-
ingly.

The use of fixed-point number represen-
tations clearly introduces complications in
the design of digital filters and introduces
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-by _wW” a2
{"n-2)

Fig. 1. Recursive digital filters are generally
implemented as cascades of biquadratic
sections, above. Diagram shows sequence
of mathematical operations that must be
carried out for each input sample {x,} to
give output sample (y,}.

innaccuracy which will- tend to degrade
performance a$ compared with the theoret-
ical ideal.- Some of the most important
effects are next considered.

Quantization noise. The conversion of an
analogue signal into digital form intro-
duces a degree of distortion as a result of
representing the sampled voltages as fixed-
point binary numbers. This distortion
effectively adds on error signal known as
quantization noise to the original signal, as
illustrated in Fig. 2. The level of this un-
wanted poise signal is determined by the
wordlength available and the dynamic
range allowed for the analogue signal i.e.
its expected maximum and minimum
.voltages. It may be shown that an n-bit
analogue-to-digital conversion (with n>4)
results in a quantization noise signal of
r.m.s. value A2V3,A=(Vye—Vmin)/2°,
is known as the quantization step. In
theory, the noise is spread evenly over the
frequency spectrum 0 to f,/2. For a zero-
mean input of r.m.s. value g, the signal to
quantization noise ratio is

20108 1 0(2\/30/ A)

=20log10 2V30.2%2V ,.0)
~6n+ 10.8+20]0310(6Nm) dB.

'For this formula to be valid, input signal
'must not exceed the prescribed dynamic
range. Ensuring that 0 < Vp,,/4 achieves
this to reasonable accuracy for noise-like
signals, giving a maximum s-n ratio of

6n+10.8+20log0(0.25)=6n—1.2 dB

This formula may be used as a rule-of-
thumb for a wide range of different types
of input signal although higher ratios may
be obtained by reducing o/Vp, for
specific signals such as sinusoids. Clearly
the maximum value depends on the
number of bits in the digital representa-
tion, and increasing this number improves
the figure by 6dB per bit.

Data wordlength. With fixed point
number systems both the range and preci-
sion of the numbers which can be repre-
'sented is limited. For convenience it is
usual to think of all the signals within a
digital filter as being in the range —1 to 1.
Such signals require only one bit in front
of the binary point, this being used as the
.sign bit to differentiate between positive

|as

‘and negative numbers. The precision of
‘the number representation is determined
_by the number of bits available for storing

data. A sixteen-bit data word, for example,
with one bit used for the sign, gives a
quantization step size of 271°. All data

.must therefore be rounded to the- nearest

integer multiple of 27!%, In practice it is

-difficult to determine exactly how many

bits are needed to satisfy particular per-
formance requirements. The present gen-
eration of special-purpose signal process-
ing devices employ basic wordlengths of
between 16 and 25 bits.

Coefficient quantization. When a digital
filter is implemented in real time its coeffi-

_cient-values as well as its samples must be

quantized and stored to limited precision.
The effect is to degrade the frequency res-

‘ponse as illustrated in Figure 3. A

wordlength of about 12 bits is typically
used for coefficients. The second program

-listed calculates the amplitude-frequency

response of a digital filter with original
unquantized coefficients and with quan-

"tized values as they would be represented

in the filter. The maximum difference over

_the relative frequency range 0 to 0.5 is

printed out as a measure of the degree of
degradation suffered.

Dynamic range limitations. Signal over-
flow, which occurs when the result of an
addition or multiplication within a filter is

-out of range, will cause incorrect opera-

tion. The errors generated can cause self-
sustaining oscillation of large amplitude

‘which are highly undesirable. The sim-

plest way of avoiding overflow is to
multiply the input to each biquadratic sec-

‘tion by a suitable scaling factor S. The aim

is to reduce the input signal level suffi-

ciently to ensure that the largest internal

number likely to be generated is within
range. For a sinusoidal input, S may be set

equal t0 1/Gpa, Where Gp,, is the maxi-
‘mum gain between the unscaled input and

any point in the second-order section. This

-ensures that no internal signal exceeds the

input in amplitude. In practice, it is suffi-
cient to examine only the overall gain of
the section G(w), and the gain G(w) be-
tween the input and the internal signal W.
It can be shown that

Giuax<2max{G(w), Gj(w)}=2M

Osw=sn
with G(w)=|Hj(e")|=
1+aje” 104 ap 40
14+be i+ bzc—z’w

1
1+bje @+ b2

and Gy(w)= |

M may be calculated by evaluating G(w)
and Gj(w) over the range 0<w<n and
_searching for the maximum modulus.

A Basic program for doing this is pro-
vided, see third listing. Choosing S=1/2M
iwill eliminate the possibility of overflow
for sinusoidal signals, and in practice will
normally prove satisfactory for other types
-of signal. In many cases this result may be
unduly pessimistic and larger scaling fac-
tors S may be used depending on the parti-
,cular filter being implemented and the

"type of arithmetic used. If Gu,, is signifi-
cantly greater than the maximum value of
G(w) (overall gain) it may be necessary to
scale up the output of a section to bring the
overall passband gain to unity. Scaling
factors are often approximated to the near-
est power of two so that the required
multiplication may be carried out by sim-
ply shifting the signal representation an
appropriate number of bits to the left or
right.

Example. Consider the scaling required
for the first section of the bandpass filter
whose impulse response is shown in the
‘panel opposite. The coefficients a;, a;, by,
b; for this section are —2, 1, —1.0524,
0.6232 respectively. By means of the
program the maximum values of G(w) and
‘Gi(®) are found to be 2.57 and 3.56 and
-hence Gpa<2M=7.12. A suitable scaling
factor is therefore 1/7.12=~0.1404. This
‘would often be approximated to 273, the
-nearest power of two, requiring the input
to be shifted three bit positions to the
:right. As G)(w) is greater than G(w) in this
‘example, it would be necessary to scale up
the output signal if a maximum gain of
unity were required for the whole section.

Microprocessor implementation
_In addition to its filtering task, a micropro-
cessor may be required to control a-d and
d-a converters, or alternatively interface
.with other digital devices as a means of
signal input and output. When controlling
converters it is necessary to provide some
‘means of accurately maintaining a fixed
.sampling frequency.

The choice of microprocessor type de-
pends mainly on the required sampling
rate. The present generation of general
‘purpose eight-bit microprocessors can pro-
‘vide digital filters with sampling frequen-
cies of at most a few hundred hertz; the
.more powerful 16-bit microprocessors' en-
.ables this to be increased to about 5 kHz.

“0r -
}‘x Original signal
10 — /
} \
< o
w
-
g mt /x
=
<T
]
2 0o
<T
3 Sampling
001 intervaf
|
. T 21 £ | ST 6T
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§‘Z‘} 2 M
a9 K] l
w A

}'A/z : ®

|Fig. 2. Conversion of an analogue signal
into digital form produces an error signal
{quantization noise) which, in effect, is
iadded to the original,
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For the real-time filtering of audio band-
width signals at sampling rates of about
8kHz and above, it has until recently been
necessary to employ bit-slice microproces-
sors 2 or custom-designed hardware cir-
cuits which incur a high component count
and circuit board complexity. The intro-
duction in August 1980 of a microproces-
sor specifically designed for digital signal
processing, the Intel 2920, significantly
changed this position and marked the start
of a new trend in digital signal processing.
This is now being continued and em-
phasized by the introduction of a P
signal processor by NEC3 and the fad®,
Ls.i. digital filter designed by Brmsh
Telecom. Details of other microprocessors
intended for d1§1tal signal processing have
been published” by Texas Instruments and
Bell Laboratones.

The Intel 2920 incorporates both a-d
and d-a converters on-chip and when pro-
grammed as a typical eighth-order digital
filter has a sampling rate of approximately
30kHz. As such, the device can be used
simply as a one-chip replacement for au-
dio-bandwidth analogue filters. More re-
cent devices differ from the Intel 2920 in
‘that they do not incorporate the convert-
ers, but provide the means for interfacing
with external converters. These provide
more powerful arithmetic facilities than
the 2920, including fast high precision
multiplication. Large program and data
memories are provided by the NEC, Texas
and Bell devices which should allow them
to implement not only fixed filters, but
also adaptive digital filters which automat-
ically modify their frequency response as
the characteristics of the input signal
change.

The Plessey/British Telecom fad (filter
and detect) is not strictly a microprocessor,
but sacrifices flexibility for simplicity of
operation. It contains on one chip all the
circuitry necessary to implement the bi-
quadratic filter section shown in Fig. 1.
Used as a single second-order section, the
device can operate at a sampling rate of
64000 samples per second, with each input
and output sample being up to 16 bits in
length. The fully programmable filter
coefficients are supplied in serial form by
external memory. As an alternative to act-

Ssr
8:bit coefficients
= 13-bit coefficients
oF ; (Intel 2920)
1deal response
= E5E
[0}
o=
=z
< -0
g
_15 -
'ZC Il )
005 010 015 020
FREQUENCY

Fig. 3. Amplitude response of an eighth-
order Butterworth bandpass filter shows
effect of coefficient quantization.
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-Fig. 4. Intel 2920 is basically a high-speed microp-ocessor connected to a nine-bit d-to-a

converter, with eight multiplexed output channels under software control.

ing as a single second-order section, by
using on-chip memory, the fad can be used
in a multiplexed fashion to implement a
cascade of eight second-order sections,
providing a sixteenth-order filter with a
‘sampling rate of 8000 samples per second.
Cascades of between two and seven
second-order sections can be implemented
by modifying external connections.

To illustrate the full capabilities of
microprocessor-implemented digital filters
and to demonstrate how the techniques
described may be applied to their design,
consider in more detail the use of the Intel

2920. This device is now generally avail-
able, at gradually decreasing cost, and may.
be programmed by Imtel users with a
knowledge of digital filters without re-
course to expensive design packages.

Intel 2920

Shown schematically in Fig. 4, the Intel
2920 consists basically of a high-speed
microprocessor connected to a 9-bit d-to-a
converter. The output is connected to a
one-to-eight line multiplexer which is un-
der software control. Eight signal output
channels are therefore available. The out-

Program to implement fourth-order
digital filter on general-purpose
computer used in example on page 47

10 ! 4Th URDER COIGITAL FILTER
20 DIM X(20), Y(28)

30 FOR u=1 TO 28 & X(J)=8

49 NEXT J @ X(o>=1

S&@ FOR =1 70 2

€0 HW1CJ>=n @ W2(J>=a @ NEXT J
70 Rl ls==2 2 A2(1)=1

89 B1(1,=-1.3524 @ Bz(1>=.6232
99 Alc2:=2 & R2(2>=1

12@ B1(2)=-.166S @ B2(2)>=.5348
118 AB=.@976

120 ! START FEEDING IN X(28)
132 FOR =0 TCU 2@

142 K=X<{1)>

152 FOR J=1 TO 2

160 GOSUE 808 @ X=Y @ NEXT J
172 YCI)=Y%AB @ PRINT Y<(I)>

180 MEXT I

190 ST0P

Sw@ ! BIGUADRATIC SECTION J

SA5 W=X-B1CJIXW1(II-B2C(IIXN2CID
S18 Y=U+AL GO ERTCID+A2CID XN2CID
815 W2C(JI=H1C¢I)

528 M1CJ =M

825 RETURN

S DISP “Al1,R2,B1,B2 7"

19 IMPUT A1,RZ,B1,B2C A=1
1S5 GOSUB 35

20 DISP "MRAX GAIN G(W)Y =“,G
25 DISP "MAY GRIM GIdWD> =";Gi
30 END

35 G=-1 @ G1=-1

48 FOR F=0 TO .S STEP .41

45 W=2XP[XF @ Lz=2XxW

50 R2=C0S(W2> @ I1=-1%SINCKD)

55 I2=-1%SINCH2) B R1=COSCH)

6@ NB=R+R1¥A1+R2¥A2 @ N=A1%XI1
€5 M1=N+A2%12 @ D=1+B1%XR1+B2%R2
76 DB=D ® D1=BlxI1+B2%xI2

75 ! NUM=(NB+J Ni1)

80 ! DEN=(¢DO+J D1)>-CVUT TO EUL
85 N=NOXNO+N1¥N1 @ N=SQR(ND

10 DIM FC1vg),Q¢18a)

20 PRINY “NO. OF SECTNS™")
3a IMPUI H

49 PRINT “IDEAL COEFFS:"
54 GUSUB 178

68 FOR I=9 TO 160

7@ PCI>=QCI)» @ NEXT I

80 PRINT “QUANTISED COEFFS: "
9@ GOSUB 17a
120 PRINT 'FREQUENCY IDEAL AC

TUALDB>" @ M=

118 FOR I=& TO 100 @ F=ls20@

120 PRINT USING “D.DDD.?D.2D.€D.
2D ; F,PCI>,Q<CI)

138 MI=ABS(PLI>-QCI>>

148 IF M1>M THEN M=l

158 NEXT I @ PRINT “MAX DIFF=";M

168 STOP

179 FOR J=1 TO N @ K=J+J

188 PRINT J;*": Al,A2,B1,B2="

130 INPUT C1C(K=1>.C2¢K=-1),€1CK>,
C2L k)@ NEXT J

200 FOR I=a TO i8@

216 W=PI*I/ 192 @ QCI)>=0

222 FOR J=1 TO 2%N

230 X=(1+C1<CIDXCOSCUI+C2C¢I)XCOSC
2% )~2+(C1CIDASINCUI+C2C IO X
SINCZXW)»~2

242 IF X+1.E-20 THEN X=1.E-20

256 QCI)=RCI>-(-1>~J%1BXLGT (X)

260 NEXT J @ NEXT I @ RETURN

90 D=DO%DB+D1%D1 2 D=SQR(D>
95 HO=N-D @ H1=1-D

@ IF HBXG THEN G=H@

S IF H1>G1 THEN Gi=H1

8 NEXT F

S RETURN

——
—_——

Program left compares responses of
recursive filter with ideal and with
limited wordlength coefficients. That
above calculates maximum values of
G(w) and Gyfw) for a biquadratic
section.
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put is also connected to one input of a
signal comparator, the other input being
derived from a sample and hold network
driven by one of four multiplexed analogue
input channels. This arrangement allows
up to four analogue inputs to be sampled
and converted to digital form using the
converter and the comparator under soft-
ware control.

The microprocessor section of the de-
vice contains an eprom with space for 192
processor instructions, 40 words of ram
and a specialist arithmetic unit. The basic
wordlength of the arithmetic unit and the
ram is 25 bits. All arithmetic operations
provided, which include add and subtract
but not multiply or divide, are performed
in two’s complement form. A special fea-
ture of the device which allows coefficient
multiplications to be performed efficiently
without a multiplication instruction is the
binary shifter (sometimes known as a bar-
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Appendix to June article

To calculate Vx where x=a+ib.
Convert x to Euler form x=re’®, where
r= \/az+b2, O=arctan b/a.

Take square root Vx=Vr ¢%2,
Convert Vx to Cartesian form
Vx=Vr(cos 8/,+] sin 6/3).

Computational physics on the distributed
array processor. Institute of Physics
Conference at the University of Glasgow.
Details from the Institute of Physics, 47
Belgrave Square, London SW1X 8QX.

August 14-17

Harrogate International Festival of Sound and
Video at the Harrogate Exhbition Centre and at
various hotels close by.

August 21-27

15th International Congress on high speed
photography and photonics. San Diego,
California, USA. Organised by the International
Society for Optical Engineering, Washington
98227, USA.

August 26-September 5

Firato 82. Biennial exhibition and trade show
for consumer electronics. At the RAI-Exhibition
Centre, Amsterdam.

September 2-6

SIM HI FI IVES: International exposition of
music and high fidelity has been extended this
year to include a video and consumer electronics
section. Milan Fair Centre, taly.

September 6-7

Seventh annual microprocessor workshop at
the University of Liverpool Computer
Laboratory.

September 6-10

Annual Meeting of the British Association for
the Advancement of Science. To be held at the
University of Liverpool. BAAS, 23 Savile Row,
London W1X 1AB.
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September 6-9

Enrolment for course for the Radio Amateurs
examination. Brixton College for Further
Education, Brixton Hill, London SW2.
September 6-10

Microcoll 82: Seventh Colloquium on
microwave communication. Budapest.
Sponsored by the International Union of Radio
Sciences and the Hungarian Academy of
Sciences. Details from Microcoll, 1252
Budapest, 114, PO Box 15, Hungary.
September 7-10

6th International conference on computer
communication. London. Details from ICCC
82, PO Box 23, Northwood Hills, Middlesex
HA6 ITT.

September 7-8

Semiconductor 82: Exhibition at the Bingley
Hall, Birmingham.

September 7-9

Compec Scotland: Exhibition of computers,
systems, peripherals and software. Sponsored
by Computer Weekly. City Hall, Glasgow.
September 9-10

Microprocessors and their applications.
Symposium at Bristol Polytechnic, Ashley
Down Road, Bristol BS7 9BU.

September 9-12

The S5th Personal Computer World Show.
Barbican Centre, London.

September 8-10

Eurographics ’82: International congress for
computer graphics. UMIST. Conference details
from Andrew Yates, University of Manchester

Institute of Science and Technology, PO Box 88
Manchester M60 1RD.

September 13-16

12th European solid state device research
conference, Munich. Details from Dr Zerbst,
Siemens AG, Otto Hahn Ring 6, D-8000
Munchen 83, FRG.

September 13-17

12th European microwave conference,
Finlandia Hall, Helsinki, Details from
Microwave Exhibitions, 43 Dudley Road,
Tunbridge Wells, Kent TN1 1LE.

September 14-16

ElectroWest; West of England electronics
“exhibition, Bristol. Exhibitions for Industry
Ltd, 157 Station Road East, Oxted, Surrey RH8
0QF.

September 18

Computer Fair; Prestatyn High School PTA,
Prestatyn, Clwyd.

September 18-21

International broadcasting convention:
IBC82, Metropole Hotel, Brighton. Details
from the IEE, Savoy Place, London WC2R
OBL.

September 19-24

Human aspects of computer systems: A short
course at the Department of Human Sciences,
University of Technology, Loughborough.

September 19-24
Industrial digital and microprocessor-based
control systems. IEE vacation school at Baliol
College, Oxford.
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Hangover, a rather
loose term to describe
the stored energy
resonance in a
loudspeaker, the
principal cause of
colouration that
immediately tells you
you're listening to a
loudspeaker.

Take it away and
there’s a new world -
the loudspeakers have
nothing more to say -

instead there’s just the ’

orchestra and the
magic of the music,

WIRELESS WORLD AUGUST 1982

If musicis an
important part of your
life, then a pair of
ESL-63 loudspeakers

could be the best invest-

ment you've ever made.

Perhaps even
something to
celebrate about.

“

‘Nohangover!

For further details
and the name and
address of your nearest
Quad ESL-63 retailer
write or telephone
The Acoustical
Manufacturing Co. Ltd,
Huntingdon, Cambs,,
PE18 7DB. Telephone:
(0480) 52561.

for the closest approach
to the original sound

WW - 009 FOR FURTHER DETAILS
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EP4000

'GP Industrial Electronics Ltd.

52

EPROM EMULATOR
PROGRAMMER

The microprocessor controlled EP4000 will
emulate and program all the popular
EPROMs including the 2704, 2708, 2716(3),
2508, 2758, 2516, 2716, 2532 and 2732 de-
vices: Personality cards and hardware
changes are not required as the machine
configures itself for the different devices.
Other devices such as bipolar PROMs and
2764 and 2564 EPROMs are programmed
with external modules.

The editing and emulation facilities,
video output and serial/parallel input/out-
put provided as standard make the EP4000
very flexible to allow its use in three main
modes:

— As a stand alone unit for editing and
duplicating EPROMs.

Items pictured are: @ EP4000 Emulator

Programmer — £545 + £12 delivery; @

BSC buffered simulator cable — £39; @
MESA 4 multi EPROM simulator cable —
£98; @ 2732A Programming adaptor —
£39; @ 2764 Programming adaptor — £64,
® 2564 Programming adaptor — £64; @

UTORS REQUIRED @

— As a slave programmer used in con-
junction with a software development
system or microcomputer.

— As a real time EPROM emulator for
program debugging and development
(standard access time of the emulator
is 300ns).

Data can be loaded into the 4k x 8 static
RAM from a pre-programmed EPROM, the
keypad, the serial or parallel ports and an
audio cassette. Keypad editing allows for
data entry, shift, move, delete, store,
match and scroll, and a 1k x 8 RAM allows
temporary block storage. A video output
for memory map display, as well as the
built-in 8 digit hex display allows full use
of the editing facilities to be made.

BP4 (TEXAS) Bipolar PROM Programming
module — £190

Also available (not shown): ® VM10 Video
monitor — £99; @ UV141 EPROM Eraser
with timer — £78; @ GP100A 80 column
Printer — £225; @ PI100 interface for

EP4000 to GP100A — £65.
VAT should be added to all prices

~ EXPORT ENQUIRIES WELCOME |

Tel: Plymouth (0752) 332961
Telex: 42513

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WW — 023 FOR FURTHER DETAILS
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MICROCOMPUTER
LINE PRINTER

This is the second of two articles describing an interface for driving a 40-column dot-
matrix printer mechanism from Z80 signals. With the mechanism, addressing and
interrupt sections covered, the author explains the controller i.c., power circuits, running
the printer and modifications required to drive a 12V mechanism.

Turning now to Fig. 3, the rest of the
controller circuit can be considered. IC; is
a bidirectional buffer designed to isolate
the controller-board internal data bus from
any noise on the system data bus, and vice
versa.It is enabled only when the controller
board is addressed, and the direction in
which it passes data is determined by the
WR ' line buffered by IC;, and IC;,. To
reduce noise problems, IC;, is a Schmitt
trigger, and similar buffers are used on the
other control bus lines.

The control bus is connected to the prin-
ter controller chip, IC;4, and through
three-state buffers, IC,3, to the status out-
puts of the controller i.c. It is also connec-
ted to ICs, the interrupt reply byte circuit.
Note that DO from ICy, pin 18, should go
to DO on IC,, pin 2, and so on up to D7,
pin 9 on IC, to pin 9 on IC;.

A 6.0MHz clock for the controller i.c. is
provided by an HCI8/U or HC25/U
crystal, XL,. IC;4 contains the character
generator for the printer, and the output

by P. L. Woods

for the currently selected character appears
on PS1 to PS7 (pins 27 to 33 respectively).
High-voltage open-collector line drivers,
ICy¢ and IC;7, are used to send the signal
to the solenoid drivers.

Two additional signals have to be sent to
the printer; one is a paper advance signal,
FS (at pin 21 of ICy4), the other is to turn
the drive motor on and off, MT (pin 34).

Three status signals are needed back
from the printer for correct operation. The
first of these comes from a timing coil
which allows the controller to correctly
space the dots for each character. If no

Fig. 3. Controller i.c. and buffers. Mr Woods

informs us that the controller, IC 14, is not
the DPC-2 as given here and in last month’s
parts list, but is the DPC-4.

timing pulses are found within 0.2s after
the motor is turned on, the circuit assumes
that the motor has stalled, so an error
status is set (Error at pin 22), and the
motor stopped to prevent it from burning
out.

The second signal is from a reed relay
which indicates when the printer carriage
has reached the ‘home’ position, and that
the motor may be stopped as it has finished
printing a line.

The third status line is from a normally-
closed pushbutton, connected to ground,
which serves two functions. If the switch is
depressed (open) when the Reset line goes
high then the controller enters a test mode
and prints lines of characters until the
switch is closed. Otherwise, pressing the
switch when the printer is idle advances
the paper through the mechanism.

Solenoid and motor drivers
Figure 4 shows a solenoid drive circuit.
Seven of these circuits are required for the

27 1 Z
0 3.
Interna! data bu- 8,’ S ~>0_6__ ETRIET)
I I L
13 — 13 12
/D., 1 93 6L S367 19 ‘PS1 33 8 1 % 8 Y E coand
12 I 8 18 PS5y o.c. drivers
13 2 7 W13 Eon
14 TeLS265 LA Line feed
& 6 12
Data bus _—— e a
toZ80cpu 1548 ARS M Motor
16 4 415
17 3
\Do 18 2 Dg
= 5
([ Dir 3 2
19 K S 3
H
- N I Timing
Bus A coil
enable Wigpc LSk |
) e
WR 1 1 21 2 4 1 Wh a +—Y
To Zgy | rsH
cpu.
"D 3 4 3 & 8 D S 38
J Reed
i R
= 5 6 5 6 o e— 35 21 switch
Reset n Reset PT _/1\2/(}'{\,~
G pe 7uLS04 Xy X;
== % ” -
Port select 37 |2 13
D Vee R XL1 Paper
é_\E - 1\‘: 6MHz | —e— Qdvance
Tk C ok C C {Normally-closed
Nate: Gy, Smup LTZZp 4o it 7.1_ 10n | switch, fo ground)

Vec(5V) - 5,9, 26,40
Gnd -7, 20

No connection - 1, 24,25, 36
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+24V

X101
sotenoid

Line
feed

Sotenoid
drivers

Fig. 4. Eight of these solenoid driver
circuits are required, one for each of
the seven needle drives and one for
the line-feed solenoid. Try, is a power
Darlington transistor.

ID'-DDDDC]D-DDDDDD'DI
Pin: % B32N109876 54 32

w".ed fo' —_ e d d t?l _

solencid’ ! 2 3 L

DDDDDDGDDDI

Pin: 09 8 76543 21
n/

o = t B nic.
Motor: L1 Timing F;;:j
Paper switch
feed
solenoid

Fig. 7. Edge connector diagrams for the
printer mechanism.

head solenoids and one for the line-feed
solenoid.
As the circuit consists of only one Dar-

lington transistor, it needs no discussion..

One point worth mentioning though is
that, should the circuit’s input become
open, as happens when the cable between
the interface and printer board is discon-
nected, the solenoid is turned on. The
effects of this will be explained later. No
heat sink should be needed because, al-
though the peak current is high (3.2A), the
duty cycle is low. Diodes Do) and D)g; are
used to protect the transistor.

The driver for the motor is shown in
Fig. 5, and is a little more complex because
dynamic braking (through TRjq4) is used
to stop the motor at the end of each line. A
Darlington transistor, Trye3, is used to
power the motor and will need a small heat
sink. As with the solenoids, the motor will
be turned on when the circuit’s input is

open.

Printer power supply

The circuit diagram for the two power
supplies needed is shown in Fig. 6. Careful
separation of the interface logic from the
needle drivers has the advantage that each
part of the circuit requires only one power
rail. That for the interface logic (Figs 2 and
3) is 5V at about 300mA, supplied by a
7805 voltage regulator, ICs;.

The 24V supply requires a little more
explanation. A voltage doubler circuit is
used because ] only had a 12V, 2A trans-
former; a 24V, 1A transformer used with a

54

Fig. 5. Motor-drive circuit. Dynamic
braking, provided by Trjpq4, is required to
stop the motor at the end of each line. Trp3
should be mounted on a heat sink.

01 |an3702

+ 2V

P

03 |11P120

Raos R20s
10k KA

AN
TIP42A I

.Ei‘@ o
202
M

IN3702
R203 % 4k7

In Out

Lf_am O+5V
300n Gndf 7805 I
E303 100n
T
O
4 +2V
12V
2A
(306 == 500y
_‘Q - -0
IN5402 "302<' 390 L
Link to enable p.s.u. o— . .
{ via cable to controller Flg: 6. Power supplies. The 24V supply is
board ) switched by a logic signal to prevent

bridge rectifier would perform equally
well.

If the action of Trsy, is ignored, then the
circuit is an op-amp, IC3q;, connected as a
voltage regulator, with Tr3g; as the series
pass element. The purpose of Trsg is to
shut down the 24V rail should the control
cable from the interface board to the sole-
noid drivers become disconnected. As
mentioned above, in this event all the sole-
noid drivers, together with the motor
driver, turn on. The resulting prolonged
30A current demand is sufficient to des-
troy the rectifier diodes, as happened dur-
ing testing of the prototype.

So the link to enable the 24V rail is not
on the supply board, but on the interface
board, and two of the wires in the connect-
ing cable are used to connect the link be-
tween the base of Tr3p; and ground. Using
a multipole connector ensures that if the
flying lead is not plugged into the interface
board, then the link will not be made, so
turning off the 24V supply. Both IC;¢; and
Tr3p2 will require heat sinks.

Construction

The circuit was constructed in two parts:
the first is the interface board which was
built to fit into a slot in one of the compu-

overloads when the solenoid and motor
driving circuit inputs are open. The author
had a 12V transformer in his ‘junk box’,
hence the voltage doubler. Heat sinks are
required for IC3py and Trsgp.

ter’s cards. The solenoid and motor drivers
were built on a second board which, to-
gether with the 24V supply, was mounted
in the base of the box containing the prin-
ter mechanism.

The interface board should be carefully
laid out, i.e., with a good ground mesh,
and with the ground pin of each i.c. con-
nected to that of the i.cs around it. A
decoupling capacitor is needed for each
i.c., 10uF tantalum-bead capacitors alter-
nating with 10nF ceramic disc capacitors
being suitable.

The layout of the driver board is a little
more difficult as it carries both t.t.l. sig-
nals and the heavy currents associated with
the solenoids. Because of the solenoid
surge currents mentioned earlier, a
substantial cable is needed to connect the
emitter of each driver transistor to the
ground side of the 24V power supply. To
avoid noise caused by the solenoids getting
back into the interface, the digital ground
return should be separate from the 24V-
supply return, although it need not be as
heavy. Once again, everything should be
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Table 1: Program to display printer char-
acter set. This program was written to
demonstrate the operation of the printer,
and act as a confidence test for it. It is
loaded at location 4000 (hex.) in memory,
and should be entered, after the stack
pointer has been set up, using a CALL in-
struction. This listing was produced on the
printer described in this article, as was its
result, shown in Table 2.

3 LISTING ONE.

3 DISPLAY PRINTER
3 CHARACTER SET.

3 COPYRIGHT.

3 PL WOODS.  1982.

MHIN:  EQU 4990H
ORG MRAIN
LOARD MAIN

3 PRINTER PORT ADDR.
PRT: EQU  11H
3 RESET PRINTER

CALL RESET
VALUE OF FIRST
CHARACTER TO PRINT.

4upw CDSE40

[
DOONT ABUWN=CTOONNUNSE W~

4283 3E26 Lb A,32
21 H
2. 3 PRINT 14 LINES, ERC
23 3 BEGINING WITH THE
24 3 UALUE OF THE CHRR
25 3 IN HEX. - EACH LINE
26 3 COMSISTS OF FOUR
27 3 GROUPS EACH OF FOUR
28 3 CHARACTERS.
29 48@5 B6GE Lb B,14
30 42w7 CD3140 LIME:  CALL PRTHEX
31 468R CDES4l CALL SPACE
32 + SET UP FOR iROUPS.
33 488D CS PUSH EC
34 4080 0604 LD &.4
35 4v18 CDES4D  GROUP: CALL SPACE
36 3 SET UP FOR ERCH

Table 2: The printer’s character set. This

listing shows the result of running the
program in Table 1. The first four lines
(values 20 to 5F inclusive) are an upper
case ASCII character set, while the last six
lines (from A0 to FF) are a Kata Kana (Japa-
nese) character set. The middle four lines
are not specified for the controller chip
used and so represent ‘noise’.
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well decoupled for best performance,
using 20uF, 36V electrolytic capacitors
connected between the 24V side of each
solenoid and ground.

Connexions to the matrix printer itself
-are through a pair of non-reversible
connectors, the mating halves of which are
suppled with the printer. One of the
connectors is 14 way and supplies the sole-
noids, while the other is 10 way and carries
the motor, paper feed and timing signals

(Fig. 7).
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37 3 CHARACTER.

38 4813 CS PUSH BEC

39 4014 vend Lt E.4
4@ 4916 CDES48  CHAR:  CALL =PACE
41 5 FRINT CHARALCTER.
42 4019 CD4C4n CALL PUTRRT
43 3 NEXT CHARRCTER.
44 401C 3C INC R

45 3 EMD OF GROLF?

46 401D 10F7 BIHZ CHAR
47 3 ENC* OF LINE?

48 401F Ci POF BC

49 4020 16EE DJHZ GROUP
S8 s TERMINATE LIKE.
51 4022 CD294A CALL HEWLIM
52 3 ALL LINES DDNE?
53 4625 Ct POF  EC

S4 4426 16DF DJIHZ LINE
55 H

56 3 ALL DOME.

97 4628 €9 RET

S8 H

59 3 START A NEW LIHE.
68 4823 FS NEWLIN: PUSH AF

61 462A 3EBR LD  A.8AH
62 482C CD4C4 CHLL PUTPRT
63 402F F1 PP AF

64 4039 C9 RET

6S H

66 3 PRINT A’ AS TWO
67 3 HEX DIGITS.

68 4931 FS PRTHEX: FUZH AF

69 5 HIGH DIGIT.

70 4932 oF RRCA

71 4933 oF RRCA

72 4634 oF RRCA

73 4035 oF RRCA

74 4836 CD3E4@ CALL PRTHX
75 3 LOW DIGIT.

76 4939 Fi POP AF

77 40ZR CD3E4w CALL FRTHX
78 4830 C9 RET

79 5

80 3 PRINT LOW 4 BITS OF
81 3 'R’ AS A HEX DIGIT.
82 4@3E FS PRTHX: PUSH RF

83 5 MASK BITS

84 4Q3F Ee@F BND  BFH

85 40841 B? ik R

86 3 COMUERT TO RSCII
87 4842 27 LAA

The two boards (interface board and
driver board) were interconnected by
multi-core cable and sub-miniature 25-way
‘D’ connectors. The precise allocation of
the pins to the various signals does not
matter too much provided that there are
ample ground-return lines. Cable length
should not matter too much either, as the
signals are all relatively low in frequency,
but anything over 1m in length could cause
noise problems. The screen of the connect-
ing cable should be earthed to improve
reliability.

88 4943 CeFo ADD A,AFBH
89 40645 CE4e ARG A A40H
98 4047 (D4C4a CALL FUTPRT
91 484R F1i POP AF

92 4084B C9 RET

93 H

94 3 PRINT THE CONTENTS-

95 3 OF THE R’ REG.

96 4B4C FS PUTPRT: PUSH WF

97 1 LOOP UNTIL PRINTER

98 5 RERDY.

99 404D DBi1 FPRLP: IN R, (PRT)
1980 3 CHECK ERROR STRTUS.
161 4@4F CBe? BIT 4,R
162 4851 2828 JR  Z,PRTERR
163 3 BUSY BIT.

164 3053 CBS? BIT 2.R

165 4@55 208F6 Jr NZ,PRLP
166 3 SEHD CHARACTER.
107 4657 F1 FOF RF

168 4053 D311 OUT (PRT),RA
169 405A C9 RET

110 H

111 i HERE IF THERE I3
112 5 A PRINTER ERROE.
113 4858 76 PRTERR: HALT

114 4@5C 18FD JR  PRTERE

115 H
116 3 RESET PRINTER
117 3 CONTROLLER.

118 4@5E FS RESET: PUSH RF

119 465 3E11 L A:i1H
126 4061 D311 OUT  (PRT).A
121 4863 F1 POF AF

122 4964 C9 RET

123 H

124 i PRINT R SPRCE.
125 4065 FS | SPRACE: PUSH RF

126 4066 3E20 b R,
127 4068 CD4CH2 CALL PUTFRT
128 4@€B F1i POF  AF

129 4véC C9 RET

13a EHND

CHRR 4916 GROUP
MAIN 4208 NEWLIN
PRTHEX 4831 PRTHX
PRLP 484D PRTERR
SPACE 4865

4910 LIHE 4297
4929 PRT au11
493E PUTPRT 484C
4858 RESET  4&SE

Demonstration program ‘

Table 1 is a program, writien in Z80 as-
sembly language, which is designed to test
the printer by causing it to display its com-
plete character set. The results of this
program are shown in Table 2. The
program is loaded into memory at 4000
(hex.), a convenient location in my system,
and is entered from a system monitor
which first sets up the stack pointer (SP
register), and then pushes a return address
ionto the stack (e.g. by the use of a CALL
4000 instruction). The test program exe-
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Solenoid driver board. Mounted in the base of the printer box is a driver for each of the
matrix needles, the paper advance relay and motor. There is also a 24V power supply.

cutes a RET instruction when finished.

This article is not the place to introduce
assembly language programming, and so
instead of a detailed description of the
program, notes are given to assist those
wishing to use all, or part, of the program
for their own purposes.

The port address of the printer is de-
clared in an EQU pseudo instruction at
line 14. This address must correspond
with the address used by the hardware.

There are three interface driver routines
of interest, namely RESET, PUTPRT and
NEWLIN. Starting at line 118 is a subrou-
tine called RESET. The purpose of this is
to ‘set’ the printer controller should a
previous program error have left it in an
unacceptable state. The same effect may
be achieved by using the RESET bus sig-
nal. As good practice, a CALL to RESET
should be made at the start of each
program which accesses the printer. No

registers are modified by this subroutine.

The second subroutine of note,
PUTPRT at line 96, may be regarded as
causing the character sent to it from the ‘A’
register to be printed. PUTPRT waits un-
til the printer is ready, then transfers a
character from the ‘A’ register to a print
buffer in the printer controller i.c. If the
printer error bit is set, the subroutine will
halt at address 405B. Normally this point
would contain a code to alert the operator
to a printer problem. If there is no error
the subroutine returns, leaving all registers
unmodified.

The third and final subroutine to inspect
is NEWLIN, at line 60. The purpose of
this is to cause printing of the line in the
controller print buffer, which it does by
sending an OA character (line feed) to the
printer. Once again, this routine does not
change any registers. It should be noted
that this subroutine must be called at least
once every 40 characters to avoid the print
buffer becoming full, in which case, over-
flow characters will be lost.

Conclusion

In this article it has been shown that it is
possible to build a low-cost printer for a
home-computer system. Although this de-
sign was originally intended as a means of
printing programs from a Z80-based
system, it may easily be adapted to make it
compatible with any popular microproces-
sor and for use in any application where a
permanent printed record is required,
such as data logging. That the controller
only allows upper-case graphics characters
to be printed is not a problem for the
‘majority of applications. i3

Computing

From Hardware to Software

by Graham Lee

454 pages, paperback/hardback

MacMillan, £8.95/£16.00

This is an introductory text, albeit an extremely
thorough one, and covers both equipment and
programming at a level suitable for A level or
first-year university courses. The author has
used a computer model — the Simple Digital
Computer — throughout, with which to illus-
trate his points more generally than would have
[been possible with a commercial design.

Advanced 6502 Interfacing

by J. M. Holland

190 pages, paperback

Prentice-Hall, £9.05

This book is practical in its approach to the
subject of persuading 6502 microprocessors to
perform useful functions in timing, control,
data acquisition and high-current load driving.
It is written for those who are already familiar
with microprocessors.
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Introduction to 6800/6802 Microprocessor
Systems

by R. J. Simpson and T. J. Terrell

238 pages, paperback

Newnes £6.95

For readers’ who may not be versed in the
language of logic and binary arithmetic, the
authors have included a useful first chapter on
basics before embarking on a description of the
6800/6802 devices and their use. This is fol-
lowed by chapters on programming and on in-
put/output signals, the practical approach being
the province of the final two chapters on the
MEKG6802D5 evaluation system, with some
investigations to carry out with its help.

Microcomputer Data Communications
Systems

by F. J. Derfler, Jr.

129 pages, paperback

Prentice-Hall, £9.70

Microcomputers can serve as terminals in a data
communication network to provide information
at home, as an alternative to what the author
calls the ‘time tyranny’ of radio, television and
newspapers. The book describes such systems,
including sections on modems and terminals,
and going on to show how Apples, TRS-80s and
others can be employed in this way. There is
also a piece on using the CP/M disc operating
system with S-100 bus computers and others.

Video

Video-Tape Recording

by J. F. Robinson, revised by S. Howe

362 pages, hardback

Butterworth, £12.00

The third edition of a well known text, this
covers the whole field of professional and
domestic video tape recorders from the engi-
neering point of view. New information is pre-
sented on the helical B and C formats, and the
domestic type of machine, with additional cove-
rage of timebase correction. Those familiar with
television engineering are led easily into the
subject by the way of a first chapter on tape
recording in general terms.

Video Techniques

by G. White

299 pages, hardback

Butterworth, £10.95

Although the blurb says that this is for the
engineer or technician in television or ancillary
industries, it hardly seems detailed enough for
that purpose. It is a descriptive book, which is
well suited to readers in other fields who want to
obtain a working knowledge of television, both
broadcast and recorded, studio equipment,
transmission, reception (including teletext and
viewdata) and digital techniques.
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BRITISH HI-FI

I'm informed by John Crabbe of Hi-Fi
News/Record Review that the Acoustical manu-
facturing company’s claim that the QUAD FM4
brings ‘Home the world’s best broadcasting
system at the touch of a button’ is ethically
justified, as Acoustical, in contributing to the
support of the Philharmonica, helps to pay the
piper.

Most other British high fidelity manufactur-
ers do not, and subsist upon music making of all
kinds parasitically, and thus have no prestige or
reputation internationally amongst serious con-
sumers of reproduced music.

By and large, British high-fidelity products
are not materially competitive or competitive in
terms of dazzling or convenient features. But
they are perhaps more competitive qualitatively.
Unhappily, however, recognition of their qual-
ities is pretty well reserved to engineers, techni-
cians, and ‘hi-fi fans’. Most serious consumers
of reproduced music, here and abroad, don’t
know about them, and have precious little op-
portunity to learn.

Thus, while the programming and technical
quality of the world’s best broadcasting system
is revered — and envied — internationally,
British high-fidelity products are known about
and coveted only by the membership of tiny
audiophilic cults, here and abroad.

I have at hand No 1 of the 1982 Edinburgh
Festival newsletter. It’s publication was
apparently entirely supported by the advertise-
ments of hoteliers, restaurant-keepers, one or
two insurance companies, and a bank or two.
Many people who will attend Festival events, or
wish to, and many who — due to privation or
remoteness — are dependent upon broadcast
reception and recordings for musical enjoyment
during most of the year, will remain in ignor-
ance of the products of Linn, Syrinx, Strath-
clyde Transcription Devices, the makers of the
Systemdek, and even Tannoy — not to mention
KEF, B&W, Sugden, Castle, Celef, Mitchell,
Acoustical, Naim, Riga, C&]J Walker, MB
Creek, Boothroyd, Stuart-Meridian, and even
Wharfedale, south of the border.

It would be too charitable to say that the
British high-fidelity industry has its head in the
sand. A harsher but more appropriate judge-
ment would suggest that it is contemplating its
own navel from the inside, is unwholesomely
involved and beguiled subjectively by its own
entrails.

John F. Withey
Pollockshields
Glasgow

SCIENTIFIC COMPUTER

Please could you note in your records that I am
the new Editor of The Sci. Comp. 80 monthly
newsletter for users of the scientific computer
designed by John Adams, M.Sc., details of
,which were published in your magazine.

Any of your readers who built the SC80, who
are not members of the group, would find it well
worth joining. Back issues, still available, con-

‘tain a plethora of hardware, software and
firmware. Mr Adams contributes articles
monthly, and has developed no less than five
versions of the BURP high level language, an
excellent 64K d.o.s. (CP/M compatible), a stan-
dard Basic interpreter and some excellent
hardware improvements. These include a 32K
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dynamic memory expansion, 64K mapping cir-
cuits, interrupt vector circuits, ASCII character
generator modification and a floppy disc
controller p.c.b. Details of all these are in the
newsletter. One year’s subscription is £6.50 for
U.K. members, £8 for the continent, and £8.50
for elsewhere. Cheques sent to the address be-
low.

I would like to take: this opportunity to thank
Mr Philip Probetts for the past two years of
excellent newsletters under his editorship. I
hope I can do as well.

John Hodson

189 Trent Valley Road
Oakhill

Stoke-on-Trent, ST4 SLE

AMATEURS AND CB

C. G. Howard’s comments in the June issue of
WW under ‘Amateurs and c.b.’ highlighted the
indifference of the Home Office towards illegal
¢.b. amateur operations. But what about the
specific identifiable violations where the Home
Office attitude is downright irresponsible?

I am referring to the illegal pirate radio sta-
tions that flagrantly operate in the v.h.f./f.m.
broadcast band. There are a pumber of them,
but two examples serve to illustrate the general
case — ‘Thameside Radio’ and ‘Liberation
Radio’.

I asked British Telecom why these stations
were not closed down and imagine my surprise,
as a legal broadcasting operator, when I was told
that the Home Office would not give the neces-
sary authorization for British Telecom to do so.
Must a campaign be mounted privately to en-
sure that the law of the land is upheld when a
government department refuses to do so? Con-
tinual violation of the law in this way is a form of
anarchy, in principal every bit as bad as other,
more subversive, movements.

The Home Office, in supporting the violation
of statutory laws by its non-action is encourag-
ing further escalation. This is yet another of a
growing number of examples of where govern-
ment legislation controls the actions of responsi-
ble citizens but not those who chose to flout the
law of the land.

H. Clayton
Northwood
Middlesex

CARTRIDGE
ALIGNMENT

Referring to P. E. Cryer’s letter in the June 82
issue, I found some difficulty in understanding
the layout instructions in his second paragraph
together with the associated diagram on the next
page. However, it is of course quite true, as he
says, that it makes no difference to the geometry
whether you think of the stylus traversing over
the record, or the record travetsing under the
stylus; all that matters is the relative moment of
the two.

Two or three points seems to warrant com-
ment: firstly, there is nothing particularly new
or useful in finding out that the proportion of
tracking angle errors depends on the choice of
setting radii — of course it does. It is necessary,
in the interests of minimizing tracking error
distortion, for the angular error to vary inversely
with radius, and as Cryer’s figures indicate, this
is exactly what does happen. The relationship of
tracking angle errors at both outer and inner
radii to the error at the radius for minimum

angle (my Rp,;,) depends on the amount of dip

- in the curve of angle across the record, as is

obvious from my Fig. 1.

Secondly, I cannot understand Cryer’s state-
ment that my own factors “would place B on the
other side of the datum line”. If the datum line
is defined as a line through the two points where
the stylus cuts the circles having radii p and q as
in his diagram, then obviously the intersections
at both inner and outer record grooves (his B
and A) must necessarily lie on one side of the
said datum line, and none of my ‘factors’ can
alter this condition.

