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Spectrum analysis on the cheap

Ultrasonics for
robots

How to stop a travelling wave
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a small, lightweight
synthesized signal generator
for field or bench use

olour brochure available.

Send for yours now. 100kHz to 520MHz

Runs from clip-on NiCd battery pack, external 12vd.c.
(vehicle battery via cigar lighter socket) or,
from any standard a.c. mains supply

Reverse power protection to 50W (standard)
Excellent specification and features
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FARNELL INSTRUMENTS LIMITED - WETHERBY - WEST YORKSHIRE LS22 4DH - TELEPHONE (0937) 61961 - TELEX 55478 FARINT G

REGIONAL OFFICE (SOUTH) - DAVENPORT HOUSE - BOWERS WAY - HARPENDEN - HERTS. AL5 4HX-TEL. (05827) 69071 -TELEX 826307
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CHERRY PROTO-PADS

Membrane keyboards— cut out
- for custom-desig :

Now Cheny offers you a cost-effective
answer to prototype development, in
application areas hitherto not possible
with conventional keyboards.

The Protopad range of self-adhesive
membrane panels offers you a wide
choice, with keypad configurations of
4% 4,2x%x4and 1 x 4 in single or double
pad size, with or without LED windows.

Their modular design makes for
easier layout and unwanted pads can
be progressively cut away, without
disturbing circuit continuity.

For improved operator keying, all
pad areas are embossed and have a
special finish to accept custom legends
using dry transfers or water-based
ink pen.

But most important of all, Protopads
carry the Cherry name that assures you
of no short-cuts in reliability and
performance.

‘Protopad design evaluation modules
are available, ex-stock, from our
distributors.’

Semicomps, telephone: (0535) 67921
Tennco, telephone: (0793) 485255

CHEREY €9 MEMBRANES

CHERRY ELECTRICAL PRODUCTS LIMITED, Coldharbour Lane, Harpenden, Herts ALS 4UN
Telephone: 05827 63100 Telex: 826012 CHERRY G

WW — 037 FOR FURTHER DETAILS

m— - : l
-2s=-._ STATIC DRAIN AND

NN

 LIGHTNING PROTECTION
COMPONENTS

Line Transformer Type s Brief Soeckfic
DDL/14AN - p ations

To provide a DC path for Freg. Range
static drain between
coaxial centre contacts

and earth.

Highpass Filter Type
2DL0o1

30-1000
M

Impedance

Power Rating 50 or 100w
Terminations ~ BNC or'N’
to customers’ requirements

Brief specifications

- Pass band 20-1000
MHz
50 Chms

To protect VHF and UHF
equipment from static
discharges and lightning
induced EMF which
predominate below

Impedance
Power Rating 20 watts

Miscellaneous

Hardware for sale

Cabinets (6ft) £95
Delta Data VDUs £50
Centronics 101 Printers  £40 -
8K Micronova Memory  £45
D.G. Cassette Tape Drive £65
Series 30 Diablo Drives £245

Tally 2200 Printer £245
Teletype ASR 33 £15
Olivetti TE 300 £20
Nova 800 Memory P.0O.A.

Call ALASTAIR DODS 01-467 1985/8489

' Terminations BNC, N or

20MHz. f )
to customers’ requirements
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Gas Discharge
Lightning
Arrestor Type LA1
To provide both
protection from lightnin
strikes and prevention o
significant static build-up
on antennas and
transmission lines.
SMC also supply a wide range of RF Baluns Rx to 30KW 1.5-
30 MHz, ground or antenna mounted, with most
combinations of connector or open wire termination earth
rods, earthing wire, etc.

SOUTH MIDLANDS
GOMMUNICATIONS LTD.

RUMBRIDGE ST., TOTTON Telex: 477351 SMCOMM G
SOUTHAMPTON S04 4DP Tel: Totton (0703) 867333

Brief Specifications

Freg. Range 0.54 MHz

Impedance 50/75 Chms

, PowerRatings  1Kw
Terminations S0239 only -

Surge Capability: 10 or more

surges of 15,000 amperes in'5

microseconds

1.5 GHz UP-CONVERTER 260
works with any 240-350 MHz generator

generate a very clean signal in the 1440-1550 MHz band from signal
generator inputs 1200 MHz lower. It has zero insertion loss and
allows the input signal generator controls to be used directly to set
the output signal level and madulation conditions. Full accuracy and
stability is ensured by phase-locking the internal 1200 MHz local
oscillator to the signal generator frequency standard.