Thirdly, Cryer’s roundabout method of cal-
culating p and q as described in his last
paragraph, cannot work. The expression
pa/p=(p+q)—p, is meaningless, a mere iden-
tity which reduces to g=q. Obviously it cannot
be used to separate q from p when (q+p) is:
known. The whole point of my final paragraph.
in the Oct ’81 issue, was to show that one did:
not need to go through the whole procedure
based on formula 4(b) every time, in the light of.
the linear y=a+bx relationship ascertained at
middle of paragraph. The final outcome, which
cannot be simplified or improved, was to
evaluate p and q (my rp and Rg), from the
empirical expression Ry=79+hC/84 and
rp=12+hC/71 or ideally L2:~C%R,. For the
recommended overhang value of h=2600/C,
this reduced further to Rg=110 and ry=49
(ideally 48.81, but the 0.19 discrepancy is insig-
nificant in practice).

If one uses a protractor, or my setting gauge,
as in the November 1981 article, there is no
need to evaluate the offset angle O (my B), but if
desired it can be very easily obtained, within
about 0.1° accuracy, from my empirical expres-
sion 4380/C.

R.]. Gilson
Winchester
Hampshire

HERETIC’'S GUIDE TO
MODERN PHYSICS

I was delighted to see you are still providing a
forum for open and constructive criticism of
modern theory.

That Dr Murray should need to assure his
colleagues that he has “no wish to cause you
offence” is a sad comment on the state of phy-
sics. Doubtless his article is the result of a long
and critical investigation of modern theory, and
he would welcome any constructive criticism of
his article. Equally doubtless, a few of his col-

leagues know his investigation is a deliberate

attempt to revive the flat earth theory and Max-
well’s wave theory of light — an insult to
Newton'’s corpuscular theory of light.

I predict Dr Murray will soon learn to appre-
ciate the truth of the supreme investigator,
Michael Faraday’s bitter response to the hos-
tility to his theories of the self-satisfied mathe-
maticians of his day — “A man who makes
assertions, or draws conclusions, regarding any
given case, ought to be competent to investigate
it.,’

Many Nobel prizes were awarded for contri-
butions to the basic premise of relativity — that
nothing in the universe can travel faster than the
speed of light. Cerenkov received the 1958 prize
for his experimental proof that “when charged
atomic particles pass through water or other
media at a speed in excess of that of light itself, a
bluish light is emitted.”
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Aspden, Dingle, Essen, MacCausland and
other critics of relativity are dismissed as cranks
and crackpots by the Establishment. Is there
any member of the Establishment competent to
investigate the strange case of why the crank
Cerenkov received a Nobel prize?

M. G. Wellard
Kenley
Surrey

‘WALSH FUNCTIONS

I write with respect to the recent articles on
Walsh Functions by Mr T. Roddam (WW Dec.
1981, pp 31 et seq. and WW Jan. 1982, pp 47 e
seq.) to raise the following points.

The Rademacher functions, shown in Fig. 4
of this series correspond to Wal (1,8), Wal
(3,8), Wal (7,8), Wal (15,8) . . . The associated
intermediate Walsh functions may be derived
by “exclusive Or” processing all combinations
of the Walsh functions. Thus, for example re-
ferring to Fig. 3, the Wal (2,0) function is de-
rived from Wal(3,8)6Wal(1,8) and should be
inverted in the Figure. Several other derived

Walsh functions have been inverted in Fig. 3. A

correctly-signed set is enclosed for reference.
There is also an error in Fig. 5.

Wal(5,6)=Wal(2,0)dWal(7,8)

which does not hold for this diagram. I enclose a

modified diagram which will satisfy this re-

quirement. Incidentally, the paper by Barratt,

Gordon and Brammer also contains these errors.
I mention these slips since many people seem

to be becoming interested in these functions

that valuable introductory articles, such as Mr

Roddam’s are worth these small corrections in

the interests of accuracy. -

R. T. Irish

Swindon,

Wilts.

Mr Irish enclosed an amended set of functions,

which we have regretfully been obliged to omit

for reasons of space. They can be obtained from

this office — Ed.

FUNCTION OF
FUNCTIONS

With reference to Mr Sutherland’s letter (June),
I think that the view of sidebands as mathemati-
cal fiction is not entirely unfounded. I believe
that a periodic complex waveform and it’s
Fourier series expansion are not one and the
same thing in the sense of somehow being freely
interchangeable without the active involvement
of suitable physical devices to perform the com-
plex series and conversion and vice versa. On
this view a modulated radio transmission propa-
gates in its complex form and there is no need
to postulate any sidefrequencies at the transmit-
ter end. The sidefrequencies are generated at
the receiving end by tuned circuits. These have
the capability to store energy and thus perform
integration, thereby generating the continuous
waves known as Fourier series components or
sidefrequencies. The physical process by which
a sidefrequency is generated can be understood
by considering the following experiment:

Suppose that a high “Q” tuned circuit is
adjusted for resonance at 110kHz and placed
near a 100kHz oscillator. Clearly, the tuned
circuit will not begin to oscillate since any such
oscillations would move in and out of phase with
the oscillator, thus receiving just as much help
as hindrance. However, should the amplitude of
the oscillator be decreased whenever out of
phase with the tuned circuit and increased when
in phase, then the tuned circuit would receive
more help than hindrance and would build up
oscillations. It would oscillate at 110kHz whilst
receiving it’s energy in burst of 100kHz. As-
suming a very high “Q”, the inertia of the tuned
circuit would be large enough to smooth out any
amplitude variations and it would appear to
receive a continuous wave input (i.e. one of the
sidefrequencies). In fact it would be generating
the continuous wave.

For the above process to take place the ampli-
tude of the oscillator would have to be altered
(i.e. modulated) at 10kHz which is, of course,
the appropriate modulating frequency for the

—_——  wal {0,6)
Clock (S) (S)}
¥ r2(6) = ne " 0 wal (1,6)
r3(9)
__.@.__4 wal (2, ©)
=wal {3, &)
® wal (1, ©)
( +\ wal (3, 6)
\[j wal (4, 6)
= wal(3 B)®Hwal(?, 8)
\J{J
wal (5 6)
=wal{2,6)®wal(7, 8)

A%,

wal (6, ©)

=wal(1,8®wal (7, 8}

wal (7 6}

110kHz sidefrequency.

It is interesting to note that it would not be
essential to alter the amplitude of the oscillator
in order to generate the 110kHz response. The
same effect could be achieved by alternating the
phase of the oscillator at 10kHz, which suggests
how sidefrequencies are generated in the case of
suppressed carrier, frequency and phase mod-
ulation systems.

So, although the sideband concept is a very
useful, even essential part of radio theory, it is
not necessary to assume that sidefrequencies
have physical existence prior to the complex
waveforms arriving at the receiving equipment.
As explained by the Wireless World contributor
Cathode Ray (September 1955, under the
heading “Fourier — Fact or Fiction”) contin-
uous sinewaves are not the only possible form
into which complex waveforms may be “decom-
posed”, and hence it makes sense to assume that

-the sine form occurs simply because of the sine-

wave nature of oscillations in tuned circuits at
the receiving end of transmitter — receiver link.
G. Berzins

Frimley

Surrey

REMOTE CONTROL FOR
HI-FI

I read Mr. Kirby’s article on a remote control
hi-fi system (WW, March 1982) with some in-
terest, as I was at that time busy designing a
similar system. I too used the Mullard voltage-
controlled potentiometers for control of the au-
dio signal path, but found a much simpler and
cheaper remote control system.

The major drawback of Mr Kirby’s system
seem to be the fact that the Plessey receiver (ML
922) only has three analogue control outputs;
hence the need to use a ‘stepped’ volume
control. The Motorola remote control systemy
(MC 14497 — transmitter and MC 6203 —
receiver) has four analogue channels and a host
of other useful features. For example, toggle
action volume mute and a single button opera-
tion which sets three of the analogue channels to
50% and the fourth to 30%.

This system is the same as that used on Grun-
dig remote control television and so the modifi-
cations for hi-fi applications are quite simple. I
wondered whether Mr Kirby was aware of this
possibility and if not, and he was interested, I
could send him some details.

D. F. Lovely,
Bioengineering Unit,
University of Strathclyde.

The author replies:

It seems from Dr Lovely’s comments that we
are heading in opposite directions. I regard the
use of the two analogue outputs on the Plessey
ML 922 as a necessary evil! I would much rather
have used all digital tone level setting controls.
The reason I did not was my inability to design a
stereo bass and treble control circuit using less
than four of the Analog Devices AD7110 chips.
These cost around £8 each and the extra expense
compared to the use of the Mullard analogue
tone control i.c. seemed unwarranted.

I chose the Plessey remote control chip set
<(after looking at several alternatives) because of
the analogue and digital outputs available on the
‘ML922, and their use of an infrared photodiode
to logic level integrated preamp, which saves
much trouble with discrete high gain amplifiers.
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Also a whole family of receiver chips are avail-
able, including one with a 5 bit latched output
for a microcomputer interface, all operated by
the same transmitter.

There is a toggle output on the M1.922; this is
-used to switch the loudspeaker headphones re-
lay, a quite effective mute control. In practice
the 3/8 full scale normalised level of the anal-
ogue outputs is not a disadvantage; I rarely alter
the tone by more than 1/8 of the scale.

My choice of the AD7110 was for the relative
simplicity of driving it from a single chip
microcomputer (the Zilog Z80), which can be
programmed in Basic, as well as machine code.
Then the interface between the controlling com-
puter, and the controlled preamp/tuner/record
deck can be some simple buffers. All the decod-
ing from the received codes to the sequences
necessary to drive, say, a synthesising tuner
could be handled in software. This would make
it easily adaptable to the various units commer-
cially available. The prom decoding and se-
quencing logic used in the published design are
an interim solution.

D.C.INPUT ORR.F.
OUTPUT?

In “Amateur radio” for June, 1982, Pat Hawker
laments the replacement of “d.c. input power”
regulations by new limitations on “dBW carrier
power” in the revised Amateur Licence
Schedule. While I tend to agree that the dBW is
not particularly welcome, the change to an “r.f.
output” criterion is long overdue.

“D.c. input” was firmly rooted in the days of
valve transmitters and constant-carrier modes,
when both h.t. voltage and anode current were
metered, and the meter needles would stay stili
to be read! For most radio amateurs — like it or
not — those days are gone. Either our transmit-
ters tend to be solid-state and have only r.f.-
output metering, or they are primarily designed
for s.s.b. In both cases it makes more sense to
measure r.f. output, and this can be done with
acceptable accuracy for the Amateur Service. At
low powers, the accuracy requirement is
minimal (at least for regulatory purposes), and
at higher powers either commercial power
meters can be used, or extremely simple home-
made equipment, such as an existing s.w.r.,
meter can be calibrated accurately by transfer.

Although a d.c.-input limit does encourage
high-efficiency amplifiers, is that what we really
need? In today’s crowded bands, the most im-
portant characteristic of a signal is its quality,
and an r.f.-output limit allows amateurs to
operate their transmitters in a more linear,
though less efficient, manner.

The demise of d.c.-input limits is a welcome
advance, but other relics of the past remain in
the new Schedule: for example, the 6dB dif-
ference between the power limits for c.w.
(A1A/B) and for s.s.b. (J3E). Can anyone ex-
plain how a c.w. signal with a well-shaped key-
ing waveform differs significantly in interfer-
ence potential from an s.s.b. (J3E) signal of the
same peak envelope power, and why the power
limits for the two modes should not be the
same? The 6dB penalty against c.w. is a legacy
of the transition to s.s.b. from plate-and-screen
modulation, and has no current relevance. In
any further revisions of the Schedule it deserves
a decent burial, alongside d.c. input limits.

Ian F. White, G3SEK
Abingdon
Oxfordshire
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THE NEW

ELECTRONICS

It is at least eight years since I shared the res-
ponsibility for selecting graduates for employ-
ment in an electronics development laboratory,
and I read with interest and dismay Mr Jaques’
article in the January issue.

I was interested in that some of Mr Jaques’
questions were similar to the ones I put to in-
terviewees, and dismayed because the responses
he obtained mirrored so closely those that I
obtained all too often. True, my own efforts
were rewarded by the occasional interviewee
who did understand some of the principles with
which he had been presented and could perhaps
even describe his final-year project clearly and
accurately! Indeed a few such went on to be-
come much respected colleagues.

However, it is not Mr Jacques’ article which
prompts the writing of this letter, but rather the
contradictions and inconsistencies in the letters
about this article which appeared in the March
and April issues. In a letter of reasonable length
I can only draw attention to a few of these.

There is much to agree with in Mr Graham’s
letter — I too would reach for my text books to
deal with Tensor analysis etc., etc., etc., and
must agree entirely with his reference to “learn-
ing by rote” — but what is the relevance to Mr
Jaques’ article?

Mr Jaques’ questions are all of an elementary
nature — for example, surely a qualified
electronics engineer might reasonably be ex-
pected to derive the expression for the gain of
the amplifier configuration in thirty seconds
flat, even if didn’t remember “—Ry/R;”. Does
it really require a text book on op-amps to deal
with this? (Why does it have to be an op-amp
anyway?)

Perhaps Mr Graham would tell us — I really
would love to know — which text book does he
reach for when he wishes to remind himself
about Ohm’s Law?

Surely the point is that an elementary under-
standing of circuit theory and device fundamen-
tals is all that is required to answer most of Mr
Jaques’ questions? That is, are they not nearly
all designed to avoid testing the mere ability to
recall tabulated data from the candidate’s
memory?

Even if a graduate cannot recall a precise
expression governing the current/voltage
relationship for a semiconductor device, is it not
reasonable to expect him to understand that it is
a function of temperature, for example?

On the subject of final year projects, my ex-
perience was that students got involved in much
too complex systems without any hope of fully
understanding them in the limited time avail-
able! Whilst I am sure that Exeter students have
written many good final year reports, does Mr
Graham really believe that the result of a few
weeks project work is to produce an “expert
specialist”?

Turning to Mr Wehner’s letter, I will ignore
the first part as being totally irrelevant, and in
any case, highly suspect. However, he goes on
to make my point for me very well, He takes Mr
Jacques to task for not drawing his (Mr Wehn-
er’s), ‘“standard” amplifier circuit. One might
quibble with the precision of Mr Jaques’ “the
gain between X and Z” but there is no ambigu-
ity. Mr Wehner wants to define the gain re-
ferred to some point not even present in the
circuit — why? Even if “input impedance” s
not given its normal meaning, the circuit shown
does have an infinite “source” impedance — so

why the complication?

Whilst I do not see any ambiguity in Mr
Jacques’ Figure 2, surely a graduate might be
reasonably expected to spot and question any
such ambiguity?

It is my own belief that extraordinary
progress in electronics has led to the very thing
that Mr Graham objects to: learning and exam-
ination by rote. Inadequate emphasis is given to
understanding and applying fundamentals. This
may not matter for certain systems “‘designers”.
However, one would hope that some of the.
electronics engineers we are educating might
actually be capable of designing the “guts” of
those fascinated multilegged black boxes we all
love so dearly. New processes, new devices, new
circuits, all require an understanding of, and an
ability to use, the fundamentals of which Mr
Graham is so scornful — or have we already left
it to the Americans and the Japanese?

Whilst writing this letter, I asked my son’
(who graduated with first class honours in
Electronics Engineering and Physics about five
years ago), to read and comment on your contri-
butor’s article and letters as I thought it appro-
priate to obtain a perhaps more modern view
than my own. (Although I do not actually qual-
ify for Mr Graham’s unnecessary reference to
“Grandpa”.) My son’s reaction was not incon-
sistent with my own, but I feel inclined to give
him the “last word”. He recalled a comment he
made to his examiners — “I could have done
better if I had spent more time simply memoriz-
ing information rather than trying to under-
stand it all . . . the examination questions all too
often merely required the regurgitation of
chunks of lecture notes . . . a computer pro-
grammed to do the same in response to a few
key words, could have.got a degree.”

C. W. Ward,
Yelverton,
Devon

THE DEATH OF
ELECTRIC CURRENT

After Dermond O’Reilly’s second blistering at-
tack, May 1982, perhaps Ivor Catt should slink
away with his tail between his legs.

When discussing a TEM wave, it is common
practice to use the formula O’Reilly objects to,
EH=Vwe. See for instance Bell, Wireless
World, August 1979, page 44, and also A. F.
Kip, “Electricity and Magnetism”, page 332,
equation 12.34. Kip uses the popular conven-
tion, where vectors are written in bold type and
the amplitudes of vectors are written in faint
type. In Wireless World, July 1979, page 73, the
diagram immediately above my equation (a) that
O’Reilly objects to makes it clear that ampli-
tudes are being discussed.

Para. 3. Where is it said by anyone but
O’Reilly that a wave is called transverse EM
because displacement current flows across it?
On the contrary, a wave is described as TEM
because E (not dD/dt) and M are transverse.
dD/dt has nothing to do with it, and will not
even exist in the case of a steady TEM signal.
‘O’Reilly makes this very point earlier in the
,same paragraph, that the bulk of a steady TEM
wave contains no displacement current.

Following your publication in the December
1980 issue of my article ‘Death of electric cur-
rent’, you published a letter by R. T. Lamb and
my reply to his letter, both in the March 1981
issue. The following quotations from my reply
show that I found Lamb’s letter muddled;
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LETTERS

“I think Mr Lamb has reversed physicists

and engineers.”

“Lamb seems to call Theory N ‘the current

model’ and Theory H ‘e-m theory’.”

Lamb himself wrote, among other things;
“This is a broad generalization and, like all
such, has exceptions, so please don’t rush to
quote them at me!”’ i

You then published R. T. Lamb’s reply to
my reply in September 1981. Here the plot
really thickens. For instance, I have no idea

.what “principal assertion” he refers to in his
first sentence:

“I was pleased to note that Ivor Catt, in his

reply to my letter (March issue), gave yet

another example of the truth of its principal
assertion.” '

Presumably he is promoting a particular
philosophical position in the matter of theory,
fact, hypothesis, truth and so on. If he is, then
he should give us references to the originator of
his philosophical view, or if it originates with
himself, he should state it clearly.

Which model of Kepler’s is he discussing in
his second paragraph, September 1981, when he
says: )

“Kepler’s problem was that the central con-
struct of his model . . .”?

There should have been more information, or
reference to the literature where the particular,
activity of Kepler is discussed. Lamb may be
talking about the ellipse, or the Harmony of the
Spheres, or something else. Again, we sce
Lamb’s ability to pitchfork confusion into a
discussion.

In the December 1981 issue, you published
my reply to Lamb’s September letter. Then in
April 1982 you published his reply. Again,
Lamb confuses the issue. Even though in my
latest reply, December 1981, I wrote, “If Lamb
thinks (unlike me) that a mere model is in
dispute, why the tenacity?”’, Lamb comes back
with the reply, Apri! 1982; * . . . [Ivor Catt)
seems to acknowledge that we are discussing
models of reality and not reality itself.”

A dialogue, or debate, between two parties is
of little value if the debaters ignore what the
other man is saying.

Lamb’s apparent assertion in paragraph three
that it can be experimentally ‘established that
RC discharge current does not continue for ever
I find astonishing. Also, in the last sentence of
that paragraph, what does he mean by “an e.m.
wave model”? Is that phrase yet another
misnomer for a theory of mine? I don’t know. I
always name my theories clearly.

In his second paragraph, April 1982, it is
unacceptable, because muddling, if he does not

. clearly specify which “other correspondents”

have shown that the * ‘insurmountable diffi-
culties’ introduced by p and J exist only in Mr
Catt’s mind.” No one has retrieved classical
electromagnetism from the death-blow dealt to
it by the question in my letter of August 1981. It
is of crucial importance to establish whether
classical electromagnetism collapsed in August
1981, so I am sending a personal request to each
of the following experts to submit an answer to
Wireless World; Professors Mott, Dirac, Salaam,
Brown, Lindsay, Bleaney, Gosling and Mr G.
G. Scarrott.

The internal contradiction in classical electro-
magnetism is contained within this set of ax-
ioms;

1) A fransverse electromagnetic wave (TEM)
travels without change at the speed of light
in a vacuum, guided by two perfect conduc-
tors.

2) Lines of electric flux terminate on electric
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charge. (This is one of Maxwell’s equa-
tions.)

3) Electric charge cannot be created or des-
troyed.

4) Electric charge travels slowly in a conductor
significantly slower than the velocity of
light in a vacuum.

Now consider a TEM voltage step travelling
to the right between two perfect conductors.

Behind the step, the D lines from the upper
(more positive) conductor terminate in
electrons, n per cm length of conductor, in (on)
the lower conductor. These electrons are in
addition to the electrons, m per cm, which neu-
tralise the holes in the molecules of the lower
conductor.

o b
[

~—— nsm electrons —1—— m electrons ——
per ¢m per cm

Ahead of the voltage step, m electrons per cm
length of lower conductor are-present, neutralis-
ing the holes. During the next Y30 nanose-
cond, the voltage step moves forward by 1 cm
(approx.), so that n new electrons appear in this
section of the lower conductor, to terminate the
newly appearing tubes of D flux between the

two conductors. Where do they come from? Not
from the upper conductor, because by defini-

[=]
[=2

-tion, displacement current is not the flow of

electrons. Not from somewhere to the left, be-
hind the voltage step, because such electrons
would have to travel at the speed of light in a
vacuum.

Ergo, classical electromagnetism, which for

this purpose includes both Theory N and’

Theory H, is dead.
Ivor Catt

C.A M. Consultants
St. Albans

AMATEURS AND
BAND 1

My attention has just been brought to the fact
that the BBC is intending to use band I frequen-
cies, channels B1 and B2, for schools broad-
casting. As a radio amateur with a keen interest
in the SOMHz band I find this very unsettling.
It leads me to believe that there really is some-
thing wrong with the way frequencies are allo-
cated in the UK, since if the whole 88 to 108
MHz band were available for broadcast, the
BBC could have far more suitable channels tu-
nable on existing receivers with existing anten-
nae.

I had very much hoped that radio amateurs in
the UK would eventually get an allocation at
SOMHz. We would not require a band MHz
wide; 50 to 50.5MHz would be quite adequate.
If, however, the BBC intends to use these fre-
quencies, I would ask that they leave a “listen-
ing hole” from 50.0 to 50.2 at least, and
50.5MHz if possible, since these frequencies are
of scientific value.

I and many others have spent a lot of time,
money and effort in the study of this most in-
teresting part of the spectrum, and propagation
there is not confined to the sunspot maximum:
only the other week 1 was able to hear the
PYZAA beacon in Brazil for the first time.

Therefore it would be very sad indeed if all of

our efforts were to come to nothing and we were_
unable to even listen on SOMHz in future.
BBC please take note.
Mr G. M. Pheasant
Great Wyrley
Walsall

BLUMLEIN AND
STEREO

I have followed with interest the correspon-
dence in your columns relating to the invention
of stereophonic disc recording.

It now seems that the earliest existing stereo-
phonic discs are by Arthur Keller at Bell labs in
America made using dual groove techniques in
December 1932.

The earliest known orthogonal monogroove
stereophonic discs were cut at EMI for A. D.
Blumlein in 1933 and early 1934. This work was
covered by his classic patent 394.325 which was-
applied for in December 1931.

On recording this document I was drawn to
the conclusion that Blumlein probably had car-
ried out research on stereophonic disc recording
before its application was made. As a result I
have made some effort to find whether work was
done by Blumliein before the merger of the
Columbia Gramophone Co and the Gramo-
phone Co to form EMI in 1931. Unfortunately I
found that his co-workers at Columbia are no
longer with us and EMI were unable to confirm
or deny the possibility of such earlier work.
There are however to my knowledge seven re-
ferences to such work and among these there are
which I feel are important.

One by James Moir was based on a discussion
between Moir and Blumlein during World War
II and the other by Clark, Dutton, Vanderlyn
who were co-workers of Blumlein. H. A. M.
Clark worked with Blumlein at Columbia from
1929 and was therefore in a position to write
with authority.

I have found it most frustrating that the work
of probably Britain’s finest electronic electronic
engineer is not proclaimed to the world at large
and that his long promised biography has not
yet appeared.

It does no credit to EMI that they have done

.so little to publicise the work of Blumlein whose

efforts so enriched our knowledge in such fields
as sound recording, television, radar, mea-
surements, and electronic circuitry that we still
make use of his ideas forty years after his tragic
death.
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METEOSAT HIGH-
RESOLUTION IMAGES

Enhancements for receiving high-resolution pictures from Meteosat Il on a home-built
station. The original weather-satellite receiver, designed for Tiros-N high-resolution
images, was described towards the end of last year.

This article describes additional equip-
ment required to receive Meteosat primary
data on the basic Tiros high-resolution
receiving system outlined in a recent arti-
cle.! Meteosat-2, which is in geosynchro-
nous orbit at zero degrees longitude,
transmits digital data in shared time with
the analogue Wefax service.

The Wefax service transmits data by
means of an amplitude modulated 2400Hz
f.m. subcarrier, and the reception of this
has been described before. 2 It is, however,
important to understand how the Meteosat

system as a whole operates, and how each

service fits in. The spacecraft has a mirror
radiometer similar to that used in the Tiros
series, but because of its stationary posi-
tion, the mechanics of the scan system are
different. The spacecraft spins about its
vertical axis at a rate of 100 rev/min. The
radiometer looks out of the side of it and
thus the spin provides the line scan. The
frame scan is obtained by tilting the mirror
from south to north over a period of about
25 minutes. There are five sensors; two are

infra-red, two are visible-light sensitive,.

and one is sensitive in the water-vapour
band. Their spectral bands are

visible (vis.) 0.4 to l.lum
infra-red (i.r.) 10.5 to 12.5um
water vapour (w.v.) 5.7 to 7.lum

Since the amount of data that may be
transmitted in 25 minutes is limited, only
one of each type of sensor, or one infrared
and two visible-light sensors may be used
at once. The basic image format is

infra-red 2500 lines Xx 2500 pixels

water vapour 2500 lines X 2500 pixels
visible 2500 lines X 2500 pixels or

5000 lines x 5000 pixels
This data, called the raw image, is sent
in digital form to the Meteosat ground
computer system at the European Space
Operations Centre (ESOC) at Darmstadt
in West Germany. Here it is stored and
certain processing carried out, such as the
registration of the two visible channels.
The images are then sectored and
retransmitted using Meteosat’s S-band

transponders as analogue Wefax data for-

secondary data-user stations (s.d.u.s), and
as full-resolution digital data to p.d.u.s.
There are two types of digital images
sent from ESOC — ‘A formats’ which
cover the full earth disc, and ‘B formats’
which cover the eastern Atlantic and
Europe. Both A and B formats are sent at
regular times throughout the day accord-
ing to the current Meteosat dissemination

Feedback Instruments Ltd
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schedule’ and contain, at various times,
data from all the sensors. The transmis-
sions are coded on the schedule by A or B
followed by the sensor data that they con-
tain; for example Al contains full-disc
infra-red data and BIV contains the secto-
rized data from the infra-red and both
visible sensors. BIVW contains infra-red
and only one visible channel because the
water-vapour image is also transmitted.

Transmission duration varies, de-
pending on the amount of data being sent,
from a few minutes to 29 minutes. The
shortest format at present is BIW and the
longest AV. In general terms BIV and Al
are sent every half hour during daylight,
with water vapour replacing visible during
darkness. AV is sent four times a day. This
schedule is however subject to changes.
These transmissions can occupy up to six
consecutive four-minute slots in the
schedule and normally take place on only
one of the transponder channels. The gen-
eral characteristics of the p.d.u.s. trans-
missions are shown in Table 1.

Antenna and receiver design

The basic receiver described for a.v.h.r.r.
is used with some modifications.! The fre-
quency is very close to that of the h.r.p.t.
from NOAA-6, and in the prototype sta-
tion the down-converter and demodulator
are common to both systems. Suitable
crystals are used to retune the down-
converter to either of the Meteosat fre-
quencies. Both frequencies are available
because an s.d.u,s. demodulator is used to
receive Wefax formats in addition to the
p.d.u.s. data. It is useful to have the We-

fax facility in order to receive ESOC ad-
ministration notices.

A completely separate antenna and pre-
amplifer are used and system selection is
by means of a coaxial relay at the input to
the down-converter. The preamplifier de-
sign is similar to that used on the h.r.p.t.
system, except that the combiner section is
not required since a single dish antenna is
used. Due to the removal of combiner loss,
the noise figure can be reduced to around
1dB. This corresponds to a noise tempera-
ture of 75K. The antenna noise tempera-
ture is the same as before, 70K, so the
value of the system noise temperature,
Tsys, is approximately 70 + 75 = 145K.
The recommended G/T for a p.d.u.s. is
11.5dB/K, sb the antenna gain, G, should
be 21.6 + 11.5 = 33dB.

The gain of a parabolic dish is given by
approximately

i 4nAE
AZ

where A = aperture area, E = efficiency

(usually about 0.5) and A = wavelength.
Rearranging this, to obtain a gain of G

(expressed as a real number), the required

diameter is
\ /S
En?

or for this frequency, approximately
0.0766 VG metres. For a ’gain of 33dB this

.gives a diameter of 3.4 metres.

This size of dish is recommended for
commercial use, but a significantly smaller
one may be used without a large increase in
error rate. The prototype uses a 2.1 metre
dish, which gives a gain of about 29dB,
(G/T =29 - 21.6 = 7.4dB/K).

The exact design of the prime feed for




2on the right.

the dish will depend on the focus-to-diam-
eter ratio which determines the beam
width that will fully illuminate the dish,
but without spill-over. Figures 1 and 2
show a design which was optimized for a
f/d ratio of 0.33. A smaller ratio presents
an almost impossible design problem. A
square section wave guide was used rather
than a circular one because a slightly wider
beam width can be obtained before the.
wave guide becomes too small to support
wave transmission. If a dish with a larger
f/d ratio were used a suitable circular sec-
tion, sometimes known as a ‘beer can feed’
could be used. Construction of the pre-
amplifier is identical to that used on the
Tiros h.r.p.t. station except that the small
receiving element is connected immedi-
ately before the first chip capacitor. The
length of the element is adjusted, by means
of the brass screw in the top, for optimum
noise performance by pointing the wave-
guide, without the dish, in the general
direction of Meteosat and adjusting it

Table 2. P.d.u.s. frame format. vThe first three words of each 364-word frame

are always the same.

Fig. 1. Sketch of a prime feed designed for
a focus-to-diameter ratio of 0.33. The brass
rod is mounted centrally in the waveguide.
Details of the preamplifier are given in Fig.

| Waveguide

o Aluminium alloy
————————————————————————————————— fl-—— leswg
f i 260596 x96 (int.)
40
i 3 i E}L Ground plane

| secured to waveguide
with screws

_\ 2Stage pre-amp

(see fig.2)

e

Ao s ra

All dims. mm

using the s.d.u.s. transmissions. A usable
but rather noisy facsimile picture could be
obtained on the prototype.

The dish mounting may be rigid because
the beam-width is not narrow enough for
the satellite to move off beam during its
daily movement of about two degrees. A
reasonably unobstructed view of the sky
must be available and the direction may be
estimated from a nomograph or calcu-
lated.* Once the signal has been acquired,
final adjustment of direction, focus and
polarization may be achieved.

Conversion to 10.7MHz is by the same
converter system used for h.r.p.t. which
was in turn based on one for Meteosat
s.d.u.s. Careful adjustment of the interdi-
gital filter is needed if it is required to pass
h.r.p.t., as well as the Meteosat transmis-
sions, without significant differences in
performance on the four frequencies.

If the maximum benefit is to be gained
from the lower bandwidth of the Meteosat
transmission, the i.f. bandwidth should be

3 words 1 word 26 words
/ — ~ \/ N \ =
Frame Spare ™y
Sync. F‘.);mu: number Label 40 words In'A Data
L 0000 8 words in'B’
Sync. Format 0001 Data, radiance values sent m.s.b. first - *‘E,
ident €
(&
etc. etc. 0010 Data 2
@ Further data in A formats @
| = 0011 Data 202 words 158 words grid in ‘B’ J 5
118 588 &
g3 S| EE | 000 Data (only exists in ‘A" formats 5
(2] mSe—~|E L8
2l S SEE s 0101 Data Note: IR & WV have 8 bit resolution
4l Sf=ie ey vis. is 6 bit (to Ls.bs filled by zeros)
{ € oo« v ==
3 % S2 | om0 | Data
= e
Grid, 316 words
o Data 44 words {2500 grid bits plus 28 spare) )
\ = /\ % /
4 words 360 words

62

Diecast box 171x121x55

reduced to about IMHz. The simplest way
to do this is to remove the 2.2k() damping
resistor across the tuned circuit in the
mixer mosfet drain. The remainder of the
wideband i.f. amplifier may be used with-
out modification.

Phase demodulator

The method of modulation and the mod-
ulation index are identical to those used on
the h.r.p.t. transmission and so the phase-
locked loop demodulator may be used
without change. The base bandwidth of
the p.d.u.s. signal is considerably lower
than the h.r.p.t., for which the post-detec-
tion filter was designed, and therefore a
further filter must be added before the
signal is applied to the p.d.u.s. decoder.
This filter is placed after the existing filter
output, in parallel with the existing
connection to the h.r.p.t. decoder, and has
a 3dB cut-off point of 280kHz, Fig. 3.

Data decoding
At this point in the system it is convenierit
to separate the p.d.u.s. chain from the

‘h.r.p.t. system because the differences be-

tween the two become progressively more
extensive. As before, the next step is to
convert the s.p.l. data to n.r.z. and clock,
in a manner that avoids most of the noise.
The principle of s.p.l. decoding was cov-
ered before and the same definitions apply
here. The h.r.p.t. system uses a digital
integrator as a bit conditioner, and al-
though this method could have been used
again, because of the lower data rate a
more conventional analogue implementa-
tion was used. Far simpler methods could
be used to decode s.p.l., but it is well
worth making the extra effort at this point
because the decoder and front-end per-
formance determines the overall error rate.

A complete circuit diagram of the de-
coder is shown in Fig. 4, and it operates as
follows. Raw s.p.l. data is divided into two
chains, one of which is clipped, and both
positive and negative transitions used to
regenerate the clock by pulsing a tuned
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Table 3. The 24-word frame label
broken down.

Word number Meaning
YF Number of frames per su‘bfr:ﬁs
k1 2% - Nunrrof subframes in transmission
o 5&6_ i (ur;v subfrome number
—7& 5— Image Dine number { @ers are zern_)
9-12 | Image number from mission start )
13 Formot indicator, A=00 B = FF (hex)
1% vis 1 indicator | 00 = Dato not present
— —_—— = = } FO = 1st hulf tine present
| 15 Vis 2 indicator t in\i holf line present .
16 IR indicator 00 = Data not present
™ 7 R WV indicator } FF = Data present
8 Gnid, 00 = No grid present
19 Reserved (00 on current operahans)
20 Scan direction {normally 00 = S-N/E-W)

|
I 0-26 Spare {all zeras)

circuit at twice the data rate. Two c.m.o.s.
phase-locked loop i.cs provide logic level
clocks both in phase, and at 90° to the ! s

s.p.1. ‘bits’. Two D-type flip flops generate One of eight registered primary data users, Mike Christieson, at his station. From left to
clocks at data rate both in phase and at 90° right are colour-display electronics, computer-terminal and v.d.u. with colour monitor
to the incoming data. The two clock divid- above it showing p.d.u.s. full-disc image, and the PDP9 mini-computer with four tape
ers can be initialized externally by the drives. The white panel below the tape drives is the satellite interface.

clock-error signal which goes high if a
phase error is detected by the frame
synchronizer. The clock signals are gated
to produce the enable and reset pulses that
operate the integrators and sampling cir-
cuits. At the end of each data bit the inte-
grated values of both associated s.p.l. bits
are held at the inputs of a comparator, the
output of which is clocked into a further
D-type flip flop. This forms the n.r.z.
output. Both 180° and 90° clocks are used
by the sync. detector. The waveforms
marked on the circuit diagram are timed
over a single data bit.

P.d.u.s.-frame format : L NN
Like the h.r.p.t. from Tiros the data . ‘
stream is divided into blocks of words
called frames. Each frame consists of 364, _
eight-bit words and the first three words of Recoing
each frame are always the same; they form (see fig.1}
the synchronizing sequence. The transmis-

sion is structured as a number of sets of the

frames, each set containing four frames in

a B format and eight in an A format. These

Fig. 2. Details of the two-stage preamplifier shown in Fig. 1. This is a slightly modified
version of the one designed for receiving h.r.p.t. using the signal from NOAA-6, as
described in the November 1981 issue of Wireless World.
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sets are rather confusingly referred to as

subframes. There are three types of sub-

frames

@ heading, which conrtain identification
and interpretation information

® data, which contain the image, and the
grid-coastline bit map

® conclusion, which are similar to heading
subframes but may contain updated
information.

Table 2 shows the construction of a data

subframe for both A and B formats. Each

subframe has a ‘label’, consisting of 24

64

15k A2V 3160
+
-
10k
oV

A depression in the
eastern Atlantic
scanned by one of
the satellite’s two
visible-light sensors

words, and its contents are shown in Table
3. The data from one line of infra-red or
water vapour is sent in one subframe, but
one line of visible data requires two con-
secutive subframes. When formats con-
taining more than one image are sent the
lines are interleaved in the following prior-
ity

—infra-red line one

—visible line one

—visible line two or water-vapour line one
—infra-red line two

—visible line three, etc.

the decoder. The overall
error rate is determined
by this circuit and the
front end so no
compromises have been
made here.

Note that when both visible channels are
scheduled and only one channel is avail-
able, lines are duplicated.

All digital transmissions are preceded by
a series of frames containing random data
(with the label zero) to synchronise the
receiver. The heading is then repeated 42
times in an A format and 84 times in a B
format. Data then follows and the sequ-
ence is ended by one or two conclusion
sub-frames. There is insufficient space
here to describe fully the contents of the
identification and the reader is referred to
the ESA publications for this essential in-
formation. 3:6:7:8,
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Communications crisis

A pressure group, consisting members of
companies and associations connected with
the communications industry, has been set
up to try and persuade the Government to
speed up their liberalization of telecom-
munications. Many of the compames have
invested money in anticipation of the
liberalization and are now suffering finan-
cial hardship. The group calls itself the
Communications Crisis Committee and its
members include; Professor Lou Schnurr
of the Chelmer Institute of Higher Educa-
tion; The Mobile Radio Trade Association
(MRTA); The Independent Telephone
Supplies Association (ITSA); The Federa-
tion of Communications Services (FCS);
The Mobile Radio Users’ Association and
the National Committee for the Legaliza-
tion of Citizen’s Band Radio (NATCOL-
CIBAR).

They have put their opinions together
into a document called the Report of the
Communications Crisis Committee which
consists of contributions from each of the
corporate members of the Committee.

Professor Schnurr sets the scene by de-
crying the self-perpetuating monopoly of
the present system. Even where free enter-
prise agreements exist, they are bound by
licensing and technical approvement
procedures. A particular area for discon-
tent is the allocations of the radio-fre-
quency bands, especially the constraints
on commercial development of the spec-

trum “controlled by an organization insen-
sitive to market demand and without the
philosophy of optimizing available spectral
bandwidth for the purpose of services de-
velopment. So long as such practices are
contained within the moated walls of
establishment privilege and internal deci-
sion making, the marriage of telephony
and wireless cannot exist’’. This, he im-
plies, impedes the whole of the diffusion of
information technology throughout com-
merce.

Contributions from the other committee
members also press for the liberalization of
the use of British Telecom’s network; to
give access to mobile radio users, so that
advanced data services for communication
to mobile traffic. MRUA suggests that mo-
bile services should have access to frequen-
cies below 1,000MHz, frequencies above
that being reserved for radio location and
navigation. They also press for private net-
work communications which would also
have access to the public switched net-
works.

In a specific case study, Godfrey Wilson
of Digital Paging Ltd bitterly complained
about the inability to gain from BT the
exchange facilities required for direct dial-
in capability, available on his companies
paging service. The unrealistic pricing of
BT’s radiopaging service; the “extortio-
nate delays in obtaining services, and ser-
vicing from BT; excessive delays from the

Home Office in obtaining frequencies.”
Wilson feels it is unacceptable to be forced

-to compete with the body that issues the

licences.

In conclusion, the committee puts for-
ward several points for “direct, immediate
action”: Government departments should
be asked to take steps to break the cycle of
“time wasting tactics by BT and the Home
Office Radio Regulatory Department;
licensing powers should be transferred
from BT to the Department of Industry;
BT management to give fair and equitable
access to BT competitors of the same facili-
ties enjoyed by BT’s own services and at
the same price; require BT to set up self-
accounting in all areas where there may be
competition, ensuring public account-
ability. Pending the division of such areas,
BT should suspend further commercial
development; The Cabinet Office should
take action to allocate some 60MHz of the
radio frequency spectrum below 960MHz
for private sector mobile radio services in
conformity with the allocations of the 1979
WARC. There should be support and
funding available to a private sector coor-
dinating group. This would assist the ad-
ministration and allocation of radio com-
munications services, enabling medium-
term commercial development of informa-
tion technology and telecommunications
services.

Arthur C. Clarke, on the right, is receiving the Marconi Fellowshlp Award for 1982 from
HRH Prince Claus of the Netherlands. Arthur Clarke was awarded the prize particularly
for his pioneering ideas in the field of satellite communication. He originated proposals
for the use of ‘Extra-terrestrial relays’, first published in an article in Wireless World in
October 1945, Since then he has worked in similar proportions in both science fact and
science fiction.
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Old brain,
new hat?

First announced as long as two years ago,
the “hand-held” Newbrain personal com-
puter emerged recently under the new
parentage of Grundy Business Systems.
Following Newbury Laboratories
dropping of the project in 1980 — itself
then only three years old — Bob Smith and
colleagues left to seek new backing, ending
up with a Grundy:BTG share arrangement
of 70:30%. At the same time, the specifica-
tion of the machine was improved so that
Grundy now claim it is designed for “busi-
ness, scientific and educational use as well
as home computing”. Now with its resi-
dent random-access memory increased to
32K (plug-in modules of 64, 128, 256 or
512 can take it to 2M) and 28K of read-
only memory, it is designed to operate
with a range of interchangeable and expan-
pandable program modules, or firmware.
The hand-held claim is based on the built-
in 16-character 14-segment vacuum
fluorescent display together with optional
one-hour battery module of the AD ver-
sion, designed chiefly to occupy minimum
desk space. But an MDB model with on-
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board nickel-cadmium cells will allow
display in its editing mode for four hours
and preserve memory for 20 hours and
should be available in six months time.
The cheapest version, model A at £199 +
vat, comes without this display but with tv
and monitor ports instead, as well as dual
cassette port, RS§232/V24 printer and bidi-
rectional ports. The screen display can
provide, unusually, 40 or 80 characters per
line and a resolution of 250 dots vertically
by up to 640 dots, and may be mixed with
a separately scrollable character-mode

display. The 512 character fount includes,

viewdata mosaics, upper and lower case
Greek letters, arc, and line drawing graph-
ics, as well as the 96 ISO printing charac-
ters.

Firmware consists of interchangeable
modules, communicating via hardware-in-
dependent interfaces, and may be ex-
panded without interference with the
hardware. The enhanced-ANSI Basic
allows for user proofing of programs,
direct interrupt handling, device-indepen-
dent /o, chaining and external calls. The

screen editor claims novelties for a
microcomputer: backwards scrolling,
multi-screen ability and direct cursor
addressing. The operating system provides
for peripheral device drivers to the proces-
sors — the cassette device involves a
second processor which uses a learning
algorithm to accommodate tape speed fluc-
tuations. Additional rom slots are available
in a buffer expansion module that accepts
Z80 assembler, Comal structured Basic,
statistics and text processing packages.
The buffer module also has memory pag-
ing circuitry, parallel i/o ports, analogue
ports, two multi-speed V24 ports, as well
as rom space, which will be included on-
board in the M models available later.
Proprietary software packages may be used
from cassette or via disc under control of
the CP/M module, available September. A
communications module, also available
September, contains 32 V24 ports to give
flexibility in sharing peripheral devices
and connecting computers together. Un-
fortunately, a videotext module takes only
low priority, and is planned for “‘some
time next year”.

Meeting Grundy’s price targets meant
adopting n.m.o.s. circuits instead of the
more expensive c.m.o.s. types. Switch-off
circuitry was incorporated to keep the cir-
cuits cool and power consumption within
reasonable limits. ‘“‘Other machines  do
have problems in this respect,” says Grun-
dy’s Mike Wakefield, who is pleased to be
able to claim a 0 to 45° C temperature
range.

Welsh Dragon

The Dragon 32 computer is the first pro-
duct of a new company, Dragon Data Ltd,
a subsidiary of the toy manufacturers,
Mettoy. Aimed at the first user, Dragon
Data have concentrated their publicity in
marketing a ‘family home computer’
where the children might use it for learn-
ing and games playing while the parents
can compute family budgets, or index a
collection.

The Dragon 32 is based on a Motorola
6809E which has an internal architecture
so designed that it needs far fewer instruc-
tions to operate it than many other
microprocessors and is very fast. It has a
16K rom with extended Microsoft colour
Basic, which gives high-resolution graph-
ics of up to 256 x 192 pixels: there is a
modulated output to a domestic tv and
there is also a monitor output. The basic
computer includes a Centronics-type in-
terface, so a ‘professional’ printer may be
plugged in directly. The keyboard is
similar to that used on DEC equipment
and offers typewriter-style keys, guar-
anteed for 20 million key depressions.
There is a 32K ram with the ability to
expand to 64K. In addition there is a
games cartridge slot with sockets for two
joystick controls for the playing of games;
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The Dragon 32 home
computer, made in
Wales.
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cartridges for the more popular amuse-
ment arcade games, space invaders, a ‘Pac-
man’-type game and others, are available.
Programmes may be stored on cassette
tape. Dragon Data say that they have paid
particular attention to the cassette in-
terface so that the computer will work with
a wide range of cassette recorders.

Some software on cassette is already
available, particularly the Dragon Special
Selection tapes which are games programs
which explain how they work and so give
some insight into their programming.

Especially useful for educational
programs is the ability to switch sound
from a cassette player through to the tv
sound. Program and a sound commentary
can be included on the same cassette. A
language lesson could show the words on
the screen while they are spoken through
the speaker. The Dragon can also generate
sound with five octaves of musical notes
with selectable duration and volume. This
too comes out through the tv speaker.

Future expansions and developments in-
clude a disc operating system, an RS232
port, a second microprocessor and an
operating system together with Prestel and

Banking on
video

Barclays Bank has found that the best way
to keep their staff informed is through
video programmes, shown on tv sets at the
place of work. They have invested in a
£1M recording studio and insist that their
programmes should be of the highest qual-
ity both in content and presentation. So
they have hired tv producers and popular
tv performers to make the programmes
look as much like the programmes the staff
might watch at home, as possible. Such
subjects as ‘How to spot fraudulent use of
Barclaycard’ or the implications to the staff
on the opening of the banks to the public
on Saturday mornings, have been pro-
duced and are examples of the training and
information functions. In order to generate
enough copies of the video films for distri-
bution, Barclays have a computer-
controlled copying suite with quality mo-
nitoring also controlled by computer.

The next phase of the video network is
to extend it to 2,300 outlets. Barclays have
awarded a £3.5M contract to Soundcraft
Network Video to install 700 additional
Type 5 Sony U-Matic video cassette re-
corders and 1,900 Trinitron monitors, and
to maintain the whole system.

Mike Pogson, the managing director of
Soundcraft, told us that his company had
made considerable investment in provid-
ing servicing back-up for such a system.
He described the lack of fully-trained
‘broadcast engineers who were necessary to
diagnose as well as rectify any faults in the
field. He saw the role of his company as
removing all the technical problems from

teletext facilities. Other operating lan-
guages can be added, including Pascal, ‘C’
and Basic compilers.

Program cassettes and cartridges are
planned for a wide range of applications.
The Dragon is all British, designed by
Dragon Data with the co-operation of the
PATs Centre, and Motorola, whose chips,
manufactured in Scotland are used in the
computer.

Comparisons are always difficult but the
nearest competitor to the Dragon is the
Sinclair ZX Spectrum. The Dragon 32 has
more memory and a particular advantage
in having a ‘professional’ keyboard. The
Centronics interface is also a big advan-
tage. The Sinclair has more colours avail-
able at high resolution and the big (so far
theoretical) advantage of the Microdrive;
the miniature, low cost disc memory.
However, there is a big difference in ‘feel’
with the ZX Spectrum feeling like a toy
computer and the Dragon and its keyboard
with the touch of a ‘real’ computer.

The Dragon 32 is in production at the
Mettoy factory in Swansea, it will be on
sale in the High Street early in August for
just under £200.
the client’s shoulders so that they can ‘get
on with producing and distributing the
programmes’.

The Soundcraft deal is claimed to be the
‘biggest contract by a corporate organiz-
ation in Europe.

New technology
and the graduate

The Department of Education and Science
has approved the co-operation between the

and the Open University for a series of
programmes of ‘technological topping-up’
courses. It is intended to provide a re-edu-
cation for those graduates who have been
working in industry for periods of 5 to 15
years. The SERC became aware of a need
for such courses and have commissioned
the OU to produce them.

The courses will use the OU’s tech-
niques for home study with tutorial
support and study centre facilities for
practical work. Two areas in particular
have been identified for priority treatment,
which are computer applications (includ-
ing real-time monitoring and control
systems), and manufacturing.

The computer applications course is ex-
pected to consist of a ‘foundation’ module
on software engineering, computer
systems architecture, and operating
systems. This would be followed by a
number of ‘core’ modules on monitoring
systems, systems modelling, control
systems and project management. There
would also be optional modules on robot-
ics, man/machine interactions, and com-
puter-aided design. The full course will be
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the equivalent of one year’s full time
study. Certificates would be awarded for
each module of the course and a diploma
for the successful completion of the whole
course. Students may then be able to un-
dertake a further project in a related area
which would lead to an M. Sc.-level qualifi-
cation.

Telecom showcase

British Telecom’s new exhibition centre is
not a museum, stressed Peter Benton, the
Deputy Chairman of BT, although it does
trace the history of telecommunications
from the early days of telegraphy. The
centre’s full title is Telecom Technology
Showcase and in addition to the historical
aspect which is well covered with many
working examples of, for example, a
Strowger telephone exchange of 1940s
vintage, there is an exhibition of BT’s
latest equipment and techniques. Cur-
rently these include many digital tech-
niques, displays about optical fibres and
satellite telecommunications with
examples of some of the latest equipment.
It is planned to change the displays regu-
larly to keep them up-to-date.

The Showcase is situated in Queen Vic-
toria Street, London, in part of BT’s Bay-
nard House and is next door to the Mer-
maid Theatre. Lord Miles, formerly Sir
Bernard Miles, officially opened the show-
case and pointed out the role that the Mer-
maid’s Molecule Club had played in edu-
cating young people in science and
technology. He hoped that the Showcase
would also contribute towards the edifica-
tion of the young. He also looked forward
to the micro revolution which he felt
‘would release us from the ‘work ethic’ and
allow us to get on with living, without the
encumbrance of work.

Projects Editor
| Wireless World needs a Projects

- Editor, who will be responsible
I for running the laboratory.

The work consists of design and
development of equipment
subsequently to be described in
Wireless World, commissioning
articles on construction and
testi pieces of commercial
equip . 3

The successful applicant will be
experienced in both analogue |
and digital techniques and wili
be able to express himself
clearly in writing.




Extended addressing
for the Z80

Current 40-pin memory-mapping i.cs are
expensive and difficult to obtain. As this
circuit shows, it is possible to extend the
addressing capability of a Z80 to more than
16 bits using readily available 745189, 64-
bit t.t.l. rams.

The microprocessor’s four most signifi-
cant address lines are not used for memory
access, but instead address one of 16 stores
of eight or 12 bits which are used as most
significant address lines; in essence the
same function as carried out by dedicated
memory-mapping i.cs.

Each store is loaded using an OUT(C),r
instruction which, with the Z80, results in
the contents of the B register being placed
on the upper half of the address bus. To
load a particular store, the program has to
put the eight address bits into the A (or D,
E, H or L) register, the store addressing
the top four bits of B, then load C with the
/o address of the mapping circuit and issue
an OUT(C),A (or D, E, H or L) instruc-
tion. If 12 address bits are to be generated,
the top four bits must also be placed in the
bottom four positions of B.

Sixteen different stores are used so that
various parts of the program can be allo-
cated one or several locations, allowing
each store to work on its own ram. For
example, interrupt routines may be run
without upsetting background pointers.
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Initially, bistable IC, disables the stores,
whose outputs are held high by resistors
until a switch-on signal is generated using
a spare i/o line. This gives a fixed value on
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start up while the initializing program
loads the 16 stores.

Brian Dillon

Dublin

Low-current voltage

regulator
Standby consumption and output rating of
this low-power regulator are 50uA and
greater than 10mA respectively. Current
limiting is included, brought about by
gate-to-source voltage starvation in the
4007, and the output is short-circuit proof.
Components used are cheap and readily
available.

With the components shown, the output
voltage is 12.78V, given by

Vour=Verry+ VR
where VR=Vg—Vrand Vr=1.5V. And
Vra=Veont+Veram—VT

such that V,,=Vra+Vgs. In this case,
assuming a typical BC109 breakdown
voltage of 8.2V for Tr), a forward voltage
for D; of 0.4V and a threshold voltage of
1.5V, Vra=7.1 and Vrg=>5.68. Therefore
VOUI=VRA+VRB'

With a maximum input voltage of 20V,
with Vg at around 4V, the c.m.9.s. device
will be operating at around 16V which is
inside its rating.

D. Roffey
Bromley

68

Vin H.. ".
{Unreg- I '
ulated) 3IM9 "J l—J
L
6 13 10 Vout
Tr1 1?2
==100n N-]Uﬂ' I
NL148 |
IC=c.mos
type 4007 109etc.  Rp 2MMS
Sy :
:C
l ® Vs =
67 3M9 S
— i |
VR INu18 |
%.n %820}( RB %mz |
|
0V Dy prevents latch-on under o

short-circuit conditions

Programmable
frequency divider

The 74163 4-bit binary counter may be
used to divide the clock frequency by N,
where 2< N=< 16, by applying binary
(16-N) to the data inputs and connecting
the load input to the inverted carry output.
N. H. Sabah

American University of Beirut

Clock 2
A 3
Data jp—%
inputs o 74163

(g-N €=
D_—

9 15 +N

Load Carry | 2<NS<16
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"Howard Hughes

I watched the recent two-part EMI film on
Howard Hughes (BBC 2) with interest —
though it seemed a great pity that so much
emphasis was placed on his extraordinary
idiosyncrasies, so little on the remarkable
contributions made to technology by the
companies controlled by his secret tele-
phone calls in the middle of the night.
Hughes was undoubtedly the fruitiest of
fruit-cakes — though if he had been born
in Chipping Sodbury, rather than Hous-
ton, Texas, he might have passed as the
last of the great eccentrics. Fruit-cake or
eccentric he has the distinction of being
one of the few men ever to take on and
defeat the European telecommunications
“establishment” led by the British Post
Office.

Wireless World has always been proud of
the fact that the potential of the geostatio-
nary orbit as a unique parking place for
microwave and broadcast relay stations
was first pointed out in its columns in 1945
by Arthur Clarke. But the means of imple-
menting this in 1963 by a transfer orbit
and position-keeping jets were entirely the
work of the Hughes Aircraft team led by
Harold Rosen, Tom Hudspeth and Don
Williams. An equally difficult job was to
convince the Post Office. BPO were
ranged solidly behind the concept of a
series of station-keeping satellites some
12,000 miles above the Earth, involving all
the problems of tracking and hand-over.
The Post Office engineers attacked the
geostationary orbit on the grounds of ex-
cessive time delay and pointed out the
impracticability of conversation between
two nervous speakers reduced to a hope-
less tangle by the delays. Indeed the first
transAtlantic call I made over Early Bird
(Intelsat 1) in 1965 did seem to bear out
their gloomy prognostications — it was
only later, when they had virtually admit-
ted defeat, that it emerged that the real
villain of the piece was the inadequate de-
sign of echo-suppressor then in use. It is
often forgotten that it was not until well
after the launching of Early Bird in 1965
(following the experimental ATS series)
that Intelsat/Comsat became firmly com-
mitted to the synchronous orbit. In the
struggle, which lasted some 3-4 years,
Hughes Aircraft was not adverse to using
the lavish hospitality that had earlier
brought Howard Hughes before a Con-
gressional Committee. I have to declare an
interest as I was a bemused member of a
party of European journalists taken to Cul-
ver City, Los Angeles and the fabulous
Hughes Research Laboratories out at Ma-
libu Beach — a trip that remains indelibly
in the memory as one of the most lavishly
endowed press parties of all time! I can
plead only that it was not the trip that
subverted me to support the geostationary
orbit but a previous more modest meeting
with Harold Rosen, at .the conclusion of
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one of his many efforts to convince
European PTT organizations that their
future was to be found 22,300 miles above
Earth.

No mention was made in the EMI film
of communications satellites or lasers
though the dying recluse was shown
playing with a model of the CIA-backed
Global Explorer, the remarkable deep-sea
recovery ship which came very near to
success and which one day may itself be
recognized as contributing to the tech-
nology of reaping a richer harvest from the
sea bed. In his later days Hughes was close
to madness — but as an old-style entrepre-
neur he did more to advance communica-
tions and aviation technology than whole
battalions of eminently sane bureaucrats!

Easily nicked
The emphasis on lightweight, microminia-
ture complex equipment in communica-
tions and broadcasting is not without its
problems. High-cost equipment that can
be easily carried, can easily be carried away
by other than the rightful owners. It is not
without reason that e.n.g. (electronic news
gathering) television equipment has earned
the sobriquet “easily nicked gear’’. During
the past few.years several crews have re-
turned minus many thousands of pounds
worth of equipment. Nor is it only porta-
ble electronic gear that vanishes. In April a
BBC crew in South London lost £25,000
worth of film equipment from the back of
an estate car while taking a lunch break in
Stockwell. Another anonymous company
has been advertising (under a box number)
for information on a loss of a complete
Sony e.n.g. unit including BVP330P cam-
era, BVU110P recorder, battery charger,
radio microphone, etc. This was not the
first e.n.g. unit to disappear in the UK.
Communications equipment — profes-
sional, amateur and c.b. — has become

very vulnerable to car thieves. But the

thieves need to be careful in their choice of

vehicle. 1 heard of a case recently where

what looked like a standard broadcast car
radio was taken from a Special Branch
police vehicle. It was in fact a disguised
control unit for a boot-mounted two-way
radio!

Stable ats.h.f.
Although semiconductor devices, including
Gunn diodes and Impatt diodes, make pos-
sible relatively simple self-excited oscilla-
tors at s.h.f., it remains essential for many
applications to provide some form of stabi-
lization. A good deal of effort, for example,
has been put into developing cavity resona-
tors, including low-cost types that can be
used in association with the front-ends of
12 GHz satellite receivers where the circuit
elements may take the form of punched
out metal sheet.

Recently much interest is being shown

in small dielectric resonators which can be
used in connection with cavity resonators
to improve greatly the temperature charac-
teristics or, for example, to stabilize mono-
lithic GaAs fet oscillators.

In conjunction with a conventional cav-
ity it is claimed that commercially available
dielectric resonators using a disc of doped
barium titanate in the cavity can reduce
the temperature drift of a 10 GHz cavity-
stabilized oscillator from 3 MHz per °C to
only 3 kHz per °C. A new Mullard range of
dielectric-stabilized oscillators within the 4
to 16 GHz frequency range includes the
facility to tune over 1 per cent of the lowest
frequency limit without degrading stabili-
zation, or 8 per cent when rather lower
stability and higher noise is acceptable.

A French team at Laboratoires d’Elec-
tronique et de Physique Appliquée (LEP)
has reported (Electronics Letters, April 15,
1982 Vol 18 No 8, pp 345-347) the de-
velopment of a monolithic X-band GaAs
fet oscillator stabilized by means of a
barium titanate dielectric resonator -which
delivers more than 30mW output power at
10.8 GHz with a frequency drift better
than 1 p.p.nvK from -20°C to 80°C, and a
maximum chip efficiency of about 20 per
cent. The oscillator chip measures 1.2 by
1.4mm? with a chip thickness of 300um.
It can be used as a voltage-controlled oscil-,
lator.

Long waves, high power

The BBC is currently carrying out a £2-
million refit to the Droitwich 200 kHz
(1500.m) long-wave station at Droitwich,
taking the opportunity to increase
transmitter output power from 400 kW to
500 kW. The transmitters now in use are
two of the four 200 kW units originally
supplied by Marconi for the special war-
time 800 kW station near Hull. The use of
the Marconi “Pulsam” high-efficiency
technique will make the higher power
units more economical to run.

500 kW is a long way from the first long-
wave (1600m) BBC station at Daventry.
This was completed in 1924 and had a
power of 25 kW following tests on a Mar-
coni 15 kW long-wave transmitter in the
Chelmsford factory. At that time the inten-
tion was to supplement the local regional
transmitters (1.5 kW plus 0.12 kW relays)
by a single transmitter providing ‘‘a
reasonable field strength over most of the
British Isles” — as indeed it appears to
have done at a time when most listeners
used outdoor aerials, electrical interference
was reasonably low and there were none of
those infuriating signals emanating from
the line time-bases and switched-mode
power supplies of colour television sets.
Indeed in the 1930s it was firmly recog-
nised in the UK that high-power stations
of the order of 500 kW ““may be a doubtful
blessing™.
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American broadcasters, who have never
used the long-wave broadcast band, have
been limited even on medium-wave “clear
channels’ to a maximum of 50 kW and yet
have traditionally achieved extensive and
excellent night-time coverage using direc-
tional aerials to minimize mutual interfer-
ence.

However this coverage is now under
severe threat from Cuba who have stated
an intention to install two 500 KW trans-
mitters with omnidirectional aerials, plus
over 180 other transmitters of various
powers — and have withdrawn from a key
Region 2 planning conference. It could be
argued that the Americans have brought
this problem on themselves by their inten-
tion to transmit programmes to Cuba on
medium-waves — yet another example of
how it is often external broadcasting for
government agencies that has been the
prime cause of the transmitter power race
and excessive interference.

AMIATTTIEUR
_ [RADIO

Satellite scene

Several of the balloon flights being orga-
nized this year by the South African Radio
League as a preliminary to an amateur
satellite project have been completed
successfully, including two flights to
100,000 ft with simple recovery beacons
and a 10-hour flight to this height carrying
a linear transponder as well as telemetry
and recovery beacons. During the flight
about 20 amateur operators had s.s.b. and
morse contacts through the beacon over
distances of several hundred kilometres. A
later flight will be aimed at keeping a
transporter at 100,000 ft over an extended
period with power derived from solar
panels. The whole project is enjoying the
full co-operation of a number of universi-
ties and electronics firms.

During April, a false command initiated
by the main computer on board the Uni-
versity of Surrey’s UOSAT satellite inad-
vertently switched on both the 145 MHz
and the 432 MHz beacons at the same time,
resulting in desensitizing both command
receivers so that the satillite was no longer
under ground control. The normal fail-safe
software in the computer had previously
been temporarily over-written, with the
result that the malfunction persisted for
an extended period.

Ron Broadbent, G3AAJ, secretary of

Amsat-UK, has complained of the many

demands directed to the society, stemming
not from radio amateurs but from school
and university staffs seeking detailed in-
formation on what they regard as a
“British Schools Satellite”.
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Vintage valves

A few months ago the turning over by
Mullard Ltd of their Blackburn factory
from the manufacture of domestic valves
to other products led to nostalgic back-
ward glances to the heyday of the “red”
EF50 of wartime radar, the EF39 used in
many communications receivers, and other
once familiar small-signal valves.

Across the Atlantic the process of clos-
ing down production lines of “vacuum
tubes” has been going on for several years,
without many tears being shed. But surely
a note in QST will touch the hearts of
every old-time -amateur and professional
communications man: RCA have disconti-
nued manufacture of a further batch of
glass-envelope transmitting valves includ-
ing such famous types as the 807, 811A,
813, 829B — valves that found their way
into innumerable transmitters since they
were first introduced well over 40 years
ago — and still do yeoman service in many
transmitters even today, although pre-
sumably the demand for replacements has
dipped. Transmitters needed to be large to
accommodate them and the ceramic types
with (often noisy) forced-air cooling were
displacing them, years before the semicon-
ductor era began to deliver the knock-out
blow. The 813 needs a hefty 5 amps at 10
volts just to keep the filament energized;
but was — and remains — a magnificent
workhorse for Class C service. Show me a
transistor that will provide a comfortable
300 watts r.f. output at 20 MHz with a
similar freedom from parasitic oscillation
and ease of design — but until then many
will regret the gradual passing of the ther-
mionic era.

Perhaps not quite passing — Mullard,
for example, tell me they have no plans to
discontinue their range of transmitting
valves, including near equivalents of a
number of the axed RCA types. Indeed I
hear rumours of European manufactured
valves being sent across to the States and
then returning to find sockets in European
transmitters.

Here and there

The regulations introduced by the FCC on
January 1, 1981, limiting the amount of
r.f.i. generated by new computing devices
marked for the home to limits calculated
not to interfere with broadcast reception
are having an effect on manufacturers. Al-
though initially many manufacturers ap-
plied for waivers, the regulations must be
complied with by October 1983, and re-
cently the FCC laboratory has been reject-

‘ing less than 15 per cent of devices com-

pared with 25-30 per cent in early 1981.
FCC are now investigating the amount of
interference produced by other digital de-
vices including digital clocks using synthe-
sized speech.

A number of candidates who took the

2 ™

Radio Amateur’s Examination in May
appear to have been less than happy with
the multichoice paper and support the
view, expressed on a number of previous
occasions in this column, that the City &
Guilds Institute should carefully consider
updating the aims and scope of the exam-
ination — and contributing to the reduc-
tion of the administrative time it takes in
the UK to sit the exam and acquire a
licence.

With the help of a small grant from the
Science Research Council, the R.S.G.B.
Propagation Studies Committee is to assist
in the collection over the next four to five
years of data on Sporadic E propagation on
frequencies above 100 MHz. North/south
propagation paths on 50 MHz were open
on many occasions during March and
April 1982. An unusually large number of
South African stations were received in the
U.K. on April 12.

In brief

The boom in walkabout audio tape cassette.
players has encouraged the marketing in
Japan of miniature S0 MHz “walkie-
talkie” wunits, such as the Standard
“Talkman” with headphones and minia-
ture boom microphones. In future some-
one “talking to themselves” in the street
may or may not be a first sign of madness
... . David Adams, VE3BHF (G4NWA)
of Sutton West, Ontario has been walking
the length of Britain, from the Scilly Isles
to the Orkneys with a backpack that in-
cludes a 144 MHz hand-held transceiver
... Callsign of the 70.05 MHz beacon
transmitter on Harpur Hill, near Buxton,
Derbyshire has changed from GB3SU to
GB3BUX as part of the plan to use two-
letter GB callsigns for repeaters and three-
letter ones for beacons. Similarly, for
example, the beacon high on the IBA’s
concrete aerial support tower at Emley
Moor, West Yorkshire has changed from
GB3EM to GB3MLE . . . Tropospheric 10
GHz contacts across the English Channel
to amateurs in France and Holland con-
tinue to be reported over distances up to
about 250 km . . . A “‘very slow rise” in
membership is reported by the R.S.G.B.
who state that of members resigning “the
vast majority gave the present economic
climate and unemployment as the main
reason”. . . Forthcoming mobile rallies in-
clude: July 25, Anglian Mobile Rally,
Stanway School, Colchester; Scarborough
A.R.S. at Spa Ocean Room. August 1,
R.S.G.B. National Mobile Rally at Wo-
burn. August 8, 25th annual Derby Mo-
bile Rally, L.wer Bemrose School, off
Derby Ring Road. August 15, Preston
A.R.S. at Walton-le-Dale County High
School, Brindle Road, Bamber Bridge,
Preston. August 22, Bromsgrove A.R.C.
picnic at Avoncroft Art Centre, Broms-
grove. PAT HAWKER, G3VA
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NETWORK ANALYSIS
WITH A Z2X81

Extensive insertion loss and group delay computations of ladder filters are faster with an
inexpensive microcomputer than with a programmable calculator

The specification of the ZX81 reveals that
it is also potentially a ‘super-calculator’

capable of handling much more extensive:

programs at a far higher computing speed
than, for example, the Texas TI59. The
9%-digit accuracy is admittedly less but
nevertheless perfectly adequate for a wide
range-of practical problems. The program
described was written not only to fulfil a
professional requirement, but also to test
the capabilities of the ZX81 fitted with the
16K ram.
The menu it provides is as follows.

— Compute and display the insertion loss
and group delay of a passive ladder
network with up to 10 branches, ex-
cluding the terminations. For a fre-
quency base in MHz the group delay is
computed over an increment of 1kHz.

— Each branch can consist of a single
inductor or capacitor, or a series or
parallel tuned circuit. More complex
structures can be handled by means of
a simple device. ’

— A chosen value of dissipation can be
assigned to the components.

— Component values entered can be
listed and corrections made before
computation starts.

— At the end of a calculation, individual
frequencies and element values can be
modified without re-starting the
program from the beginning. This is
invaluable for estimating the effect of
component tolerances or for ‘zooming
in’ on any particular area of the net-
work response.

— Up to five group-delay equalizer sec-
tions can be added and the total resul-
tant delay displayed. The display is in
the form of the zero-frequency delay,
followed by the differences from that
value at the other points.

— Because the group delay values of the
network are held in an auxiliary array,
re-computation of the group-delay res-
ponse after changes to the equalizer
parameters is fast.

— Added loss due to dissipation in the
equalizer can be displayed.

To give an idea of the running time, the
ZX381 in the fast mode displays the inser-
tion loss and group delay of a seventh-
order elliptic-function filter at 15 points in
around 75 seconds. Each successive at-
tempt at group-delay equalization takes
-around 12 seconds, not including the time
taken to enter values.

Because many users will not need the
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by L. E. Weaver

‘group-delay equalization routine, the

procedure for use is conveniently divided

‘into two portions.

Computation of network
response

First some general remarks. As I am prin-
cipally concerned with video filters, the
units chosen are Q, puF, pH, MHz and ps.
These can be replaced by any other self-
consistent set, but obviously minor
changes to the print statements will be
needed.

It is assumed that the network is unba-
lanced and contains no bridged-T sections.
The group-delay equalizers are dealt with
quite differently. The branches are
numbered from the input to the output,
and the component values are entered in
the same order so that for example, the
fourth branch will contain L(4) and C(4),
or perhaps L(4) or C(4) alone. As shunt
and series branches alternate in a ladder
network it is only necessary to specify the
nature of one of these. This is chosen to be
the branch facing the input termination.

The dissipation is expressed by D,
which is the reciprocal of the Q factor, and
must be specified at some frequency. This
will often be the cut-off frequency or pos-
sibly one of the points of nominally infinite
rejection. Because of the simplification in
the expressions for the impedances, the
standard device is employed of assuming
that both the inductors and capacitors have
the same dissipation, and that in a resonant
circuit D is the sum of these. However,
experience shows that provided D is less
than about 0.02 (Q>50) the individual
dissipations do not need to be equal. It
follows that if the capacitors can be consid-
ered as dissipationless, D can be taken as
one half of the value which would
otherwise apply. This may not sound very
satisfactory but in practice it works sur-
prisingly well.

With such a long program and only 16K
of storage the display prompts necessarily
have to be kept very short, so it seems
desirable to set out the procedure in detail.
Each input will, of course, be followed by
NEW LINE.

Prompts Inputs

FO? Starting frequency

FM? Maximum frequency
DF? Frequency step

D? Dissipation constant
FD? Dissipation frequency (if

D=0 then a nominal po-
sitive value must be en-

tered)
RI? Input termination
RO? Output termination
NO. OF
BRANCHES? Total excluding termina-
tions
L+C?N=1 YES for a resonant cir-

cuit, NO for a single re-
sistor or capacitor

SER OR PAR? When previous input was
YES, input SER for a
series and PAR for a
parallel resonant circuit

L?N=1 Enter L(1)

C? Enter C(1). If only one L
or C the other must be
entered as zero

L. E. Weaver, B.Sc, M.I.E.E. is the
author of three well-known works on
television measurements, and of a
number of monographs and papers
both on that subject and on aspects of
network design. Now a television
engineering consultant, he was
previously head of the measurements
laboratory in the BBC designs ;
department. While in that position he
also used the experience previously
gained in network design at STCs
transmission laboratory to produce
high-quality video filters, some of
which have been commercially
manufactured on a considerable scale.
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This process will continue until the last
branch has been entered. Then

SHUNTIN?  YES for a shunt input,
NO for a series
9/695 GOTO CHECK. This

will then list the entered
values. Modify by, for
example, LET L 4) =
5.25. Do not enter RUN
or CONT. When satis-
fied enter GOTO LOSS,
which starts computa-
tion. After completion
values can be modified
and the network re-cal-
culated by again using
GOTO LOSS.

Group delay equalization

The insertion loss of a filter is usually
required over a frequency range wide
enough to cover both the pass and stop
bands, but with delay equalization the
situation is totally different. As a rough
guide the important area in that instance
lies between zero frequency and the 6dB
point for a lowpass network, and between
the 6dB points for a bandpass. It follows
that a new set of frequencies must be selec-
ted up to the allowable total of 15,
achieved by entries such as LET FM = 6
and LET FD = 0.5. The initial computa-
tion is then repeated by means of GOTO
LOSS, which takes very little time as the
component values do not have to be re-
entered. The read-out must be completed,
indicated by a 9 code.

The program allows for one first-order
equalizer section followed by up to four
second-order, Alternatively, up to five
second-order sections may be used. Each is
defined by a resonant frequency and a
shape factor K, which must be made zero
for the first-order section. The first-order
section, if present, must be entered before
the others.

The procedure is then as follows.

Prompts Inputs

9/1590 CONT

V? Total number of sections

FR? M=1 Resonant frequency of
first section

K? K-parameter of first sec-
tion

FR? M=2 Resonant frequency of
second section

K? K for second section

As soon as the parameters for M=V have
been entered the computation starts.

The initial attempt is not likely to be
successful, so it will then be necessary to
modify the equalizer parameters by inputs
of the form LET F(2) = 2.2 and LET K(3)
= 1.2. This must be followed by GOTO
EQU, which repeats the calculation with
the new values. '

At the end of the equalization process,
GOTO DISS will provide a read-out of the
equalizer dissipation corresponding to the
value of D. This does not need to be the
same as the D used for the insertion loss
but may be re-entered before calling up the
DISS routine.

WIRELESS WORLD AUGUST 1982

—

P
Rj (1)T

] (4) } (6)

(s} (7).1. Ro

=]
— T

Loss section

Ri=Rs=75

N 1 2 3 4
L 0 1.68 0

Cc 315.5E-6 53.8E-6 655E-6
Group delay equalizer

M 1 2 3

FR 2.0 3.0 4.5

K 0 1.3 0.7

3.0
150E-6 564E-6 379E-6

c n?]

UNITS: Q, uH, uF, MHz

5 6 7
0 1.67 0
126 E-6

Fig. 1. Component values of a 5MHz elliptic function lowpass filter in the form
recommended for program entry. Suggested initial parameter values are included for a

three-section group delay equalizer.
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Fig. 2. Use of a dummy shunt branch where a series arm contains more than two
components. Values shown are for a 10MHz bandpass filter with midband frequency 12MHz
and rejection points at 6 and 24MHz. Original configuration at (a), dummy shunt branch
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Fig. 3. Use of a dummy series branch where a shunt arm contains more than two
components. Values shown correspond to a 3MHz bandpass filter with midband frequency
2MHz and a single rejection point at 0.8MHz. Original configuration at (a), dummy series
branch suitable for bandpass structures only (b) and universally applicable dummy series

branch (c).

In the absence of enough ram to run an
optimization program, a graphical method
has been found effective. This consists in
plotting the combined group delay res-
ponses for successive parameter changes
from some initial set of values, taking care
not to try to deal with too many simul-
taneous changes. Some of these will in-
evitably be in the wrong direction, but one

quickly gets a feel for the way in which
moves have to be made. Remember that
the aim must be to minimize the absolute
error, that is the positive and negative de-
viations must tend to equality, subjéct to
the condition with video filters that the
error may be allowed to increase with fre-
quency. The display provides the devia-
tions directly, which saves a great deal of
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tedious plotting especially in the earlier
stages of the process, since it is simple to
note the maxima and minima at each stage
without drawing the complete curve.

A brief guide to the shape of the delay
equalizer responses may be found useful.
The first-order network provides a group
delay which falls steadily starting from the
zero-frequency value. On the other hand,
there is a very useful analogy between the
response of a second-order section and the
amplitude response of a parallel tuned cir-
cuit. The parameter K performs much the
same function as the Q in the last-
mentioned case, and the delay maximum
roughly corresponds with FR.

The seventh-order elliptic function
lowpass filter given in Fig. 1 may be found
useful for a trial run. The loss is about 4dB
at SMHz. The delay equalizer parameters
do not represent an optimum, but merely a
suggestion for an initial trial. The compo-
nent values are listed in the order of inser-
tion into the program, with the capacitors
provided in exponential notation, thus
avoiding strings of zeros.

Before leaving the subject of insertion
loss calculation, one still has to deal with
the problem of network branches con-
taining more than two reactances such as
may be encountered in bandpass filters. In
fact it can be very easily solved by the use
of dummy branches as the following
examples will make clear.

Fig. 2(a) shows a bandpass filter with a
bandwidth of 10MHz, a mid-band fre-
quency of 12MHz, and rejection frequen-
cies at 8 and 24MHz. The series arm has
the form of two parallel tuned circuits in
series, i.e. a total of four reactances,
usually the maximum number likely to be
met with. The device in this instance is to
add between points A and B a shunt induc-
tor of such a magnitude that it cannot
possibly have any practical effect on the
loss and delay responses, Fig. 2(b). The
original three-branch network is now
converted to a five-branch ladder which
can easily be handled by the program.

A shunt branch yields to similar treat-
ment, as is illustrated by the bandpass
filter of Fig. 3(a). This has a bandwidth of

3MHz with a mid-band frequency of
2MHz and a rejection frequency at
0.8MHz. Because it has a bandpass charac-
teristic it is possible to employ the anal-
ogue of Fig. 2(b), that is the series inser-
tion of a very large capacitor, Fig. 3(b).
The resulting five-branch ladder can now
be treated normally. In this instance, there
is an alternative which applies equally to
lowpass structures, that is the insertion of
a parallel tuned circuit with a zero-valued
inductor and a capacitor of any nominal
size, Fig. 3(c).

It is worth stressing that the dummy
branch technique can always be applied,
subject to the limitation of a total of ten
branches imposed by the present program.
The justification for this is the theorem
that a two-terminal reactance arm can al-
ways be transformed into one of the two
configurations of Fig. 4 (ref. 1), for which
reason they are sometimes called canonical
networks. Of course, not all of the induc-
tors and capacitors have to be present, so
the two examples given above are ob-
viously included. It will sometimes involve
the transformation of one configuration
into another, but this is comparatively
simple provided a reference table of equi-
valent circuits is available?.
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To be continued.

Communications crisis—a reply

On our news pages this month is a criticism of
the Government’s liberalisation programme for
the telecommunications industry. John
Butcher, the Parliamentary Under Secretary of
State for Industry has made the following reply,
listing the progress made to date.

A licence was granted in February to Cable
and Wireless PLC on behalf of the Mercury
Communications Limited to run a telecommu-
nications system in the UK the first indepen-
dent system of its kind outside North America.
By the middle of next year the first subscribers
should be connected to Mercury, surely an as-
tonishing achievement in the time.

On the liberalisation of attachments progress
has been remarkable. Already some 50 attach-
ments, including about 25 telephones, 20 mo-
dems and five telex teleprinters can be supplied
competitively which under the old regime
would either have been completely unavailable
or supplied only through BT. .

November 1981 — Interim approved scheme
for extension telephones from BT’s special
range. The latter have been added to since then
and all of BT’s special range telephones can now
be supplied in competition with BT. The first
approvals under this interim scheme have now
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been made and more will follow shortly.

May 27 — An extension of this scheme to
include callmakers, repertory diallers and appa-
ratus incorporating integral modems. The De-
partment is now considering applications for
further evaluation. Now that BSI's new
laboratory can undertake some of the test work,
it shoule be possible to deal with more tele-
phones more quickly.

March 31 - Orders made requiring appara-
tus to be marked to tell customers whether or
not it is approved for connection to BT’s net-
works. This is vital information for users if they
are to choose apparatus that will not cause
damage and produce inferior service.

Six draft standards have been written and
made available for public comment in record
time and further drafts will follow shortly. So
far all standards are meeting their target dates.

May — The British Approvals Board for
Telecommunications (BABT) was incorporated
and will begin to accept applications for ap-
proval when the first standards are published.

The Department and BT have agreed on ar-
rangements allowing BT’s present suppliers of
telex teleprinters to supply the models they now
sell to BT direct to customers. This makes five

models available competitively if the manufac-:
turers wish to take advantage of this arrange-
ment.

“The Government has a duty” he continued
“‘to make sure that apparatus connected to BT’s
network does not endanger consumers who use
this equipment or BT’s engineers and does not
impair the quality of service that the network is
able to provide to all. Much of the preparations
that have been made over the past 12 to 18
months have been aimed at avoiding such dang-
ers.
“In many cases little of this progress is visible
to the outside observer but all of it is necessary if

;liberalisation is to be fair and to work. Critics do

not do justice to the immense amount that has
already been achieved.”

“Since April private operators have been able
to apply to the Department of Industry for a
licence to provide services over the network.
The provision of these value added network
services (VANS) will help to satisfy the demand
more quickly than at present and encourage the
growth of a wider range of services, providing
jobs and helping business in Britain to become
more competitive.
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The popularity of Rod Cooper’s ignition
circuit design, published in the March is-
sue, led to many requests for a component
location diagram. In response, here is a
component layout — regrettably held out
of the last issue — designed to complement
the board pattern originally given. A resis-
tor and decoupling capacitors were
omitted from the published circuit, so a
corrected version is reproduced herewith,
which now corresponds with the board
design. '

Printed boards to an alternative layout,
with components horizontally arranged, is

Components for ignition circuit

available from M. R. Sagin (see advertise- Rf3'3t°'s1 80
ment), who may also be able to supply 2 10k
wound transformers and discharge capaci- 3 180
tors. Ferrite and bobbins are also available 4 33M
from Mullard stockists. 2 %;g

The graphs showing the relation be- 7 4.7k
tween combustion efficiency and spark. 8 2.2k
were originally published in an article en- 13 %72kk
titled Ignition Design Trends by K. Gar- 1 29k
rett, in Automotive Engineering, April-May 12 1.2k
1977. Oscilloscope traces were produced 3 :1;32(}

from equipment kindly loaned by Hewlett

Packard. Transistors

TIP3055,MJE3055
BFY52

2N3303

2N3903
TIP2955,MJE2955
BFY52

OB WN =

"

.Capacitors
411(7)0n 1kV polypropylene (RS}
n

1n 1kV polypropylene
470p

5n polyester

9}@ To 8 100 to 500110V electrolytic
B
Diodes

e:. 14001

3
4
5 5n polyester
6
7

1

2 1N4007

3 1N4007

4 1N4001

5 1N4148

6 1N4001

7 1N5402 or similar 3A rec.
Zeners 4.7 and 10V 400mW

Y NG00
L ag03 #3830V 3 -
N .
o i 470n kv
k2
(3apmn R1S |
180
2 D2 N Dy IN&OOT
4007 I
Try, |

{_glzlle
RsS Ri #9:‘;?';}3
1270 q33M on 10k ;

R3 %

* Select on test |
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DESIGNING WITH
MICROPROCESSORS

Step-by-step procedures for implementing microprocessor systems with commercially-
available i/o chips — illustrated by a design problem — conclude this series of articles.

The most effective design strategy is to
choose those i/o chips whose terminal
characteristics can be programmed to
match those of the peripheral in question.
But such an objective however would be
unrealistic because in practice the
microprocessor system will have its own
programmable i/o chips already interfaced
to the microprocessor chip, as illustrated
in Fig. 1. In situations like this a good
starting point is to derive a simplified
programming model of the i/o chip,
omitting those features that are not likely
to be used. Initially, a programming model
should contain the ports, typically two per
chip, the control and status registers.
Programming models of the Intel 8155,
p.i.a. and v.i.a. are shown in Fig. 2, 3 & 4.

The next items to be specified are

1 — how the interface initiates an m.p.u.
read operation for moving data into a
microprocessor (from peripheral 1 in
Fig. 1)

2 — how the p.i.o. chip signals that the
requested read operation has taken
place to the interface.

For example in the case of the p.i.a.,
when programmed with control word 26 to
move an item of information from a
peripheral into the microprocessor, all the
interface has to do is to pull terminal CAl
in Fig. 3 high. When the microprocessor
reads the item the signal on terminal CA2

by D. Zissos and Jane Pleus

3 — how the interface initiates an m.p.u.
write operation for moving data from
the microprocessor to a peripheral
m.p.u. (peripheral 2 in Fig. 1)

4 — how the p.i.o. chip signals that the
requested write operation has taken
place. .

In the case of the Intel 8155 chip, when

programmed with control word 99 data is

requested from the m.p.u. by pulling the
STROB terminal in Fig. 2 low when the
m.p.u. responds when the requested item
of information has been loaded into the
8155, the signal on terminal BBF changes
to 1.

S — the final item to be specified is the
status flip-flop for each of the ports,
as this is the signal looked at by the
programmer in the test-and-skip
mode.

For example in the case of the 8155, SFFA

l
#21 $#22
{ Port A (input} Port B (output)
0
Control register
IRQ H20
r(A) Sty | Status register l
To roms«
| IRQ. . =
L{B) 1 Timer {1 bits}
| D
Fig. 2. Programming erg ;8
model of the Intel
8155 p.i.o. chip. L |
INTEL 8155—,

-t_ _1,__ _ Hondshake signals 11 ‘

is pulled low. ) 5TROB - ABF STROB  BBF
The third and fourth items to be
specified involve the reverse process, .
namely moving data from the m.p.u. intoa [Co_nrrol regicter (writﬂx‘nly) . - D#rZO Sh:lfus‘ register (read only} ) #20
3 3 : 8 T 5
peripheral, in which case the designer - £l Il €1 || Hanosokeldiee o Not *MRI Bl |cpra| RO | F1 [grral 1RO
needs to know L ©{ B | (A) | signa's ioc(wat):it umar usedl' (Bl (6} | & (A)
»a
- d
A
! |
- ] Ir [P=— 3
Dafa | Data o Data [ ~ | To proces: /
. i L | " | equipment
o - - e | UNder
& @———{ Peripheral . - | control
° |y - enp; erql - PQFIDPEFO[ l Control
E o = [ 7 From
& - > |ea— | process/
o -
4 IRQ r 7 | IRQ -] ! - |l equipment
g = | status [;Smfus] | Status under
a = - & " ) {e——— | control
€ - n 7] [y
=
b = Status Command ) h Status Command
y ; X
2 signals signals 1 2 signals signals
= = Fig. 1. Microprocessor-based
\ system with programmable
Interface L Interf e i/o ports.
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Mnemonic and hex listings of the PRINT problems using programmable i/o chips and test-and-skip.

8085 & 8155 6800 & PIA 6502 & VIA Comments
Machine code Machine code Machine code
» O O — > O O iy )5. (OS]
Mnemonics S- g 3 % Mnemonics ‘E:,i % 8; g Mnemonics £ g 8;
daft & ' 7 g &8 2 53
(=% ¥ (=% a
LXI SP, 20C8 2020 31 C8 20 Initialize
CALLIOPRT 23 CD 00 20 JSR [OPRT 0200 BD 01 00 JSRIOPRT 0300 20 00 02 =
LXT H, 2080 26 21 80 20 LDX #0300 03 CE 03 00 LDX #00 03 A2 00 ~
MVIB,n 29 06 n LDAB #n 06 C6 n LDY #n 05 A0 n -
X0: DCRB 2B 05 X0: DECB 08 5A X0: DEY 07 88 Decrement character count
JM X2 2C FA 3D 20 BMI X2 09 2B 13 BMI X2 08 30 11 If no more characters, go to X2
X1: IN 20 2F DB 20 X1: LDAA F003 0B B6 FO 03 X1: LDA AOOD 0A AD OD AO Read status register port
ANI 10 31 E6 10 ANDA #80 OE 84 80 AND #10 oD 29 10 Erase all but status flip-flops
JZ XI 33 CA 2F 20 BEQ X1 10 27 F9 BEQ X1 OF FO F9 If data not printed, go to X1
MOV A, M 36 7E LDAA 00, X 12 A6 00 LDA0400,X 11 BD 00 04 Otherwise, get next character
ouT 22 37 D3 22 STAA F002 14 B7 FO 02 STA A000 14 8D 00 AOQ Print
= LDAA F002 17 B6 FO 02 = Dummy clear to clear SFF of PIA !
INXH 39 23 INX 1A 08 INX 17 E8 Point to next character
JMP X0 3AC32B 20 JMP X0 1B 7E 02 08 JMP X0 18 4C 07 03 Goto X0
X2: RST1 3D CF X2: Swi 1E 3F X2: BRK 1B 00 Return to monitor
and SFFB are bits 1 and 4 of the status
register — see Fig. 2. Status flip-flop
$#FO00 1#F002 signa.lsalaref normally n.ladc availa;;)le ol:;
terminals for use as interrupt flags i
[—ITP——M] desired. Such flags can be disabled by
program; bit 2 in Fig. 2, when 0 disables
interrupt flag IRQ(A).
Programming models of the 8155, the
}29 HFO00 . #8002 p.i.a. and v.i.a. are shown in Figs 2 & 3.
1RO ot i ‘Design problem
S Objective: to consolidate the design steps
described in the previous article.
BFO01 #F003 Using programmable i/o chips, design a
Fig. 3. Programming test-and-skip system that would allow the
model of peripheral programmer to print a block of characters
interface adaptor. stored in consecutive memory locations.
PIA Implement the design using an action/
T - status character printer and (a) the 8155
T + Handshake signals—— interfaced to the 8085 and (b) the p.i.a.
\ interfaced to the Motorola 6800.
CAq CA} CB1 CBZ

Control / status register A

Control / status register B

T T T i T T T
Status ffs DDRA *rol Status ffs | (B, control [PDRB
SFRA Can | P20l ] T SO ) M e S e
u: | (€n
‘ 1 ‘ 1 i | ‘ ‘ " |
Read only Read only
> a
- d
£ \
(Y
A
&
a .
8 RO SFF P10 Printer
< [ ——0 o N —>
-
8
£ :
2 Requested Request
nfen} next item f a
availablte
Interfuce

Fig. 4. Block diagram of the PRINT problem.
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., =

Request next
item of da*a
from input

Activate printer

b x 2

Yes %nfer blisy

{r=0)

No

Fig. 5. Flow-chart of our solution to the
PRINT problem.

77



Solution

Handshake signals Fig. 1

h1 — 1 indicates that the port is full
(has new data) and 0 that the
port is empty (data has been

h3 — 0-to-1 change requests new data
from the m.p.u.

A test-and-skip system that transfers
blocks of data of specified length, byte-by-
byte, from memory to a peripheral
device through an i/o port using a
microprocessor-based system with at least
one programmable i/o port is shown in the

read).
h2 — 0-to-1 change requests an m.p.u.
read cycle.
LXI SP, 2068
CALL ICPRT L
LXI H, 2080 nitialize
MVI B,n T
[ t
Decrement
OCR & character count
{(n=n-1)

- CALL IOPRT
LOX #0300
LDAB n

{DE( B

RST 1} {SWI

s JMx2
BMI X2

X2 Return to
monitor

Read
& 20} status register

ANI 20} | Erose all but status
flip-flop

@Nﬁ
X1 e

{LDDA F003
“/ANDA 780
~

JZ, X

—

Py

Buffer empty

Get next character

~

A [

Move character
into i/o port

. [

(=]
(=
=1
™~
~
T

Clear ESF, if not
cleared by m.p.u. write

. |

INX H Paint to

next charocter

IJMP X0 J’JMP X0

L4
BEQ X1

{

STAA F002

LDA FO)2

‘[INX

Fig. 6. Programming flowchart of the PRINT problem using
programmable i/o chips and test-and-skip

LDAA LDAA 00,X

(CB :=0)(Note: SFF net cleared
in the ccse of the pia)

—

e d

INTEL

8155

INTEL 8085

Printer

BBF |

N
<X
_—
%)
=
Pl
=
@
5
-——

=]

Fig. 7. 8185 implementation ofthe PRINT problem.
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block diagram of Fig. 4, derived directly
from Fig. S of the previous article. Its step-
by-step operation is shown in the flow
chart of Fig. 5. The hardware design
consists of implementing the interface
equations derived for each of the p.i.o.
chips. The software design is the self-
explanatory programming flow chart of
Fig. 6. Ignore at this stage the statements
to the sides of the boxes.

8155 implementation
By direct reference to the data sheet of the
Intel8155 and to the definitions of
handshake signals hl and h2, we obtain

hl = BBF
and

h3 = STROB.