Leominster, Herefordshire HR6 9QA, England
Telephone: KINGSLAND (056881) 744. Telex: 837264

Designed for economic testing and
calibration of 1.5 GHz communica-
tions equipment, the Model 260 is a
linear heterodyne up-converter
employing advanced techniques to

Full details from:
Techtest Ltd, Street Court, Kingsland
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DISHES
FROM ON LY £85 rusvaar.

6ft. dia. dishes, feed horns and electronics for
use in 4GHz satellite reception. GaAs Fet tran-
sistors, SMA connectors, P.T.F.E., etc. available.

Please send s.a.e. for full details and data sheets.
Harrison Bros.

r Electronic Distributors

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX
Tel. Southend (0702) 332338

AKeew Tisne
londtacks CLEAW

BY USING A

DIACROM
SPATULA|

Manufactured in France
British Patents applied for

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

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

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

w

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

The chrome gives a very weak co-efficient of friction and the ngidity of the nylon handle is
calculated to permit proper utilisation and vet pliant enough to avoid undue pressures on
highly delicate relays.

Grain size 200, thickness 55/100 mm., both faces diamonded. For quick cleaning of industrial
relays and switching equipment. etc. i .
Grain size 300, thickness 55/100mm.. both faces diamonded. For smaller equipments, like

telephone relays. computer relays, etc. i !
Grain size 400, thickness 25/100 mm., one face diamonded. For sensitive retays and tiny
contacts. Two close contacts facing each other can be individually cleaned. because only one

face of the spatula is abrasive.
B Sole Distributors for the United Kingdom
SPECIAL PRODUCTS (DISTRIBUTORS) LTD
.81 Piccadilly, London W1V OHL. Phone: 01-629 9556

As supplied to the M.0.D.. U.K.A.EA, C.E.G.B. British Aail and other Public Authorities;

also major indus;ri;l and el users thr the United Kingd
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6FT. PARABOLIC |

THE SOURCE

OF ALL GOOD USED
TEST EQUIPIVIENT

ANALYSERS
Dranetz

606-3 Line Disturbance Monitor £2500.00
Hewlett Packard

5004A Signature Analyser .. .... £550.00
5420A Digir.al Signat Analyser £21,000.00
8407A/8412A Network Analyser
............................. £1800.00
Marconi

TFR303ModMeter ............ £460.00
TF2337 Automatic Distortion

(AERFIE s d0l < 0 o fibecaoodt Jgoe - £250.00
Tektronix

AA501 opt 01. Distortion 10Hz — 100KHz
tolessthen0.0025% . ....... £1450.00
DAS 9103 opt 01 O2. Logic Analyser
........................... £11,000.00
DF1 Display Formatter For 7001 .éBS0.00
308 Portable B Channel 20MHz Data
Analyser ... £2100.00
491 Spectrum Analyser 10MHz-40GHz

............................. £7500.00
492 [opt 01, 08) Spectrum Analyser
50KHz-220GHz. ............ £13000.00
492P (opt 01, 2, 3) Programmable Version
Of 4O 2SS~ W £20000.00
1401A Spectrum Analyser 1-500MHz

£950.00

7L5 Spectrum Analyser with opt 25
El'racking Gen) and L3 (502 input) 20Hz —
MHz . C. 7300.00
7112 Spectrum Analyser 100KHz H S
.0l

-1.86G
............................. £6000

1
TR503 Tracking Generator [for 492/496
SEMES). . ..o £3250.00
514N Spectrum Analyser 20Hz-100KHz
£2350.00

OSCILLOSCOPES

Hewlett Packard

1332A High Quality CRT Display

(2123635 1 S2LEM) oot o o 06 £1250.00
1809A 100MHz 4 Channel Plugin -
............................. £2000.00
1821A Timebase Plugin .. .. .. .£1000.00
Philips

PM3232 Dual Besam 10MHz . . . .£495.00
Tektronix.

gE/IE Partable battery scope/DMM, D T

FEX . . e 8. o0 586 0o o £975.00
335 Duat Trace 35MHz Smal portable with
delayT'Base.................. £1300.00
465 100MHz Portable .. ... .. £1,550.00

468 Dual Trace 100MHz with Digital
Smr%gg 61 0OMHz) Delay T'Base . £4950.00
485 MHz Portable ... ... £4,950.00
T922-01 15MHz DT Scope Diff. input
............................. 515.00
200C Trolley for 400 Series . . . . . £120.00
7313 100MHz Storage Mainframe
............................ £2225.00
7603 100MHz Mainframe. . . . . £1850.00
5440 50MHz Mainframe .. .. .. £1000.00
5441 50MHz Veriable Persistance Storage
Mainframe .. ................. £1600.00
7704A Scope DC-200MHz Mainframe
............................. £2500.00