The implementation of these equations
constitutes the hardware component of our
solution, Fig. 7.

Next refer to the 8085 instruction set to
derive the mnemonic statements that
implement the flowchart in Fig. 6. For
ease of reference we list them to the left of
each box. Finally, we tabulate these
statements with the corresponding
machine codes and comments on page 77.

PIA implementation ,
Referring to the p.i.a. data sheet and the
definitions of handshake signals, we obtain
hl = CB2
and
h2 = CBI.
Implementing these equations gives the
pia implementation of our solution, Fig. 8..

continued on page 80
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ELECTRICFIELDS IN A
SOLENOIDAL COIL

— often forgotten, more often misunderstood

The time-varying magnetic field in a coil gives rise to electric fields that in turn
determine the terminal or circuit properties of the coil

Since the time of Michael Faraday’s expe-
riments, researchers have sought to under-
stand the electromagnetic behaviour of the
solenoidal coil, but a complete field solu-
tion has proved a difficult and elusive goal.
While it is well known that the magnetic
field within a long, multi-coil is predomi-
nantly axial and azimuthally symmetric,
the associated electric fields are less clearly
defined. However, a few fundamental
points can be made regarding these electric
fields without having to resort to a com-
plete boundary-value solution.

When excited by an alternating current,
the time variations of the axial magnetic
field within the coil must, in accordance
with Faraday’s law of induction, produce
an electromotive force around any closed
loop linking the magnetic field. The result
is an induced electric field in the circumfe-
rential direction, and it is just this field
that gives rise to the eddy current that
circulates whenever the coil is wound
around a core of lossy material. However,
the existence of this circumferential
electric field at the surface of the coil
causes a redistribution of charge along the
helical conductor forming the coil, such
that the negative charge is concentrated
towards the opposite end of the coil. This
separatibn of charge creates a secondary
electric field' that in the interior region of a
long solenoid is predominantly axial. The
redistribution of charge is precisely such
that the sum of the magnetically induced
circumferential electric field and the
secondary axial electrical field arising from
the charge separation is just equal to zero
along the surface of the coil winding.

The relative magnitudes of these cir-
cumferential and axial components of the
electrical field are easily estimated for a
long solenoid of length | and radius a,
comprised of N turns. If the magnetic flux
linking a cross section of the coil of area
na’ is defined as @, the electromotive
force around a closed loop of radius a must
in phasor form be given by

e.m.f.=jod

where o is the angular frequency. An aver-
age value for the circumferential electric
field at radius a can now be obtained by
dividing this e.m.f. by the circumference
of the coil. In other words,

_jo®
" Jna
where Eg, is the average induced circum-
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*by F. S. Chute
and F. E. Vermeulen

ferential electric field at the surface of the
coil. Alternatively, since the terminal
voltage, V, of the coil is just N times this
e.m.f.

\

Eoa= 2naN

Neglecting end effects, an average value
for the axial electric field, at radius a, can
be obtained by dividing the terminal
voltage by the length of the coil. Thus,

\Y
Eu:T
where E,, is the average value of the axial
electric field at radius a.

Taking the ratio of E,, and E,, yields

E,, _2naN _ 2ma
E, N g oo ¢))

where d is the separation between turns
and v is commonly referred to as the pitch
angle of the winding.

For coil configurations commonly used this
pitch angle is only a few degrees and the
secondary axial electric field is typically more
than an order of magnitude greater than the
circumferential electric field! Moreover, the
axial field E, is nearly independent of
distance from the axis of the coil, whereas
the circumferential electric field E, de-
creases to zero at the coil centre. At in-
terior points then, the dominating in-
fluence of the axial electric field will be
even more pronounced than near the sur-
face of the coil winding.

All too often this surprising result is not
fully appreciated although it was pointed
out as early as 1928 by Townsend! in con-
junction with an investigation of gaseous
discharges, and again in 1969 by
Contaxes?. It is of interest to note that both
of these authors comment, more than 40
years apart, that the existence of such a
large axial electric field is remarkably un-
known.

It is only by virtue of the fact that the
secondary electric field of the coil (whose
'source is the charge distributed along the
winding) is much larger than the circumfe-

*Department of Electrical Engineering
University of Alberta

rential electric field (1produ'ced directly by
the time-varying magnetic field), that a
unique value of potential difference be-
tween the terminals of the coil can be de-
fined. For a loosely wound coil with a large
pitch angle v , the magnitudes of the two
fields are more nearly equal and no unique
value will exist for the terminal voltage. In
this case the measured value of potential
difference will depend upon the placement
of the leads of the voltmeter that is used to
measure the voltage across the coil.

In some earlier work® #, the authors
have described a technique for visually
displaying electrostatic fields and electro-
motive force by utilizing the heat-sensitive
colour changes of cholesteric liquid
crystals. In this technique, Mylar sheets
coated with encapsulated liquid crystals
are bonded to a sheet of Teledeltos resis-
tive paper. Currents induced in the resis-
tive paper in the presence of an electric
field will cause heating, and produce a
temperature variation that is characteristic.
of the distribution and intensity of the
electric field vectors lying in the plane of
the resistive paper. The apparent colour of
the liquid crystal sheets used by the
authors® is black below about 25°C. Be-
tween 25°C and 30°C, the colour of the
sheet changes with temperature from red,,
through yellow and green, to blue at about
30°C. Above 30°C, the apparent colour is
again black. Regions of a uniform colora-
tion represent regions of constant tempera-
ture or field intensity. While the limited
thermal sensitivity of the liquid crystals
and their nonlinear temperature response
make serious quantitative measurement
impractical, the liquid-crystal display does
serve to provide the viewer with an im-
mediate appreciation of the overall electric
field distribution.

To display the axial and radial electric
fields of a coil carrying a time-varying cur-
rent, a sheet of resistive Teledeltos paper
was bonded to a 3.2 mm thick, 60 X 60cm
sheet of Perspex with spray adhesive. Four
30 X 30 cm sheets of liquid crystal were
then similarly bonded to the resistive
paper. This three-layer sandwich combina-
tion was then carefully drilled with 40
holes of 2.5 mm diameter to serve as a
support plate for a 20 turn coil of No 14
A.W.G. copper wire. A continuous length
of wire was then threaded through the
holes in the support plate to create a coil of
length 40 cm, diameter 10 ¢cm, and turn
spacing 2 cm, having a pitch angle so that
coty = 15.7. The coil, which has an induc-
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Fig. 1. Equipment
used by the author
‘to show the
electric field
distribution on the
coated perspex
sheet on the right.

.

L}

tance of about 12 u H, was series-connec-
ted to high-voltage capacitors to resonate
at 3 MHz. The coil circuit was fed at 3
MHz from an Electronic Navigation In-
dustries A-300 RF Power Amplifier driven
by a Hewlett-Packard 651A Test Oscilla-
tor. Figure 1 is a photograph of the appara-
tus showing the distribution of the domi-
nant secondary electric field surrounding
the coil.

When the coil is energized, the liquid
crystal sheets change colour almost in-
stantly, in response to the current induced
by the radial and axial electric fields
around the coil, to produce the display.

The interior region is a uniform shade of
blue except near the coil extremities,
clearly indicating the uniform nature of the
field within the coil. Indeed, the tempera-
ture differs by less than 2-3°C over the
entire central region of the photograph,
which ranges through various shades of
blue to shades of green in the original
display. Near the ends of the coil, where
all the field solutions quoted in this paper
are modified by end effects, and hence, are
only approximate, the axial electric-field
intensity has decreased just enough so that
not enough heating is produced to cause a
perceivable liquid crystal response.
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continued from page 78

The Motorola 6800 statements that
implement the flow chart are obtained by
referring to the 6800 instruction set (see
Sept. 1980 issue). As in the case of the
8085, we list them in mnemonic form to
the right of each box, and then tabulate
them with their machine code, page 77.

Note that a write operation does not reset
the status flip-flop, so in the case of the
p.i.a. we need to execute a dummy read to
clear SFF.

Invitation. Additional problems and
solutions in this area are available from
Professor D. Zissos, Department of Computer
Science, University of Calgary, Calgary,
Canada T2N IN4. il

pia

Printer

vig

Motorolc 6800 /MCS 4502

8

= ]

Fig. 8. PIA implementation of the PRINT problem.
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PIA data

Programming model, in Fig. 3. Control
word 26 for both sections disables the
interrupt terminals and programs the
PIA chip to function in the following
way.

Section A — input port
An m.p.u. read is requested by a O to 1
change on CA1
When m.p.u. responds (reads) CA2
changes to 0
(¢ ZXulled high by a 0 to 1 change
on CA1
CA2 pulled low by an m.p.u. read of

port A .
Status flip-flop (bit 7 of control/status
register)

setby a0to 1 changein CA1

reset by an m.p.u. read of port A

Section B — output port
New data requested from m.p.u. by a 0
to 1 change of CB1
When m.p.u. responds {writes) CB2
changes to 1
082 pulled high by a 0 to 1 change
1

on
CB2 pulled low by an m.p.u. write
into port B
Status flip-flop (bit 7 of control/status
register)
set by a 0 to 1 change in CB1
reset by an m.p.u. read of port B
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LOW-COST PRINTER
FOR HOME
COMPUTERS

Graphics and lower-case letters are
possible on the Amber 2400 printer
costing £69.95 excluding v.a.t. The
unit prints 24 characters per line on
a S8mm-wide plain-paper roll some
90 feet long. Data rates are select-
able between 75 and 9600 bits/s.
Four horizontally-aligned print so-
lenoids oscillate from side to side,
each covering Y% of the paper
width, under control of the unit’s
microcomputer, which also handles
software routines and allows data
input options. The 2400 is primar-
ily intended for use with home
computers. Amber Controls Ltd,
Central Way, Walworth Industrial
Estate, Andover.

Wwwi3ol

FREQUENCY
MEASURING D.M.M.

The main difference between this
and Fluke’s previous hand-held
digital multimeters is the inclusion
of a frequency measurement func-
tion — one of a number of addi-
tional facilities made possible by
the inclusion of a Sharp 4-bit
microprocessor and a cmos mea-
surement-processing circuit de-
signed and manufactured ‘in

house’. Frequencies from 12Hz to-

200kHz are measured on the 8060A
in four automatically-selected

o¥o'e
L.a /...L...\!; )
L_.:."'“‘
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ranges, with 0.01Hz resolution on
the lowest range (200Hz), and indi-
cated on a 4%2-digit l.c.d. Alternat-
ing voltages may be displayed
directly in V r.m.s., in dBm (re-
ferred to 600 ohms), or in volts or
decibels relative to a previously
stored reference. This offset facility
may be used with other mea-
surement functions. Direct and al-
ternating voltage, a.c. and d.c.
functions are in five ranges, resis-
tance in seven, and decibels in four.
Basic d.c. accuracy is 0.04% and
sensitivities are 10uV, 10nA and
10mQ). A 200nS range may be used
to measure resistances up to 10GQ.
Further functions include diode
test, audible/visual continuity test
and self test. Normally, input im-
pedance on the direct-voltage
ranges is 10M(}, but on the 200mV
and 2V ranges, an input impedence
of greater than 1GQ) may be selec-
ted. Fluke (GB) Lid, Colonial
Way, Watford, Herts WD2 4TT.
WWw302

ANALOGUE/
SWITCHING
INTERFACE

This IEEE-bus-controlled in-

terface, manufactured by CIL

Microsystems, provides eight anal-

ogue inputs, four analogue outputs

and four relay-activated change-
over switches, for general-purpose
control and monitoring applications
in research and industry. A concise
set of ASCII commands are
handled by a 6502 microprocessor,
which can also run specific operat-
ing programs loaded from the main
computer into an optional 4K of
ram. Two versions of the PCI 6000
are available, one with eight-bit re-
solution and one with 12-bit resolu-
tion. Facilites include differential
inputs and programmable gain, and

‘the relay-contact ratings are 240V
and 1A. CIL Microsystems Ltd,
Decoy Road, Worthing, Sussex
BN14 8ND.

WW303

64K EPROM
PROGRAMMING
ADAPTER

Any eprom programmer suitable
for Texas 2532-type devices may be
used to program 64K eproms by
adding an adapter made by Elan

.
by P—
W
|
I 64K ADAPYER
“
J «© =

L

Digital Systems. The E6 adapter
has a z.i.f. socket for 2564 or 2764
devices and a ribbon cable termi-
nated by a plug which fits into the
existing programmer. Each half of
the 64K, selected by a switch, is
programmed separately by the
existing programmer in the usual
manner. All automatic test or edit-
ing functions of the existing pro-
grammer are retained and an addi-
tional feature allows Intel 2732 or
2732A i.cs to be read through the
adapter. Elan Digital Systems Ltd,
16-20 Kelvin Way, Crawley, West
Sussex RH10 2TS.

WWwW304

CMOS R.F. SWITCH

The IHS5341 is a dual-channel r.f.
and video switch with t.t.l.. and
¢.m.o.s.-compatible control inputs,
manufactured by Imtersil. Each
channel has three switch elements,
connected in a series/shunt forma-
tion, giving an Rpgn) of less than

75Q, flat response from 0 to
100MHz and 70dB isolation at
10MHz in the off state. Isolation
between the two channels is greater
than 60dB at 10MHz. Supply cur-
rent is less than 1pA and switching
speeds are 150ns, on and 80ns, off,
giving break-before-make opera-
tion. A TO-100 package is used.
Intersil Datel Ltd, 9th Floor,
Snamprogetti House, Basingstoke,
Hants.

WW305

ANALOGUE (NPUTS
By n s (e pm

03 &3

| AMALOGUE ouTRuTS
Lol ] R~
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EPROM ERASER

Both models in Northern’s eprom
eraser range cost under £60 exclud-
ing vat and can be used to erase up
to six devices at once. The latest of
these, the UVIT, is basically the
same as the earlier UV1B, but with
a-10 to 60-minute time switch
fitted. Lamp life is quoted as being
in excess of 3000h and all models,
i.e., those mentioned for 220 to
240V operation and two others for
110 or 240V mains, comply with
appropriate British Standards.
Northern Electronics Ltd, 51
Arundel Street, Mossley, Lancs
OL5 OLS.

WWw306

CODED ROTARY
SWITCHES

Miniature rotary switches with ten
or 16 positions, giving b.c.d. or
hexadecimal outputs, have been
added to the Elma range of ceramic
wafer switches marketed by Radia-
tron. Measuring 10 by 10 by
11mm, these switches can be ob-
tained for mounting either horizon-
tally or vertically on a p.c.b. and
with either a screwdriver slot or
spindle. Gold-plated contacts are
used, giving a contact resistance of
less than S0m() and the contact
rating is SOV at 0.2A between —40
and 85°C. Radiatron say that these
switches have a life expectancy of
more than 10* rotations. Radiatron
Components Ltd, 76 Crown Road,
Twickenham, Middx.

WWwW307

32x8
BIPOLAR PROM

A ‘washed emitter’ process has
been used to produce two 256-bit
Schottky bipolar proms with
typical access times of 9ns. One,
the 635080 has open-collector out-
puts and the other, the 635081 has
three-state outputs. Applications of
these 32 x 8-bit proms include
address decoders, priority encoders
and random-logic elements in high-
speed systems. Monolithic
Memories Ltd, Lynwood House, 1
Camp Road, Farnborough, Hants
GUI14 6EN.

WWw308

DISPOSABLE
TEMPERATURE
INDICATORS

Adhesive dots and strips for
recording maximum temperatures
are available from Cobonic Ltd.
Within a second of reaching ‘the
temperature marked on it in both
°C and °F, one of five different
-areas on the labels, or one area on
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the dots, changes irreversibly from
white to black. There are 40 dif-
ferent temperature levels in the
range, from 40 to 260°C, and each

sensitive area changes colour at
within 1% of the specified tempera-
ture. These products are useful for

monitoring and recording maxi- ]

mum temperatures in hazardous
and inaccessible areas. Cobonic
Ltd, Lantern Yard, Ludlow Road,
Guildford, Surrey GU2 SNW.
WW309

wwill
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produced by HB Innova Electronic

~and called Digi-X, consists of a
measurement unit, with parameter,
threshold and mode controls, and a
detector which is attached to the
patient. Peak kilovolt readings are
indicated digitally and actual expo-
sure time is calculated from.
previously stored threshold values
selected by the operator. The
system may also be used to check
beam quality and, with an option,
be used to calculate current and
mAs values. HB Innova Electronic,
Box 25062, S40031 Gothenburg,
Sweden.

Www3ll

METALLIZED-FILM
CAPACITORS

Extensions in Rifa’s range of
metallized polypropylene capaci-
tors have been made to include the
'PHEA42S series. These components,
with values ranging from 1.5 to
135nF, are relatively small since
they incorporate a 4pm-thick
metallized film. Capacitance
tolerances are 1%, 2%, or 5% and
insulation resistance is_claimed to
be better than 200G(} at 20°C, 10V.
Working voltages, dependent on
value, may be 200, 100 or 63V,
direct. Rifa AB, Market Chambers,
Shelton Square, Coventry.

WWw312

BROADBAND R.F.
PREAMPLIFIER

An r.f. preamplifier providing 9dB
gain and suitable for use with low-
power transceivers in the range S to
200MHz can be obtained from
Datong. Send/receive switching is
automatic, using r.f. sensing and an
internal bypass relay, and the unit
is claimed to handle large signals
well (intercept point + 20dBm).
Applications of the model RFA in-
clude private mobile v.h.f.
transceivers, marine and aeronau-
tical band reception, scanning re-
ceivers and antenna-loss compensa-
tion. Datong Electronics Ltd,
Spence Mills, Mill Lane, Bramley,
Leeds LS13 3HE.

WwWWw310

NON-INVASIVE
X-RAY METER

An electronic system for non-inva- |
sive measurement of radiation in-
tensity and exposure time in diag-
nostic X-ray equipment has been
developed in Sweden by three re-
searchers at the Chalmers Institute
of Technology. The equipment,

S

T.T.L-OUTPUT
PATTERN GENERATOR

A hand-held pattern generator
providing t.t.l.-compatible red,
green and blue signals for servicing
monitors and video displays is
manufactured by Sadelta. Eight
patterns are produced, colour bars,
red, green, blue and white rasters,
grey scale, cross-hatch and vertical
lines, and the unit may be used for

N = ‘ |
up to four hours from one battery
charge. The RGBI1 is intended for
servicing of commercial and hobby
v.d.us, including video zames, and
c.c.t.v. monitors. House of Instru-
ments, Clifton Chambers, 62 High
Street, Saffron Walden, Essex
CB10 1EE.

WwWWw313
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‘The :
Profesrional Choice

AMCron (x

Since the introduction of the DC300 in 1967, AMCRON amplifiers 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:

G.A.S. ELECTRONICS

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

WW — 067 FOR FURTHER DETAILS
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HEMMINGS St
ot

HERTS
SG5 1JE

Tel: (0462) 33031

Shop open Mon.-Sat. 9 a.m.-5.30p.m.
Closed all day Wednesday

Professional quai
rott":’ of post. Cash/Cheque/POs or Banker’s Draft with order, payable to Hemmings Electron-
ics Ltd.

Off:cial orders from schools, colleges and universities welcome. Trade and export enquiry
welcome.

P.&P. add 60p to all orders under £10. Telephone your Access orders, using our 24-hr.
Ansaphone service. Please send SAE for full price list.

VAT - All prices exclusive of VAT — Please add 15% to total cost including P.&P.

electronic components, brand new and fully guasranteed. Mail order by

No VAT on export orders or books.

UNEARICs [BC1828 TIP117  45p] 2N4921 800p M 0 s ANTEX SOLDERING PE
709 35p TIP120 39p| 2N4922  96p [8259 880p| EVZRIES Toggle: WNCH,ES IRONS wc-z%'goloslr‘::';g:fﬁsr*
741 ! 20p [TIP121  100p| 2N4923  95p | @279 950pfl 2114L-200ns  90p § Standard 240V 1 CS23017W  460p C2N Cassette Deck
] 9:9 2N5190  75p | MC1408 295p| g:g::gg:s zggp SPST 40p | CS-BP 545p Introduction to Basic (Part 1)
o e 2 lveus sl St O] e | ST 4% | Dok
130p( 2N5193 so: i MC3459 zm 4116-200ns _85p SPST 60p | C240 wo':: 16‘ IBI:nkéessenes
140p| 2N5194  90p | 75491 sopf] 4164-200ns  500p SPOT 65p | CCN240 495p Demonstration Tape (6
180p| 2N6195  90p | 75492 sopfl ;6116-150ns  500p DPOT 75p Spare bits 65p fogums) .
1900 [13NS201 400 | Z0ARID. Se0n : SEOTCenueot  ssp | SRISTL,  f20P v e
LM301A B8C214C 170p2NS415  esp (IZBOACTC 34op| | YRISTORS DPOTCentreoff %P | {1asSponge 208 ————
LM308A  95p i 60p] 2N5416  90p [' ZBOADART BT106  150p Rota PRINTERS
LM31IN  etp | ' 78p[:2Nsas7  38p 750p|  BTU6 175 Single bank walorbreak | Dald Etch ERSONMGIRrnter,
TIS43 30p{ 2N5458  35p %1(;):1) sp before make Resist Pen 30p ggction and Tractor feed
3%: g::gg g; VOLTAGE Cas 30‘; ;-Dolle &WBV Desoldering Pump e O'B'd"°“‘°cr';;o+ =
) rr.
aNsss1  dop REGliLcTORs 2Nsoez §2: 3 ralatwey SharoRozia. T6e0 stoNFgéz £30 4 £5 carr
P (] v i PC80. inter
. = 100mA 2N44a44  125p 4ROy 8P Desoldering B"i‘:o f(r)l(t):tlcn gn;l Traftorfead
COMPUTER | 76L05 30 TRIACS + Multicore Solder cps Bidiractlonal
I 78L08 30p SP-push to make 18p High Res. Proportional
o502 712 30p|  Ticaosp  ssp SPpushtobreak  zsp | OT0TIRALORT o, | spacing
6800 78L15 30p 128000 95p — 25As.[l)'lj’.DT Savbit Solder £350 + £5 carr,
— 50V 0. 1.2mmx2.3m 95
BRIDGE g 3 P MONITORS
IR S R g .
78M06 56p 1A/100V  25p e I&ED‘ F No.6orNo.8 180p £96.50 + £5 carr.
;gm?g ggp % m:nc,G:“n 1;:: ["VERO PRODUCTS $1ML(): Colour Monitor (RGB
P A Veroboard
78M15  50p 40p 0.2in., Red Be | asex37sn sop £240 + £6 carr.
78M18 50p 0.2in,, Green, Yellow 18p 25 xB" 9p = =
P | fueides e | S5 o [ eecwicrocomeuTen
.2in. 3357%375" o1 DD-
40p o0 10A/400V 280p 5 ?ﬂ' r:,eeﬂ.l_;tla)"ow 300 | 375x5" 1045 | Analogus PortIC73, K6 £6.75
ISN76477 1759 35A/400V 315p 2 335 ing 5 375"%17"  359p Printer Port IC69, 70, P19 £8.50
TLO6Y PP BY164 52p + 8 2 e 0P | 470x17.9" 489 Printer Cable (Centronics) 14.50
ZRYSTALS riGal Dsul;EAxens p DIP 80ARD Connectors PL8, 9,10, 11,12 £9.50
32768KH1 - 45°%6" 395;: - Tt = .
1.0000MHz -1 %in, 8ohm 70p | 100x160mm 363p R MET-HS
1.8432MH; 2in. 8ohm 70p | V-QBoard  174p | 10000PvAC/DCVolts. DC
2'OOOOMH1 212in 64ohm 80p § Single Eurocard Current, Resistance §95p
2.4576MH; = 2000 opv AC/DC Voits
Tlosz  4sp 3.0000MHz Pins - Low "> Wira | Double Eurocord e Y
Les - e 35795MHz Profile Wrap | 1o\ imaL ping 20000 opv AC/DC Volts., DC
450p d.OOOOMHl 19 P Single Sided Current, Resistance Decibels
TRANSISTORS 8 b g: p/100 and Transistor Tester  1620p
BCto7 129 g T ELECTRONIC DESIGN WORK
p 8op Undertaken by qualified

12p
15p |-
12p
15p
15p
25p
25p
2

10p
10p

DAROM SUPPLIES Dert AW._-Tel: (09

4 Sandy Lane, Stockton Heath, osc

Warrington, Cheshire WA4 2AY

SAFGAN British Made Scopes

. Y LEADER
A range of high-performance, 8
economically priced scopes All Models feature:
featuring: ¥ Dual Trace Dual Trace

% 5mV/div Sensitivity
x X Y Facility

%

v Portable/Lightweight

DT 410 10MHz ... £179.00
DT 415 15MHz £185.00
DT 420 20Mhz. £198.00
X1—~REF—-X10 probe.....£11.50

Preset Sync.
v ZModulation

"WW-030 FOR FURTHER DETAILS-
25) 64764

ILLOSCOPES
THE FUTU R E SERIES

6-inch rectangular CRT
Max. sensitivity 500uV

Z Modulation X\L’-TV{’Q&: T LBO 523 35MHz
% Solid Trigger with v | % Hold OFF variable LBO 524 35MHz
H X Y Facility

LBO 524 features Delayed
Sweep and Dual Time Base

=  ICTEST CLUPS

700 14 pin Analogue/Oigital/Microprocessor,
28p 9p 16 pin Prototypes built, PCB artwork
30p 120p 20 pin 94p grepared. Documentation/Test

100/0 DISCOUNT 24 pin pecs, prepared to your
ON ANY ORDER

Engineers.

28 pin specification. Please ring for
: 40 pin 1440p further details. WW-3

SEE JULY ADVERT FOR PRICES NOT LISTED

[t2*4  (Components Only)

LBO 522 20MHz..

Add 15% VAT on all prices
prices correct at 1-5-82 E&OE

cash with order or credit card
Carriage £1.00 for all orders

WW — 71 FOR FURTHER DETAILS

SOUND INVESTMENT

M~ »,

QUALITY REEL TO REEL & CASSETTE TAPE HEADS

FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER.
OUR FULL CATALOGUE (PRICE 50p} ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE-AMPLIFIERS AND ACCESSORIES

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS
C21RPS1B MONOR/P.............. £4.62 Hole Centres 17mm Apart, 12mm From Head Face
B824-02 / C42RPH20 STEREO R/P SENDUST FOR
B24-07 STEREO R/P FOR DOLBY CHROME/METAL TAPES.. £10.67
SYSTEMS............... £9.05 C42RPHO04 STEREO R/P GLASS FERRITE
C21ES18 MONO/STEREO ERASE THE ULTIMATE LONG LIFE,
HEADL .. . st B, £2.13 HIGH PERFORMANCE HEAD £13.34
POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.A.T.

VMIONOLITH

electronic products

WW — 046 FOR FURTHER DETAILS

The Maonolith Electronics Co. Lid.,
§/7 Church Street, Crewkerne.
Samerset TA18 7HR

Tel: 046074321,

Telex: 46306 MONLTH G.

84

WRONG TIME?

MSF CLOCK is ALWAYS CORRECT — never gains or loses,
SELF SETTING at switch-on, 8 digits show Date, Hours,
Minutes and Seconds, auto GMT/BST and leap year, can
expand to Years, Months, Weekdays and Milliseconds,
also parallel BCD output for computer or alarm and audio
to record and show .time on playback, receives Rugby
60KHz atomic time signals, built-in antenna, 1000Km
range, GET the RIGHT TIME, £69.60.

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data output
for computer etc., decoding details and ZX81 listing for
local, GMT and SIDEREAL time, £22.20.

Each fun-to-build kit {ready made to order} includes all parts,

printed circuit, case, postage etc., instructions, money back

assurance so GET yours NOW.

CAMBRIDGE KITS

45 (WH) Old School Lane, Milton, Cambridge. Tel: 860150
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MEMOTECH
Excellence o

s V ”
(MEMOPAK 64k Oners 3 BAM
EMOPar fnG with Sin n 'andem

10 give 5700 el gy,

Explores the

i
‘(MEMOPAHK 32H

B
S L..A‘&‘%_

Memotech’s Memopak Range

All five of the currently available Memopaks are housed in elegant black anodised aluminium cases, and are styled to fit wobble-free
onto the back of the ZX8l, allowing more add-ons (from Memotech or Sinclair) to be connected.

MEMOPAK 64K MEMORY EXTENSION

The 64K Memopak extends the memory of the ZX81 by 56K, and with the ZX81 gives 64K, which is neither
switched nor paged and is directly addressable. The unit is user transparent and accepts commands such as
10 DIM A(9000). _

Breakdown of memory areas...0-8K-Sinclair ROM. 8-16K-This area can be used to hold machine code for
communication between programmes or peripherals. 16-64K-A straight 48K for normal Baslc use. J

¥ S AT~ -3 MEMOPAK 32K and 16K MEMORY EXTENSIONS =
32K

16K These two packs extend and complete the Memotech RAM range (for the time being!) A notable feature of the
plus VAT 32K pack is that it will run in tandem with the Sinclair 16K memory extension to give 48K RAM total.

MEMOPAK HIGH RES GRAPHICS PACK )
HRG Main Features — e Fully programmable Hi-Res (192 x 248 pixels) ¢ Video page is both memory and bit
mapped and can be located anywhere in RAM. ¢ Number of Video pages is limited only by RAM size (each
takes about 6.5K RAM) ¢ Instant inverse video on/off gives flashing characters ¢ Video pages can be
superimposed ¢ Video page access is similar to Basic plot/unplot commands ¢ Contains 2K EPROM monitor
with full range of graphics subroutines controlled by machine code or USR function

MEMOPAK CENTRONICS TYPE PARALLEL PRINTER INTERFACE

Main Features — e Interfaces ZX8l and parallel printers of the Centronics type ® Enables use of a range of dot

matrix and daisy wheel printers with ZX8I ¢« Compatible with ZX8I Basic, prints from LLIST, LPRINT and COPY

plus Uﬂ'l' ¢ Contains firmware to convert ZX8I characters to ASCli code » Gives lower-case characters from ZX8l inverse
character set

plus VAT

— — ——— — — — — — — e —— — — — — o —

MEMOPAK RAM { Please make Please send me Price No Total ]
c o s SO on HI-RES GRAPHICS cheques payableto | 64K RAM £68.70 + £10.30 VAT £79.00 ]
um'lg e e | MEMOTECH Ltd.  [32KRAM £43.43 46,52 VAT £49.95 ] l
o | Please Debit my 16K RAM _£26.00 + £3.90 VAT ~ |£29.90
2 | Access/Barclaycard" | HRG £52.00 + £7.80 VAT £59.80 B 1
3, accountnumber  [epNTRONICS UF £34.70 + £5.20 VAT £39.90
A complete range of ZX81 plug-in peripherals R P i Packaging & Postage £2.00 per unit |
Digitising Tablet RS232 Interface s | | ] TOTAL ENC |
We regret we are as yet unable to accept '§ SIGNATURE DATE - -
orders or enquiries concerning the above g | e AT |
products, but we'll let you know as soon a l i )
as they become available. 6 —

We want to be sure you are satisfied with your Memopak — so we offer a 14-day money back Guarantee on all our products.
Memotech Limited, 3 Collins Street, Oxford OX4 1XL, England Tel: Oxford (0865) 722102 Telex: 837220 Orchid G
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

BSR DE LUXE AUTOCHANGER £20
Plays 12", 10" or 7" records,
Auto or Manual. A hlg
quality unit backed by BSR
reliability. Stereo Ceramic
Cartridge. AC 200/250V. Size
13% x11%in. 3 speeds.
Above motor board 3%in.
Below motor board 2%in.
Post £2 Cut Board £1 extra

HEAVY METAL PLINTHS post 2
Cut out for most BSR or Garrard decks.
Silver grey finish, black trim. Size 16x133ain.

DECCA TEAK VENEERED PLINTH. Post £1.50
Superior finish with space and panel for
small amplifier. Board is cut for B.S.R.
18%in.x 14 Vain x4din. Black/chrome facia trim. Also with
boards cut out for Garrard £3. Tinted plastic cover £6

TINTED PLASTIC COVERS Post £2
177%x 13X 3V4in. £6 18Vax 1212 x3in. £6
17Vax93%x 3%%in. £3 14%x 12V2x 274in. £5
13%x 12x2Vain. £5 169X 13x din. £6
15Vax 13%x4in. £6 14%x13%x 2%in. £5
11x127/ﬁ_><3‘/§in. £6 17Vax13%x4%in. £6
Callers Only {not suitable for post)

21%x 14Yax 2'4in. £6 21x13%x4%4in. £6,
23%x 14x374in. £6 30%x 13%x3%in, £6
BSR SINGLE

PLAYER DECKS

‘BSR P232 BELT DRIVE

QUALITY DECK

Manual or automatic play.
Precision ultra slim arm.
Cueing device. Bargain price

With stereo ceramic cartridge

. Magnetic — 240V AC £20 or 12V DC £24

BSR P204 SINGLE PLAYERS SPECIAL OFFERS
Two speed 33/45 r.p.m. hi-fi decks with stereo
cartridges, cueing device and snake arm.

Ceramic — 240V AC £15 or 3V DC £19 Post £2 ea

GARRARD 6-200 SINGLE PLAYERDECK £22 post £2
Brushed Aluminium Arm with stereo ceramic cartridge
and Diamond Stylus, 3-speeds. Manual and Auto
Stop/Start. Large Metal Turntable. Cueing Device.
Ready cut mounting board £1 extra.

GARRARD SP25 Mk 4. Less cartridge. Balanced arm.

Few only.
3-speed single player £30 Post £2

BATTERY ELIMINATOR MAINS to 3 VOLT D.C.
- Stabilised output, 9 volt 400 m.a. U.K. made in plastic
case with screw terminals. Safety overload cut out. Size
5 x 3% x 2%in. Transformer Rectifier Unit. Suitable
Radios, Cassettes, models, £4.50. Post 65p.

DE LUXE SWITCHED MODEL STABILISED. £7.50. Post
£1. 3-6-7'%%-9 volt 400ma DC max. Universal output
plug and lead. Pilot light, mains switch, polarity switch.

DRILL SPEED CONTROLLERAIGHT DIMMER KIT. Easy to build kit.
Controls up to 480 watts AC mains, £3. Post 65p.

DE LUXE MODEL READY-BUILT 800 watts. Front plate fits
standard box, £5. Post 65p.

‘moving coil tweeter and two-way

1 £6.50. Size 18x11x6in. Post £1.50.

EMI 13‘/zx8in.|.0llllSPEAKEHS'%“

Model 450, 10 watts R.M.S. with gg.su
crossover; 3ohm or 8 ohm. Post £1.50
“Final Clearance’'.

SUITABLE BOOKSHELF CABINET

RELAYS. 6V DC 95p. 12V DC £1.25. 18V £1..
BLANK ALUMINIUM CHASSIS. 6x4-£1 45 8x6—£1.80;

10x7-£2.30; 12x8-£2.60; 14x9-£3; 16x6-£2.90;
16x10 —£3.20. All 2¥4in. deep. 18 swg.
ANGLE ALI. 6x¥ax34in. 18 swg. 30p.
ALUMINIUM PANELS, 18swg. 6x4-—45p; 8x6—75p;
14x3—75p; 10x7—-95p; 12x8—£1.10; 12x5-75p;

16x6—£1.10; 14x9—£1.45; 12x12—-£1.50; 16x10-£1.75.
PLASTIC AND ALI BOXES IN STOCK. MANY SIZES
ALUMINIUM BOXES. 4x4x 1'% £1. 4x2V2x2 £1. 3x2x 1 £1.
6x4x2 £1.60. 7x5x3 £2.40. 8x6x3 £250. 10x7x3 £3.
12x5x3 £2.75. 12x8x 3 £3.60. All with lids.

BRIDGE RECTIFIER 200V PiV 2a £1.4a £1.50. 8a £2.50.
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p.
MINIATURE TOGGLES SP 40p. DPDT 60p.

RESISTORS. 100 to 10M. YaW, %W, 1W, 2p: 2W 10p.

HIGH STABILITY. V2w 2% 10 ohms to 1 meg. 10p.

Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p.
PICK-UP CARTRIDGES SONOTONE 9TA £2.50.

BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3.
PHILIPS PLUG-IN HEAD. Stereo Ceramic. AU1020 (G306
GP310 - GP233 -AG3306, £2. A.D.C., QLM 30/3 Magnetic £5.
LOCKTITE SEALING KIT DECCA 118 . Complete £1.

ANTEX SOLDERING IRON 240V 15W 3mm bit £5.25.

JACK PLUGS Mono Plastic 25p; Metal 30p.

JACK PLUGS Stereo Plastic 30p; Metal 35p.

JACK SOCKETS Mono Open 20p; Closed 25p.

JACK SOCKETS Stereo Open 25p; Closed 30p.

FREE SOCKETS — Cable end 3°E Metal 45p.

2.5mm and 3.5mm JACK SOCKETS 20p. Plugs 20p.

DIN TYPE CONNECTORS

Sockets 3-pin, 5-pin 10p. Free Sockets 3-pin, 5-pin 25p.
Plugs 3-pin 20p; 5-pin 25p; Speaker plugs 20p; Sockets 15p.
PHONO PLUGS and SOCKETS ea. 15p.

Free Socket for cable end 20p. Screened Phono Plugs 25p.
300 ohm TWIN RIBBON FEEDER 10p vd.

U.H.F. COAXIAL CABLE SUPER LOW LOSS, 25p yd.

COAX PLUGS 30p. COAX SOCKETS 20p.

NEON INDICATORS 250V, round 30p. Rectangular 45p.
SOUD DIELECTRIC 100pf, 500pf £1.50.

POTENTIOMETERS Carbon Track

5kf) to 2MQ). LOG or LIN. L/S 50p. DP 90p. Stereo L/S
£1.10. DP £1.30. Edge Pot 5K. SP 45p.

‘MINI-MULTI TESTER NEW

w’;ﬁ'&‘"\\\ :De luxe pocket size precision moving

2 'coil instrument. Impedance + Capacity
— 4000 o.p.v. Battery included.

H ) |11 instant ranges measure:

DC volts 5.25, 250, 500.

AC volts 10, 50, 500, 1000.

*DC amps 0-250ua, 0-250mA.

Continuity and resistance

1 0 to 600K ohms

el [Be Luxe Range Doubler Model,
£6.50 Post 65p {50.000 0.p.v. £18.50, 7x5x 2in. Post £1

NEW PANEL METERS £4.50

50pa, 100pa, 500pa L e
1ma,'5ma, SIOmal,11bOma, il agwbirdiog, »
500ma, 1 amp, 2 amp I \»ws

25 volt, VU Meter. 22)
2Vax2X1Yain. Post 65p.

RCS SOUND TO LIGHT CONTROL KIT

Kit of parts to build a 3 channel sound to light

unit. 1,000 watts per channel. Suitable for home £1 5
or disco. Easy to build. Full instructions supplied. post 95p
Cabinet £4.50 extra. Operates from 200MV to 100W.

200 Watt Rear Reflecting White Light Bulbs. ideal for

Disco Lights, Edison Screw. 6 for £4, or 12 for £2.50.
Post 65p. Suitable panel mounting holders 85p.

RCS “MINOR” 10 watt AMPLIFIER KIT £14

This kit is suitable for record players, guitars, tape
playback, electronic instruments or small PA systems.
Two versions available: Mono, £14; Stereo, £20. Speci-
fication 10W per channel; size 9‘/7x3x2|n SAE details.
Full instructions supplied. 240V AC mains, Post £1.

RCS STEREO PRE-AMP KIT. All parts to build this’

pre-amp. Inputs for high, medium or low imp 95
per channel, with volume control and PC Board g s; 65p
Can be ganged to make multi-way stereo mixers :

MAINS TRANSFORMERS Post
250-0-250V 70mA, 6.5V, 2A £4.50 £2
250-0-250V 80mA, 6.3V 3.5A, 6.3V 1A £5.00 £2
350-0-350V 250mA, 6.3V 6ACT £12.00 £2
300-0-300V 120mA, 2X 6.3V 2A C.T.; 5V 2A £13.00 £2
220V 45mA, 6.3V 2A £3.00 £1
250V 60mA. 6V 2A £3.75 £1

AUTO 115v 10 240v 150 £3. 250W £10. 400W £11. 500W £12.00 £2
GENERAL PURPOSE LOW VOLTAGE

Tapped outputs available Price Post”
2amp.3,4,5,6,8,9, 10, 12,15, 18, 25 and 30V £8.00 £2
1amp. 6, 8,10, 12, 16, 18. 20, 24, 30, 36, 40, 48, 60 £6.00 £2
2amp. 6, 8,10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £10.50 £2
3amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £1250 £2
Samp. 6, 8, 10,12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £16.00 £2
581016V, 12 amp. £250 80p 15-0-15V. 2amps £3.75 £1
6V. 12 amp. £2.00 £1 20V 1amp £3.00 £1
6-0-6V. 12 amp. £3.50 £1  20-0-20V 1amp £3.50 £1
9V. 250ma. £1.50 80p 20-40-60V 1amp £4.00 £2
9V.3amp £3.50 £1 25-0-25V 2am £4.50 £1
9-0-9V. 50ma £1.50 80p -28V 1 amp Twice £5.00 £2
10-0-10V. 2 amps £3.00 £1 30V12amp £3.50 £1
10-30-40V. 2 amps £350 £1 30V 5amp and

12V.100ma £150 80p 1 -0~17 Za £4.50 £2
12V. 750 ma £2.00 B0p 35V 2a £4.00 £1
12V3amps £3.50 £1 YOROIDALSO-&JOV 4a and
12-0-12V. 2 amps £350 £1  20-0-20V V2a €10.00 £2
CHARGER TRANS Post RECTIFIERS Post
6-12 volt 3a £4.00+£2 6-12volt2a £1.10+80p
6-12 voit 4a £6.50+£2 6-12voltda £2.00+80p

OPUS COMPACT
SPEAKERS £22
TEAK VENEERED CABIN
11x8%x7in, 15 watts

50 to 14,000 cps. 4 ohmor 8 ohm

OPUS TWO 15X 102X 73%4in 25 watt
2-way system £33 pair. Post £3.

air post £2

el
LOW VOLTAGE ELECTROLYTICS Wire ends 10p
1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47

mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v; 220
mf/4v/10v/16v; 330 mf/4v/10v; 500 mf/6v; 680
mf/6v/10v/16v; 1000 mf/2.5v/4v/10v; 1500 mf/
6v/10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v.
500mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 86p.
1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p.

2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V 80p.
2200mF 63V 90p. 2500mF 50V 70p; 3000mF 50V 65p;
450QmF 64V £2. 4700mF 63V £1.20. 2700mF/76V £1.

HIGH VOLTAGE ELECTROLYTICS

2/500V 45p 8+8/450V 75p 32+32+16/350V 90p

8/450V 45p 8+8/500V £1 100+100/275V  65p
16/350V 45p 8+16/450V 75p 150+200/275V  70p
32/500V 75p 32+32/350V 50p 220/450V 95p
32/350V 50 32+32/500V  £1.80 32+32+32/325V 75p
50/450V 95p 50+50/300V S0p 50 +50+50/350V 95p

CAPACITORS WIRE END High Voltage

.001, .002, .003, .005, .01, .02, .03, .05 mfd 400V 5p.
1MF 200V 5p. 400V 10p. 600V 15p. 1000V 25p.

.22MF 350V 12p. 600V 20p. 1000V 30p. 1750V 50p.
A7TMF 1500V 10, ]g 400V 20p. 630V 30p. 1000V 60p.
VALVE OUTPUT Transformers (small) 80p.

TRIMMERS 30pF, 50pF, 10p. IOOEF 1SODF 500pF 30p.
MICROSWITCH SINGLE POLE CHANGEOVER 40p.
SUB-MIN MICROSWITCH, 50p, Single pole changeover.
TWIN GANG, 120pF 50p. 500 plus 200pF £1.

GEARED TWIN GANGS 25pF 95p.

GEARED 365+365+25+ 25pF £1.

TRANSISTOR TWIN GANG. Japanese Replacement £1

SOLID DIELECTRIC 100pf £1.50, 500pf £1.50.

HEATING ELEMENTS, WAFER THIN

Size 11x9x &in. Operating voltage 240V, 250W approx.
Suitable for Heating Pads, Food Warmers, Convector
Heaters, Propagation, etc. Must be clamped between
two sheets of metal or ceramic, etc.

ONLY 60p EACH (FOUR FOR £2) ALL POST PAID.

RADIO COMPONENT SPECIALIST

NEW

high power full range
quality loudspeakers
produced to give
exceptional
reproduction. Ideal for
Hi-Fi, music P.A, or
discotheques. These
loudspeakers are
recommended where
high power handling is
required with quality
results. The high flux
ceramic magnet ensures clear response.

bakerl Star sound

(

MODEL INCHES OHMS WATTS TYPE PRICE POST
MAJDR 12 4816 0 HI-Ft f14 £
DELUXE MK Il 12 8 15 HI-R f14 £
SUPERB 12 8-16 0 HI-F 2 2
AUDITORIUM 12 8-16 45 HI-A 2
AUDITORIUM 15 8-16 60 HI-A B 2
GROUP 45 12 4-8-16 45 PA f14 £
GROUP 75 12 43-16 Vi) PA f12 £
GROUP 100 12 8-16 100 Guitar £24 £2
0ISCO 100 12 8-16 100 Disco 4 £2
GROUP 100 15 8-16 100 Guitar £R £
DISCO 100 15 8-16 100 Disco £R £

BAKER 150 WATT MIXER/POWER
AMPLIFIER £89 posie2

For Discotheque, Vocal, Public Address. Three speaker outfets
for 4, 8 or 16 ohms. Four high galn inputs, 20 mv, 50K ohm.
Individual volume controls “Four channel” mixing. 150 watts 8
ohms R.M.S. Music Power. Slave output 500 M.V. 25K.chm.
Response 25 Hz — 20kHz + 3dB. Integral Hi-Fi preamp separate
Bass & Treble. Size — 16" x 8" x 5%2". Wt — 14Ib: Master volume
control. British made. 12 months' guarantee. 240v A.C. mains or
120V to order. All transistor and solid state.

MOND SLAVE VERSION £75. 100 Valt Line Model £104.

New Stereo Stave Model 150 + 150 watt £125. Post £4.

BAKER'S NEW PA150 MICROPHONE PA AMPUFIER £129. PP £3.

4 channel 8 inputs, dual impedance, 50K-600 ohm 4 channel
mixing, volume, treble, bass. Presence controls, Master volume
control, echo/send/return socket. Slave input/output sockets.

BAKER £69 Post.£2>
50 WATT
AMPLIFIER

Ideal for PA systems, Discos and Grou
Mixer, Volume, Controls, Master Bass,

. Two inputs,
reble Gain.

RCS offers MOBILE PA AMPLIFIERS. Outputs 4-8-16 ohms

- 20-watt RMS 12v DC, AC 240v, 3 inputs. 50K £46 PP £2.
40-watt RMS 12v DC, AC 240v, 4 inputs. 50K 100v Line  £75 PP £2
Mic 1; Mic 2; Phono; aux. outputs 4 or B or 16 and 100v line
60-watt RMS, Mobile 24 voit DC & 240-volt AC mains. inputs 50K.
3mics + 1 music. Outputs 4-8-16 ohm + 100 volts line £95 PP £2

Battery only Shoulder PA Amplifier 10w max. Includes mike and
speaker, OK for meetings, crowd control, stalls, fetes, traders,
etc. Batteries included (6 of U2) £27.50 post £1.50.

CAR CASSETTE MECHANlSM 12V Stereo Head £5

AC mains 200/250V. Hand held size with switch

R.C.S. LOWVOLTAGE STABILISED

FAMOUS LOUDSPEAKERS

" ’”

SPECIAL PRICES

MAKE MODEL ~~ SIZE WATTS OWMS PAICE POST
SEAS TWEETER 4in 50 B  £950
G00OMANS TWEHIER Winz 8 fe®0 €1
AUDAX  TWEETER 4in 20 8 650 £
SEAS MID-RANGE 4in 50 B8  £150 £l
SEAS MID-RANGE Sin 80 8  £1200 f1
SEAS MID-RANGE 4'%2in 100 8 £1250 1
GOODMANS HIFAX  Thaxa%a 100 4816 £2 €2
GOODMANS WOOFER  Bin 25 48 £650  f£1
GOODMANS HB gin & 8  £1250 £
RIGONDA = GENERAL 10in 15 B  f5 ]
AUDAX  WOOFER  10in 50 8  £1600 £
GOODMANS  HPG 12in 120 815 £2950 £
GOODMANS GR12 2in 0 w5 218 &2
GDODMANS HPD 1Zin 120 815 £2950 £

SPEAKER COVERING MATERIALS. Samples Large S.A.E.
B.AF. LOUDSPEAKER CABINET WADDING 18in wide 35p ft.

MOTDROLA PIEZO ELECTRIC HORN TWEETER, 3%in. square  £5
100 watts. No crossover required. 4-8-16 chm, T3%x3%Ain.  £10.50

CROSSOVERS. TWO-WAY 3000 c/s 30 watt 8 or 15 ohm £3. 3-way
950 cps/3000 cps. 40 watt rating. £4. 3 way 60 watt £6.
LOUDSPEAKER BARGAINS

3 ohm, 5in, 7x4in, £2.50; 6%in, 8x5in, £3; 8in, £3.50. 10in, £5.

-8 ohm, 234in, 3in, £2; 5in, £2.50; 6Y%in, £3; 8in, £4.50; 12in, £6.

15 ohm, 3'4in, 5X3in, 6 4in, £2.50.

125 ohm, 3in, £2; 5x3in, 7X4in, £2.50. 120 ohm, 3%in dia. £1.

CASSETTE MONO REPLAY. Complete working £12.50

£9.50 Post %p

5

Sunable for cassettes and all sizes of tape reels.

and lead {120 volt to order).
Will also demagnetise small tools.
Head Demagnatiser only £5.

POWER PACK KITS £3.95, Post 65p-
All parts and Instructions with Zener diode printed circuit,
mains transformer 240V a.c. Output 6 or 7%2 or 9 or 12V d.c.
up to 100mA or less. Please state voltage required.

337 WHITEHORSE ROAD, CROYDON
Open 9-6. Closed all day Wed. Open Sat. 9-5.

Radio Books and Components Lists 31p stamps. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT,

o
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Available from stock NOW!

1.0 FARAD 1.0 FARAD

SUPERCAP SUPERCAP

1.0 FARAD

SUPERCAP
+ + +

5101 1703 7507

C.MOS
R.A.M.

1 MONTH

Only part of the

Anglia range of An Iu
NEC components
COMPONENTS

THE PARTS YOU NEED
- fast!

WW — 062 FOR FURTHER DETAILS

Programmable C.MOS
Tuner Chip Microcomputer A

__1IWEEK =~ 1DAY

Burdett Road, Wisbech,
Cambs, PE13 2PS

Telephone 094563281
Telex 32630 ANGLIA G

Despatch
by return -+
i 2
e CUS BATINGS 15 or 24-VOLT RANGE.

MAINS ISOLATORS Separate 12V windings P
. gs Pri 220-240V
Pri 0-120; 0-100-120V. Sec 0-CT-115Vx2. Ref \Plszmp: Dy £ P&P

Ref, VA {Watts) | 242 300mA
7% 2 1

149
150
151

=0
owm

STOmOTAWNN
COCOCOOCO0OUO

OPPP= e,
>RRoRRRElRRRE

[R g
=3

A
OA
203.85 OA

%115 or 240v sec only. State volts required.
Pri 0-220-240V.

30 VOLTY RANGE
Sec. Volts available 3, 4, 6, 6, 8, 9,
15, 18, 20, 24, 30V or 12V 0—12V or 15V-0-‘|5V

50 VOLT RANGE2X25V tapped Amps P&P
sec’s. Volts available 5, 7, 8, 10, 13, 15, 17, 20, .
25,130, 33, 40 or 20V-0-20V or 25V-0-25V 05 . 1.20

NaRaaaaD
4
o

o..._‘...
|SP3eLRE

3618

Or Free Standing

£23:95
£19.50

 OFFER
ENDS

Front Panel 480x150 mm. Rear Case 425x250x140 mm

% Top, bottom and rear cover removabie for access # Plates have heavy duty grey paint finish % Front
panel is heavy gauge — 3mm aluminium % Strong, screwed, construction throughout — screws
included % Heavy gauge chassis mounting plate is pre-drilled "and has four mounting positions to
choose from # Front panel is of brushed aluminium finish enhanced with haeavily chromed handles ¥

Many sold to TANGERINE' users and INDUSTRY

19’' Rack Mounting Cabinet —

35.64
66 VOLT RANGE SCREENED MINIATURES Pri 240V
Pri 0-120Vx2 Ref. A Sec Volts £ P&P
2x30V tapped secs voits available 3-0-3 3.11

6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 06 06
48, 60V, or 24V-0-24V or 30V-0-30V , U

£ 0.3, o9

4.70 3 0-8-9,0-8-9

7.15 i 0-8-9, 0-8-8

920 1. 0-15,0-15
1331 2. 12-0-12
15.15 K 0-20,0-20
19.16 ) 20-12-0-12-20
21.86 i 0-15-20, 0-15-20
3072 0-15-27, 0-15-27
0-15-27, 0-15-27

AUTO TRANSFORMERS
400/440V ISOLATORS: | voltages available 105, 115, 190, 200, 210,
400/440 to 200/ 240V 230, 240. For step up or step down.
Ref. P | Ref. VA (Watts) TAPS
243 : ! 113 15 0-10-115-210-240V
245 i 80 0-10-115-210-240V
247 i 150 0-10-115-200-220-240V
248 . 500 0-10-115-200-220-240V
1000 0-10-115-200-220-240V
1500 0-10-115-200-220-240V
" 2000 0-10-115-200-52&§§‘gv
‘L | 3000 0-10-115-200-220-240V
et 4000 0-10-115-200-220-240V

CASED AUT'OS 1 5000 0-10-115-200-220-240V

240V cable input USA 115V outlets CONSTANT VOLTAGE ~ Ventilated trans-
~ TRANSFORMERS former cases

now available in

sizes; sheet

steel, grey stove

500VA £159.43 enamel, hammer

1kVA !£213 12 finish.

For ‘clean’ mains to
computers, peri herals

ADD VAT AT STD. RATE & ORDERS UNDER £5. P&P 50p ABOVE ITEMS £1 P&P

TOHOIDAI.S NOW

P&P EX-STOCK

c gg 30VA GOVA 100VA 160VA,230VA 330VA 530VA '
1.20 Send stamp f for list

1.20 PLEASE ADD 15% VAT AFTER P&P
1.40 Overseas post extra

OTHER PRODUCTS ) @

AVO TEST METERS MAINS BATTERY ELIMINATORS
8 Mk. 5 Latest Model £122.10 | No wiring, ready to plug Into 13A socket. 3, 4.5V,
71 (Electronics&  "£49.30 | 6, 7.5V 9, 12V DC @ 300mA £5.10 + £1.20 p&p
73 TV Service) + VAT 15%
MMS5 Minor £43.60 — -
DA211 LCD Digital £58.50 ANTEX SOLDERING IRONS 15W. CCN240 or C £4.50
DA212 LCD Digital £81.90 gafety stand § |
DA116LCD Digital ~ £131.30 12V 25W car soldenng kit..
Megger 70143500v ~ £97.20 P&P 50p + VAT
Megger Battery BM7  £71.60
DA117 portable Auto LCD PANEL METERS £6.70 ea + 76p P/P + VAT
£157.00 | 43 X 43mm or 82 % 78mm V.U. Indicator
Avo Cases and Accessories S0uA, 500uA, 1mA, 30V d.c.etc.  £1.95+30p P&P+VAT
P&P £1.60 + VAT 15% ducational Meter 10A8 30V £4.50+ VAT

Ask for our FREE Catalogue SLIDE
SWITCHES
1P2T 10p &
‘metal g;g pcb :gp &3
i 9 P ON
J cabinets 2P3T 20p &8
a £1.70 1P4T pcb  26p Wa
~ b £255 4P2T pcb  28p &
¢ £3.04 4P3T pcb  35p J
d £4.08 6P3Tpcb  42p
4P4T pcb  45p
i
\_ Bridge WO-005 16p |

These are beautifully manufactured cabinets with an aluminium a — 102{d) x 56(h) x 83(wimm
base and 18 gauge steel covers. They come fitted with rubber b — 150(d) x 81(h) x 103(w)mm
feet {to please the wife), louvred for ventilation and finishad in ¢ — 150(d) x 76(h) x 134{w)mm
an attractive two tone finish. They make excellent cabinets for d — 184(d) x 70(h) x 160(w)mm
power supplies, remote control units and many more projects.

release for one hand
working, Large £5.86 P&P 35p+VAT. Small £5.17
*400v P&P 30p+VAT. Replacement tips: Small

100v o 65p+VAT. targe 86p+VAT.
100v X 0
200V Telephones: Trimphone £25 + £1.20 p&p +

400v VAT. Two-tone grey 746 £11.50 + £1.20 p&p +
400v ; | VAL =
500v £2.85 METAL OXIDE RESISTORS £1/100

P&P 20p. VAT 15% Special Offer TR4 5% Electrosil {100s only), Use in place
c.film. 4701 - 750 - 18011 - 3600 - 3900 - 4301] - 4701 -

S ‘ Precision De-Solder Pumps - Spring loaded
;BOE‘\/'D%E RECTLFIERS quick action button " on

DIODES 1N4002 — 3p

E B m E 1N4148 —2p  1N4003 — dp
A Bwm | 1N4001 —3p  1N4004 — S5p
I TRADE
Re[Av-A-quip| MoatLodge, Stock Chase POA
MALDON, Essex, UK T

PRODUCTS Tel: 0621 57242 10am-8pm Mon.-Sat. wé;nn

WW —069 FOR FURTHER DETAILS
WIRELESS WORLD AUGUST 1982

51012 - 5601 - 82002 - 1K - 1K2 - 1K3 - 1K6 - 1K8 - 2K - 2K4 -
3K - 16K - 20K - 22K - 24K - 27K - 47K - 82K 100K - 110K -
120K - 130K - 180K - 220K - 270K - 300K. P&P 30;

Barrie Electronics Litd.
3THE MINORIES,LONDONEC3N 1BJ
TELEPHONE: 01-488 3316/7/8

Send 20p for catalogue.
Prices correct at 20/3/81

NEAREST TUBE STATIONS: ALDGATE&LI‘JERPOOLST

WW — 054 FOR FURT!
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GOULD OSCILLOSCOPES SET A HIGHER STANDARL

Ask for our 8-page data sheet for full details and applications

The newGould 0S300 Dual Trace 20MHZz Scope

A tough, professional instrument you can trust —at a price you can
afford! % Max. sensitivity 2mV/cm. % Stepped and continuously
variable attenuatorandtimebase controls. % D.C. coupledtriggering
and “active” T.V. sync separator. % ‘Add’ and ‘Invert’ for differential
measurements. % X-Y facility. Built to do more — safely, reliably and

=2 GOULD

Electronics & Electrical Products

Gould Instruments Division
Roebuck Road, Hainault, {iford, Essex IG6 3UE.
Telephone: 01-500 1000.Telex: 263785

88

* HEWLETT PACKARO RMS VOLTMETER

2E2&% 55:6::8%853&23558523535’

&

!!pl 3400A 1mV-300V; 10HZ-10MH

BOONTON SIGNALGEN POWER AMPLIFIER |¥pe 230A 10 500 MHZ

HEWLETT PACKARD AUDID SIGNAL GENERATO rxp

CLAUDE LYONS AUTOMATIC VOLTAGE STABILISE 238KVA Comps

TEKTRDNIX AMPLIFIE T;ypellll

SES AESUHPTIDN WATTMETER type 762600 2-1000MHZ: 100 Watts 50 ohm.

TEKTRONI; G-IN type D Single Trace High Gain DC Differentla

TEKTRONIX PLUG IN type E Single Trace Low Level AC Differantia

TEKTRONIX PLUG-IN type G Single Trace Wide Band DC Differential.

TEKTRONIX PLUG-IN type L Single Trace 30MHZ High Gain

TEKTRONIX PLUG-IN type M 4 Trace DC-20MHZ..

TEKTRONIX PLUG-IN type O Operational Amplvﬁev

TEKTRONIX PLUG-IN type O Transducer & Strain Gﬂug

TEKTRONIX PLUG-IN type R Transistor Rise Time.....

TEKTRONIX PLUG-IN type W Di | Comparslnr

TEKTRONIX PLUG-IN lzp i | Comparator.

HEWLETT PACKARD LCR BRIDGE type 4261A

HEWLETT PACKARD AMPLIFIER g{pe 462A

HEWLETT PACKARD DC CURRENT SOURCI

FAST RESPONSE RECORDER type H3020-3 (3 channel) Brand new.

HEWLETT PACKARD AUDIO DSCILLATOR type 200J...

HEWLETT PACKARD PULSE GENERATOR Model 2124

HEWLETT PACKARD DC MICRO VOLT AMMETER type 425A.

HEWLETT PACKARD DSCICLOSCOPE 182A with 1808A and 1825A. 75MHZ Dull

Trace Delayed Swsi £750
AVO VALVE TESTEH tvne €T160. (22 vaiva blss!)

AVO TRANSISTOR ANALYSER type CT

MARCONI UHF SIGNAL GENERATOR type TF1060.

MARCONI FM SIGNAL GENERATOR type TF1077/1 19,

MARCONI SUPPRESSED ZERD VOLTMETER type TF137

MARCONI VARIABLE ATTENTUATOR type TF1073A/25 (CT‘Z"

ERNST TURNER 20KV ELECTROSTATIC VOLTMETER 8 inch

MARCDN! AM/FM SIGNAL GENERATOR TF995A/3/S (CT402) 1.5-220MH,

MARCONI AC MILLIVOLTMETER type TF2600 10HZ-EMHZ; 1mV-300V

B & K ACCELEROMETER PREAMPLIFIER type 2620...

8 & K DEVIATION BRIDGE type 1503

K DEVIATION BRIDGE tpre 1504 .
MICROPHONE AMPLIFIER vae MZ,

SANDERS OSCILLATOR type CLCZ-4

8 & K ELECTRONIC VOLTMETER type 2408 2HZ-200KHZ ..............
GENERAL RADID MICROWAVE DSC LLATOR ¢ 13608 1.7-4.1GHZ ...
GENERAL RADID FREOUENCY/DISCRIMINATO METER type 1142A O-15MHZ ... £95
HEWLETT PACKARD MEMDRY DISPLAY tvoe 5480A with CONTROL type 54868 and
Two Channel Input type 5485A £225
GENERAL RADID D CADE CAPACITOR |4|3 with ANALDG LIMIT COMPARATDR
1782 and IMPEDANCE COMPARATOR 1654
STODDART RADIO INTERFERENCE & FIELD INTENSITY METER type N-M62A.... .CIQS
KEITHLEY REGULATED HIGH VOLTAGE SUPPLY type 241 ... R
BRANDENBURGH HIGH VOLTAGE GENERATOR type MR50
BRANDENBURGH HIGH VOLTAGE P. U Model 705. Metered 0-15KV. +/-
BELIX POWER UNIT type C
:‘EIRE(SISEV TELEGRAPH SIGNAL GENERATOR TSG10 with TOMS type 70. Speed 50-75-
units)

As Above but SPEED 45.5 -50 -75.
RACALHF. SELECTIVE ANALVSER type 9056 ...
RACAL UHF FREQUEN R type 9839, 10-560MH
RACAL 800MHZ DECADE DIVIOER type 9010,
RACAL AUTD FREQUENCY CONVERTOR type 803A 500MHZ...........
RHODE & SCHWARZ NOISE GENERATOR gKTU BN4151/2/60 310

& S UHF TEST RECEIVER 8N1523 280-340MHZ

$ FREQUENCY METER VHF-UHF 30-300MHZ typs W1D BN#42.
S ATTENUATOR type DPR BN18042/50....

S NANCE FR QUENCY METER 30-500MHZ WAM BN4312/2._
SWI
S

DE B S16 GEN type SBF BN40851 10HZ-10MHZ ..
SIGNAL GENEHATDH 1| e SMAH BN4123 30HZ-30MHZ
S CAPACITANCE METER -

NSFORMER 1.4 KVA Pri Volts 90/240 Sec Volts 115....

DC SERVO MOTOR 110V 2 5A Cont. Double Shatt. 4 wire 4 brush. New.
JLT TRANSISTOR A.C. VOLTAGE REGULATOR MODEL LT-T1000-25 R
WAYNE KERR AUTOBALANCE CAPACITANCE BRIDGE typs BS41
PHILIPS VIDEQ COLOUR TEST GENERATOR type PM5522. No ca:
PHILIPS FM STEREQ GENERA URtvpo PMB456. Separate L& R Slgnals Ca
100MHZ +/— 1% RF 0/P 3mV k pk...
PHILIPS COMPARAT OR 27
PHILIPS AUTOMATIC ELECYRONICVOLT OHM METER type PM2405 .
B & K AUTOMATIC VIBRATION EXCITER CONTROL type 1016

HEWLETT PACKARD DC POWER SUPPLY tvspi £448B. 0-600 Volts 0-1.5 Amps .

BEAT FREQUENCY OSCILLA OR type W
BEAT AUTOMATIC VIBRATION EXCITER CONTRDL type 1018
1608

&
&K
& K MICROPHONE AMPLIFIER
&K
&K
&

HDUSTON INSTRUMENTS LOG VOLTMETER- CONVERTOR Model HLVC150. £60
PDLARAD FIELD STRENGTH METER type FIM-82 with RF Tuning Unit FIM-X2 7360

IMHZ ...
HEWLET[ PACKARD DIGITAL VOLTMETER type 34608 with AC CONVERTER wpe
3461A +/—0.004%.....

93 ADVANCE BATCH CDUNTER type 4841

£50

.. £295

REGULATED HIGH VOLTAGE. P.U. tvus 928R. 0-1000KV; 0-IMA £150
ADVANCE PULSE GENERATOR type PGS50020.. £20
GAUMONT-KALEE FLUTTER METER type 1749,

MARCONI AM/FM SIGNAL GENERATOR type
TF1066B/6S 10-470 MHZ in § bands £250 sach.
Carriage £6.

WAYNE KERR COMPONENT BRIDGE type
B521 {CT 375) Resistance 1mOhm — 1000
MegOhm Capacitance 1pF — 5000Kuf Induc-
tance 1uH - 500kH. With copy of manual
ONLY £40 each. Carriage £6.

AVO VALVE TESTER type CT160 {22 valve
gases) with copy of manual £20 each. Carriage
6.

AVO TRANSISTOR ANALYSER type CT446
with copy of manual £20 each. Carriage £6.

AVO SIGNAL GENERATOR No. 2 AM/FM AM
0.45-225MHZ; FM 20-100MHZ with copy of
manual £75 each. Carriage £6.

MARCONI COUNTER/FREQUENCY METER
TF1417/2 with Convertor type TF 2400/TM7265
— BOOMHZ £35 each. Carriage £6.

TELETYPE PRINTERS KSR33 - ASCH Key-
board £50. ASR 33 — as above with 8-bit Punch
and Reader £75. Carriage £6 each unit.

SINE & SQUARE
WAVE AUDIO
GENERATOR

type TE-22, 20HZ-

200KHZ. Portable as

new
ONLY £35 each. P&P
f4

MULTIMETER
Russian Type 4324
AC/DC volts; AC/DC
current; ohms, etc.
Brand new, boxed.
£12.50 oag:‘l)\. P&P

ADVANCE SIGNAL GENERATOR L.F. type B1A 1SHZ-200KHZ..

ADVANCE AUD10 SIGNAL GENERATDR type J1

ADVANCE SIGNAL GENERATOR type E2 100KHZ-100M

PYE SCALAMP 40KV RM'S Max ELECTROSTATIC VOLTM!

PYE SCALAMP 20KV RMS Max ELECTHUSTATK) VOLTMETER

RANK ABENA EH.T. METER 0-30KV ...

SINE & SQUARE WAVE AUDID GE NE typ

BLACK & WHITE 20" MONITOR by IKEGAMI type PM201TS. Solid State

PLEASE CHECK AVAILABILITY BEFORE ORDERING
COMPONENT LIST AVAILABLE S.A.E OR PHONE

ISOLATING
TRANSFORMER
240V input 240V

Output 1300 Watts
£15 each. Carr. £6

IKEGAMI MONITOR
20" Black & White
Solid state. Video in,
int. ext. Sync.
£65 each. Carriage £6

PLEASE NOTE:
WE WILL BE CLOSED TO CALLERS MONDAY,
AUGUST 9th UNTIL SATURDAY, AUGUST
215t INCLUSIVE

BARCLAYCARD (VISA} and ACCESS taken. Official orders welcome
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc

All units £6 carriage. Plus V.A.T. on total

CHILTMEAD | | [)

TELEPHONE NO. READING 669656

NORWOOD ROAD, READING

{2nd turning left past Readmg Technical College in King’s Road then firstright —

look on right for door with “Spoked Wheel*}
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(- INDUSTRIAL MUSCLE \
AT A REALISTIC PRICE

* POWER BANDWIDTH DC to 100KHZ + 1db

* QUTPUT POWER IN EXCESS OF 500 WATTS PER
CHANNEL INTO 2 OHMS
OR IN EXCESS OF 1KW SINGLE CHANNEL IN
BRIDGE MODE INTO 6 OHMS

* HARMONIC DISTORTION LESS THAN 0-01% DC
TO 100KHZ AT 1KW INTO 6 OHMS

* INTERFACE BOARDS CAN BE CUSTOM DESIGNED
AND BUILT TO CATER FOR A WIDE RANGE OF
SPECIALISED USES

* OUTPUT MATCHING TRANSFORMERS AVAILABLE
TO MATCH VIRTUALLY ANY LOAD

* UNCONDITIONALLY STABLE INTO ANY LOAD

¥ BASIC PRICE INCLUDING BRIDGE MODE
SWITCHING AND HANDLES £455

S & R AMPLIFICATION

6 Tanners Hill, London S.E.8
Telephone: 01-692 2009

WW — 064 FOR FURTHER DETAILS

—=®

=3, >

Ch: F le D3F.
ine Mate ASM e | - R
4,5, 6 and 7-pin versions and targe selection audio adaptors avallable
d hless Ch Male NC3-MZ............... £0.59
Eoetomae NESRCE o I A lens
Fema!eChass|s NC3-FP £1.65 Chassis Male NC3-MP v £0.87
4,5-pin, PCB and black versions and large selection of audio adaptors available
XLR LNE MAIN SERIES
E 12C. . £3.76
X oBE  MANENS oAk

BELGLERE AUDIO TRANSFORMERS

EN6422 Ratio + 1.2 +. 2 Freq. 40MHz-35KHz. PRI 150/600(1, sec. 600/2.4K0
EN6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ —25KHz. PRI 150/60012.
8KT-723 MuMetal Screening can, 39dB reduction 50Hz ext. field ..

Trade enquiries welcome; quantity discounts available. All pri
telephone. Minimum order £10. Please add £2 postage. Access, Amex, Barclaycard.

[ KELSEY ACOUSTICS LTD.

, 28 POWIS TERRACE, LONDON W11 1JH
o | 01-727 1046/0780

WW—075 FOR FURTHER DETAILS

HF ANTENNAS

% MOOE; Full half wave
operation.

w BANDS; Up to 4 spot
frequencies.

w POWER; Receive to
800W (PEP).

Y SWR; Better than 1.5:1
on channel.

THE SMC TRAPPED DIPOLE ANTENNA

has been developed to satisfy the needs of commerical and military users. It is capable of
operation between 2 and 30 MHz on as many as four spot frequencies — each capable of
. E o

h

d man and efficiency with a single coaxial
feed is offered by the use of SMC H1Q traps and the incorporation of a ferrite balun in a
full half wave design. NB: Power absorbing terminating resistors are not employed. The
antenna may be deployed using one or two support masts, installation (incorporating SMC
light duty portable masts) can be easily eﬂectmrbv two people in half an hour.

FT180 “PIONEER'" HF SSB TRANSCEIVER.
1.8-18MHz, 6 channels 100 watts RF output
measuring only 95(H) x 240(W) x 310{D)
mm and weighing 6kg. May be operated
as a base or mobile transceiver, comple-
menting our trap dipole and HWA mobile
agrials. Prices start at £500, making this
unit not only very attractive but highly
competitive.

SOUTH MIDLANDS GOMMUNICATIONS LTD.

OSBORNE ROAD, TOTTON

Telex: 477351 SMCOMM G
SOUTHAMPTON S04 4DN

Tel: Totton (0703) 867333

WW — 063 FOR FURTHER DETAILS

VIDEQ TECHNIQUES

ordon White Price: £12.00
ANINTRO. TO THYRISTORS AND THEIR APPLICATIONS

by M. Ramamoorty Price: £2.50
DIGITAL ICs—HOW THEY WORK AND HOW TO USE THEM

by A. W. Barber Price: £6.50
SERVICING RADIO HI-FIAND TV EQUIPMENT

by G. J. Ki Price: £7.50
H/B OF PRACTICAL ELECTRONIC CIRCUITS

by J. D. Lenk Price: £17.45
ELECTRONIC TESTEQUIPMENT OPERATION AND APPLICATION

by A.M. Rudkin Price: £21.00
ELECTRONIC COMPONENTS AND SYSTEMS

by W. H. Den Price: £13.50
TOWERS’ INTERNATIONAL TRANSISTOR SELECTOR

by T. D. Towers Price: £10.50
ELECTRONIC CIRCUITS AND APPLICATIONS

by B. Grob Price: £17.00
INTRODUCTION TO RADIO FREQUENCY DESIGN

by W. H. Hayward Price: £22.00

% PRICES INCLUDE POSTAGE AND PACKING

THE MODERN BOOK CO.

Specialist in scientific and technical books
15/21 PRAED ST., LONDON W2 1NP
PHONE: 01-402 9176 - Closed SATURDAY 1p.m.

Please allow 14 days for reply or dellvery

WW-031 FOR FURTHER DETAILS
WIRELESS WORLD AUGUST 1982

YOUR PROBLEM
SOLVED!

Antistatic
Circuit
Board
Holder

A unigue Combination
of Moulded Profile,
retains P.C.B.s of
different sizes on the
bench, or in transit!!
One of the many ANTISTATIC answers from
TEKNIS

Two boards; total cost £6 incl. p/p + V.A.T.

‘ . . l ' TEKNIS HOUSE, MEADROW

GODALMING, GU7 3HQ

Telephone (04868) 5432 Telex 859585
WW—074 FOR FURTHER DETAILS
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FANS — BLOWERS

Snail type blower with inset mains motor, Smiths
Extractor fan. 5 Woods, ex computer N -
Tangential blower, 10 x 3"’ air outlet. Dual speed,
Condenser operated — Mains motor

‘LIGHTING & POWER CABLES

Copper Clad. PVC sheathed. Made by Volex to BSS.
1.5mm single per 100 metres
1.5mm flat twin per 100 metres
1.5mm flat 3 core & E per 100 metres
4mm single per 100 metres
6mm flat 3 core per 100 metres
16mm flat twin & E per 100 metres

Telephone and multiway cables. Reliance'as used by GPO

15 core
10 core

per 200 metres
per 200 metres

THERMOSTATS & HEAT SWITCHES

Thermostat: 3 level contact type . . . . .

10 amp appliance type thermostst. Spindle adjust
Contact type with changeover, 10 amp switches,

0 - 100°C 2 .
Wall mounting, metal case, c/o contacts low valtage

TIMERS & CLOCKSWITCHES

Time and Set Switches. Smiths,
Glass fronted 25 Amp, 230

volts . . 5 £2.30
24 Hour time switch. 100 amp
Smiths with clockwork reserve.
Ex-Electricity Company.  £5.50-
Cooker clock switch. Smiths,
12hour . . . . . £1.00
Ciockwork operated switches:

15 amp, 230 volt. On timé up to:

10 minutes . . £1.37

30 minutes £1.37

120 minutes £1.37

360 minutes s | £1.37
OMRON mini timer,

ref STP NH . £3.50

(Wi 3

r

WIRES & CABLES

3 core and screened power flex cable:

3 cores each 50.025 (equiv. 2.5mm) per metre .

3 cores each 30.025 {equiv. 1.5mm) per metre

3 cores each 24.02 lequiv. .1mm) per metre
Armoured Cable 1,5mm,3core . . . . .
Extension lead. 3 cores .5mm pvc covered /100 M |
Ext, lead. twin .5mm rubber covered /1000 metres .
Iron Flex, Woven cotton covered, rubber insulated
2core 100 metre . . . . . L
FIGURE 8 FLEX Heavy Duty .75mm. 600 metre
Figure 8 Flex . per 100 metres

£2.50
£3.75

£2.90

£2.00
£3.50
£5 50
£3.00
£27 .50
£47.50

£60.00
£40.00

.30
.40

.58
£2.30

TORE.GLOSING SAL

That will make

you money.....

BLEEPERS — SIRENS — BELLS

— ALARMS - BUZZERS

] .
\ — l-‘ R
X - k|

B
Siren/Hooter — Delta 6 or 12v DC or 24v AC .37
Open type buzzer, ex GPO, 10 - 20v . .30
Underdome bell 4v = 9v . . . . . . . 85
Fire alarm bell, 12°' gong, heavy cast iron const, £12.00
PROJECT BOXES
CASES - CABINETS
Black plastic boxes, 2 7/8 x4 1/8 x 3 deep .50
Ditto 35/8x 23/4 x 13/4 deep 40
Ditto 37/8x33/8x 1 deep .30
Plated metai box, 7% x 4% x 1% deep 3 £1.00
Dark grey half boxes. May be joined to make thr
different depth boxes, 4 5/8x25/8 x 3/4 deep . .20
4 5/8x25/8 x1 deep .25
White plastic box ideal for touch switch, transmetter, etc.
Through top is square hole, 3% x 3% x 3% J
Loudspeaker cabinet for 6%’ speaker .95
PORTABLE RADIO CASE - 5" speaker, size
approx 6% x 3% x 2" deep o a4 £1.00
e (R
> Tl =
—

=
6 digit counter. Mains operated. Not resettable
Ditto, But even numbersonly . . . . .
6 digit counter. 48v DC, 115v AC. Resettable

N

SOLENOIDS — BATTERY & MAINS

Mains operated with plunger. Round smail .
- QOblong small
‘ Oblong medium .
Large push or pull

MAINS TRANSFORMERS

6 volt 1 amp .
6.3 volt 2 amp
12 volt % amp
12 volt 4 amp

12 volt 1 amp
85-0-851amp
18 volt 1 amp
35 volt 2amp
38 volt 2% amp
26 volt 10 amp
50 volt 2 amp
12-0-12 2amp
12-0-121 amp

. 50
£1.00

.75
£2.00
£1.50
£1.00
£2.50
£2.00
£2.50
£4.00
£2.00
£2.50
£2.00

100W auto 115v 0/p£2.00

MOTORS — MAINS & BATTERY

3 — 6 volt battery motor, very small . .

3 — 12 volt battery motor, very low current

Mains motor with gear box: 5 rev minute .
80 rev minute
110 rev minute
200 rev minute

Mains motor, double ended fan motor

Ditto single ended fan motor

Fan blade for the above . . . . . . . .

Mains motor, double ended, very powerful 1% stacl

Mains instrument motors 1 rev 24 hours

with gear box: 1rev1 hour .

16 rev minute

4 rev minute

2 rev minute .

1 rev minute .

LI

i

Motor, clockwork, set up to 1 hour .
Motor, clockwork, set up to 1 hour with ringer
Mains motor % h.p. 1425 revs, ex computer
Vent opening motor with end stop switches .

12 volt motors, Smiths. single ended %" spindie
12 volt motors, Smiths. double ended %* spindle
12 volt motors, P Magnet type, single ended

1% h.p. motor 3450 rpm 100 volt. 50Hz. New

RELAYS & RELAY BASES

Standard open relays 3 x 8 amp c/o contacts
6 volt dc coll . . .90 110 volt ac coil
24 voltdc coil . . .50 230 voit ac coil
1 x 8 amp changeover, 230 volt ACcoit . . .
Enclosed plug in round base relays — 3 changeover ¢
50 volit coil {ex fruit machine} L. 4
110 volt coil 2 changeover -
12 volt coil 3 changeover . . . . .
8 pin bases. Basses for 2 changeover relay
11 pin basses. Basses for 3 changeover relay
Miniature Relays: 12 volt 2 changeover

12 volt 4 changeover

24 volt g

48 volt

bt A

&~

POWER SUPPLY UNITS

In car, 12 volt for using 6 volt equipment
Mains to 24 volt Mullard. Stereo 5

Mains to 12 voit 800 mA ol o ©
Mains to 50 volt 25¢cps for telephone ringing

INTERFERENCE SUPPRESSORS

Suppressor .1 mfd 250v S0Hz side tag metal cased
Condensors .1 mfd + 2 x .0005 mfd side tag metal ca
.2 mfd + 2 x .0005 mfd metal cased
Choke /condensor combination, stops mains interfer
or to equipment. up to 15 amps, stud or clip mount

(i
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Approximately 100 tons of stock has to be cleared right away from
our big store, henge these very low price offers. Prices quoted are
for bulk orders, minimum order £100, minimum any item £25.
VAT and carriage are extra, although large orders not too far away
will be delivered free. Contact us on this point.

Should you want a small quantity of any of the items as samples,
for instance, then send listed price x 2, which will cover the VAT
and postage on letter post items. For heavy items, add the amount
you think, bearing in mind that the smallest parcel now costs £1.35

and a 10 kilo parcel £3.25.

ITCHES — ROCKER, TOGGLE, ETC.

ker switches: white push into hole 1 x 7/16°". All rated
mp, AC 250 volt. on/off

changeover cemre oH ¥ . .15
on/otf with neon . . .30
push to make spring return .20
push 10 break spring return . 20
|er two circuit one on one off with mounting plate. .20
*mp rocker switch. Car Fastener {DoT) . . .15
| Grip Switch: with lock-on as in electric drills .30
r|ock|ng Switch: blow heater, 3 rockers, 10 amp . .30
o switches. V3 types, 10 amp c¢/o contacts . .20
1s button operated: 15 amp c/o contacts . .25
10 amp offfon . . 15
15 amp offfon . .20
Lever operated add . .10
Lever with roller operanon add 15
sture types: Burgess V4T6 c/o .30
mounted with roller operator . . .65
s reed switches: 60 watt 10p. 40 wan Sp
flat multi stackable 60 watt . .50
-ating coils for reed switch multi voltage 3,6,90r 12 .50
Fic magnets .. . . .Mullard. * 10
magnet . . . . . > B 7 . .15
RRITE RODS FOR AERIALS, ETC.
i — 4" Iong 15p 5" long 20p 8’ long 30p
‘long 20p 6 long 25p 8" long 30p
'/8 ““long 20p 5" iong 25p 8" long 30p
o 6 'Iong 35p
leslab — 3" long x 3/4° x 1/8” . 20

M coils for above, per set

_U-

7 ]
e ———
#l plated: Collapsed 8%’ extended 4* 50
Collapsed 4% extended 2° . .40
ILBS & LAMPS
'h bulbs, 3.5v MES Box of 25 . . . .35
light bulbs 6.2v .3A 11mm Box of 50 . £1.00
6.2v.3A 14mm Box of 10 .30
12v.5A 16mm Box of 10 .50
ulbs: 18 watt SBC . . . a2
SBC Lamp holders . a5

PE RECORDER PARTS

ok record/playback heads .25 _

ck record

ckerase . . . . 20
tkerase . . . .40
pe spool %" tape 15

HANSISTORS

transistors. Mullards seconds 75% working, 100 for £5

ve rectifier, 440v 2 amp .20
Wv Silicon diodes . . . .02
n transistor 107, 109, e!c 6 . .03
ianium transistors . . 5 . .05
ce Barrier transistors 5 o .25

MPLIFIERS

i1, Japanese made withv.e. . . . . . £1.50
t, Mullard module 1172 . . . . . £1.00
i1, Mini-amp withve. . . 5 o 5 £1.00
%p, Mullard Ref. 9001 module - .80

WIRELESS WORLD AUGUST 1982

MISCELLANEOQUS ITEMS

Neon Mains indicators. Standard . . . 3 15
Extra small = 3 B2
Bench isolation mains in 230/240v oulpu! 250W 3 £4.50
Mains input. Porcelain removable fuse . = 20
Light operated switch 12 volt. Encapsulated i £1.25
insulating board. srbp etc. Approx 10 tons. Sheet size
4° x 4’ or larger. Various thicknesses, pricepertb. . . .50
Ditto, Tutnol, price per Ib. . £2.00
Aerosol can ICI Fluon lubricant . . P 35
Varicap P.B. TV tuner . . .. . .50
Battery Holder takes 6 U2 ballenes snap conneclor . .25

Car Battery c¢lips, as for charggr + and per pair .10

BUY TIME SLOT METER, 10p gives 1 hour, boxed

with lock and coin tray £2.00
DIMMERS AND CONTROLLE RS 1250W dimmer
Ultra ref SF20/5 £2.00
TOOLS:
8 ba button dies . . . 15
Screw driver, miniature for grub screw . . .10
Small size, general purpose .08
Solenoid mains operated AIR VALVE
200/230 volt model A ] . £2.30
100 voit model . . J £1.15
ULTRA SONIC Transmitters and receivers . .25
VALVE HOLDERS: 89A with skirt ceramic )
B7G PTFE . . .25
INSERT speaker/mike, balanced armature, 600 ohm .30
Rewireable fuse and carrier MEM 20 amp 250 volt . . .28
Magnetic Clutch. Zerox 1215494 PN 866 - 10 .90
PANEL METERS & INSTRUMENTS
Volt meter 0 - 200 volts 2% round . £1.50
milli amp meter, 500 ma 2% round . . . . £1.00
- amp meter, not wire scaled0 SGamps . £1.20
Ammeter, 2% round, centre zero. 500 ma . £1.00

Charger panel meters, 1%’ dia. scaléd 3 amp 35
Panel meter, 1 5/8” square, scaled Vu . .60
Panel meter, Amstrad, 40mm sq. centre zero, SCu|Ed1 2,3 .50
Edgeways panel, 30 - 25ma,ex GPO . . . £1.00

We have managed to list most of the items in the store we have to
empty. All goods are offered subject to being unsold and the
conditions of sale are as stated, but should you want more inform-
ation, please contact Mr. Bull or Mr, Stepney at Haywards Heath
between 12 and 4pm. On Haywards Heath {0444) 454563.

J.BULL (Electrical) Ltd.

(DEPT. Ww), 34 — 36 AMERICA LANE,
HAYWARDS HEATH, SUSEX RH16 3QU.

Established
30 YEARS

SWITCHES

Miniature Make before break
Water Switch:

1 pole 12 way/ 2 pole 6 way 20p
3 pole 4 way/ 4 pole 3 way 20p
6 pole 2 way /4 pole 2 way 20p
2pole 2 way/ 1 pole 2 way  20p
2 pole 12 way /4 pole 6 way 45p
6 pole 4 way/ 8 pole 3 way  45p
12 pole 2 way . 45p
6 pole 5 way /6 pole 6 wav 70p
9 pole 4 way/12 pole 2 way 70p
18 pole 2 way 70p

Push /push table lamp type, better than average quahtv 15
10 digit switch pad for telephone . . £1.00
Computer key switches, bank of 6 with knobs £1.25
Lever type, as used by Post Office . . .60
Push button switch bank, 9 push {6 mlerlocklng,

3 independent locking) . . . . 40
3 push switches, with integral knobs = B - 40

PCB Mounting 2cm diameter 1 pole 4 watt .

Low pressure switch, sensitive could be mouth operated:

Single 10 amp changeover . ge—l £1.15
Ditto, with spindle for adjustment - e ™ N e BRGS0
Ditto, 3 10 amp changeover .. . f£164

MOTORISED & AUTOMATIC SWITCHES

Uniselectors: 3 pole 25 watt 50 voltcoil . . . £4.75
4 pole 25 watt 50 volt coil a £6.00
2 pole miniature 25 watt . . . £2.30

Motorised ¢c/o Micro switches. Adjustable sw cams mains
capacitor run motor: 4 switch 5 . . £200
6 switch 5 £2.50
8 switch 5 £3.00
12 switch . . £3.50
HUMIDITY SWITCH, spindle adjustable 3 .50

DELAY SWITCH, A delay switch which can give delavs ofa

few seconds to a lew minutes, dependmg upon the voltage

applied to its heater coil

WIRE WOUND POT, 25 watt 1K . S0
and 8 ohm 3 50

100K Muiti turn pots . . .
Wire wound pot, with integral knob ava:lable In values

— 15 ghms, 33 ohms, 50 ohms, 100 ohms L Bl 1)
Miniature PR E-SETS, . . .each - Ly

WW - 073 FOR FURTHER DETAILS
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Machine Intelli
achine Intelligence
L
In more ways than one, human intelligence
andjudgement are being built into software. ,
Predictions from time series data, games '

Strategies, pattern recognition. .. welook at
these three examples of “intelligent” programs
in our August issue, out now.

We review the Televideo 802 (a hard disc
computer for businessmen), and the Sharo PC
1500 (a pocket micro for engineers and scientists).

And we examine stock control on an Apple and
a portable version of the ever-popular Invaders game.

FOR ALL THIS AND MUCH MORE BUY
PRACTICAL COMPUTING, BRITAIN'S LEADING
PERSONAL COMPUTER MAGAZINE.

AUGUST ISSUE OUT NOW
I 80p AT YOUR NEWSAGENT’S — BUT HURRY

Hitachi Oscilloscpes performance, reliability, exceptional value
- ol and immediate delivery!

SR
‘3PN

Hitachi Oscilloscopes provide the quality and performance that you’d expect from
such a famous name, in a range that represents the best value for money available
anywhere.
newly released

V-152 15MHz Dual Trace V-650 60MHz Dual Trace, Dual Timebase
V-202 20MHz Dual Trace V-1050 100MHz Quad Trace, Dual Timebase

(illustrated)
V-302 30MHz Dual Trace V-209 20MHz Dual Trace, Portable
V-352 35MHz Dual Trace V-509 SOMHz Dual Timebase, Portable

Prices start from around £235 and we bold the range in stock for immediate delivery.

For colour brochures giving detailed specifications and prices, ring 0480 63570.
Reltech Instruments, 46 High Street, Solihull, W. Midlands B91 3TB

WW - 60 FOR FURTHER DETAILS

£ RADFORD ] IBM GOLFBALL PRINTER 3982, £70
EPSONXMXAS?O 80.GPs 3982 IBM C|/o PRINTERS DOT
g A , MATRIX PRINTER WITH SPECIAL INTERFACES.
Audio Measuring Instruments, VDUs, ASCIl KEYBOARDS, ASR, KSR, TELETYPES,
Audio Amplifiers, Loudspeakers and PAPERTAPE READERS, PAPERTAPE PUNCHES,
Louds k SCOPES, TYPEWRITERS, FANS 4’ 5’ 6. POWER
rp(:a ! Ccl)m%onetnhts _fort the SUPPLIES, STORE CORES, TEST EQUIPMENT AND
protessional and enthusias MISCELLANEOUS COMPUTER EQUIPMENT.
OPEN: MONDAY TO FRIDAY 9 a.m.-5 p.m.,
RADFORD AUDIOLTD. SATURDAY TILL 1 p.m.
COME AND LOOK AROUND
10 BEACH ROAD . .
WESTON-S-MARE, AVON BS23 2AU SALCOTT MILL, GOLDHANGER ROAD
HEYBRIDGE, ESSEX
TEL. 0934 416033 PHONE MALDON (0621) 57440
WW - 058 FOR FURTHER DETAILS WW — 049 FOR FURTHER DETAILS
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SAMSO

9-10 Chapel Street, Marylebone

London NW1 SDN
21-23 Bell Street, London, NW1
. 01-262 5125 & 01-723 7851

NS

MUFFIN FANS
SPECIAL OFFER{!

240v fan
4VaxdV2x18'° £5.
inc. VAT + postage. |} VAT,
110v fans
A2V 1B €4.75
inc. VAT + postage..
Radiospares price
£14 50111

PLEASE ADD 15% TO ALL ORDERS INC. CARR.

SPECIAL OFFER:

VARIABLE TRANSFORMERS
Brand new, boxed, input 240V, output
0-265 volts b amps. Base or panet mount.

s |}! ing with calibrated dial 0-265 volts and
75 |§ control knob. Price £26, inc. camr. and

HIGH GRADE TRICKLE CHARGERS

£4.50. P&P £1.50 plus VAT. Total £6.90.

Input 240v AC. Output 12v DC 2 Amps. With
mains lead, red and black battery leads with
attached clips. Completeiy fused. Housed in
wall mounting, steel case size 6x4¥4xdin.