£2600.00
7633 Multimode Storage Scope Mainframe
DC—100MHz............... £4500.00
7834 Storage Scope Mainframe
DC400MHz . ................ £7200.00
7844 Duai Beam 400MHz Mainframe
.......................... £7750.00
7854 Waveform Processing Scope
DC400MHz ................. 9000.00
7904 opt 02, 03 500MHz. .. .. £5350.00

TEKTRONIX TM500
SERIES

AF501 Bandpass Filter/Amplifier .£400.00
AM501 Dp Amp Gain 10,000 .. . £300.00
AMB02 Diff. Amp Gain 1 — 100K£500.00
DM502A True RM S 3% digit DMM
.............................. £325.00
DC503A 125MHz Counter. . ... .. £475.00
DCS505A 225MHz Countter. . . . ... £600.00
DC509 Counter/Timer 135MHz . £950.00
FG501 Function Generator 0.001Hz-

{VIEF268 c o 8 aa, o - o da- - . B Ok o £375.00
FG501 A Function Generator 0.002Hz-
(MIRP25 amec a0 s aocar oo oo £450.00

2
FG502 Function Generator 0.1Hz-11MH.
.............................. £425.00
FG503 Function Generatar 1Hz-3MHz
.............................. £275.00

PG505 Pulse Generator 1Hz-100KHz
.............................. £450.00
PG507 Pulse Gen 50MHz . .. . . .. £900.00
PG508 50MHz Pulse Gen. . . .. £1,250.00
SC502 15MHz Dual Trace Scope
............................. £1000.00
SC504 80MHz Dual Trace Scope
............................. £1250.00
SG503 Sinewave Generator 250KHz-
SG504 Sig Gen 1050MHz . . . .£1,950.00
TM515 Mainframe (5 wide] . . ... £350.00

TEKTRONIX PLUG INS
We stock a compiete ranga of Plug Ins
;::il:‘sf:::'il:l;:lo 0 and S000 series

MISCELLANEOUS
Brue! & Kjaer

2209 Sound LevelMeter . ... ...
Datalabs
DL901 Transient Recorder. . .. ..
DLO0S Transient Recorder . . .. .
Ferro?raph
RTS1 TestSet............. ...
Fluke .

515A Partable Calibrator DC/AC and
Resistance with DC Resolution 0.24V

............................. £1750.00
760A Meter Calibrator . .... ... £2950.00
883 AC/DC Differential ......... £615.00
845 AB Null Detector
9318 Diff V'Meter . .

2020A-4-6 Printer . . . o

2020A-3-6Printer . ...........

3010A Lagictester. Self Contained.

Portable. Full Spec. on Request . £8500.00

Hewlett Packard. .

3552A Trans Test Set.. ... ... £1,500.00

5300B/5306A DMM/Counter. £1,200,00

5340A Counter 10Hz-18GHz 8 Digit
£3750.00

‘801 3B Pulse Generator. . ..... .. £750.00

8350A/83525A Sweeper System
............................ £9,500.00
8403A Modulator Fitted With 87328 PIN
MDDULATDR ... ... £1500.00
8745A S Parameter Test Set. Fitted with
11604A Universal Arms 0.1-2GHz

............................. £2750.00°
59308A HP-IB Timing Generator £300.00
Marconi

TF1313ALCRBridge ... ........ £775.00
TF2603 RF Milivoltmeter . . .. .. .£750.00
Racsal

9301 A RF Milivaltmeter ... ... .. £495.00
Tektronix

106 Square Wave Generator 1nS risetime
10Hz-1MHz without accessaries .£175.00
577/D1 Curve Tracer ......... £3000.00
651HR PAL Manitor £

832 Data Comms. Tester . i r
833 Data Comms. Tester ..... £1350.00
2701 Step Attenuator 502 0.79dB in 1d
steps. DCto2GHz . ............ £295.00
2901 Time-Mark Generator. . . .. £195.00

Please note: Prices shown do not include VAT or carriage.

Electronic Brokers Ltd., 61/65 Kings Cross Road,
London WG1X 9LN. Tel:01-278 3461. Telex 298%]:l
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JEC SALE

a selection from our NEW
huge stocks. All items P d Ll g
reconditioned unless ncﬂﬁ? o

otherwise stated. send for your -
free copy
SPECIAL PURCHASE .

EuroCUBE 6502/6809

One small Eurocard -more computer than ever

EuroCUBE is just-one, small 100X 160mm Eurocard but it
is an Industrial Computer of exceptional power and

versatility. el
The user has a choice of 6302 or 6809 microprocessors. : :: OF PDP11/34A 11/03N KD11Q CPU
v PROCESSORS KEV'I.'I EIS/FIS, BDV11AA
E Terminator/Bootstrap. BA11R

11/34A
MS/’I 14 JP%P4UKB MOS Memor 5%" Chassis with Backplane
¥| and Power Supply, MSV11DD

DL11W Console Interface 32KW MOS

'KY11LB Programmers Panel,
MS312 Bootstrap NEW £1495

BA11L 5 %" Chassis
ONLY £2,500 .| DEC DISK DRIVES
RKO7ED 28MB £2,500

'DEC PDP11/60 RKO7PD 28MB £2,500

SYSTEMS  special offer| RLOTASMB £995
11/60 Processor with 256KB | BMO2AD 67MB NEW

Programs can be developed on a full CUBE development
Eurorack or on any other microprocessor development
system in a highlevel language such as Industrial BASIC
or machine code.

EUROCUBE has four memory sockets whose function and
position in memory is fully user selectable. For example,
the first socket might contain a 4KB operating system
EPROM, the second a BBC BASIC interpreter in ROM, the = s
third the user's BASIC program in whatever size EPROM
is convenient, and the fourth might contain 8KB of battery

6502 or 6809

backed non-volatile CMOS RAM. £139
: . 2 x BRKOB6 Disk Drives + contral £6,250
ﬁ:uzl;yl?g;r: Iﬁi&g&fcﬁ:‘: 35 c?aﬁ?ﬁ?ﬁihd :gct::d Exc. VAT. No charge for Operating System Software 1 &Sggxgsole ‘Rack Cabinet RMO3AD 67MB NEW ]
and the date correct for the whole century. Control Universal's new 150 page catalogue and technical overview is now available £5250 GAIN PRICE £6,250
: : SPhE .00 Alli RMO5AD 256MB NEW
free of charge. Use the reply service for your copy, or ring one of our engineering ex DEC-maintai lé:er_ns £14,750
] Ined siteé] pvigo 124MB £9.500

PDP8A/RLO1 SYSTEMS | RP0BAB1/6MB  £7,500
special purchase — immaculate RX11BD Dual Floppy ~ £995

EUROCUBE communicates with the outside world " teamto disouss your application.
as new condition 8A400-BR | FX211BD Dual Floppy

through 20 digital /o channels, RS423/RS232 serial port

and the full CUBE/Acorn data bus through which the < - . Unit2 An
entire CUBE/Acorn range of video, disk, analog, solid Control Universal Ltd N&&mdgffciﬁdge CBI9EZ
state switches and other peripherals can be controlled. The Hardware House |  Telephone (0223) 358757 l Pr;(olgessor complete with £1,725
BACPU DEC PRINTERS
HILOMAST MMBA8 16KW Core AND TERMINALS
| | KCBAA Programmers Panel | | A34 DECwriter IV EIA
SYSTEMS | KA Quren maute 300 baud £425
i v : ption madule :
| I 2 x RLOTAK Disk Drive Leee BRI 20mi B
e pniraler | LA36 DECwriter Il RS232
' l £4750t008 inet | £325
NEW! ICOM ICH2 SYNTHESIZED Q 00 | LA180.8D DECEnnter
~ 495
FM HANDPORTABLE | Y ENEUM AT DECLSIPROCESSORS  \ciof Decurwart )
The ICHZ is the first of a new breed of TELESCOPIC KEV11 EISIHS, BV 1/ Jl e
synthesized hand-held radio transceivers. | 3 B i . 15 S ORe SRT RER S
Being synthesized, it requires no crystals MASTS er‘mlnatc:r‘/Bootst_rap: VTo0 DECscope RS232 £225
to be set on to frequency. All that is re- | BN SIBye! Ehacsis VL VT105 Graphics Terminal
= Backplane and Power Supply. £950
No memory included. VT131AB £995

NEW £1200 VT132 £875

TEKTRONIX

top of the set and cut the correct diodes to
program the set to one or two channels.

quired is to lift a recessed panel on the \

Duplex or simplex is obtained in the same

way. This really is a boon to the busy B N
dealer and convenient for the customer 3

who wants those extra few sets “yester- To BE CRYSTAL CLEAR DESKTDP COM pUTERS
The ICH2 i ile, comi . )

; S S orhargeable ni-cad pack Special Purchase of Ex-Demonstrator Stock

4051

High resolution Graphics and l
Alphanumerics. 32KB Memory. |
Integral Cartridge Tape Drive
£2,250 INCLUDING

oPION 22 32KB MEMORY.