SPECIAL OFFER HEAVY DUTY
TRANSFOI

RMERS
Prt 240V sec 50V 15 Amps. Twice will
give 100V CT or 50V 30A. Open frame
type. Terminal block primary. Sec heavy|
wire leads. Frame size 8V2x7x5 inches.

SPECIAL OFFER:
HIGH POWER AMPLIFIER TRANSFORMERS
Pri tapped 120-240V sec tapped 34-29-0-29-
34V 6 amps and 46V 1A. Open frame type. Tag
connection. Size 5x4)2xdins. £9 inc. postage
and VAT, >

BLOCK PAPER CAPACITORS
8 MFD 1000v DC WKG £3. P&P £1. 8 MFD 350v

£€75. P&P 25p. 6 MFD 300v AC WKG. £1.50.

1000v DC WKG. 50p. P&P 20p.

P&P 50p. 4 MFD 350v DC WKG 50p. P&P 25p.
2 MFD 350v DC WKG 40p. P&P 20p. 1 MFD

Screen winding between pri and sec.
Brand new, fraction of list price. £32,
carr. £5, VAT £5.55.

LATEST PURCHASE. COMPUTER GRADE
TRANSFORMERS. Conservatival; rated. All
7

CRESSALL RHEOSTATS
Type S 150 4 ins. dia. 650 chms 150 watts new
and boxed €1.90, P&P 95p. VAT 29p. 1500

HEAVY DUTY LT C CORE
TRANSFORMERS
Pri 110-220-240V. Secs 14V, 3V, 112V, 1V
Separate windinqs. All at 40 Amps. 14-]
15-1512-17-18-1812-19-192V can be ob-
tained. £25, carr. £4, VAT £4.35.

—

iIMPORTANT NEWS!!
We wouid like to announce the opening of our new branch at 21-23 BELL STREET, NW1. it

ment, panel meters, multimeters, semi-conductors, ICs and a large selection of plugs and

WHY NOT PAY US A VISIT = {T COULD SAVE YOU POUNDSI!

ducts that have made us famous over the past
puter and electronic components, test equip-

HEAVY DUTY ISOLATION
TRANSFORMERS
240-240V ex-computer equipment. Large
i {labl

tails.

10-15 amps. Fraction
of maker price. Telephone for further de-

SPECIAL OFFER OF ERIE

tails.

VOLTAGES OBTAINABLE

30vrange 3,4,5, 6, 8,9, 10, 12, 15, 18, 20, 24, 30v, 12-0-12v or 15-0-15v, 50v range
5, 7,8, 10, 13. 15, 17, 20, 25, 30, 33, 40v, 20-0-20v or 25-0-25. 60v ra
16, 18, 20, 24, 30, 36, 40, 48, 60v, 24-0-24 or 30-0-30.

nge 6, 8,10, 12,

INDUSTRIAL 12V/i24V
20-AMP BATTERY CHARGERS
AC input 240V 50Hz. DC output 20A
Built-in steel case, size 15x12x9V2ins
Complete with battery ieads, £85 4 VAT.

'AUTO STEPDOWN TRANSFORMERS

FOR AMERICAN EQUIPMENT

240/110 Volts. 80-2250 watts. Regular stock line. Types B0-1500 watts are fuily
shrouded. Fitted with American two or three pin socket outlets and 3-core 240v
mains lead. Types 1750 and 2250 watts are steel cased with two American socket
outlets. Neon indicator, three-core mains lead and carrying handie. Send SAE for
price list and further details. American sockets, plugs, adaptors also available.

Callers only.

SPECIAL OFFERIII
PARVALUX GEARED MOTORS
Cap start 240V AC RPM 44. Torque dib./ins.,
fitted with smali cog on output shaft. Ideal for|
garage door opener or curtain puller. Dur
price £6.95 inc. carr. and VAT.

SPECIAL OFFER:

HINCHLEY MAINS ISOLATION TRANSFORMERS
Prim 240v. Sec 240v 250 watts. Open frame type. Tag connections. Fused
input, £10, P&P £2, VAT £1.80. Parmeko pri tapped 115-220-240v, Sec 240v 6
amps. Fully shrouded top panel connections. Sec can be wired o give 120-0-
120V, £25, carr. £5, VAT £4.50,

MONITORS

Uitronics 12" monochrome monitor 750 ohm
[Video in Video out circult breaker protected,
housed in stylish case with side mounted con-
ttrols. A must for home computer users. Oniy a
ffew leftll £45 inc. VAT. Callers only.

50, VA

ELECTROLYTIC CAPACITORS
22,000 MFD 63V WKG £4.50 inc. postage and
VAT. 6800 MFD 100V DC WKG £2.50 inc,

Primaries 220-240V. No. 1 secs. 27V 10A, 8V W S
12 or 24 VOLT 30 VOLT RANGE  [3A 15V 124 x 2. Separate windings. £5.50,|ohms 25 watts 112 ins. dia. €1, P&P 50p VAT,

Ret.  12v  24v = £ Ref. Amps £ £.[|FEEETa0" BB S0 ohim 1312 wan Y. . £, i pont
1M1 05 %255 §42 1.00 112 05 2.90 1.00 No'. 2 sec. tapped 26-31-36V, 11.2A £12. P&P VAT 15p. . dia. £1, inc. -
T % 3% 1003 20 el 19N 3w jeveamss papciso

- 2 d b . 0. 4 sec. 4.75. .50.
18 4 2 448 1.20 20 3.0 6.82 1.30 No. 5 sec. 24V 2A £2.75. P&P £1.25. e L
85 5 25 616 120 21 40 879 140 No. 6 sec. 27.5-0-27.5V 1.2A and 7-0-7V 0.75A] will, of course, stock our fantastic range of pros
70 6 3 699 1.20 51 5.0 10.86 1.40 5507 :7&\7 1£A12m5 cap 25 years. PLUSII many new ranges, i.e. com|

0. N

108 8 4 816 130117 6.0 1229 1.50| o' 5 13y 3A and 15V 1A E3.50. P&P £1.25, ] sockets.
11% }g g g-gg }g 88 g.g 1645  1.80{ No. 9 18V 2A £2.50. P&P £1.

g .50 89 10. 18.98 1.90| No. 10 sec. 29-28-27-0-27-28-29V 350 M/A ~C’ |
17 16 8 1179 150 90 12,0 2109  4.00|Core €3. P&P £1. _ ISOLATION TRANSFORMERS
115 20 10 15.38 1.60 91 15.0 24.16 4.00! No. 11 sec. 10-7-0-7-10V 0.6A and 29-21-0-21-| Pri tapped 220-240V sec. 240V 50_0 watts
187 30 15 19.72 1.70 92 20.0 32.40 4.00) ﬁSV 10.23712&7VB-1AP85;V£11.A k1 X 5V 1ama Opeln frame lbype, top p;nel connections. Ex:

3 7 . ' 3 0. 12. 3 ment, but in perfect i £15,
226 60 30 40.41 2.00 : == __| separate windings "C" core type. £4.95. PAP| gg:‘i.pt‘;"VAT 52;0

50 VOLT RANGE 60 VOLT RANGE | N5,13 65 14 and 1624V 124 £3.95. PAP| _GERCO VARABLE TRANSFORMERS
Ref. Amps £ £ Ref.  Amps £ £ | No. 14. Tapped 12-16-27V 1A £2, PAP 75p. | oy ol e mounting. Input 240V, output
102 0.5 375 110 124 0.5 427 1.20] No. 15, 6.3V B0OM/A 6.3V 330M/A 6.3V 20 MIA R CoT g T
e b 4 o b STt e
N . O . - y

104 20 188 130 g : “20| No. 17, Tapped 36.37-38-39-414343V 1A “C"__~_DC WKG BLOCK CAPACITORS
105 3.0 942 150 125 3.0 1210 1500 O e e AP £1 8 MFD 1000V DC WKG. £3. P&P £1, VAT 60p. 8
106 4.0 1282 1.60 123 4.0 13.77 17209 5> : MFD 350V DC WKG £1.26. P&P 50p. VAT 26p,
107 6.0 1657 170 40 5.0 1742 1.70 HEAVY DUTY ISOLATION 5 MFD 350V DC WKG £1. P&P 50p, VAT 22p. 4
118 8.0 2229 200 120 6.0 19.87  2.00 TRANSFORMERS MFD 500V DC WKG €1, P&P 50p, VAT 22p. 2
119 10.0 27.48 4.00 121 8.0 27.92 3.00 240-240V ex-computer equipmenFt. Large m;g 16(%.(;0 ggevaGogb;&P’;g%%pv\ng1122% }
9 T20 373 doorzz o0 3281 400 ecton MBRAREamn baiin |MBLCNE MO Se I 0

30p. 0.25 MFD 500V DC WKG. 5 for £1.25, P&

50p, VAT 16p. 0.1 MFD 1500V DC WKG 5 for
£1.25, P&P 50p, VAT 16p, 2 MFD 100V DC
WKG, 10 for £1.50, P&P 75p, VAT 33p, Tubular]
metallised paper caps 20 MFD 350V DC WKG|

and VAT. 3600 MFD 150V DC WKG
£2.50 inc. postage and VAT. 10,000 MFD 16V
DC WKG five for £2.50 inc. postage and VAT.
100 MFD 25V DC WKG 10 for £1, inc, postage
and VAT. 4.7 MFD 50V DC WKG 10 for 75p,
inc. postage and VAT, 22,000 MFD 10V DC
WKG 5 for £2.50, inc. postage and VAT.

SPECIAL OFFER LT
TRANSFORMERS
Computer grade Pri 115-230V sec 27V
10A, 9V 3A, 15V 0.54, 15V 0.5A, 15V 0.54,
175V 100 M/A. Separate windings, open
frame type, top panel connections, £3.95,

—_—

with clip £3, P&P 50p, VAT 52p.

postage £2.40, VAT 94p.

LOW CURRENT LT
TRANSFORMERS
Open frame clamped type, split bobbin.
Al primaries 240V No. 1 sec tapped 12-
15-20-24-30V 750 M/A £4. No. 2 sec. 9-0-
9V 1A and 6.3V 200 M/A £2.50. No. 3 15-

LATEST PURCHASE. COMPUTER GRADE T
TRANSFORMERS. All primaries 240V. No. 1
secs, 26V 6A £6.50, carriage £1.50.

EJzo. 2 sec. tapped 26-31-36V, 11.2A £12, P&P

No. 3 sec, 36V 6A £6.50. P&P £1.50.

0-15V 600 M/A and 6.3V 200 M/A, No. 4
sec. 12-0-12V 750 M/A and 6.3V 200 M/A
£4. No. 5 sec 13V 12A £1.50. No. 6 sec. 8V
T2A 6.3V 600 M/A, 6.3V 300 M/A 50V 40
M/A £2.50, No. 7 sec 17V 12A {DC) £1.75.
No. 8 sec 16,5V 12A x 2 £1.75. No. 9 sec
18V 2A £4. No. 10 sec. 24V 2A £4.50, No.
11 sec 15V 2A £3.50. All prices include
postage and VAT.

No. 4 sec. 43V 3A £4.75. P&P £1,50.

No. § sec. 24V 2A £2.75. P&P £1.25.

No. 6 sec. 27.5-0-27.5V 1.2A and 7-0-7V 0,75A
£350. P&P £1.25,

No. 7 17V 1A £2 P&P 75p.

No. 8 13V 3A and 15V 1A £3.50. P&P £1.25.
No. 9 18V 2A £2.50. P&P £1.

PLEASE ADD VAT

(]

SERIES 600

The D&R SERIES 600
range of professional
mixing consoles has found

' MARKETING Ltd.

its way into hundreds of

(hospital) broadcast studios,

SERIES 600/12

D&R Electronica was founded over 10
years ago with the aim of developing and

manufacturing

in use and give

high quality mixing

consoles for the studio and entertainment
Industry with a special emphasis on value
for money design engineering. The result
is a range of five basic models with a
large number of channel configurations

‘ and options. All models are highly flexible

the best quality possible

at todays state of technology.
SERIES 200 — A smali mixer speclally
designed for four track recording.

SERIES 600 — A range of mixers for live
amplification, broadcast studios and two

track recordin

SERIES 400 — ‘In-Line’ mixing consoles for

discotheques, clubs, entertain-
ment and outdoor Public Address
systems and recording studios.
Available in 6, 12, 18 or 24 channel
configuration with, as standard, separate

balanced mic. and line inputs, insertion points,

gain, three band tone controls, two auxiliar lines,

pan-pot and linear fader, plus pre-fade-listening and overload LED
per channel. The output section includes four master faders, echo
return and phones controls and two large V.U. meters.

Optional XLR-3 connectors, 48 volt phantom powering, stereo
channels with R.I.A.A. correction, talkback, fader controlled start
switg:lhebsi. balanced outputs and 24 volt D.C. mains powering are
available,

D.S.N. MARKETING LTD, Westmorland Road, London NW9 9RJ
Telephone: 01-204 7246.Telex: 895 4243.
Trade, Wholesale, O.E.M. & Export enquiries welcome.

VISA

WW-070 FOR FURTHER DETAILS
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budget 4, 8 or 16 track recording.

SERIES 1000 — A range of comprehensive

‘In-Line’ consoles for professional
recording studios.

SERIES 8000 — Top of the range ‘In-Line’

consoles with integral patch bay for top

recording studios. A large number of

ancilliary signal processing units
complement the D&R programme.

Please complete this coupon for futher

detaiis:-
[ID&R Series 200 D&R Serles 600
ID&R Series 400 D&R Series 1000
JD&R Series 8000 JD&R Ancliliary
Equipment

IBULLET loudspeaker companents

IVITAVOX loudspeaker equipment

JHELIOS mirror balls
NAME
ADDRESS _

93



DAROM SUPPLIES Dept. AW -Tel: (0925) 64764

4 Sandy Lane, Stockton Heath ln}?j'r_?rwfé'?ERs
Warrington, Cheshire, WA4 2AY High quality,

e O PCD DMMs with
sabtronics 7 excatont pric
FREQUENCY METERS e 7S

AC/DC 100uV-1000V

8 digit: 9 digit: ' AC/DC 10uA-2A

* Convenient single input % 9digit resolution for more precise Ohms 1(-20M0

for entire range readings 2035 ................ £62
+ Big easy to read LED display Y Excellent 30mV sensitivity up to 1Ghz AC/DC 100u.V-1000V
% Excellent sensitivity % 3 switch selectable gate times AC/DC 0.1pA-2A
Y 10MHz crystal controlled timebase Y 10 MHz crystal controlled timebase Ohms 0.1Q2-20M()
Y Battery or mains operated * 2 separate inputs for added versatility .
* Esv;i_tch selectable gate times * ;rt;ltlt panel sensitivity cogtrol Add 15% V.A.T. on all prices — prices
% Leading zero suppresslon_ % Battery or mains operate correct at 1-5-82 — E&OE cash with

order or credit card — Carriage £5 for
Express Delivery

20Hz-600MHz ......... £82

20Hz-100MHz ........£67 )

WW — 72 FOR FURTHER DETAILS

VHF FM MOBILE RADIO

! And it’s British !
MODEL MODEL

CT1210 CT210

APPROVED TO MPT 1301 % MADE IN UK.
: MODULAR CONSTRUCTION % COMPETITIVE PRICE
% RANGE OF ACCESSORIES % MULTI-CHANNEL CAPABILITY

Export and Dealer Enquiries Welcome

Com-TEK (MIDS)LTD. 506 Alum Rock Road - Birmingham B8 3HX
Telephone: 021-326 6343 Telex: 337000
‘WW-061 FOR FURTHER DETAILS

reprints

If you are interested in a particular article/
special Feature or advertisement published in
this issue of

WIRELESS WORLD

why not take advantage of our reprint service.

Reprints can be secured at reasonable cost to
your own specifications providing an attractive
and valuable addition to your promotional
material. (Minimum order 250.)

For further details contact
Michael Rogers, IPC Electrical-Electronic Press

UNITS

TYPES045  VMOS WIDEBAND LINEAR POWER AMPLIFIER. 30 KHz.-
60 MHz. without tuning. 4 watts. max. RF output. In-
creases power output by 10 times and may be used in
series for more gain and lower drive level .. ... £49.50

£2.00

POST NG
TYPE 3050 VMOS WIDEBAND LINEAR POWER AMPLIFIER. 20-200
MHz. 4 watts max. RF output £49.50
POST AND PACKING  £2.00
TYPE 9054 VMOS LINEAR POWER AMPLIFIER. 20 watts RF output. 1-
250 MHz. .. £85.00
POST AND PACKING  £4.00
TYPE 9030 WIDEBAND RF PREAMPLIFIER. 1 KHz.-100 MHz. without
tuning. N.F. 3.0 dB. Gain 40 dB. Increases sensitivity of
instruments by 100 times..... £29.50
POST AND PACKING £1.50
TYPE 3056 1500 Mhz. FREQUENCY DIVIDER BY 10. Divides input
frequencies in the range 100-1500 MHz. by 10 ..................... £59.50
OST AND PACKING £1.50
TYPE 9025 RF PREAMPLIFIER. Aligned to your specified frequency in
the range 1-250 Mhz. N.F. 1.0 dB. Gain 40 dB. adjustable
— 40 dB. Masthead/lab. use £29.50
POST AND PACKING £1.50
TYPE 9025/FM BAND Ii. 88-108 MHz. N.F. 1.0 dB. Gain 40 dB. adjustable
—~ 40 dB. masthead/lab. use y £29.50
POST AND PACKING £1.50
PLEASE ADD V.A.T. 15% ON TOTAL

GASFET Transistors NEC NE 72089 N.F. 0.6 dB. at 500 Mhz. 0.8 dB. 5t 13 Ghz, 1.3 Ltd. Phone 01-661 3036 or simply complete and
dB. at 4 GHz return the form below.

UHF Dual-Gate Mosfet BF 960 N.F. 2.8 dB. e\i/t 800 Mhz. Gain 18dB... £3 50

RCA 40673 MOSTE ......cocccoooeee aricaps:

E1Ag1 st S0 Lhoms?nb(jeﬁ&azoa. — v e . = — . o
2N5460 otorola B g :
o Shottiy Diodes: To Michael Rogers, Reprints Department
Signetics L Quadrant House, The Quadrant

N lodes:
Rlegsey Thomson-CSgF 32;212; Sutton, Su rrey SM2BAS
Voltage Regulators: | am irjterested in ... copies of the article_/
A advertisement headed . . . . . . . .. featured in
15V.5A. 78H15 ...
Variable Voltage Regulator Wl R E LEss Wo R LD
1.5A. 1.210 37V. LM317K ............. £3.00 on page(s) . in the issue dated . . . . .
R Sanstcs: o — | ~
et HEFI:V:!I;?IIV% """"""""" S Please s;and me full details of your reprint service by
. ... £25.00 r ost.
(E)Ipto-isolatorsDarlington... £1.50 gl ORFEest
1 M 0G .. .£3.00 ectronic Attenuators ................
bNA;tig;oaf U\%-?g 2 s Mutlard 808 Fitm Dielectric Trimmers Name
LM380 .. 22 pF....... 0 i s 20p Company o <N P

POSTAND PACKING 50p - PLEASE ADD V.A.T. 15% ON TOTAL
ALL COMPONENTS AND UNITS ABOVE IN STOCK FOR IMMEDIATE DESPATCH Address

RESEARCH COMMUNICATIONS LIMITED . TelNo ...

43A COURT STREET, FAVERSHAM, KENT ME13 7AL
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01-677 2424 Telex: 946708

0.51 0 .75 1 0.24
0.55" 1.73 2.88 0.28.
138 | BQ12 o3 0.46 2.02 2.88 0.29
! 127 | BCI13 013 0.46 0.52 2.88 0.06
] 115 | BCI? 032 0.46 0.69 4.60 . 0.10
. 264 | BCI7Z8  0.16 055 0.84 3.45 . 0.07
. 288 | BCI?9  0.32 0.55 0.82 115 . 0.07
. 288 | BCIR2 o013 0.58 0.54 1.73 2.30 0.07
L 345 | BCI83  0.13 230 0.84 2.30 0.31 0.08
b 288 | BCIs4  0.13 138 1.50 230 138 010
] 015 | BC212 0.3 1.36 127 1.73 0.18 013
: 017 | BCQ213  0.13 0.62 ; 0.40 173 0.49 0.14
A 012 | BC24 0.3 0.62 b 0.40 .04 0.52 0.08
0. 0.13 | BC237 0.13 1.05 . 0.40 1.04 0.38 0.05
0. BA156 0.12 | BC238 0.13 2.30 . 0.40 1.73 0.41 0.15
032 | BAW62 006 | 'BC301 038 1.7 ] 0.30 0.98 0.62 .15
0.40 BAXI3  0.07 { BC303 0.39 3.16 - 0.32 0.75 0.77 S44 0.05 .
AC176 0.35 BAX16 007 | BC307 0.13- | BF11S 0.40 BFYS1 0.29 MPSUOI 0.6 0C71 0.63 TIP4IA  0.51 18920 0.09 2N2907 024 2N5457  0.37
AC187 0.32 BC107 0.18 | BC308 0.13 BF152 0.18 BFYS2 0.29 MPSUO06  0.75 0oC7n2 1.15 TIP42A  0.48 15921 0.10 2N2924  0.30 2N5458 037
AC188 0.32 | BCl08 0.18 | BC327 0.14 BF153 0.18 BFY64 0.35 MPSUS6  0.79 0C73 1.15 TIP2955  0.81 2G301 115 2N2925  0.25 2N5459  0.37
ACY17 1.50 BCl 0.18 | BC328 0.14 BFI154 0.20 BFY%0 1.09 NESSS 0.52° | OC74 0.81 TIP3055  0.64 2G302 L.1S 2N2926  0.17 28017 11.50
ACY18 132 | BCH3 0.17 | BC337 0.14 BF159 0.20 BSX19 0.31 NKT401 4.03 ocC75 0.75 TIS43 0.49 2G306 115 | 2N3053  0.30 25019 13.80
ACYI9 127 | BCl4 017 | BC338 014 | BFI60 020 | BSX20 031 | NKT403 2388 | OC%6 115 | ZS140 0.29 | 2Ns04 150 | 2N3054 063 | 25026. 28.75
ACY20 1.27 BCIIS 0.21 | BCY30 1.4 BF167 0.28 BSX21 0.33 NKT404 2.53 oC?7 1.15 28170 0.24 2N696 0.37 2N3055  0.75 25103 1.73
ACY21 132 | BCIIs ~ 022 | BCY3]! 173 | BFIZ3 035 TI06  1.38 Al 138 | ocsl 075 | zZSI78 0.62 | 2N697 037 N3440 081 | 25302 230
ACY39 2388 | BClI7 02 | BCY32 173 | BF177 040 | BTY79M00R OA7 069 | OC81Zz 138 | Zs271 0.26 | 2N698  0.37 | 2N3441  0.98 | 25303 4.03
AD149 0.86 BC118 0.21 | BCY33 1.27 BF178 0.40 2.30 OA10 0.63 0C82 1.04 28278 0.65 2N705 1.4 N3442 1.4 28322 4.03
ADI16) 0.40 BCI2S 0.21 | BCY:4 115 BF179 0.40 BU205 1.50 0A47 0.14 0Ccs3 0.92 ZTX107 0.14 IN706 0.29 2N3614 253 25324 4.03
ADl62 0.40 BC126 0.21 | BCY39 3.91 BF180 0.32 BU206 173 OA70 0.29 0Cs4 0.92 ZTX108  0.14 INT708 0.29 2N3702  0.13 25701 2.30
AF106 0.40 | BCI3S 017 | BCY40 322 | BFI8) 0.32 BU208 2.30 | QA9 0.14 0oCl122 3.16 ZTX109  0.14 2N930 0.29 2N3703  0.13 257454  1.09
AF114 0.8 | BCI36 022 | BCY42 0.35 BF182 0.35 BY100 0.46 OAB81 0.20 0Cl123 2.30 ZTX300 0.15 2N1131 035 2N3704  0.13 25746A 109
AF11S 0.86 | BCI37 0.22 | BCY43 035 | BFI83 0.32 BY126 0.15 | OA8S 0.20 0OC139 3.45 ZTX301  0.16 N1132 035 2N3705  0.13
AF116 0.86 | ‘BC147 0.14 | BCYS8 0.22 BF184 0.32 BY127 0.16 0A%0 0.09 OCl 4.60 ZTX302 0.2l 2N1302  1.38 2N3706 013
AF117 086 | BCl48 014 | BCY70 020 | BFI8S 035 | BZX6l 020 | QA9) 0.09 | OCI4l 493 | ZTX303 021 | 2N1303 092 | 2N3707 013
(AF139 038 | BCI49 0.5 [ BCY71 021 | BFI% 016 | Series OAYS 009 | OCI7?0 144 | ZTX304 023 | 2NI1304 133 | 2N3708  o0.12
AF186 115 | BC157 0.15 | BCY72 0.20 BF195 0.14 BZY88 0.12 0A200 0.17 0OCl171 1.4 ZTX311 015 2N1305 115 2N3709 013
AF239 0.45 | BCIS8 0.15'| BCZII 2.01 BF19% 0.15 Series 0A202 0.17 0C200 1.73 ZTX314 029 2N1306  L.73 2N3710  0.12
AFZ11 4.60 BC159 0.15 | BDIIS 0.48 BF197 0.16 CRS1/40  0.69 0A211 1.73 0C201 2.88 ZTXS00 0.16 N1307  1.27 INI7IL 0.2
AFZ12  4.60 | BCl67 0.13 | BDI2I 1.96 | BF200 046 | CRS340 086 | oAz20 173 ac202 3.6 ZTX501 0.6 | 2N1308 2,01 | 2N3771 161
ASY26 1.61 BC170 0.13' | BDI23 3.22 BF224 0.29 CRS3/60 1.04 OAZ201 1.73 0C203 3.45 ZTX502 .0.21 2N1309 138 2N3772 184
ASY27  1.04 | BCI71 0.12 | BDI24 230 BF244 0.32 GEX66 3.45 0AZ206  1.73 0C204 3.45 ZTX503  0.22 INI6I3 037 2N3773 2.07
VALVES | EB ~ 135 "Eres 174 | GXUl 1610 PC9T 1.38 - | QY5-3000A ULS4 138 | 4B32 29.16 | 6CWa 883 | IZBE6  2.79 5670 5
v EISOCC 1139 | EF89 184 | GXU2 28.43 PC900 138 356.66 | UM80 115 35 7475 | 6D2 1ol | 12BH7 129 5675 21.47
Al834 1035 | EISOF  7.83 | EF9l 207- | GXU3 3049 | PCC8a 115 | QzZ0620 .16 | pyysl 1.44 | 4CX250B 5175 | 6DKé 3.00 | 12BY7 311 5687 6.31
A2087 1358 | EIS2CC 13.80 | EF92 668 | GXU4 3277 | PCCSS » 138 | RI0 575 | uyss 120 | 4CX350A 80.50 | 6DQ6B  4.69 | 12EI 19.67 5696 435
A2134 2013 | EI86F 1258 | E 115 | GXUsO 17.25 | PCCs8  1.38 | RI7 189 | VLSe31 1524 | 4XIS0A 2441 | 6EAS 338 | RENTT 1926 5718 7.87
A2293  8.62 | EISSCC 9 EF%4 124 | GYSol 36 | PCC8 156 | RIg 489 | XGI.2500 58.02 | 4X150D 28.75 | 6EBS 24 | 11 so- | 5725 562
A2426 1763 | E280F  25.88 | EF9s 627 | GZ32 1.4 | PCCI39 161 | RI9 138 | XG2o6400 SB254M  23.12 | 6EW6 L7 | 3E1 12305 57% 362
A2521 24.38 E283CC 9.02 EF98 1.4 GZ33 4.60 PCCB0S 1.51 R20 1.66 113.50 SB2SSM  23.12 6F6 2.02 19H4 28.75 5727 6.47
1443 | E288CC 1854 | EF183 092 | Gz34 288 | PCCRos  2.07 | RG3-250 3577 | xGs.s0n0 2823 | 5C22 7475 | 6F23 184 | jops 4035 3749 514
A3343 5175 | EAS2  28.18 | EFI84 096 | GZ37 460 | PCES2 207 | RG3-250A37.49 | XGl.6400 SJ180E 1380.00 | 6F28 133 | 49 s530 | S751 180
AZ31 1.26 | EA76 2.30 | EF8048 1265 | KTel 402 | PCF80 115 | RG3.1250 63.94 15542 | SR4GY  4.03 | 6F33 3450 | 3ocs 184 3763 66
AZ41 132 | EABCSO 138 | EF80SS 12.65 | KT66  11.50 | PCF82 115 | RGA-1250 43.13 | XRI-1600A 5U4G 175 | 6H1 1438 | 30617 184 38144 %
BK448 11027 | EACO1 092 | EH%0 1.61 | KT8 1380 | PCF8  1.84 | RG4-3000 90.36 55.88 | SU4GB  2.90 | SH2N 121 | 3C18 184 5840 506
BK484 149.09 | EAF42 1.4 | EK90 124 | KTWél  2.02 PCF87 1.84 | RR3-250 53.54 XR1-3200 87.15 5V4G 175 6H3IN 1.21 30FS 1.93 5842 1390
BS90 5227 | EAF801 202 | EL32 173 | KTW62 2.02 | PCF200 374 | RR3-1250 94.83 | XR13200A 5Y3GT 098 | 6H6 173 | WFLI2 128 8764 19.55
BSSI0 8625 230 | EL33 402 | KTWed 202 | PCF200 245 | SIIE12 5520 93.1 523 173 | 6J4 610 | 39FL12 207 3879 538
BTS 58.13- | EB9I 101 | EL34TH 253 | M8079 _12.29 { PCF80l 1.84 | S130 3.45 | XR1.6400 574G 175 | 66 621 | 3FL1s 184 5386 1208
BTI7  106.89 | EBC33  2.02 | 'EL34MUI 3.16 | Msoso ~ 9.49 | PCF802 219 | SI30P 4.03 10830 | 5Z4GT 175 | 6]7 288 | 311 18 3963 338
BTI9 3617 | EBC41 144 | EL36 184 | Mmsost 1130 | PCF80S 1.84 | STV280-40 XRI1-6400A 6302 179 | 6KaN [RY I 3965 400
BT29  327.69 | EBC8I 126 | «EL4) 1.44 7| M8082 9.87 PCF806  1.84 11.50 164.23 B6AB4 1.4 6K6GT 1.50 30017 §.,; 8005 562
BT69 33350 | EBCS0  0.97 | EL42 2.02 | M8083 BS54 | PCFs08 1.84 | STV280-80 YD1120 26450 | 6AB7 173 | 6K7 1.73 | 30p4 1.06 6021 513
BT7S 102.46 | EBFS0  0.58 | ELSI 4.03 M8091 11.99 | PCL82 115 24.15 | YD1240 36662 | G6ACT 161 | 6K8 2.02 30P19 i 6057 02
BTYS 12702 ( EBF83 144 | ELS3 403 | M809% 431 | PCL83 230 | Su4l 288 | 7759 1932 | 6AF4A 184 | 6KD6 731 | 3gpL 134 6058 A 2
CBL3t 2.30 | EBF89 0.97 | EL84 115 M8097 4.09 PCL84 115 su42 10.35 ZMI000 6.03 | 6AG7 230 | 6L6G 2.88 3 ng 15 6059 24
3 230 | EBL31 575 | ELs6 28 | M8098 550 | PCL8S 124 | TDO03-10 3278 | Zmiool 619 | 6AH6 ss2 | 6sGA LT3 | JopLis 2y | -coel b
cY3l 115 [ EC%0 1.28 | EL% 110 | M09 . 5.98 186 1.4 | TD03-10E 32.78 | Zm1020 10.83 | 6AKS €15 | 6L6GT 224 | 30w 4‘ o ) e
CIK 2130 9.33 | EL9L 821 | M8I100  9.49 | PCLB05/8S 1.24 | TD03.29F 33.93. | Zmio21 1017 | 6AK6 281 | 6L6GC  2.88 | so¢s 08 6063 420
C3A 1150 |+EC92 144 | EL9S 151 | M8 9.98 S00 414 | TTIS 3450 | Zmi022 1060 | 6ALS ro1 | 6L7 230 | 758 A 6064 8154
GJA 2323 | ECIS7T 349.26 | ELIS6 27.60 | M8I37  9.73 | PEO6-4ON 31.40 | TT2l 1698 | Zmpo23 881 | 6AM4 265 | 6N2P 121 e g2 6067 y
DA4l 2875 | ECC33  4.02 L0 977 | M81a0 527 | PFL200 2.7 | TT22 1698 | Zmios0 22.26 | 6AMS 821 | 6N3IP 120 | gsa) 32‘; 6072 g-"’
DA42 2151 | ECC35  4.02 | Ersooso4 2.16 | M8M1 552 | PL36 138 | TTI00  $9.51 | Zmlos) 1906 | 6AMS6 207 | 6N7 173 | g % 6080 o
DAI00 9793 | ECCA0 230 | Erso9 363+ | MSl&2  7.77 | PL8I 138 | TY2.125 69.01 | ZMio42 2044 | G6ANS 445 | 6P25 414 ué l;';z 6097AXBAC. 78
DAP9I 046, | ECC8I 101 | EUga] 1196 | MBI 431 | PLEIA 138 | TW4-400 74.07 | Zmios| 100,05 | 6ANBA 397 | 6Q7 2.53 ”“v 14,90 e
DA 115 082 | Ergy 1235 | MBI49 586 | PL&2 138 | TY43500 10597 | tayor 28 | 6AQs  L10 | 6R7 307 || oAl mege R o5
DET22 3278 | ECC83 101 | gy 75 | M8ISl 91 | PLE} 2155 | TYSSO0 18745 | Ipay’  iiay | 6AS6 573 | 6SA7 e G i et
DET24  52.90 C84 1.36 | EMB iR M8162 1036 | PL84 1.24 | TY6-800 193.20 B3S, L 6ASTG 9.49 | 65C7 1.73 e .50 43 B
DF9l 046 | ECC8S 138 | EM81 LIS | M8163 517 | PLS04/S 161 | TY6-50004 Inssay 285t i 6SF7 i R a5 GLIREA ATRIL
DF% 115 | ECC8  2.30 | EMs4 173 | M81% 5.9 1508 2.07 }ﬁg’ e 6AU§GT €9 | e 173 3“3 o szg? 109
DK9l 121 | ECCBS  2:07 | EM85 144 | Mgis5 425 | PLS09 373 | TY6.5000B 189 12 [ eaus. 124 | 68]7 el SZAV LA 1922
DK2 144 | ECCBY 188 | EMS7 173 | M319% 7.47 | PISI9 373 A oiae Mll'Eavson =izl | -ciomm iso | |15, T lesdn, U
DR% 126 | ECCOl 1027 | EN32 1366 | Ms204 657 | PLEOI 127 | TY6-5000% AsT R 6AVe . o9 | eSKIGT 38 | 13082 247 | cREIB 14.e4
DL®2 126 | ECCI®9 190 | EN9l 294 | Ms212 1247 | PL80Z  3.40 316.25 Rl Dol A% I ssh7eT I M o | ol 438
DL 138 | ECCB)7 202 | EN92 523 | Msz3 380 | PY 127 | TYn e A Sl | (R e L ot e
DL% 126 | ECCBOS 2559 | EYSI 2002 | M8224 466 | PYSL 097 o | 350 vae | eBs 2i0zf 4l Ry e RGN B0 RS oo
DLSI0 948 | ECF80 124 | Eysl 1.89 M822s 299 | PYS2 092 | TY?7-6000 2E26 i 6BAS 115 | 6587 207 | % L8 7587 116
DLSIS 12.37 | ECF82 138 | EYS3 202 | M8248 1332 | Pys3 0.81 32.00' | 2EX 17,89 sissl W gUsc Migigol |[pi23aBm w025 | | 3§ 2
DLSI6 1237 | ECFss 173 | Eyss 1057 | MUM 173 | PYss 101 | Tzao 2875 | ofes 193 1 Cple i3 | eus 092 , M She W 4T
DLSI9 1237 | ECH3S 230 | Evss 096 | MXI9 sse5 | PYSoA 207 | Uls20 288 | 2F5, 2359 a7 |eusa 3w |5 BN | &
DM70 144 | ECH4Z 132 | Eyss 202 | MX123 é7.85 | PYsoo 097 | Ul g | 08 B2 | hEe  Nae | eveT  1me 27, Al TS B3
DM71 144" | ECHSI 138 | EYS00A 223 | MXI45 6210 | PYsol 097 | U2 13 | % 34| GBHS 175 | 6X4 e e L It 40
DMI60 396 | ECHS3 144 | Eysoz s | MXIsI 1725 |'QQvozs 1617 | U2 166 z 93 | ks 12z [ exser o9 | $12A4 2108 2 i)
DYS7 074 | ECHS4 147 | Ez3s 97 | MXIS2 14375 | QQV03-20A 37 1035 | 3402 5150 | SBKs  4a4 | 7B 1.9 1 L1 | B2 el
DYS02 09 | ECL80 115 | EZ40 1.4 | MXi61 16675 2013 | UABCSO 1las | 25002 6325 | op 9775 | 1C5 370) (RN 137 Al 20
ESSL 257 | ECLS1 173 | Ez4l 144 | MX163 2311 | QQV06-40A UAF42 144 | 383 230 | eBLIGT 444 | 78 ol || a1 a7
EBOCC 11.27. | ECL82 115 | EZ80 09 | MXi6es 27.95 47.15 41 L& | 3p 5% | eMs o778 | ™I G [T R g T O
ESOCF 129 | ECL& 173 | EZ8I 096 | MXles 16100 | QQV07-5060.66 | UBC4L 173 3528 1630 | CpNe I | 7R7 17 [ SO0 |g U 1A
ESOF 1419 | ECL84 161 | EZ% 138 | MXI6s 4830 | QOZ03-20A UBFBS 138 | 3najoMm 1530 | 6BQ7A 428 | 787 2ison 2T 18T
ESOL 1398 | ECL8S 1.8 | Fw4-S00 288 | N78  20.13 5980 | UCCS4 126 | 3pogim 1253 1 SRR7T 460 | 7Y4 Wil J[lisze 259 Tested
ESICC 662 | ECL86 138 | FW400 288 | OA2 230 | QQZ06-40A . | UCCSS 138 1125 | GBRs 201 | 724 A 16 Ay Pdpimen
ESIL 1406 | EF37A 402 | GL37IK 4140 | OA3 569 6337 | UCF®o 132 2 680 ey ™ ol | iEN wwegicl)| 205 BE) || MOSENT G
EBCC  7.03 | EF® 316 | GSSIK 1265 | OA4 402 | QU7 1438 | UCHL 138 B8 | CBWe 460 | IZATe 138 | j22E 7
E8ICC 7.6 | EF4 345 | GIso.oM 1842 | OB? 144 | QVos-12 562 | UCHsl 2567 | YCXI00AS 6BW7 175 | 12AT7 101 | LR
EssC  13.23° | EF4l 230 | G402D 1285 | OB3 220 | Qvos7 288 | UCLs2 1.0 o | eBX7GT sm | 12AU6 29 0 0210
E88C 742 | ER2 230 | G400k 1928 | OC2 304 | QV08-100° UCLsy  1es | 3EP B 4 G2t Sa | iaw  oss | a8, (98
ESSCC 3.8 | EF0 173 | GN4 562 | oC3 220 137.08 | UF41 115 2 125 Tor | 12ave 255 | Bala 12351
ECC 994 | EFS4 575 | GN4A 562 | OD3 220 | QYaes 57.06 | UF42 14 | W 38 ) TRea 186 | 12av7 so0 | A lesss
ESF 1139 | EFS 288 | GSI6 1035 | Oz4 184 | QY1 6240 | UBO 166 | 0 | &Checa 83 | 12ax7 101 S
E9IH 534 | EF®0 092 | GTIC 1438 | PCss 161 | QY4250 77.05 | UFss Les | £iBA 4135 | GCar T Zer | 12aY7T s 2 o
E92CC 940 | EFS3 403 | GUSO 1431 | PCBS 161 | QY4400 80.44 | UFSS 166 | Tooon 4199 | Bt ifes | 12Baa 362 | 34 3.93
E®F  10.16 | EFgS 092 | GUSI 1362 | PCos 1,49 | QY5500 168.83 | UL4l 2pg | HH00A. 5205 e Yana | azmas . zsi | %% ise
o [ TEGRATED CIR : F o0ss | 74136 0. ] Jal7s 117 | TBA40Q 212
] INTE CUITS 749 0,94 74141 1.02 | 74176 1.3 TBAS20Q 265
CRTs meoam i mlme anmm A G am s | Daw,
SES . ! . 74100 1.77 . X !
BA - 7402 0.20 | 7427 035 | 7472 0.38 | 74107 0,52 74144 2.9 74180 1.38 TBASS 3.70
BiGunskined  0.25 | 2871 o TEl SADPL. D2 R sl || s 0.20 | 7428 050 | 7473 0.44 | 74109 084 | 74145 LIS | 7419 219 TBASS%Q -
BIG skirted 035 | 35p 11350 | scpi 150 | vérsa 1150 | 7404 0.21 | 7430 0.20 | 7474 0.4 | 74110 0.59 | 74147 2.30 1 74191 2.19 3.70
.B9A unskirted  0.25 | 3pp, 575 | SCPIA  46.00 | VCRS17B 1150 | 7405 021 | 7432 0.35 | 7475 0.62 | 74111 (Ui S 2.02 | 74192 .19 TBA¢73 2.5
B9A skirted 035 | 3661 1150 | SEPISA 1725 | VCRSIZC 1150 | 7406 0.49 | 7433 0.46 | 7476 0.48 | 74116 2.3 74150 2.07 | 74193 2.19 TBA700 175
Int Octal 040 | 3ppy 6% | et w7 : 7407 0.49 | 7437 037 | 7480 0.64 | 74118 LIS | 74151 1.08 | 74194 144 TBA720Q 265
Loctal 0.63 | 360 6% | DGTs 7282 7408 023 | 7438 037 | 7482 0.86 | 74119 L7 74154 2.07 74195 1.38 TBA750Q 238
Nuvistorbase  0.86 | 37p) 920 | DO731 6678 7409 0.23°| 7440 0.37 | 7483 1.15 | 74120 0.95 74155 Lod 74196 1.55 TBAS0O 1.38
8 pin DIL 0.17 | 35py 9.20 | DG7.32 6678 | Tube Bases 7410 020 | 7441 104 | 7484 La | 721 049 [ 74156 104 | 74197 1.55 TBA920 334
14 pin DIL 0.17 | 3507 THisom i3 | e7es | Ik PriccsRn 7412 033 | 7442 0.83 | 7486 045 | 74122 0.71 74157 0.8 | 74198 ERT TBA920Q 3.34
16 pin DIL 020 | 3xp; 17.25 | DHI-1I 130,09 | * application 7413 0.37. | 7H47AN 135 | 7490 0.69 | 74123 1.36 74159 2.53) | 74199 2.64 TBA99Q 3.34
Valve screening il s || e || 7418 0.37 | 7450 0.21 7491 0.94 | 74128 067 | 74170 276 | 760LIN 2,02 | TCA20Q 3.34
cans all sizes 035 | 3wp 2300 | VCRI38  11.50 7417 037 | 7451 021 | 7497 0.69 | 74126 0.67- | 74172 5.06 TAAST0  2.65 TCA760A 1.59
i . 7420 0.21 | 7453 0,21 | 7493 0.69 | 74128 0.72 74173 1.63 | TAA630S 4.02
il 742 0.23 | 7454 021 | 7494 0.94 | 74132 0.83 | 74174 1.84 | TAAT00 4.50
Terms of business: CWO. Postage and packing valves and semiconductors 58p per order. CRTs £1.73. All prices include VAT. Telephone 01-677 2424/7
Price ruling at time of despatch. Telex 946708
In some cases prices of Muilard and USA vaives will higher than those advertised. Prices corroct when going to press. E.&O.E.
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. .
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. Open to cailers Monday-Friday 9 a.m.-6 p.m.
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RC OSCILLATORS from £80

LEVELL ELECTRONICS have a range of OSCILLATORS Covering frequencies
from 0.02Hz to 2MHz.

There is a DECADE OSCILLATOR with digital frequency tuning and a
FUNCTION GENERATOR providing sine, square, triangle, pulse, sawtooth,
ramp and asymmetrical sine waves.

Various RC OSCILLATORS are available as detailed below.

(V] ¢ oscuame v 1G170m

E——— N ‘\\\\u\l|l|'lll:,,,"/’l
ORI TG200 SERIES _
FEE T e o FREQUENCY 1Hz to 1MHzIn 12 ranges. 0 to 1% fine control on TG200DMP.
"1 - ACCURACY +1.5% +0.01Hz up to 100kHz. +2% up to 1 MHz.
= e SINE OUTPUT 7V r.m.s. down to <200uV with Rs=600().
‘ e - My DISTORTION <0.05% from 50Hz to 15kHz.
Mg N BF <0.1% from 10Hz to 50kHz.
g . o E | <0.2% from 5Hz to 150kHz.
3 ' ‘ ’ ‘--m Bt <1% at 1Hz and 1MHz.
® ‘ ey N SQUARE OUTPUT TG200D, DM & DMP only, 7V peak down to <200uV.
LA O R Rise time <150ns.
——— SYNC OUTPUT >1V r.m.s. sine in phase with output.
SYNC INPUT +1% freq. lock range per volt r.m.s.
\“ METER SCALES TG200M, DM & DMP only, 0/2V, 0/7V & —14/+6dBm.
TG152 SERIES
FREQUENCY 3Hz to 300kHz in 5 decade ranges.
ACCURACY +2%=+0.1Hz to 100kHz, increasing to + 3% at 300kHz.
SINE OUTPUT 2.5V r.m.s. down to <200uV.
DISTORTION <0.2% from 50Hz to 50kHz. <1% from 10Hz to 200kHz.
SQUARE OUTPUT 2.5V peak down to< 200uV.
SYNC. OUTPUT 2.5V r.m.s. sine

L E v E L L METER SCALES 0/2.5V & —10/+10dB on TG152DM.

PORTABLE INSTRUMENTS LEVELL ELECTRONICS LTD.