4052

High performance stand-alone

processor with 64KB Memory. \

Iirg::‘e:gsrasl gartridge Tape Drivé
INCLUDING OPTION 24 64KB M

JOVSTICK 4952 FrL

(for 4050 series) sensitive cursor-control with

.1% accuracy and XY zero feature. £2795

Other Tektronix graphics equipment currently available includes

4006-1, 401 O-‘?. 4027, 40141, 4015- -

HILOMAST LIMITED B0B6/606A/6068 and 611 e

i THE STREET HEYBRIDGE — MALDON
! ESSEX CM9 7NB ENGLAND ADD 15% VAT TO ALL PRICES  Carriage and Packing extra

Tel. MALDON (0621) 56480 M Electronic Brokers Ltd., 61/65 Kings Cross Road,
TELEONC: 20058 M London WCIXSLN. Tel:01-278 3461 Telex 298634

plete with a rechargeable ni-cad pack,
small mains charger, rubber helical an- MODapproved CAA approved
tenna, earphone and strong spring belt - TR
clip. Optional extras include: A speaker/ WW — 032 FOR FURTHER DETAILS
microphone, cigarette lighter plug 12V
charging lead, 12V convertor to operate
direct from the car supply, leather and
leatherette cases, various different types [
of slide on/off battery packs both re:
chargeable and dry and & desk charger *
!

day”’. '
| Tel, 020-34-5353 Telex 87116 Aero G
|
|

ELECTRON GUNS |
TV TUBE COMPONENTS

If you are Rebuilding or ManufacturingVTV Tubes — We are the
leading suppliers of Electron Guns and Tube Components to the
lise in all aspects of Electron Mount

that fast charges some of the battery
packs in 1to 12 hours. The battery packs
slide on and off very easily, enabling a
spare to be carried in your pocket and an
exchange made in the field. Sizes are
6.5'""H % 2.6"'W x 1.4''D, weighing 1.1lb. i
Power output is 1-3 watts and covers a
frequency range of 164.975-174.975Mhz,
duplex or simplex.

Retail price is 269 pounds each plus VAT. ’

TV Tube Industry. We specia

Technology.

Our product range includes more than 250 gun types for Colour, In
Line, Mono and Display Tubes alon with-Mount Parts, Bases, Get-
ters, Sealoffs, and alrother associated items for TV Tube P_roductnon.
A Full Technical Back-up and Advisory Service Is available to all

customers Worldwide.
Please request our current catalogues and Data Information.