Moxon Street, Barnet, Herts. Tel. 01-449 5028/440 8686

WW — 006 FOR FURTHER DETAILS

Chiltern Electronics

B.C.M. BOX 8085, LONDON WCIN 3XX. TEL. 0494 714483

PROFESSIONAL ASCII KEYBOARDS
Beautiful 75-key ASCII encoded keyboards in attractive case, manufac-
tured by Incoterm Corporation for use on airline check-in systems. Reed-
switch keys and all-TTL encoding. Single Sv rail. LED Status indicators

~ one of the finest keyboards ever made. .........cc.covveriiniiniiin New £46
Normal list price £475! Slightly used £34.50
MICROPROCESSOR SYSTEMS

A complete Microprocessor subsystem on single PC card, caomplete with
2650A CPU, four 2758 EPROMS and 12 RAM chips, all in DIL sockets.
Loads of other components including TTL chips, xtal, ribbon connec-
tors. Unfortunately we have no circuit or data, so we are offering the
complete units with ribbon cables and plugs foronly ................ £23 each

SELF-SCAN DISPLAY UNITS
These state-of-the-art displays can replace a VDU, and measure only 12 x
4 x 2 inches. Display all ASCII set 40 characters by 6 lines. As used on
latest mainframe terminals. But again no data or circuit so only....£23 ea.

MEMORY CARDS
A full size circuit board ex new equipment containing 64 4K Dynamic
RAM chips in sockets, and complete with all decoding circuitry. Orga-
nised as 32K x 8 bits. A complete memory system for your micro, but
again we have no data, so it will be necessary to spend an hour circuit
HTACING. . .ovivviiivinierrereeeeeaee Dosoncoace N e I Only £11.50 ea.

POWER SUPPLY UNITS
Ideal for your micro system, and at a quarter of usual price, these units
give a fully regulated and filtered DC Sv supply, complete with over
voltage protection and standard mains input.
5v 3-amp £11.50 Sv 6-amp £23

AMPHENOL 36-WAY CENTRONICS PLUGS
Genuine Amphenol plugs with gold-plated contacts that are standard for
all parallel printers and usually cost around £6 each. New ex-equipment.

With cable top and clamp.
QOur price £11.50 for 6, or £115 for 100

ALL ABOVE PRICES INCLUDE VAT AND POSTAGE. SAME-
DAY DESPATCH

We also stock full range of DEC Systems from PDP11/04 to VAX 11/780,
and full range of spare cards — please telephone for details or catalogue.

WW — 057 FOR FURTHER DETAILS
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pantechnic TSPECIALISTS |

POWERFET AMPLIFIER MODULES

The people at Pantechnic have been designing with powerfets since they first -
became commaercially available. Their experience of powerfet amplifiers, coupled
with their insight into the sources of non-linearity often neglected by others, has
resulted in a new range of powerfet amplifiers that are fast, tough, linear and
cheap.

POWER RANGE
MODEL {Continuous RMS)  TYPICALLOADS NOTES
PFA 100 50W-150W 40, 80) Physically smalt
30mm x 79mm x 108mm
PFA 200 100W-300W 4Q), 80 High Watts per £ ratio
PFA 500 250W-600W 20}, 401, 8Q) 25A continuous output
current
PFA HV 200W-300W 4(), 811, 1602 5d8 dynamic headroom
Drives 70V line direct
Key features:
@ RELIABLE - Powerfet freedom from thermal runaway and secondary
breakdown
@ LINEAR — TiD zero, IM/THD < 0.01% full power, (mid band THD
down to 0.0015%) )
@ FAST -* Slew rate >30V/uS, (45V/uS typical)
@ QUIET — Signal to noise ratio 120d8
@ BRIDGEABLE — ({100, 200, 500 without extra circuitry)
@ STABLE — Unconditionally
@ LOWCOST — 10watts to 20watts per £ depending on model and quan-
tity

As they stand these modules suit most P.A. and industrial applications and satisfy
all foreseeable audiophile requirements. (The HV is aimed at digital audio.)
Where aspects of performance fail to meet specific requirements {e.g. in speed
or power) low cost customising is often a possibility. Alternatively entirely new
boards can be produced.

Pantechnic make more than just PFAs. Loudspeaker protection boards and the
quietest, lowest distortion preamp boards currently available are just two of an
ever-expanding range.

Pantechnic sell high quality power supply and other components at excellent

prices.
CHECK US 0UT

Price and Delivery Technical Enquiries
PANTECHNIC (Dept WW7) contact
17a WOOLTON STREET Phil Rimmer

LIVERPOOL L25 5NH
Tel. 051-428 8485
WW - 053 FOR FURTHER DETAILS
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ELECTRIC SHOCK

make sureitis safe to approach

¥ ke cavuetry i ner clons
The shoch Brovk the tamtect by tmhching  petiibla stand on dry fom.
o iha cmirenl temaming Tha plug

suve ol sy o "
metmrie ol wreschimg e cobi lise @ hin I8 o corveby cloas o the camut weing siler

o rmptie ol oid

start artificial respiration—speed is essential
1 v s AY 3

ACT AT ONCE — DELAY IS FATAL

0 "
if the casvalty is NOT breathing u
e Wl el o S

.‘\/\‘/,LZ-

.¢l : / ;-‘ -

odoo b o
if AFTER FOUR INFLA

General Sales Department,
Room 205,

Quadrant House,

Sutton, SM2 5AS,

Surrey,

England.

Company registered in England
No 677128. Registered Office
Quadrant House, The Quadrant,
Sutton, Surrey SM2 5AS

’1%1 g

GET IT— READ IT — PRACTISE 1-4

BE READY TO SAVE A LIFE.
SOMEONE MIGHT SAVE YOURS.

ACT AT ONCE—DELAY IS FATAL!

e — — e — — et e e e . — — e i e e ——— o —— — L . o

To IPC Electrical-Electronic Press Ltd.,

« 1

Display the ELECTRICAL
REVIEW shock first aid
chart (356x508mm) supplied
in thousands to destinations
world-wide. Recent
deliveries include
consignments to companies
in Papua New Guinea,
Dubai, United Arab
Emirates, The Philippines,
apart from UK commercial
and industrial, educational,
Central Government, Local
Authorities’ orders.

Carry the ELECTRICAL
REVIEW pocket-size shock
card (92x126mm) designed
to help safety and training
officers, medical and
welfare personnel; all who
might find themselves
called to save a life. Always
pocket your card; there’s a
useful two-year calendar on
the back.

Please send. .. . .. copy/copies as indicated
Pocket Card @ 70p each inc VAT —_
Paper Chart @ 70p each post free (|
Card Chart @ £1.40 each post free [
Plastic Chart @ £2.10 each post free M

Discounts: 100 + copies 10%
500 + copies 15%

(Overseas surface and air mail rates supplied

on application.)
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'BRITAIN’S BETTER
BARGAIN STILL IN
WORLD-WIDE DEMAND

WIRELESS WORLD CIRCARDS at 1976 prices 10% discount for 10 sets!
Most sets are still available even though the companion volumes
CIRCUIT DESIGNS 1, 2 and 3 are out of print. (CIRCARDS SETS 1 to 30).

o"g}" «";0
7P & Fill gaps in your circuit
P AV 2\ files with these sets of

> oo , 127 x 204 mm cards

B\ in plastic wallets.
B g These unique circuit

cards normally
e contain descriptions

w2 |\ \ and performance

wireless. world circard Set 14: Digital counters—1 data Of 10 teSted
<Dttt G doaone | circuits, together

Basic binary counters

" 01 Koo, and becavee its toe T =} input of the next
e e cathoude 1 connecied 10 & high  Mip-flop This gives 8 natural . .
L‘r—‘ oy i potential via Ry il is reserse- count of 2° where a Ts ihe
. 1l b bused Therefore Try colecior  number of stages. and 2° 1 the
vl 3 RS 3 curtent fs reduced. cauing 4 number of staies through
| ) v . e 1 sty collector oltuge whath the counter progresses - .
& T 01_ - 3 . sncreasing hasedrie current to m d l f t h
- Tr,. Thi caums Tr, collector l n e m
1 i 1 ;-wumgy Inml:; typically w;,“ e T e Circat mudification o y g
BT e s lnpulie. | SurTEnt decreases causing 8 Range of R,. R,: 4.7k o 47k
= Trwser npul edth 2 VA yrher increate in Tr, collecior  Freguency saration: 150 10 o -
e L . to suit specia
T collector-emuier soltage is hogh, Nt 1he uther stable suate, Try  Range of €. €, 130 (0 1300pF
e conduciing and Tr, off. s Froquency seriation: 140 1 P
The bistable circuit is 8 Totype  depending on Reand Ry, and - C 00

“ip-fop™ in which Ihe outpu 1M base-drive current for Tr, U360 3 e

e | needs.

goug tranution ot ihe i and R, ypwatly $ 10 2, of

Irigger-inpul. If the basedrive  (arbitrarily) as Q and Q are

current is arrsnged 5o that Tr, ko and high reapectinely Increscdfrequoncy of

18 in saturation, it collecior 0 and | for tanary coding),
3 ' i ry  opcration posuibie with
vollage w il be about 0.2V, When the trigger npat s high, |
Thie 8 100 low 10 forward-biss  the circuil 1» i@ & stable state. & Bl SranesKY
the ba gemiter punction of When the tragger input 1s driven 1 N
T, about 0.7V, and hence Tr,  ncar ground the negative-gomng. o o ..L_

wall be off This means fis pubsccdge i§ steered 10 Try base

1 Basic Active filters 2 Switching Circuits, comparators and Schmitts (But these gaps cannot be filled)
6 Constant current circuits 7 Power amplifiers 8 Astable circuits 9 Optoelectronics 10 Micro power circuits 11 Baslc logic
gates 12 Wideband amplifiers 13 Alarm circuits 14 Digital Counters 15 Pulse modulators 16 Current differencing
amplifiers — signal processing 17 Current dlfferencing amplifiers — signal generation 18 Current differencing
amplifiers — measurement and detection 19 Monostable circults: 20 Transistor pairs 21 Voltage-to-frequency converters
22 Amplitude modulation and detection 23 Reference circuits 24 Voltage regulators 25 RC oscillators—1 26 RC
oscillators—2 27 Linear cmos—1 28 Linear cmos—2 29 Analogue multipliers 30 Rms/log/power laws 31 Digital
multipliers 32 Transistor arrays 33 Differential and bridge amplifiers 34 Analogue gate applications —1 35 Analogue gate
applications — 2.

To IPC Electrical — Electronics Press Ltd. Please send me the following sets of

General Sales Department, Circards:.......... RO £2 each,
Room 205,

Quadrant House, £18 f_or 10 post free.

Sutton, Remittance enclosed............... payable
Surrey SM2 5AS to IPC BUSINESS PRESS LTD.

Name (Pleaseprint). .. .....................

Company registration in England .

Quadrant House, The Quadrant, Address (Please print). ... ... ...............
Sutton, Surrey SM2 5AS
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COMPUTER WAREHOUSE

THE "ALLADINS' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT

_i_’; i
DISK DRIVES

DISTEL®

i The UK's FIRST free of charge, 24 hr. public
Diablo/DRE Serles 30 2.5 mb. fully refurbished DEC RKO5 access data base. Get information on 1000's
of stock items and order via your computer
and credit card. On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

N'T MISS
00 oA

media and software compatable. Front load £550.

Top load £295.

PSU for 2 drives £128.

Diablo -Dre 44A-4000A or 4000B 10 mb 5 +5 removable
pack new and refurbished from £995.

CDC 80 mb removable pack DEC RM0O3 media and software
compatible brand new from£2, 950.

Honeywell 5+5 10 mb drives £450 good s/h condition.
For more Information on controllers, expansions and readyto!
go sub systems contact sales office.

COOLING FANS

Keep your “Hot Parts” cool and reliabie with our
range of professional fans.
ETRI 99XU01 Miniature equipment fan 240
vac working DIM 92 x 25 mm BRAND NEW
complete with finger guard Makers price £16
our price £9.95
BUHLER 69.11.22 micro miniature 8-16 v DC
reversibie fan. Measures only 62 x 62 x 22 mm.
Uses a brushless DC servo motor almost silent
running ideal portable equipment, life in excess
of 10,000 hours. BRAND NEW manufactures
rice £32.00 our price £12.95
UFFIN/CENTAUR cocling fans DIM 120 x
120 x 38 mm tested ex equipment 240v £6.25
115v£4.93 +P&§£1.90
KOOLTRONICS Powerful snail type blower
gives_massive air movement with centrifugal
rotor DIM asacube8” x8" x6" airaperture 2.5"x
2.5" withflange fixing. BRAND NEW 110v 50Hz

massive 0.8 MB (7100)
warranty.

7100 single sided
7200 doubie sided

of drive.

CENTRONICS 739-23
The “Do everything Printer” at a price that will NEVER be
repeated. Standard Centronics interface, fuil graphics, 4 type

___— SUPER SCOOP
=

full technical manual £20.00 alone £9.00 with

THOSE BARGAINS
LLNOW, IT'S FREE

i Unbelievable value the DRE 7100 & 7200 8"
disk drives utilise the finest technology to
give you 100% bus compatability with most drives available today, the only difference
being our PRICE and the superb manufacturing quality. The 7100 single sided & 7200
double sided drive accept har8l or soft sectoring. IBM or ANS! standard giving a

1.6 MB (7200) of storage. Absolutely SHUGART, BASF,
SIEMENS etc compatable. Supplied BRAND NEW with user manual and 90 day

£225.00 +9.50 + vat
.£295.00 +9.50 carr + vat
drive, refund of difference on purchase

SHUGART s/h 800-2 8" Drive's 110v 50Hz motor £ 160 + £9.50 carr.
ac working ONLY £9.95 +£1.90 p&p . Removed from working equipment but untested. SA120 Alignment disk's£9. 95

PE ASR3B) o\

/0

FROM £195 + CAR. + VAT

—
Fullyfledged industry standard ASR33 data
terminal. Many features including ASCIl

keyboard and printer for data |/O auto data

COMPUTER ‘CAB’

Allin one quality computer cabinet

with integral switched mode PSU.

Mainsfiltering and twinfan cooling.

Originally made for the famous

DE% PDP8 computer system costing 1000’s of pounds,
and designed to run 24 hours per day. The PSU is fully
screened and will deliver a massive +5v DC at 17 amps,
+15vDC at1 amp and-15vDC at 5§ amps. The unit is fully
enclosed with removable top lid, twin fan coollng, mains
filtering, trip switch, ‘power on’ and ‘run’ LED's, aluminium
front panel and rear cable entrys. Give your system that
professional finish for only £49.95 -+ £9.50 carr.—Dim. 19"
wide 16" deep 10.5" high. Usablearea 16”w. 10.5"h.11.5"d.
Units are ingood butusedcondition 240 or 1 10vworking—
complete withdata Large stocks of PDP 8 spares— enquire.

OT10 Monltor R

acomplete

MOTOROLA 9”

video monitor

housedin

an attractive metal

case DIM approx.

10" deep 16" wideand 11”

high. The monitor has a 75 ohm composite
video input with a bandwidth of 18 mhz A
seperate internal PSU delivers Sv dc for
externaluse and 12 vDCforvideomonitor.The
case has sufficient room inside for mounting
other units such as 5" disk drives etc. Internal
pots give fullcontrol over allmonitor functions.
Supplled In a tested, as new or little used
condition. 240v AC operation£55.00 Carriage
and Insurance £10.50

MOTOROLA 9” open chassis monitor.
Standard 240 v AC with composite 75 ohm
video input, bandwidth in excess of 18 mhz.
Monitors are ex equipment and although
unguaranteed they are all tested prior to
despatch, and have no visible burns on the
screens. Dim approx. 9" x9" x 9". Supplied

e

fonts with high definition & proportional
spacing for word processor applications, 80-132
columns, single sheet, roll or sprocket paper handlingf (,Plus
much more. Available onty fromDISPLAY ELECTRON
ridiculous price of only £299.00
Options: carriage & insurance £10.00
Interface Cabte £10.00
RS232 Converter £48,00

detect circuitry. RS232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridicuiously
cheap andreliable data storage. Suppliedin
good condition and in working order
Options: Floor stand£ 12,50 + VAT
KSR33 with 20ma loop interface £125.00 +
Sound proof enclosure £25.00 + VAT

Sata

SAVE
£250

SOFTY 2

The amazing SOFTY 2. The compiete “t oolkit”
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
ofthe 2516,2532 variety. Many otherfeatures
include keyboard, UHF moduiator. Cassette
interface etc. Functions exceed capabilities of
units costing 7 times the price! Only

169.00 pp£1.95 pata sheeton request

1DEAL
TANGERINE ONIO ETC,

Straight from the USA made by the world
famous RCA Cao, the VP60O Series of cased
freestanding keyboards meet allrequirements
of the most exacting user, right down to the
pricel Utilising the latest in switch technology.
Guaranteed in excess of 5 million operations.
The keyboard has a host of other features
including full ASCIl 128 character set, user
definable keys, upper/lower case, roliover
protection, single 5V rail, keyboard impervious
toliquids and dust, TTL orCMOS outputs, even
an on-board tone generator for keypress
feedbackand a 1 year full RCA backed
3uarantee.

P801 7 bit fully coded output with delayed
£43.98

£54.95

strobe, etc.

VP811 Same as VPE01 with

numeric pad

VP5086 Serial, RS232, 20MA and TTL

outputwith6selectableBaudRates  £64.26

VP616 Same as VP606, with

numeric pad £54.24

Plug and cable for VPE01, VPE11 £2.25

Plug for VP608, VP616 £2.10
Post, Packing and Insurance £1,95

ORDER NOW OR SEND FOR DETAILS

DE=FLAY

I CrTornNire
-cLEL TRUNMILS-

7
PN
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MAINS FILTERS

Protessional type mains filters as used by
“Main Frame"” manufacturers. Ideal for curing
those unnerving hang ups and data glitches —
fit one now and cure your problems.
Suppression Devices SASA

uptoSampload £5.95

Corcom Inc F1886 upto 20 ampload £9.50
Corcom Inc F1300 upto 30 amp load £12.25

RECHARGEABLE
BATTERIES

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver
over 300 amps on short circuit!! Brand new
atonly£2.95

SAFT VR2C size‘C’' 1.2v 2 ah. nicket
cadmium£1.50 each 10for£11.50

———

D.C. POWER SUPPLY SPECIALS

Experimentors PSU Ex-GPO unlt ali silicon electronics. Outputs glve +5v @ 2 amps.
+12v@ 800 ma.-12v@ 800 ma. +24v @ 350 ma. 5v@ 50 ma. floating. Dim 160 x 120 x
350 mm. All outputs fully regulated and short circuit proof. Removed from working
equipment, but untested. Complete with circuit Transformer guaranteed. Only
£14.50 +£2.50 pp.
POWER ONE CP143 super compact unit giving continuous output of Sv @ 5 amps.
dim. 215 x 67 x 80 mm. BRAND NEW and guaranteed Only £21.00 + £1.50 pp.
CUSTOM POWERCOS55 5v @ 3 amp. Very compact unitdim. approx60x90 x 190 mm.
Seml open chassis, full crowbar overvoltage protection. Tested Ex Equipment.
£11.95 + pp€1.25
MINI SYSTEM PSU Ex equipment unit ideal for the small micro. Outputs give 5v @
3 amps. +12v @ 1 amp and -12v @ 300 ma. Crowbar overvoltage protection and
iuérzegtolimit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuitonly£12.98
.00 pp.
PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little
used condition. Outputs give 5v @ 11 amps, “+" 15-17v @ 8 amps. "-" 15-17v @ 8 amps
and “+” 24v @ 4 amps. All outputs are crowbar protected and the 5 volt output is fully
reiulated. Fan cooled Supplied tested, with circuit£35.00 + £8.50 carr.
MAIN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use
outputs give S volts @ 50 amps. +12v @ 5 amps. ~12v @ 10 amps. All output are fully
regutated with crowbar overvoltage protection on the Sv output. Supplied with circuit
and tested Ex-Equip. 1 10v AC tnput. Oniy £49.95 + cam. £10.50.

66 % Dlsc OUNT ELECTRONIC

COMPONENTS
& EQUIPMENT
Due to our massive bulk purchasing programme which enables us to bring you the
best possible bargains, we have thousands of 1.C''s, Translstors, Relays, Cap's,, P.C.Bs,
Sub-assemblies, Switches, etc. etc. surlplus to 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 combonems at
giveaway prices! Guaranteed to be worth at least 3 times what you play plus we always
include something from our ads. for unbeatable value!l Sold by weight.
2.5kis£4.28 + pp £1.25 Skis£5.90 + pp £1.80
10kis£10.25 + pp £2.25 20kis£12.50 + pp £4.75

c

01-689 7702 — 01-689 6800 Telex 27924

complete with mains and input lead. Ideal
ZX81 etc or giving the tele back to the family!!

Black and White phosphor£35.00 + £9.00 Carm,

SEMICONDUCTOR
RAB BAGS'

)

Mixed Senqs amazing vajue contents
include transistors, digital, linear, .C.'s
triacs, diodes, bridge recs., etc. etc. All
devices guaranteed brand new full spec
with manufacturer's markings, fully

uaranteed 50+ £2.95 100+ £5.15

L74 Series A gigantic purchase of an

“across the board” range of 74 TTL
series I.C.'s enables us to offer 100+
mixed “mostly TTL" grab bags at a price
which two orthree chips in the bag
would normaily cost to buy. Fully
guaranteed all 1.C's full spec. 100+ £6.90

00+ £12.30 300+£19.50

300 BAUD
DATA MODEMS

Join the communications revolution with our
standard EXGPO 2a/b data MODEMS.
Modem operates on standard CCITT tones
with full auto answer facilities. Will switch to
ANSWERo0rORIGINATE. Standard RS232 /0
connections. Ideal networks. DISTEL etc
Complete with data. Untested but good

Fondition £55.00 car.c8.50.

1300 BAUD
DATA PUMP MODEMS

Compact unit for use with private or “Dial up
lines” Designed to work in pairs at any baud
rate upto 1200 fullduplex{(4 wirecircuit) or half
duplex (2 wire circuit). Features include
remote test facilities. RS232 i/o lines etc.
Supplied with data in working order, but less
case cover £63.00 + £4.50 carr.

OLIVETTI @

TE300
REDUCED TO CLEAR™E

Complete Input outputterminalwithintegrai8
hole paper tape punch and reader, Unit
operates at 150 baudin standard ASCIl.ideal
as a cheap printer for a MICRO etc. 120
columns, Serial data Vo. Supplied complete
with data, untested, unguaranteed £635.00
+£11.50 cam.

Aliprices quoted arefor U.K Mainland, paid cash with orderin Pounds Stirling PL US VAT. Minimum ordervalue£2, 00, Minimum Credit
Card order£10.00. Minimum BONA FIDE account orders from Government depts. Schools, Universities and established companies
£20.00 Where post and packing not indicated piease ADD'80p + VAT Warehouse open Mon-Fri 9.30 — 5.30. Sat. 10.15 — 5.30.
We reserve the right to change prices and specifications without notice. Trade, Buik and Export enquiries welcome,

64-66 Melfort Road, Thornton Heath, Near Croydon, Surrey

EN



Advertisements
accepted up to 12 noon
Wednesday, July 28th,
for September issue,
subject to space being
available.

Appointments

DISPLAYED APPOINTMENTS VACANT: £13.50 per single col. centimetre (min. 3cm).1
LINE advertisements (run on); £2.50 per line, minimum S lines. (Prepayable.)
BOX NUMBERS: £1.50 extra. (Replies should be addressed to the Box Number in the
advertisement, ¢/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS.)

PHONE: IAN FAUX, 01-661 3033 (DIRECT LINE)

Cheques and Postal Orders payable to IPC Business Press Lid.

1

AMPEX

SYSTEM MAINTENANCE
ENGINEER

to join a resident team at a site of EXCEPTIONAL INTEREST situated in the St. James's
Park area of London. The team is responsible for round-the-clock maintenance of a
large INFORMATION STORAGE AND RETRIEVAL SYSTEM WHICH COMBINES both

VIDEO AND COMPUTER TECHNOLOGY.
Ampex requires an Engineer with:

@® Sound knowledge of Electronics/HNC or equivalent
@ At least three years’ experience of maintaining ANALOGUE and/or DIGITAL

electronic equipment

@ Preferably, specific experience with:

VIDEO equipment, such as cameras, VTRs, etc,

and/or

DIGITAL equipment such as disk/tape drives, mini computers.

Good salary plus generous shift allowance.

Company car plus travel allowance.

Pension and Life Assurance.and Permanent Health Schemes.

Please write or phone for an application form from Maureen Brake, Reading
(0734) 875200, Ampex Great Britain Limited, Acre Road, Reading, Berkshire.

(1729)

o

ST BARTHOLOMEW'S HOSPITAL, LONDON EC1A 7BE

Electronic Engineer

in Radiation Physics Department required

to assist in the servicing of a modern 20 MeV Linear Accelerator and a
6 MeV Linear Accelerator which is about to be installed and in the
manufacture of dosimetry equipment and devices required for de-
velopment and research.
Experience in Radar or Radiation Physics would be advantageous but
not essential as appropriate training will be provided.
Support given to obtain relevant higher qualifications.
Applicants should possess ONC/HNC (Electronics} or other appro-
priate qualifications and at least three years' relevant experience.
Salary on Medical Physics Technician Grade lll scale: £6,468 to £8,087
-Eer annum inclusive.

or application form and job description please write to the Personnel
Department or telephone 01-600 9000 Ext. 2271. Ref. no. TG/10.
Closing date, 4 August, 1982,

(1733)

100

% Greek Street
London Wi
01:634-2411

The National Broadcasting School, an independent.organisa-
tion under the auspices of the IBA, provides training for
Independent Radio. As well as running full-time engineering
courses, the Engineering Department also teaches the non-
technical courses and maintains 6 broadcast-capable studios

and ancillary areas.

PART-TIME LECTURERS IN ENGINEERING

Two part-time lecturers are required to contribute to 3-month
Engineering Course starting 21 September. They must have
considerable experience in radio broadcasting and the ability
to pass on that experience. Salary negotiable.

BROADCAST ENGINEER

A Broadcast Engineer with several years’ experience in main-
taining modern sound broadcasting equipment and a recog-
nised technical qualification is required. In addition to the
maintenance of the school’s studios, the job includes teach-
ing Broadcast Engineers. A desire to teach is therefore essen-
tial and previous experience in this and local radio would be
an advantage. Salary negotiable.
Applications, which will be treated in confidence, should be
\r/r1ve11de to the Chief Engineer, NBS, 14 Greek Street, London
: 117
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ELECTRONICS TECHNICIANS

Total involvement across the spectrum
of advanced communications

The Government Communications Headquartersat Cheltenhamisone
of the world's foremost centres for research, development and production
in the fields of voice and data communications and communications
security. Its comprehensive facilities, some of them unique, are geared
towards producing creative solutions to complex communications problems
using state-of-the-art techniques including computer/microprocessor
applications.

There are currently opportunities for those with proven practical
experience in electronics to become totally involved in complex systems
spanning the whole spectrum of electronics technology. As a
Telecommunications Technical Officer you will supervise a team of
technicians involved in the management, construction, installation, testing.
commissloning and maintenance of traditional and advanced technology
communications and computer systems. Alternatively you will provide
support for project engineers and scientists involved in the planning,
research and engineering development of state-of-the-art systems.

You will work in one or other of the following fields:-
Telecommunications at HF, VHF and microwave frequencies, including
sateflite communications, computers and digital processing.

Data Transmission
Communications Security

Where necessary, in depth training wiil be provided and there are

opportunities to attend familiarisation and management courses

Posts are at two levels:-

At the lower level, the successful candidates will provide first line
technicaland supervisory control ofa number of technicians involving work
of a practical nature requiring ‘hands on’ participation. They may also
undertake individual work of a highly technical nature with or without
supervisory responsibilities

The higher level posts involve the management of 2 or more teams as
mentioned above. In many areas there is a close technical involvement
requiring a high level of technical competence. Working as members of a
muiti-discipiinary team, the successful candidates will be expected to apply

their knowledge and experience to the broader fields of work planning and
management, including the implementation of medium to large scale
projects.

Cheltenham

A significant advantage for people workingat GCHQ in Cheltenham isits
location in this elegant Regency town set in the heart of the Cotswolds. You
can choose to live in the town itself, or in one of the delightful villages that
surround it. Either way, you wilt have easy access to good shops, schools,
sports facilities and cultural amenities in Cheltenham and nearby
Gloucester, and also enjoy fast road/rail links to London, the Midlands and
the West Country. RELOCATION ASSISTANCE MAY BE AVAILABLE.
Qualifications

Candidates must possess a TEC/SCOTEC Certificate in Electronics,
Telecommunications or similar discipline; or a City and Guilds Part i
Telecommunications Techniclans Certificate, or Part | plus Mathematics B,
Telecommunication Principles B, and either Radio Line Transmission B or
Computers B; or equivalent. Preference may be given to candidates with
higher qualifications. Senior ex-service personnel with formal approved
Service technical training may also be considered.

{n addition, all candidates must have had appropriate training and will
normally be expected to have about4 years (lower level)or 7 years (higher
level) experience in either radio communications transmitters or receivers,
radar, data transmission, computers or similar electronic systems. High

technical competence and/or proven managerial experience is also required.

Salaries up to £9085

Higher level posts: £8065 — £9085; lower level posts: £5980 —
£8180. Level of appointment and starting salary according to qualifications
and experience. There are good prospects of promotion to posts with
salaries of up to £12,650.

For further information and an application form (to be returned by
12 August 1982) write to Civil Service Commission, Alencon Link,
Basingstoke, Hants RG21 1JB, or telephone Basingstoke (0256) 68551
(answering service operates outside office hours).
Please quote ref: T/5792/2.

in the heart of

the Cotswolds

CCTV
SERVIGE ENGINEER

required to carry out repair and maintenance on all
types of surveillance equipment. Salary commen-
surate with age and experience.

Please write, with full C.V., to: BOX No. 1711 Banei

SALARY: Commensurate with experience.
CONTACT: Chris Turner,

FRANK CODY ELECTRONICSLTD
STAR HOUSE, GRESHAM ROAD,

STAINES, MIDDLESEX
Or telephone Staines 62682 for an appointment.

2-WAY RADIO SERVICE TECHNICIAN

Experienced in servicing V.H.F. and U.H.F. Land Mobile Equipment,
required for expanding COMMUNICATIONS COMPANY in STAINES.

{1701)
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ppointments

LECTURERS AND
TECHNICAL AUTHORS

The Engineering Training Centre situated near Evesham in Hereford and
Worcestershire, trains the Corporation’s technical staff, both on first appointment and
thereafter in the technology of broadcasting. The site is residential for students and
some 400 BBC staff normally work or are in training there.

LECTURERS

Duties will involve contributing towards the operational training of Technical Staff in
Television and/or Radio Broadcasting. This includes instructing Technical Operators
who are responsible for sound coverage, audio mixing, camera work and lighting in
Television or operating Network Continuity Suites in Radio. The Training Centre has
Radio and Colour Television Studios using the latest broadcasting equipment.
Candidates, male or female, should have recent experience in some aspect of Technical
Operations or Engineering in the Broadcast or Closed Circuit field and a good
technical knowledge of audio or video equipment. They should preferably have a
qualification of HNC, C & G Full Technological Certificate in Telecommunications, a
pass in the examination of the Council of Engineering Institutions or equivalent.
Consideration will be given to providing appropriate training to otherwise suitable
applicants who do not hold these qualifications. -

TECHNICAL AUTHORS

Engineering Training Department includes a Unit, consisting of one Senior Author
and four Authors, which provides overall systems descriptions for major installations
throughout the Corporation and publishes technical standards and procedures. The
unit is supported in-house by a drawing office and printing facilities, together with
computer based phototypesetting, word processing and graphics.

The technologies covered by Technical Publications Unit are Radio, Television, Trans-
mission and, increasingly within these fields, computers. Authors have substantial
personal responsibility to assemble and present their material accurately and in a form
acceptable to users.

The successful applicant will hold a degree in electronics or a reasonable equivalent
such as a Higher National Certificate, have good experience of technical document-
ation and a good grasp of a significant area of broadcasting technology or of a closely
related field of electronics. Increasing versatility across the whole field will be expected
as experience grows. Appropriate training, including areas of broadcasting tech-
nology, will be provided if necessary.

Salary on appointment, for both positions will be between £9,435 and £10,293 rising to
£12,254.

Excellent welfare and club facilities. Pensionable posts. Relocation expenses considered.

For an application form and further information about the Technical Author vacancy
please contact Head of Training Section (Engineering), Mr J H Brooks; those inter-
ested in the Lecturer vacancy, please contact Head of Training Section (Operations),
Mr D G Enoch. BBC Engineering Training Centre, Wood Norton, Evesham, Worcs
WRI11 4TE Telephone Evesham 45123.

Closing date for return of application forms is 14 days after publication.

B/B|C|

£25,000?

1. DESIGN ENGINEER

RF test equipment including VSWR test
sets, frequency standards and RF mea-
suring instruments for a small
successful company. £ Negotiable —
West Country,

2.  TESTENGINEERS

To test and service VHF and UHF trans-
mitters and receivers — several clients.
To £8,000 — Hants/Berks.

3. RF DESIGN ENGINEERS

Tq join a small team designing
mlcroprocessﬂr-based signal sources.
To £11,000 — Herts.

4. PROJECT LEADER

To head team engaged on microwave

development, UHF/VHF techniques,

v':\icrostvips and mixers. To £14,000 —
erts.

5. ELECTRONIC ENGINEERS

Development of digital-based intruder
detection equipment. To £8,000 — Sur-
rey.

6. DESIGN ENGINEER

To design all stages of microwave and
satellite communication systems from
base band to 6GHz. To £10,000 — Essex.

CLIVEDEN CONSULTANTS
87 St. Leonard's Road
Windsor, Berks,
Windsor (07535) 57818/58022
24-hour service {1640)

LIVEDEN

UNIVERSITY OF EAST ANGLIA
Norwich

ELECTRONICS
TECHNICIAN

Required to be responsible for the Electronics
Workshop in the School of Mathematics and Phy-
sics. The workshop offers technical support to re-
search and teaching in physics and electronics
systems engineering. The successful applicant’s
responsibilities will include:

{i} the organisation and general supervision of
the workshop;

(i) the design and construction of digital and
analogue circuits;

i)} the repair and modification of electranic
equipment including microcomputer systems.

Applicants must hold a suitable qualification in
electronics, be able to work with minimum supervi-
sion and have substantial experience of modem
electronic engineering techniques.

Salary on the Grade 7 scale £7.605-£8.542 per
annum.

Application forms and further particulars can be
obtained from the Senior Administrative Assistant,
Schaol of Mathematics and Physics, University of
East Anglia, Norwich NR4 7TJ, to whom applica-
tions should be returned by 5 July, 1982.
1692

ALWAYS AHEAD WITH
THE BEST!

© £5,000-£15,000
% Experienced in:
Mini/Microprocessor Hardware and Software Digital and
Analogue circuitry; RF and Microwave techniques?

% Where does your interest lie:

Image processing; Automation; Datacomms; Radar Nav aids; Mobile

Radio; Medical; Telemetry; Simulation; Satcom; Lans?

% There are opportunities in:

Design; Test; Service; Sales; Systems; Production; Quality and

Research.

W Make your first call count — Contact MIKE GERNAT on 076 384 676/7

(usually until 8 p.m.)

El!l:"lnl!ll: COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
148-150 Hiah St.,Barkway, Royston. Herts SG8 8EG
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Appointments

APPOINTMENTS ° ®
N Electronic Engineers
ELECTRONICS -
to £15,000 salaries up to £13k
MICROPROCESSORS
cno;vlrzucrgaing MEADI0 VIDEO is one of the World’s fastest growing industries,
Design et fed and support e and McMichael Ltd. is in the forefront of advanced
P e T e video technology. We need young dynamic electronic
engineers at all levels to join prestige high technology
%chpoxparl(, project teams.

1, Westbourne Grove
London W2.01-229 9239 (9257)

As an analogue or digital video engineer, you would be
involved in such projects as, video conferencing,

UNIVERSITY COLLEGE, CARDIFF broadcast effects, laser video transmission, precision
DEPARTMENT OF PHYSIOLOGY . 4
ASSISTANT displays, and other projects.

EXPERIMENTAL
OFFICER

Our project teams are based at our new research and
{ELECTRONIC INSTRUMENTATION)

CORRECTED ADVERTISEMENT development Laboratories in Stoke Poges, Bucks., set
Applications are invited for the . . . .
above post — design exper- in 37 acres of ground, with extensive sports and social
ience essential, degree in i
electronics an advantage. facﬂltles.

Salary range: OR Gr. IB £5,286-
£8,925 p.a. — duties to com-
mence as soon as possible.

Applicati i , to- = S . - s

et o ranes and If you are experienced in high speed digital processing

5335@:%2 ?;Ei%ged'efﬁ'e&sé or analogue video, write or phone for an application
ice- i inistration

anid Registrar, Universily Col- form today.

lege, P.O. Box 78, Cardiff CF1
1XL, from whom further parti-

culars may be obtained. C'Iqosf- McMICHAEL LIMITED
;rh%a.date Sl 2 Sefton Park, Bells Hill, Stoke Poges, Slough SL2 4DY
Telephone Fulmer (02816) 2777 Telex 849212

DIGITAL EXPERIENCE?

FIELD SUPPORT
R & D AND SALES
VACANCIES IN COMPUTERS
NC, COMMS,, MEDICAL
VIDEQ, ETC.

For free registration ring
0453 883264

01-290 0267

L X

ELECTRONICS RECRUITMENT SERVICE
LOGEX HOUSE, BURLEIGH, STROUD
GLOUCESTERSHIRE GL5 2PW
TEL 0453883264, 01-290 0267 (35

2L %)

.’ ‘ \v '\"'
7 77N

TELECOMMUNICATION ENGINEERS CAPITAL HOUSE
SAUDI ARABIA e 4o
C.£22,500 P.A. TAX FREE ~_ 3 LONDON W1P 1HG
SWITCHING SYSTEM ENGINEER a
Exp. SPC switching system, analyse and evaluate tenders relating to electronic N APPOINTMENTS LTD. TEL: 01-637 5551
switching. 1 X
MOBILE TELEPHONE SYSTEM ENGINEER THE UK’s No. 1 ELECTRONICS AGENCY
Study requirement for new automatic mobile telephone system.
MARITIME TELECOMMUNICATIONS ENGINEER E Design, Development and Test to £14,000
Draw up tender specifications, coastal MF, HF, VHF stations. Ask for Brian C I
COAXIAL CABLE SY?fTEMS ENGINEER "y, el lFlaiten (Sl
Draw up tender specifications. 3 o
FREQUENCY MONITORING SPECIALIST B SALES to £15,000 plus car
Study requirements for frequency spectrum management. 2 Ask for Maurice Wayne
OUTSIDE PLANT NETWORK ENGINEER

Analyse and evaluate tenders and inspect contractors’ work. ] FIELD SERVICE to £12,000 plus car
MICROWAVE SYSTEM ENGINEER Ask for Paul Wallis

Study VHF, UHF and microwave link requirements and recommend appropriate
system required.

iPositions are offered on bachelor status. Candidates must be qualified to BSc. Age
:35+. Leave is approx. 2 months per annum plus 3 economy excursion flights to UK. Ask for a Free Jobs List
“Telephone Montin (UK) Ltd on 0532-567141 for application form only or mail detailed

résumé to Montin (UK) Ltd, Protection House, 83 Bradford Road, Pudsey, West
“Yorkshire LS28 6AT.

We have vacancies in ALL AREAS of the U.K.

Telephone: 01-637 5551 (3 lines)

1700
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Appointments

THE UNIVERSITY OF PAPUA NEW GUINEA

SENIOR TECHNICAL OFFIGER
(ELECTRONICS)

Applications are invited from suitably qualified persons
gjr'the above position in the University of Papua New
uinea.

DUTIES:

The successful applicant will be expected to join a technj-
cal group involved in carrying out electrical/electronic
maintenance to scientific departments and faculties
within the University. A proven record of experience is
required covering maintenance and servicing in a wide
range of teaching and research instrumentation com-
monly used in Bio-Medical/Dental Sciences. The Depart-
ment of Physics houses modern and well-equipped
electronics and technical workshops to facilitate the work
envisaged.

The successful applicant will be required to supervise
and to provide on-the-job training to national Papua New
Guinean technical staff.

QUALIFICATION:

Applicants should hold a Higher National Certificate in
Electronics/Electrical Engineering or equivalent qualifica-
tion. Possession of a current and valid driving licence will
be desirable.

SALARY: K15625 per annum plus 24% gratuity.

Further details may be obtained from the Chief Technical
Officer in Physics Department on telephone 245243 or
the University of Papua New Guinea, P.O. Box 320, UNI-
VERSITY, Papua New Guinea.

Applications together with names and addresses of three
professional referees should reach the Secretary, Univer-
sity of Papua New Guinea, P.O. Box 320, University Post
Office, Papua New Guinea, not later than 9th July, 1982,

SECRETARY
UNIVERSITY OF PAPUA NEW GUINEA

L BN NN BN N

TRAINEE
RADIO OFFICERS

First-class, secure career opportunities.

A number of vacancies will be available’in 1982/83 for
suitable qualified candidates to be appointed as
Trainee Radio Officers.

If your trade or training involves Radio O_perating, you
qualify to be considered for a Radio Officer post with
the Composite Signals Organisation.

Candid_atés must have had at least 2 years’ radio
operating experience or hold a PMG, MPT or MRGC
certificate, or expect to obtain this shortly.

On successful completion of between 36 and 42 weeks
specialist training, promotion will occur to the Radio
Officer grade.

Registered disabled people may be considered.

SALARY & PROSPECTS

TRAINEE RADIO OFFICER: £4,357 at 19 to £5,203 at 25
and over. On promotion to Radio Officer: £5,968 at 19
to £7,814 at 25 and over. Then by four annual incre-
ments to £10,662 inclusive of shift working and Satur-
day and Sunday elements.

For full details please contact our Recruitment Officer
otn Cheltenham (0242) 21491 Ext. 2269 or write to her
at:

Recruitment Officer, Government Communications
Headquarters, Oakley, Priors Road, Cheltenham,

Gloucestershire - = N

L GUHE

{1531} ‘

4A I EfN=""

Commissioning/Engineering Support
Broadcast Television Equipment

Tremendous growth and success has resultedinan
excellent career opportunity inthe QA Department of
Sony Broadcast, a world leader in professional
broadcast television equipment. The Company has an
expanding range of high technology products which
include video cameras, VTRs and editing control
systems.

An experienced engineer, who should ideally have
abackground in broadcast teievision equipment
supported by arelevant qualification, is now required
tojoina smarl team responsible for the evaluation of
product performance. Key activities will also include
commissioning, assistance in product customisation
and the establishment and maintenance of ATE,
including software. Full product training will be given
where necessary.

This position carries an attractive salary, first class
conditions of employment and considerable prospects
for personal development,

Ifyou are interested, please write, giving brief details
of career and present salary to Mike Jones, Senior
Personnel Officer, Sony Broadcast Limited, City Wall
House, Basing View, Basingstoke, Hants RG21 2LA.
Tel:55011.

Sony BroadcastlLtd.

City Wall House

Basing View, Basingstoke

Hampshire RG21 2LA

Telephone (0256) 55011
(1731}

SONY@\
Broadcast

104

ELECTRONIC
SERVICE
ENGINEER

Due to the rapid growth of our In-Car Entertain-
ment Division we seek an additional engineer to
service our range of products.

Experience of both analog and digital systems is
essential as complex microprocessor based units
are handled.

The ideal candidate will have been employed for a
minimum of 3 years servicing car audio or domes-
tic Hi-Fi equipment, together with 2 years’
microprocessor-based hardware experience. Due
to the nature of our products, persons without this
experience are unlikely to be suitable.

Some administrative capability would be consid-
ered an advantage.

Applications in writing with full c.v. to:
The Technical Manager

Autoca

[ELECTRICAL EQUIPMENT CO. LTD]

Chantry Road Industrial Estate
Kempston, Bedford MK42 7SD

(1693)
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Engineers &

clentists
£9,126

Communications R&D...
...the leading edge

VIDEO ENGINEER

Rediffusion Consumer Manufacturing Ltd is seeking an ex-
perienced vided engineer to Join a progressive team en-
ga%ed on a wide variety of stimulating projects associated
with video cassette recorders, video cameras, video disc
players and colour TV receivers and monitors.

Assessment reporting is an important part of this team’s
funct_lqn and the ability to express oneself, both verbally and
in writing, is essential.

Our Laboratories are situated in Chessington, within easy
commuting distance of the Surrey countrysids. An attractive
salary and the usual big company benefits are offered to
suitably qualified and experienced engineers. if you believe
you can make an effective contribution to our future video
projects please write to or phone:-

Mr Harry Brearley,
Rediffusion Consumer Manufacturing Ltd.,
Fuliers Way South,

Chessington, Surrey KT9 1HJ. Phone: 01-397 5413

REDIFFUSION

{1715)

Appointments

At HM Government Communications Centre,
we're applying the very latest ideas on electronics and
other technologies to the problems of sophisticated
communications systems, designed to enable and protect
the flow of essential information.

The work is of the highest technical challenge,
offering full and worthwhile careers to men and women of
high ability, on projects covering the following areas of
interest: —

RADIO - from HF to microwave, including

advanced modulation systems, propagation

studies, applications of Microcircuitry.

ACOUSTICS SIGNAL ANALYSIS
MAGNETICS SYSTEMS ENGINEERING

Applicants, under 30 years of age, should have a
good honours degree or equivalent qualification in a
relevant subject, but candidates about to graduate may
also apply.

Appointments are as Higher Scientific Officer
(£6,840-£9,126) or Scientific Officer (£5,422-£7,399)
according to qualifications and experience. Promotion
prospects.

For an application form, please write to the
Recruitment Officer, (Dept. W/W8), HM Government

Communications Centre, Hanslope Park,
Milton Keynes, MK19 7BH.

Teleco Qilfield Services Ltd has pioneered a reliable
shock-resistant Measurement-While-Drilling {(M.W.D.)
tool which saves drilling time and money, promotes
safety and improves waell-path accuracy in offshore
drilling activities. Our dynamic growth has created a
caresr opportunity for an

ASSISTANT
ENGINEERING MANAGER
(Electrical/Electronics)

This position s located in our facillty in Aberdeen, and offers a stimulat-
Ing environment with an excellent benefit package and an opportunity to
grow with the company In this rapidly expanding industry.

The successful candidate, rerortlng to the Engineering Manager, will
Rﬂrlmartly be required to provide engineering support for the Elactronic

aintenance department, to Introduce new tools to the field and to
exercise budgetary control over electrical and electronic activities.
Applicants should possess B.Sc/H.N.D. qualifications in Electrical/Elec-
tronic Engineering and a minimum of six years’ experience in a mainten-
ance or production environment. A knowledge of analogue and digital
electronics as employed in a hostile environment would be an advan-
tage.