] GrirTRONIC A
! EmvissiON LTD B

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

We are also looking for dealers for gen-
eral distribution. More details from

i
Thanet Electronics [@3[ICOM] ]
l
|

143 Reculver Road, Herne Bay, Kent -
Tel: 02273 63859. Telex 965179

WW — 013 FOR FURTHER DETAILS WW - 033 FOR FURTHER DETAILS
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HIGH QUALITY REPLACEMENT.
CASSETTE HEADS
=1 & fgj L
y ‘N Do your tapes lack treble? A worn head could be the problem. 4
Fitting one of our replacement heads could restore performance
to better than new! Standard mountings make fitting easy and \
- our TC1 Test Cassette helps you set the azimuth spot-on. We are
LINSIEY HOOD the anft:)al importers wé\ich means you ge': the ber;pfit of (liowe: 8
- prices for prime parts. Com| ith other suppliers and sae
Ihe follou?gmgti’s ] Iisthuf oupr‘}:::sg'p:::ulnr h.:ads, gll are suitable MggmlcROCOMW';‘EGRSg :goll;ERFACE DEVICES a80.) 728 1.33
-for use on Dolby machine -stock. i i .80 - 1.60
300 SER|ES AMPUF'ERS 3 f, HC20 len.uu; St.rotln H::é;. Tar|ri:?: (i: :tandard head ﬁt!:‘d ;g Model B +Disc Int. 441.95 ;g} % g_ ;g ;:; ) 3_1:
1 original equipment on most decks ................. ; . .
N CNBGHih Bata Permaioy Read. A Rard-wearing, highor per. BBC MICRO DISC DRIVES } 75153 064 | 748 027
formance haad with metal bifi £86.20 BBC31 Single 100K 22900 | 75160 0.77
; RS, ey B e Y e et | Bt Hnlas 12 | necuiarons
onger life than ‘maltloy, high tput than Ferrite, astic al K X s
DOLBY ‘8" NOISE REDUCTION 1C LM1011 Lo il - o S Eo 20 ) Giocafwos include st Cablse, | Jo12 396 | 7atos - 030
& | HQ551 4-Track Head for auto-reverse or quadrophonic use. Full Manual & Utilities Disc. 75173 1E || die 0.30
Marvellous opportunity for home experi- syi'uacification tecord and playback head. ... ; .a'.‘w 75178 1 33'5;5 030
_ menters, build your own noise_reduction ';g:;g,%:,':;‘:,';;;‘:;,',;:f for technical data on these and other BB Azwamc UPGRADEKITS | 75175 144 | 7812 o
system. Supplied complete with circuit § BBCT oK e ATOB & 79 | 75183 Do a187815 0.40
30 Watt Complete Kit ess | showing typical application. Absolute : BBC2 Printer 750 § 75188 037 | 7912 R
35 Watt Complete Kit. MosFet O/ . knockout price only £3.50 for two. inc. VAT STUART TAPE CIRCUITS 8BC3 Disc 95,00 | 75189 037 | 7915 0.45
45 Watt Complete Kit. MosFet O/P . d {For reel-to-reel decks) BBC4 Analogue 6.70 | 25451 0.22 | LM30sk 120
Reprints of 30 Watt Article from ‘Hi and post. These circuits are just the thing for converting that old SBCS Serial & RGB 7.30 | 75452 022 | LM317K 2.40
Reprints of MosFet Postscript to above 30p valve tape deck into a useful transistarised recorder. Total H?'.CG Bus ] 6.45 ;55:53 022 | LM323K 450
- system is a full three head recorder with separate record ing service available. 54 0.22 | LM338K 6.25
- ¢ 0 wd r:apla;{t ssgiﬁnshfordsimTuuaneous oﬂ“tape moni\%riggi ;5‘91 8'3?

P.W. WINTON' TUNER AND AMPLIFIER COMPLETE STERED CASSETTE DECK e e ok e e ed matrucions hat we gve win =2 i e N 83 | DATA CONVERTORS
Brand new high quality top-loading Cas- TR UL e moulditen e ot {not assembled) ° | A¥aiar el Elee D132
sette Deck complete with Record/Play a5p. AR g BBC22 User Port Connecmrz - 23353238 4.40 | 7N426 o Sa
electronics. Supplied with connection data. . D BBC23 Cassette Lead 350.| DPa3oa e ZNazT D1 599
and circuit diagram. Automatic chrome/fer- s PooagbnDingiua 00 | MEiass o1 037 | 7Naze o
ric_switching. Only needs 8v DC supply. s BBC26 5 Pin Din Plug 060 | NC3242A 37 | 2ZNax2 D1 13.00

A = d 3 . 6. 7 .
Total price only £18.34 inc. VAT and post. HART Tg}rslssswgq.g?E TEST v MC3de o1 50 | 2N D1 255
- poes | \ ; . BBC MICRO ACCESSORI OIRST>

Snaz maing simine tor and smplfor T ot ol o A X 137 Standard Ranges in a variety of BBCAS Joysticks T os 730 | cRysTALS

Wi cabinets. Thes iast.: v b . A B < I

e e W SV, FM an TV sound| igiel oauency| COMPLETE STEREO TUNER MODULE S vt and 1apo. poed. Invaluablo when fiting rew sizes and stylings available for 10-14 87 Eprom Programmer S7.9% | Mc1ans o1 765 | 15wz b

readout with clock and timer features. FM has g section front; } heads. Only £3.80 plus VAT and 50p postage. days del ver Othe( Ra a0325113z|_ o1 945 | aMHz (1)23

;";‘gn:',‘fm prichie ok ha; To‘r;;:'r o sm'rm 'rfr’iag:' SIEE par) Three band LW/MW/FM Stereo Tuner fully . mk ial Y- nges and BBC MICRO SOFTWARE | RO32513U o1 835 | swhz 0.86

3 ri er. Mo: ' 5 aj iser. i i i i -

stages, 50 watts per channel and got a cracking review in g‘:af:’tq : as_semble_d on PCB. 165 x 85mm. $qu|'ed prg:ents build.-u:;‘:?m'!g.r | h::dy agnetioatio ope@:edn:igg specia scales can be made to order. Yfg\:vw\g?srf!pmcessor gg‘gg DIL SOCKETS

calWireless. . i " 4 with Ferrite rod aerial and banz switch fully § onplayback :. : 4 " | UMF MODULATORS Pins  Tin  Gold WW

Tuner. Kit. 2165, | wired. Facility provided to drive tunin " Full Infor : 1 UMIIM1- 6MHZ D1 280

plifier. 1 m . ACORNSOFT . 8 7 .16 25

:'r:"p,m"',m,im o 558 | meter and stereo LED. Only needs 12v Dg CASSETTE MOTORS ation from: Fult range available. Plaase PILEED WG O BT i e 2505

P ¢ supply. FM sensitivity 2.5uV. Price only H A R R I s E telephone for stack position. BUFF 18 w10 23—
E £7.99 inc. VAT and post_ Brend New Governed 12v DC Tape Drive Motor Type MMI- L E c T R o N Ic S Lo n d - e ERS 20 15 37
FEED YOUR MICRO BYTES WITH OUR q 3 T A 138 GRAY'S INN ROAD. W.C.1 on MEMORIES alrsss om | 2 17 B e
p sed in SF925 other decks. 401 ia x 35mm .C. n g 80 2 2
SOLENOID CONTROLLED CASSETTE : | Lo Shats. 10.6mem ey er Dia. 6 x 2.5mm Mounting 4 - Phone: 01-837 7937 ZAAL 2000 PR eoiieiess] ol 5 a0
DECK_ . Holes on 26mm PCO on shaft end face. Anti-clockwise rotation Telex: 892301 HARTRO G 716 450NS o L 080 | 4 30 76 99
m Tk e at rated speed of 2200 RPM. Free run current 25mA. £4.85 each. - g;:g gsRole Ot 498 | 8T28A gg
& o : WW — 021 FOR FURTHER DETAILS 5532 asoNs b2 a3 | oo 050 | ZIF SOCKETS
£ SUPEB sum FLUPPY DRWE Full details of the entire range of HART products is contained in 2732 450NS D1 3:42 33?;" g'g 24 Pin 5.75
our illustrated lists. 2732 350NS D1 545 2 28 Pin 8.20
Ask for your FREE copy NOW. 2764 300NS D1 7.95 40 Pin 9.75
Enquiries for lists are also welcome from overseas but please let 4116 150NS p1 085 | LINEARS
us havla three JRCs to cover the cost of surface post or 5 IRCs for A :g fggzg g{ o0 || b 0.65 »
irmail. .2 LF398N k
lanra f\‘urry? A telephone order with credit card number placed | 5516200NS D2 945 | LM301AN 8;2 Data shests are available on
g before 3 p.m. will be despatched THAT DAY! 6116 150NS D01 330 | LM308N 048 items marked D.

o . . = e " Please add part cost of post, packing and insurance as follows: 6116 Low Power LM311P 050 Prices are as follows

Front loading deck with full solenoid control of ali functions JSONS D2 495 ] LM319N 1.99 D1 075 D5 200

including optional read in fast wind modes. 12 volt operation. INLAND OVERSEAS y :164 200NS T D3 395 | LM324N 0.30 D2 1.00 D6 3.00

Fitted 3-digit memory counter and Hall IC Motion Sensor. Stan- Orders up to £10 — 50p Postage at cost plus £2 41%,20[)”5 NEC D3 395 | LM348N 0.60 03 125 D7 400

dard erase and stereo R/P Heads. Cheapest price ever for all Orders £10 to £49 — £1 dacinmentation and handling i ;&;6 ;OONS D2 225 | NESSS5P 0.16 Ds 200 D8  5.00

ghelsedf:;tures. Only £38.90 plus VAT. Full technical specification Orders over £50 — £1.60 N D2 295 ?Eg{’:c" 8.45

inclu . 3 i .39

. To61 029 | Afuli range of the followin
) d ; he fc 9
LINSLEY-HOQD 100 WATT POWER PLEASE ADD VAT I an Sorm r SR PAMLY 5y | T S e gt ve e
4 LI o catalogue.
| - mPLLFLEH__ e f Very latest low consumption 6%4in Disk Drives. Fit two in the TO ALL PRICES . 238% 32 §;§8 TL071 8;§§ « 74LS Series TTC