A salary of ¢ £13,500 and a company car reflects the seniority of this
position, Applicants should send a C.V. as soon as possibie to:

The Personnel & Administration Manager
TELECO OILFIELD SERVICES LTD., Hareness Circle
Altens Industrial Estate, Aberdeen

Agency enquiries are not requested (e

TELECO

/lifagNNmEnm

Serving an area of four million people in and around Manchester, seeks a

Broadcast Engineer

for malntenance, operations, development and installation of studio equipment.
A fascinating job working with a friendly and enthusiastic team.

Write with C.V. to:

MICROCOMPUTER ENGINEER

Required by newly formed company working on innovative
computer-based speech processing systems in central Lon-
don. Applicants must have experience with digital hardware
and will be expected to develop real-time applications for
intel 16 bit S.B.C.s and contribute to their software support.
This is an ideal opportunity to work with a small team and
use the most advanced signal processing technology and
computer support taking the product from design through to
installation. It will be necessary to liaise with customers and
implement a particular interface requirement.

Saﬁary will depend on experience and be in the range of
£8,000-£10,000. Please reply in writing, giving details of qual-

Chlef Engineer ifications and career to date, to:
P oadlo AUDIO MAGIC LTD.
Manchester M60 1QU 105 Green Croft Gardens
B London NW6 3PE 1732)
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Appointments

FIELD SERVICE
ENGINEER

LKB Instruments Limited, the U.K. subsidiary of a
major international medical/scientific instrument com-
pany require a Field Service Engineer for their Customer
Service Department.

Applicants should have a sound knowledge of digital and
analogue electronics, with preferably some field exper-
ience in the scientific instruments world.

The work entails the repair and maintenance of instru-
ments situated mainly in Hospitals and University
Laboratories. Preference will be given to applicants liv-
ing in the Gloucester to South Birmingham area.

Conditions of employment are excellent and in addition
to a good basic salary and company car, the company
have a profit sharing scheme, BUPA participation and 4
weeks annual holiday.

Contact Mrs S. Francis
for application forms:-
LKB Instruments Limited,
232 Addington Road,
Selsdon,

South Croydon,

LK
Surrey, CR2 8YD.

] Tel: 01-651 5313

{1716}

UNIVERSITY OF OXFORD
DEPARTMENT OF ENGINEERING SCIENCE

GRADUATE ENGINEER

IN CHARGE OF THE
ELECTRONIC SERVICES DIVISION

A graduate engineer is required to direct the Electronic Services
Division, which provides the supporting services for the Depart-
ment'’s research and undergraduate teaching. The person filling
the post should have a proven knowledge and experience of
advanced electronic technology, the ability to anticipate future
developments in this field, to supervise the design of both anal-
ogue and digital electronics, including the hardware and soft-
ware associated with the development of microprocessor-based
instruments, and to advise research staff on how best to use this
technology to advance their research.

The position also involves the management and administration
of the electronic services staff, comprising at present three
research assistants (Electronic Design Engineers) and five
technicians, who are responsible for:

(i) design and construction of electronic circuitry;
(!l) servicing and modification of existing equipment;
(iii) operation of the departmental electronic stores.

The person appointed will also be required to supervise any
laboratory stewards working in this field, the safety checking of
electrical equipment and the control of the electronic section of
the inventory. He/she will be expected to contribute to the teach-
ing and future development of the microprocessor laboratory.

The position is on the University Research Support Staff Grade Il
Scale with a salary range from £9,750-£12,860 with superannua-
tion on the USS Scheme.

Application should be made to the Administrator, Department
of Engineering Science, Parks Road, Oxford OX1 3PJ, enclosing
a detailed curriculum vitae and the names and addresses of

three persons to whom reference may be made. .
699

MANY FIRMS ARE THROUGH THE
RECESSION AND RECRUITING AGAIN

PROJECT MANAGER
VLF and LF equipment for helicopter systems control. Integration of program and

cost data. Liaison with clients, etc. Experience in radio communications environ-
ment essential. Berks. To £12,500.

SOFTWARE ENGINEER
For new high technology computer peripheral equipment with a resident basic
interpreter. Many advanced design concepts. Experience Z80/8080 SW essential.

Berks. To £10,000.

YOUNG ENGINEERS

For designs associated with processing low-noise signals, displays and control
circuitry for a new thermal imaging system. Essex. £6,000-£8,000.

RF ENGINEERS

To design non-broadcast TX up to 5 MHZ 20 KW for very advanced medical
diagnostic instrumentation. Greater London. To £11,000.

ASSISTANT COMMUNICATIONS MANAGER
For large international L Comms. network, including FDM, TDM, Facsimile and
voice staff supervision and hardware development client liaison — European
travel. London. To £12,000.

Whatever your experience send your CV or ring:

Charles Airey Associates

Tempo House, 15 Falcon Road, Battorsea
London SW11 2PJ
Tel. 01-223 7662 or 228 6234

{1357)

UNIVERSITY

OF YORK

Department of Electronics

1 post of Technician Grade 6
2 posts of Technician Grade 3

Applications are invited for the above posts in the new Department of
Electronics.

The Chief Technician (Grade 6) will be required to set up and run the
Research Laboratories and will be responsible for the development,
provision and maintenance of equipment and services needed by
staff and students working in communications, control engineering
and microelectronics. A degree, HNC or equivalent qualification is
required, together with extensive experience of electronic engl-
neering, including computers.

Salary for Grade 6 on Scale £6,532-£7,802 p.a. {under review).

One Grade 3 Technician will be required to assist the Chief Technician
in the research laboratories and the other Grade 3 Technician will
assist the Senior Technician running the teaching laboratories. For
appointments at this grade a degree or a minimum of 2 “A” levels
plus some experience is required, but applicants with “A” levels
without experience may be appointed at a lower grade and given
training.

Salary%or Grade 3 on scale £4672-£5473 p.a. (under review).
Applications in writing, giving full details of age, education and
experience, together with the names and addresses of two referees,
should be sent to Mrs. E. D. Heavans, Senior Administrative As-
sistant, University of York, York YO1 5DD, by Friday, 13th August,
1982. {1725)

A Professional Audio Company situated in central London re-
quire a

TECHNICAL ENGINEER

interested in working with a wide range of studio equipment
from video to 24-track digital recorders. Previous experience is
not necessary but a good practical knowledge of electronics
including digital techniques is essential. Please write giving
information about yourself and for further details.

BOX NO. 1727 u2n

R & D OPPORTUNITIES. Senior level vacan
cies for Communications Hardware and Software

Engineers, based in West Sussex. Competitive
salaries offered. Please ring David Bird at Redif-
fusion Radio Systems on 01-874 7281. (1162

PART-TIME LECTURERS

106

Reqd. by private college to teach
ELECTRONICS and/or PHYSICS up
to A-level standard for between 7
and 15 hours per week (daytime

SOUNDTRACS audio mixers require a test en-
gineer for final product test. At least three years’
experience of testing audio products in a produc-
tion environment. The position entails final test,

some sub-assembly approval, writing test speci- only).
fications in conjunction with the design team and . .
some post development work. Much of our sub- Contact City Tutorial College,

.67/83 Seven Sisters Rd., London,

assembly is on semi-auto jigs. Up to £8,000 58; B
’ 7. Tel: < .
{1718}

depending on experience, 26 days’ holi
Blll)le’A angd other normal l;encﬁls. Todd Wells,

01-399 3392 or write Soundout Laboratories Ltd.,
9] Ewell Road, Surbiton, Surrey. (1710)
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SITUATIONS VACANT

Lecture Theatre
Manager

The Institution wishes to recruita
Theatre Manager to replace the present
manager who will retire shortly. The
Institution of Electrical Engineers
arranges approximately 200 meetings,
seminars, colloquia and conferences a
yearin its lecture theatres at Savoy Place,

London.

These lecture theatres are equipped
with modern lighting and audio visual
aids. The latter includes large screen
projection facilities for video tapes and
projection facilities for films, slides and
transparencies; sound reinforcement and
recording facilities; radio microphones
and audio loop transmission for the hard
of hearing. The facilities are subject to
periodic updating and improvement.

The Lecture Theatre Manager is
responsible for managing all the lecture
theatres in the broadest sense by
satisfying both the needs of the audience
and the speakers. Will be expected to

THE INSTITUTION
OF ELECTRICAL
ENGINEERS

assist and advise the speakers through the
correct choice and use of audio and visual
aid equipment and to ensure that the
audience obtain the maximum
information from the lecture. Will be
expected to maintain the equipment in
first-class order and to make
recommendations for changes and
improvements,and will operate the
equipment during lectures.

The Lecture Theatre Manager, in
addition to being professionally and
technically competent, should have a
personality which inspires confidence in
the lecturers.

Wk offer a competitive starting salary
and other conditions of employment
include: 35 hour flexible working week,
generous leave entitlement, subsidised
staff restaurant, and pension and life
assurance scheme.

Candidates (male or female) should
apply in confidence, detailing career and
salary progression to the Director of
Administration, Institution of Electrical
Engineers, Savoy Place, London,

WC2R OBL.

ELECTRONIC TEST
ENGINEERING

Having introduced an extended new product range many
of which are micro-processor based, Marconi Instruments
has once again conrrmed itself as Europe’s leading
manufacturer of measurement systems and automatic test
equipment. Our products are selling throughout the world to
all leading users in the electronics and aerospace industries
and we are naturally developing further innovated designs.

A key role in our organisation is that of test engineering,
where a group of protessional engineers are responsible for
the deve? opment of sophisticated methods and software for
the manufacture of our products. We are now looking for
experienced Engineers and are particularly interested if you
have experience in the following disciplines:

IEEE Bus Control Systems ® ATE Programming
Test Techniques

Whatever your level of experience we would like to hear
from you. We can offer an excellent salary plus a wide
range of company benefits, including relocation expenses
where appropriate.

For furtﬁ r details contact Mr. J. Prodger, Recruitment
Manager, Marconi

Instrur Limited,
#Z}E;tgggsssfl."m%ns, Herts. marconl
Th e s, INStruments

{0727) 59292 ext. 369.
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Classified

RACAL COMMUNICATIONS
RECEIVERS

500 Ke/s — 30Mc/s 1Mhz wide. RATIL — £175.
RAN17E — £225. A few sets svailable as new at
£75 extra. All receivers are air tested and cali-
brated in our workshop, supplied with tull
manual, dust cover, in fair used condition. New
black metat louvred cases for above sets £25
each, RA9SD — ISB — SSB — £75. RANG —
SSB — ISB and fine tune for AA117 — £50.
TRANSMITTER ORIVE UNIT RA79. 1.5me/s —
0me/s — SSB — ISB — 0SB — FSM — CW —
£150. AERIAL TUNING UNIT and protection unit
MA1978 — £25 to £50. DECAOE FREQUENCY

GENERATOR MA3508 Solid state synthesiser
for MATS or RA11? — RA217 — RA1217 - £150
to £200. MA250 — 1.8mc/s to 31.6me/s — £150
(New). MA258G — pracision hsguency stan-
dard — Smc/s imc/s 100khz — £100 to £250.
RACAL MA152 — Standing wave ratio indica-
tor. FX2me/s ~ 25mc/s Power up to 1000watts
— 50 ohms — Auto trip switch — Transistor
mains 100 — 250AC, new and boxed — £40.
RACAL COUNTER 836 (9036) 32mc/s TTL circuit
design — tested with manual ~ £50 to £75.
OSCILLOSCOPES COSSOR CDU150 — 3Smc/s —
Twin Beam — Solid State — £175 with manual.
TEXTRONIC OSCILLOSCOPE 647 and 647A Solid
State ~ 50mc/s and 100me/s bandwidth — £250
and £350. Tested, circuit and instructions.
AERIAL MASTS — we have three masts ap-
prox. 130ft high, complete with all fittings. Base
— insulators, etc., Mast steel tube 8'* alf parts
galvanised, supplied brand new, ail items”
20!.6 — £1000 — or each complete mast —
400,

All items are bought direct from H.M. Govern-
ment, being surplus equipment. Price is ex-
works. SAE for all enquities. Phone for appoint-
ment for demonstration of any item. John's
Radip, Whitehall Works, 84 Whitehall Road
East, Birkenshaw, Bradford BD11 2ER. Tel.
(0274} 684007. V.AT. and Carriage extra.

MARTIN ASSOCIATES
(ELECTRONICS) LTD.

‘PARTHIA’, BECKHAMPTON
Nr. MARLBOROUGH, WILTS.
TEL: Avebury {067 23) 219
ADVANCE 08.2000 Oscilloscope Dual Beam
20MH; .. £185
AIRMEC 209 20KV jonisation Test:
DAWE 11918 600/300W Ultrason
DYMAR 711 VHF Millivoltmeter .. &
ELECTRONIC VISUAL EV.8000 Displav Unit
.. Off

8 & K 2409 Electronic Voltmeter 2H;

8 & K 2305 Level Recorder .. -
H-P 1335A X-Y Display Storag
H-P 1332A X-Y Display..
BRYANS 20170 X- Record

£200
HAFSTROM Heat/frig Oven—70" to 4+ 200°C.
£500

MARCONI TF.1370 R-C Oscillator....
TELEOUIPMENT D.43 Dual Beam
DC - 15MH; £125
TELEOUIPMENT D.75 Dual Beam Oscnlloscope
DC~50MHz NEW CRT... v £550
MARCONI TF.868B Universal Bridge 1 ...£100
%ARCONI TE2600 Sensitive Voltmater ImV
£100

PHILIPS PM.6456 Stereo Generator...
KEITHLEY 130 Handheld Dlgltal Mulnm g
GALLENKAMP ASOV 150 No. 2 OVE 5
TAYLOR SG.62A AM/FM Signal Generalor . £95
NARDA 3020A Bi-Directional Couplu 50-

1000MHZ s £95

The above prices do notincl. carrlage and VAT

URGENTLY REQUIRED: OSCILLOSCOPES
ENVIRONMENTAL OVENS

{1384)

ENCAPSULATING EQUIPMENT FOR coits,
transformers, components, degassing silicone
rubber, resin, epoxy. Lost wax casting for brass,
bronze, silver, etc. Impregnating coils, transfor-
mers, D Vacuum low cost,
used and new. Also for CRT regunning mctalhs .
ing. Research & Development. Barratts

Road, Croydon CRO 2QP. 01-684 9917. (9678)

OSCILLOSCOPES. 50 MHz, D. beam, D.
timebase, N.P. Tek, etc. From £150. Marconi
Siggen 200ZB AM/FM £900. Marconi DFM 2331
£230. RH Schwartz capacitance bridge £100. Ad-
vance S-volt 40-amp switched P.S.U. £80.
Oscilloscope probes, Tek/HP, etc. Wayne Kerr
“Midge” —SE to 150C meter/probe £80. Pleasc
include VAT and postage. “Q” Services, 29 Law-
ford Crescent, Yateley, Camberley, Surrey, 0252
871048. (1699)

SCOOP PURCHASE new unused Cossor tran-
sistor testers, Model 1325, £37.50, including
VAT, and postage/limited quanury/ordcrs dealt
with in strict rotation. Anchor Electronica, The
Anchor, Eastwood, Notts (07737) 67281. (1694)

SAVE 33% on PUB 2H hoiders, in boxes of 15.
Limited offer 30. Hurry and phone 0353 778756,
9a.m. 109 p.m. Save time. We represent over 30
leading manufacturers. Free index of hand tools
and production aids. Batvale Mkt. Ltd., 50 Hi;
Street, Sutton, Ely, Cambs. Tel: (0353) 778756,
{1667)
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SITUATIONS VACANT ’

Video Engineers | PHORE

Sony are looking for a high flier - } YOUR

do you fit the bill? |
GLASSIFIEDS

Everyone knows our reputation for high quality domestic TV, audio and
VCR equipment, but that’s only part of the Sony success story.

We also lead the field in industrial video and other commercial and
industrial applications. Video cameras, professional and digital audio,
dictating machines, language laboratories - these are just some of the areas
in which Sony is out in front.

Products like these are amongst the most sophisticated on the market and
the Engineers who provide the back-up service need to have the highest
level of technical oomﬁgtence if they are to maintain the standard of service
which our customers have come to expect - second to none!

We're expanding fast to meet the growth of our business and as part of that
expansion, we now wish to recruit an additional Engineer for our National
Service Centre at Feltham, Middlesex.

Although we provide initial and on-going product training, you must have
several years good fault diagnosis experience on the kind of products we

have described. In particular, experience of industrial video (U-matic ‘ ﬂl -ﬁ ﬁl 3"33
format) is essential, as is qualification to at least City & Guilds 222 (with

Colour Endorsement), 224 or equivalent.

10

If you are the high flier we're looking for, we'll offer you a very competitive —

saL.ry and a range of benefits which is everything you would expect from a A (e e,eﬁ‘,{,,{fcsz:},,‘{%‘ﬂm by 80
company which places great importance in looking after its staif. ol il il B
For an application form, you should contact Rosemary Browne, measuring 8.76 Inch x 8,60 Inch.
Personng Department, gony (UK) Limited, Pyrene House, ;’::,:,:'::Ed;;-_qu ot St ASC1Y oh

. coded keyboard, video monltor,
Sunbury-on- es, Middlesex. Telephone: Sunbury-on-Thames 81211. The VDU'1 wil falk to the R.S.332 serlal
gon on your computer, at up to 18,200
aud 56 features Incluc‘lng cursor (X, Y)
addressing.
VDU-1 Assembled and tested PCB £136
PSU-1 VDU-1 power su?)ly ...... o £32
| All prices suli;ct to £2.50 registered de-
livery, plus VAT

| | SIRIUS CYBERNETICS
Comyn Lodge, 88 Holly Walk

| Leamington ggl Wam‘ckshln,
o). (0828] 318110 {1645

ARTICLES FOR SALE
THE OPEN UNIVERSITY
FACULTIES OF
TECHNOLOGY AND SCIENCE - MANUBFﬁEI{ gffy%%s%%l:ESALEBs
ELECTRONICS LARGE QUANTITIES OF RADIO. TV AND
COMMON FACILITY ELECTRONIC COMPONENTS FOR DISPOSAL

‘SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, C280, C296, DISC CERA-
MICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE,
CABLES, SCREENED WIRE, SN?SF%NS' NUTS, CHOKES, TRANSFOR-
. etc,
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN’S CAVE

TELEPHONE: 445 0749/445 2713

BROADFIELDS & MAYCO DISPOSALS
21 Lodge Lane, North Finchley, London, N.12

{5 minutes from Tally Ho Corner}

Assistant Electronics
Design Engineer

Applicants are invited for an Assistant Electronics Design
Engineer, to work on a wide variety of electronics work in
the Interfaculty Electronics Facility. l
The design will involve both analogue and digital cir-

cuitry, including a growing invoivement in microproces-
sors and the associated software.

The work will appeal to someone with a keen interest in —

(1613)

electronics, who is eager to learn new techniques and TELETEXT (Ceefax/Oracle) or Viewdata (Pres- | [
h | d’ h 9 H in desi q i tel) add-on adaptors for your existing television or POWER V ms‘FET
w O?.rea. y nas sorne experler\tfeln eS|g|:\- L microcomputer. Discount prices, Mail order. TEGHNOLOE'
Qualifications required are minimum design experience Trade enquiries welcome. Avon Office Services | = -
of one year with at least TEC Il or ONC and preferably gowzoow)s’;r;ﬁfnio“’ Bristol, BS10 6BR. %Zg We spacialise in all aspects of this important
working to a higher qualification. The salary will be on the ‘ ' | | inciakiiaior ObRligbrs inclmaE
T5 scale £5695-£6650. BRIDGES, waveform/transistor aﬁ;s"s can- | | * Hitaihl Supertex and RCA V MOS-FET from
N . . oo 1 P N stock.
Further particulars and an application form are available brators, ds. Milliv s. Dy 1 % V MOS-FET power modules from stock,
from: Mrs. B. McBrearty (498/1), Facu:ty of Technology, . o T R N * Compottiv prices (120 watt moduls
The Open University, Walton Hall, Milton Keynes MK7 RMS, audio, FM, deviation. Tel. 040 376236. 2. el _
] 5 Printed circuits and kits,
6AA, or telephone Milton Keynes (0908) 663941: there is a (1627 : B akioblisiari o e b
24-hour answering service on Milton Keynes (0908) PRINTED CIRCUITS. Make your own simply; | | % Design, evaluation and advice service.
g 4
653868 cheaply and quickly. Golden Fotolak Light Sensi- | | Catalogue/sample data sent free {50p stamp
i . . ; tive Laquer — now greatly improved and very, appreciated towards post and pa_ckmgl. .
This is a re-advertisement and previous candidates do not much faster. Aerosol cans with full instructions, | § Phone 02514 22303 and ask Richard Walsh
need to apply. £2.25. Developer 35p. Fclrric (éhloride ?aSE.FCl!’ear | | about your application requirement or write:
] i 2 q Acetate sheet for master 14p. Copper-c| ibre-
Closing date for applications: 30th July. glass Board approx. Imm thick £1.75 sq. ft. Post/. I'}UDIO TECHNOLOGY
1705} . x 5 reepost, Church Crookham
{ Packing 60p. White House Electronics, Castle
Drive, Praa Sands, Penzance, Cornwall. | (7|4' Aldershot, Hants. GU13 0BR
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Classified

SITUATIONS VACANT ARTICLES FOR SALE

We have thousands of
these parts for ¥2 PRICE & UNDER
NO REASONABLE OFFER REFUSED
ALL ITEMS BRAND NEW
74LS04  T4LSI57 3130 OP AMP
74LS05  74LS373 6850 ACIA
T4LS32 T4LS373 8502 Processor
74LS10  74LS385 4027 RAM

7805 | AMP 5V REG
LSI Breakout TV Game Chip
PCB for Breakout TV Game
4700 MFD 10V | 1K Resisitors %W
Sockets: 40 PIN, 24 PIN, 20 PIN, 16 PIN, 14 PIN
Joystick Plastic Holders (Over 1,000 sets)
Transformers for Commodore Pet: 8:0:8 SAMP,
18V 1 AMP, 22V | AMP, 240V Primary
Telephone Answering Machines — All faulty

TEL: 01-440 7033 e

RF DESIGNER

WITH INVENTIVE FLAIR AND
A TASTE FOR RURAL LIFE

Our clients are a small cheerful and highly motivated company who are sole manufactur-
ers of a socially essential paramedical product. .
They are in the throes of moving to a Georgian manor house with eight acres of land, in
rural England (with low housing costs). :

The need is for an engineer, probably between 25 and 45, with a genuinely radical and
inventive approach to design and a sound knowiedge gained in the radio frequency
(ideally, low power) field.

The successful candidate will work in a small specialist team. The potential and prospects
attached to the position are second to none. _

Apart from a compestitive, negotiable salary, the company offer exceilent relocation ex-
penses to this attractive low cost housing area. |

To discuss this position or any other specialist Communications vacancies we may have,
telephone Paul Hecquet on 044 46 47301/2/3/4 or write with a brief C.V.

The Electronics
Recruitment Company

18 Station Road, Burgess Hill, West Sussex RH15 3DE

Sommoarestens (04446 47301/2/3/4

]

Perforated Metais ~ Screens, Plastics,
Wire Meshes, Sifting Media, Cable Tray,
Gratings, direct from Manufacturer’s
Stock. We can cut to size.

We specialise in one-offs or large quanti-
ties.

GRAEPEL PERFORATORS
LTD

Unit 1-B, Charles Street, Dept, WS, Wal-
sall, Staffs WS2 9L 2. Tel. 0922
611644/611414, Telox 335291,

(1629)

THE SCIENTIFIC
WIRE COMPANY

P.o. Box 30, London, E.4

Electronic Engineers-

' ENAMELLED COPPER WIRE
anl SWG . Bz doz 2oz
at you want, where you want!
4 31034 320 180 90 .70
35(03 340 200 110 .80
) : . T 3 o 475 260 2.00 1.2
TJB Electrotechnical Personnel Services is a specialised appointments i an Y B
4810 49 15.96 9.58 6.38 3.69

service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary
levels from around £4000 to £12000 p.a.

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.
All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware
of your application.

SILVER PLATED COPPER WIRE
1410.30 6.50 3.75 220 1.40

TINNED COPPER WIRE
14 to 30 3.38 236 1.34 90
Prices include P&P, VAT and Wire Data
SAE for list. Dealer enquiries wetcome.
Reg Office: 22 Coningsby Gardens.

49063)

Texscan System Analizer 9900 - 10-300 MHz
£100; Telequipment Oscilloscope D43 double
beam £100; Telequipment Oscilloscope calibrator
£50; Hewlett Packard 430c power meter and head
£75. Signal Generators: Marconi TF 1060/2 UHF
450-1200 MHz £150; Marconi 801D 10-460 MHz
£125; Marconi 801 £40; Hewlett Packard 612A
450-1230 MHz £300. Wanted: Frequency Coun-
ter, at least 1.5 GHz. ~ Ashford, Middx. 53661
daytime. (1726}

NEW BOXED VALVES: 212E/£150. 304H/£40,
12A/€3, 2GA/E3, 3STGIES, 46/£2, SRAGY/EL,
6ALS/S0p, 808/€4, 8012/£3, 101DJE3, 1616/£2,
C6A/ES, CVITIELS, DETI0/S, DET25£10,
EF50/£1, E91H/ET, E92CC/50p, ELS1/E],
GTIE/£5, LS7B/£3, LS8/£3, PT1S/£2,
PENZS(/)%}) . vzgg‘/)ssk:;n VE1. SAE caaogue or
one ) el Electronics, i
Address i = TP PN - o cc oo o ME S s . - gu’eel,Torquay. & 82*]03“;

TJB ELECTROTECHNICAL Please send me a TJB Appointments Registration form:

PERSONNEL SERVICES,
12 Mount Ephraim,
Tunbridge Wells,

Kent. TN4 8AS.

Name . ... ...... ... . I~

ROTRON EQUIPMENT cooling fan 120mm x

. e o .. AT BRSNS .. . IR NN . . g . . . SR 120mm, new, boxed, 115 vac, 7 watts, 55 ofm.
Tel: 0892 39388 £7.50 inc. VAT, postage. ETRI cquipment

cooling fan, 160mm, new condition, 200 cfm, 250
vac, £18.50, inc. VAT, postage. Sealed lead acid
batteries, 6v, 1.1 AH, new, boxed, £3.95, inc.
VAT, postage. Field Electric Ltd., 3 Shenley
Road, Borehamwood, Herts., 01-953 6009. (1714)

STYLI ALL TYPES supplied, send SAE for
- price list. Watts Radio, 8 The Apple Market,

ARTICLES FOR SALE

BRIDGES, waveform/transistor analysers. Cali- | VHF AM/FM/V. ig. Gen. 4-300 . | CLEARANCE. 40-metre reels of 38-way f r
brators, Standards, Millivol s. Dy . | ROHDE and sc]-lil\:)’vl::gogzsngAGr?' £200. A_p’_“g:, screened cable, £39 each. Computer spec. capaci- Kingston, Surrey. (1709
ters. KW meters. Oscilloscopes. Recorders. Sig- | Gen. XTAL controlled PLL £60. Both in excel- | tors, 20,000 MSD at 55 volts, £2.50. Phone WORKBENCHES, sccondhand. Ex-ITT TV
nal generators — sweep, low distortion, true | lent condition. Tel. Swindon (0793) 826416. at Mirage Lighting on Hitchin (0462) 73388 be- | factory. Open- or cubicle-style, need space. De-
RMS, audin, FM, deviation, Tel. 040 374521«.(1627l (1706) | tween 10 a.m.and 7 p.m. (1662) | tails: 042 486 3464. 9a.m. to 9p. m. (Sussex).
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Classified

SITUATIONS VACANT ARTICLES FOR SALE

110

.

Maintenance Engineer
c.£17,500 p.a. tax-free SaudiArabia

In Jeddah, on Saudi Arabia's west
coast, a 500-bed hospital is being
commissioned. It has been built and
equipped to the highest intemational
standards, incorporating some of the
most advanced medical facilities and
high technology support systems
available.

[HG Intemational Hospitals
Group, the British-based health care
organisation managing the project,
has given the task of finding all the
specialists to IAL.

We now have an opportunity for
an Engineer to maintain and repair &
wide range of automated laboratory
equipment made by Technicon, Beck-
man, Coulter, LKB, Corning and
Dupont together with the full range
of standard laboratory equipment.

Applicants should have an HNC
or equivalent in Electrical or
Electronic Engineering and five years

experience specialising in automated
equipment in a pathology laboratory
or with an appropriate manufacturer’s
service organisation.

Preference will be given to suitably
qualified Saudi Arabian nationals and
Arabic speaking personnel.

The tax-free salary will be paid in
Saudi Riyals™. Benefits include free
accommodation, 49 days annual
holiday, free return flights to the UK
and free medical care. Facilities
include shops, gymnasium, theatre,
swimming pool, tennis courts and
restaurants.

*Salary SR108,000 p.a. — the
conversion to sterling has been
effected at the rate SR6.05=£1.

For further details please send your
cv to John Innes, [AL, Aeradio
House, Hayes Road, Southall,
Middlesex, UB2 5NJ]. Tel. 01-574
4960. Please quote Ref. M357.

(1703)

MEDICAL SERVICES s
COMMUNICATIONS SYSTEMS
COMPUTER SYSTEMS AND SERVICES ol

AVIATION .SYSTEMS AND SERVICES-WORLDWIDE

/Pathology Laboratory\

‘Channel Four

which wili be transmitting nationaily from November 1982, requlires a

ound

Supervisor

Applicants should have had previous
broadcast operational experience.

Please write enclosing a c.v. to Ellis Griftiths,

Channel Four Television Company Ltd.,

60 Charlotte StreetLondon W1P 2AX

Channel Fouris an equal
opportunity employer:
applications are welcome from
candidates regardless of marital

or telephone 01-631 4444 for an application form./'
I .
[ ] ] |

status, race, nationality, ethnic
or nationat origins and trom

\ reglstered disabled persons.

CHANNEL FOUR TELEVISION

(1719)

INVERTERS
High quality DC-AG: Aiso *“no
break” (2ms) stati: switch,

19" rack. Auto Charger.

COMPUTER POWER SYSTEMS
Interport Mains-Store Ltd.
POB 51, London W11 3BZ
Tel: 01-727 7042 or 0225 310916
(9101

WORLD'S BIGGEST
INFORMATION SERVICE

By retumn post — service/workshop manuals. Over 2,000
Sony — over 300 ditterent CTV plus huge stocks VCR/TV/
Audio/foreign and UK.
Any single service sheet £1 + sae. Repair data named
TV £6.50 (with circ. £8.50). SAE bnngs free—50p mag:
i ice hsts/bargain offer ~ uniqué 'RI
publications.
WW, 76 Church Steet Lurkhall (0658 &833M),
Lanerkshire ML9 THE. (1637}

TEKTRONIX 585A Oscilloscope with 82 dual
trace umit. Recently calibrated. £270 o.n.o. 01-
863 2880. (1707)

TOWER for sale, 80ft. lattice, winchable. SAE
PO Box 34, Wheathampstead, St Albans AL4
8HG. (1730)

. NOTICE

| | THE TRADE MARK No. 1065411
CONSISTING OF the word UNI-
MAT and registered in respect of
“Telephone Apparatus and Instru-
ments Sold Complete” was assigned
on the 10 February, 1982, by Standard
Telephones and Cables Limited, of
190 Strand, London, WC2, to Interna-
tional Telephone and Telegraph Cor-
poration, of 320 Park Avenue, New
York, 10022, State of New York,
United States of America, WITH-
OUT THE GOODWILL OF THE
BUSINESS IN WHICH IT WAS
THEN IN USE. a7y

WANTED

Test equipment, receivers,
valves, transmitters, compo-
nents, cable and electronic
scrap, and quantity. Prompt
service and cash. Member of
A.R.R.A.

M & B RADIO

86 Bishopsgate Street
Leeds LS14BB
0532 35649

WANTED

Scrap and re-usable mainframe
computer and industrial electronic
equipment.

E.M.A. Telecommunications Engi-
neers, Orford, Woodbridge, Suf-
folk. Tel. 039-45 328.

(1720}

WANTED: Redundant test equipment re-
ceiving and transmitting equipment — valves —
lugs and sockets — syncros, etc. Phone: John's
dio, 0274 684007, 8¢ Whitehall Road East,
Birkenshaw, Bradford BD11 2ER. (1723)

WANTED FOR CASH: 7F7, 7N7, 53, 6L6
metal, 304TL, 4CXI1000A, all transmilting,
I special purpose vaives of Eimac/Varian. DC(%,

INC, 10 Schuyler Avenue, North Arlington, New
Jersey 07032, USA. (1625
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CAPACITY AVAILABLE '

TW ELECTRONICS LTD.
THE PCB ASSEMBLERS ||

More and more companies are investi-
gating the advantages of using a profes-
sional subcontractor. Such an undertak-
ing requires certain assurances.

TW are able to satisfy all of them
quality, competitive pricing, firm de-
livery, and close co-operation with the
customer.

Assembled boards are 100% inspected
before flow soidering and reinspected
after automatic cropping and cleaning.
Every batch of completed boards is
issued with a signed certificate of
conformity and quality — our final
assurance.

For further details, contact us at our new
works:

Blenheim Industrial Park
Bury St. Edmunds
Suffolk IP33 3UT

Tel: 0284 3931 {1466}

'BATCH PRODUCTION wiring and assembly
'to sample or drawings. McDeane Electricals Ltd,
19b Station Parade, Ealing Common, London
;st. Tel: 01992 8976. (169

ELECTRONIC DESIGN SERVICE. Immedi-
ate capacity available for circuit design and de-
velopment work, PC artwork, etc. Small batch
and prototype production welcome. — E.P.D.S.
Ltd., 1A Eva Road, Gillingham, Kent. Tel: Med-
way (0634) 577854, (9667

SERVICES

Classified

FOR THE BEST PCB SERVICE

AVAILABLE

% Circuit Design & Development
Digital and Analogue

Y Artwork Layout
Work of the

v Board Manufacture

¢ Wiring & Assembly
qualified staff.

s Test
Full test facllities available.

One or all services avail-
able, no order too small.
Please telephone Chelms-

ford (0245) 357935, or write
to H.C.R., 1 Bankside, off’
New Strest, Chelmsford,
Essex.

ighest standard by experienced
draughtsmen. No minimum charge.

Prototype to semi-production, excellent rates,
24-hour prototype sarvice from filmwork.

PCB assembly, wiring and cable forming by,

TV Monos £2, Transistor”

order.

Tuners £2, Tape Recorders,
Players and Stereograms £2. Stamped
addressed envelopes with all quota-
tions. Also colours available, Car Radios
£3 + stamped addressed envelope. All
valve radios £2. Stamped addressed en-
velope please. Quote advert. no. with

C. CARANNA

71 Beaufort Park, London NW11 6BX

01.458 4882 (Mall Order)_ (1325
BOARDRAVEN LTD.

30,000 SERVICE SHEETS IN STOCK

COLOUR MANUALS ALSO AVAILABLE

Radios £2,
Record

e

MICT

Micro Processor Design
\ Our team dexpcrhoﬂuth.eplmm&m
Design to Manufacture
@ Artwork @ Prototype Development @ Testing

@ Board Manufacture @ Assembly @ Packaging

control Syst‘ems For more information contact Micro Control, 1 Cherrywood Drive, Aspley.
Notts. NG8 3NN. Telephone 0602 208281 (24 hour servics).

{1597}

Prototypes, Final Assembly.

CIRCOLEC
THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A. Consultancy,

Quality workmanship by professionals at economic prices.
Ptease telephone 01-767 1233 for advice or further details.

1 FRANCISCAN ROAD
TOOTING, LONDON SW17

{1391)

DESIGN AND DEVELOPMENT. ANAL-
OGUE, DIGITAL, RF AND MICROWAVE
CIRCUIT AND SYSTEM DESIGN. Also PCB
design, mechanical design and prototype/small
batch production. — Adenmore Limited, Unit
103 Liscombe, Bracknell, Berks, Tel: Bracknell
52023. (656

SMALL BATCH PCBs produced from your art-
work. Also DIALS, PANELS, LABELS. Cam-
era work undertaken. FAST TURNAROUND.
Details: Winston Promotions, 9 Hatton Place,

Design Engineers

DIGI-TEL
ELECTRONICS

@ Video character & image

London ECIN S8RU. Tel. 01-405 4123/0960.
{9794)

'SHEET METAL WORK, fine or general front |
panels chassis, covers, boxes, prototypes, 1 off or
batch work, fast turnround. — 01-449 2695. M.
Gear Ltd., 179A Victoria Road, New Barnet,
Herts. (812

DESIGN AND DEVELOPMENT Digital/Ana-
logue/Microprocessor. We can offer a high qual-
ity, professional service, covering all aspects from
original design to small batch production. Proto-
types especially welcome. For competitive pricing
and quick delivery phone 049162 775. Richard
Flower, 3 Reading Road, Lower Basildon, B(ifll;sn

PCB/equipment assembly/wiring from proto-
type/drawings. Fast turnround. Tel. 01-390 0‘1124. \_

BATCH PRODUCTION, printed circuit or yvir-
ing assembiy, to sample or drawing. Quotations
free. Contact B. Rose, Remploy Ltd., P. & A.,
Mile Cross Lane, Norwich, Norfolk NR6 65V.
0603 414949. (1665)

SITUATIONS WANTED

ELECTRONICS TECHNICIAN with ten
years” experience in television broadcast equip-
ment maintenance and another ten years’ exper-
ience in telecommunications testing and repair,
seeks position. Replies Box No. 1708. {1708)

generation systerns

@® Microprocessor-controlled
video systems

@ Prototype & small batch
production capacity

PRINTED CIRCUIT BOARDS

Manufactured to your specifications, Single/dou-
ble sided. Very s&eedv deliveries on prototypes
and quantlty. Master layouts if required.
Contact:
J. K. Harrison, Carnaby Industrial Estate, Brid-
fington, North Humberside YO15 3QY. Tel.
{0262) 78788.

{1168)

20 Trenches Road
Crowborough, Sussex.

Tel. (08926) 5069

DESIGN SERVICES. Electronic design de-.
velopment and production service available for
digital and anal instr RF Tr i
ters and receivers, telemetery and control
systems. 20 years’ experience. R.C.S. Electronics,
Wolsey Road, Ashford, Middlesex. Phone Mr
Falkner 53661. (8341

CLASSIFIED ADVERTISEMENTS—

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW
To “"Wireless World” Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

PROTOTYPE PLASTIC CASINGS, vacuum
formed to your requirements. Four-D Luta., 25
Burmett Park, Harlow, Essex. Phone 0279 29246.
(1725)

1

@ Rate £2.50 PER LINE. Average six words per /[ 2 Rt U UDUNDURURTRRPPp. | - S mm—— 3
line. Minimum £12.50 (prepayable).
@ Name and address to be included in charge if ADDRESS ..ot . S

used in advertisement.
® Box No. Allow two words plus £1.

@® Cheques, etc., payable to "IPC Business
Press Ltd.” and cross “& Co.”

_{ ] T = NI l
4_ N Byl
|
R — — — l— __+_ —]
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|
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+ T T
= (1 | il
il e REMITTANCE VALUE ENCLOSED
PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS. .. ...
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COMPUTER APPRECIATION

86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel: Godstone (0883) 843221

APPLE I, Europlus microcomputer with 48K memory, integer card, twin disc drlves and 12'' monitor.
software includes VISI CALC, APPLE PILOT and DOS 3.3. Purchased earlier this year and as new.

APPLE i, Europlus microcomputer with 48K memory, colour card and modulator and disc controller card,
With DOS 3.3. As new
NCR Model 81-30 commercial microcomputer system. With 64K memory, twin fioppy disc drlves, VOU and
180 cps matrix printer. System is under 2 years old and cost over £15,000. Full support avaitable from NCR

500
RAYTHEON Model PTS 1200. Ci iter system prising 64K byte MOS memory, 3 VDU terminals,
DIABLO Series 30 2.5 megabyte disc drives, cassette drive and numerous mutltiplexor and option cards.
Processor test set with mteyral cassette drive is included. The whole system is contained in 2 rack cabinets
and was v £1,900
RAYTHEON Modei 704 16 bit processor. With front panel and 12 KW memory ... .£150
DTC MICROFILE MlCROCOMKITER Compact 8080 based system with 56K bytes, ‘dual serial interfaces and
programmable front panel display. Machines are available with one PERSC! dual drive (Currantly $1,700
eacg) software includes operating system, powerful BASIC, assembier and letter writer... ESOO
MEMOREX Model 2775 vOu. Thase VDUs are equipped with a network interface operatlng via a singl
coaxial . Microp whh?lrmware in 2708 EPROM. Details available shortly ...
UCON VDU Xeyboards. ngh qual attractive cased keyboards with cursor control and programmable
functions keypads (total 29 extra keys). Manufactured 1979/80 and either new ornearly new................. £18.50
IBM Mode! 1053 Golfball Printer. Compact 15 cps_high-reliability mechanical printer in fuily refurbished
conditlon. Exactly equivalent to 735 less keyboard. Can be dnven rom P|A {or similar} with addition of PSU
and solenoid driver ICs (details available). Accepts d E%

DIABLO Series 30 removable DISC DRIVE. 2.5 megabyte with Industry standard interface. These drives are
hardware, software and media compatible with RKOS, and PDP 11 interfaces are nvmllbla from XYLOCICS

at low cost. = £375
POWER SUPPLY. For above £50
DOCUMATION Model M60OL cornpact card reader. CR11

£350
SYSTIME RKO5 compatibie controller for PDP Il UNIBUS. §old complete with twin RKOS — companble
DIABLO series 30 front loading disc drives and all cables and power supplies ... = .. £895
PERTEC. Minlature 9-track c.p.i. tape drive £190
LASER ASSOCIATES Nd GLASS LASER. 1.06 micron wavelength. 1-2 J per pulse. A single pulse from thls
laser burns a hole through a steel rule. Complete with cooling systermn and output monitor. FULLY OPERA-

EHI)

FACIT Model 4001. 1000 cps capacitatlve paper tape reader.
TREND Model HSR 500 optical tape resder £100
EMS SYNTHESIZER sY . A complete AKS keyboard and OX2 keyboard. Current {Jan. ‘81) new
price £1,921 75
GESTETNER Model FB 12 plain paper p! ber with some
NASHUA Model 1215 plain paper ph. ler.... s

l‘l50

Please note:

% VAT and carriage extra all items

% Visitors weicome but by appointment please

W We are kesn to bid competitively for all good used equipment

TEXAS INSTRUMENTS Model 810. High speed {180 cps} mu(rlx printer. With serial interface ..
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And including itin the
NEW Antex all-n-one pack!

’ . . .
The new ST4 stand with the big sponge onit's own

or in the SK5 and SKB kits with the new CS and XS
low-leakage soldering irons. These new models have
tougher, cooler handles, detachable hooks, the well
known Antex doubleshaft insulation, the big range of
push-on bits and fitted with or without moulded-on
safety plugs.

Model XS-BP — 25 Watts
Fitted with safety plug
240 volts .
Model XS — 25 Watts RR.P £555
Available for 240 and 115 volts *

R.R.P. £4.70
50, 24 and 12 volts
R.R.P. £4.80 -y

Model CS — 17 Watts d
Available for 240 and 115 volts,
R.RP. £460 =

50, 24 and 12 volts =g

R.R.P. £4.80

Model CCN — 15 Watts

Ceramic shaft only 240 volts

RRP. £5.00 s h‘
|

Model C — 15 Watts

Stainless stee! shaft only.

240 and 115 volts

RR.P. £4.60 . w

50 and 24 volts

R.R.P. £4.80

SKS Soldering Kit
Contains Model CS230 iron
and the ST4 stand. R.RP. £6.25

SKB6 Soldering Kit
Contains Model X5230
and the ST4 stand. R.R.P. £6.35

SK5-BP and SK6-BP
Soldering kits fitted with
safety plugs.

SKS-BP kit R.R.P. £7.10
SKB-BP kit R.RP. £7.20

TCSU1 Soldering.Station

for safe 24 volt temperature-controlied
miniature soldering iron, variable tip
temperature 65 - 430°C, antistatic
earth connection. -
with XSTC or CSTC iron.
R.ARP. £40.50

Excluding V.AT. ~ : |
{15%) and | Made in England 1

Postage & Packing

ANTEX (Electronics) Ltd.,
Mayflower House, Plymouth, Oevon.
Tel: 0752 667377 Telex: 45296
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|

|

|
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{ Please send literature and price list to:
| L3
|

|

I

|

|

|

Name Address

Model STQ Stand.

ARP. £1.60 Tel___

Our products are widely distributed by wholesalers
and retailers throughout the UK. Please try your

local dealer. wiwi8 }%_1
WW-—002 FOR FURTHER DETAILS
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at the touch of a button. It §

Now, at last, real portable
computer power. The new
Sharp PC 1500 pocket
‘computer. A pocket-sized
genius that will travel with
you to conferences,
seminars and business
breakfasts.

The PC1500 has the
capacity and BASIC
language usage that is very
nearly that of the desk-size
Personal Computer. When
fitted with the optional
4-colour graphic printer, it
is one of the most powerful
pocket computers on earth.

Chores can be handled
swiftly and accurately any
time of day, wherever you
happen to be. Estimates,
records and charts of sales,
billings and other important

data can be re-programmed,

calculated and summoned
CL

\

—

can even play blackjack,
analyse your biorhythms or
give you a beeped reminder
of a scheduled meeting.
Large memory
capacity, up to 11.bK
bytes. 4-colour print-out.
Six user-programmable
keys. The incredible new
PC1500. A revolution in
pocket computers.

From Sharp. Where great.

ideas come to life.

SPECIFICATIONS
PC1500 Pocket Computer

CPU C-MOS 8-bit CPU
Capacity ROM: 16K bytes
RAM: 35K bytes to 11.5K bytes

CE 150 Colour Graphic Printer/Cassette
Interface (Optional)

Standard 18 digits (36.18,12.9.7,
6.5.4 digits selectable)

X-Y axis plotter system
Red, blue, green, black
Right, left, up, down

Printing Digits

Printing System
Printing colours
Printing directions

Cassette Interface Up to two cassette tape recorders

can be connected.

I Please send details of the Sharp PC 1500

Type of application:

Name:

Address:_

SHARP

| where greatideas cometolife.

Sharp Electronics (UK) Ltd, Computer Division, Sharp House, Thorp Road,

[ R s oy

Newton Heath, Manchester M109BE. Telephone: 061-205 2333

Design and specifications subject to change withoyt notice.

WW-—003 FOR FURTHER DETAILS
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