Qur comptota kit for this brilliant new dosign is the same size as  SPacs previously taken by one! Compatible with major stan- e With 40 . : " 6810 o1 115 | JLO72 0.47 | « 4000 Series CM

our Linsley-Hood Cassatts Recorder 2. Kit includes all parts for dards. Connects directly to BBC and other microcomputars years’ experience in the design and manufacture of several hundred 6821 D03 100 | TL074 100 { « T. Bi °'|'esM 93]

wo_powsr amplifiers wih largs heitsink aros, hugs power fitted with disk interfece. The 80 track drive can be made thousand transformers we can supply: 6840 ps 375 | TLo8! 028 | = 9300 Sories Micros

Eu:;:magd speaket gn?('ecxion ciscuit. Total cost of all parts is _swntch;.bue‘a mdreadtdyOtzr 80 track disks, very useful when upgrad- d 5 o o) ;Losz 0.46 e sta's"es icros

ut our speci. troduct o for al rts bought=— ing to higher ensity storage. 50 ; LOB4 i A -
e ESp il ISR A e el pegabope '40 Track Drive £154. 80 Track Drive £214 AUDIO FREQUENCY Saass 22 Bl Tlosy gy . cord Eage 8 Delvng
g 0. 68B00 D7 525 | TL092 0.58 | « DipJumpers
S\ TRANSFORMERS OF EVERY TYPE e 8 s [ Tl o
= - b *\‘ o QP‘ . ggg;? 01 226 | 1agg 0.62 Monitors (NEC & KAGA}
Please Note: New Phone Number: (0691) 652894 | At YOUNAMEIT! WE MAKEIT! 63840 B3 220 | Tuas Ty P S
= 68850 D2 2. TL496 060 4 ¢ C i
Personal callers are always very welcome but please OUR RANGE INCLUDES e B e LG ia;:ﬁ.,;b..es
4 ;o Sy 2 ! 4.95
note that we are closed all da Saturda Microphone transformers (ail types), Microphone Splitter/Combiner transfo ggo;:éww . Carriage Orders up to £199 a b
mers. Input and Output transformers; Direct Injection transformers for Guitars % BCPH 85 52;'99 and £200 4 by Securicor N S
Multi-Secondary output transformers, Bridging transformers, Line transformers 280 ACTC 0z 999 | 0€100 050 £100-£199 1.25 €2004 5.00 by Securi
: Line transformers to G:P.O. Isolating Test gpeciﬁcation Tapped impedance 280 BCTC D7 500 | Prices quoted ( + carriage charges) are exclusi Y oTVAT "
) matching transformers, Gramophone Pickup transformers, Audio Mixiﬁg Desk Z80A0AEY D1 550 | and are subject to chang% i Thtiice R
) transformers (all types), Miniature transformers, Microminiature transformers for eoame 52 35 | Quantity Discounts are available on many products,
g . = & 2 PCB mounting, Experimental transformers, Ultra low frequency aiarErS 530 BP10 ol casaing toncstals, i
Uttra linear and other transformers for Transistor and Valve Amplifiers up to 500 2808510 b4 siooRNomeialOrders/atewe comelfromEducationiEstabish;
= watts, Inductive Loop Transformers, Smoothing Chokes, Filter Iﬁduct UPAO i i ments, Government Bodies and Public Companies.
¢ fier to 100 voltline transformers (from a‘few \ upto f-)‘o watts 1‘(’)':900?1!%; gredn Ascoupts are avallale o Ot
f PE I / CB M IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING wanstormels felsbedkbreopaakerimatchind Ui L Ech e Seo BOBOFAMILY ey | Croi Gards arosccedtad (cocssandViea) 07 tioph
. peaker transformers up to 300 watts or more: ‘ - 8212 y ss and Visa) for telephone
, 1.10 | and postal order and NO SURCHARGE is made
T B WeEan design for.RECORDING QUALITY. . 8216 1.00 | Outof stock items will follow aut; ical b
) or PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI- PG AT O e e e ANDLE st ¥ Lance Saen £ | St el o it
" : p 1 VEN SINGLE TRANSFORMER . 8251A 05 250 - - =
Suitable for small screen TIES OF COMPONENTS BECOME REDUNDANT. WE ARE pes stk norml dpathimes st enabie L A os 12 = =
. R OF 1
PET with basic 4. \ ’ MIXING DESK MANUFACTURERS, RECORDING STUDIOS HIF ENTHUSIASTS - TEL PO YR RSO ATS - Gm TR L SENG £ O ek EAvaLoale
Plug in PCB, no track cutting CASH PURCHASERS OF SUCH MATERIALS AND WOULD . haveioverséas clionts n the COMMONWEALTHAE E ¢ USA. MIBOLE EAST,ate. g Y p——
g e Send for our : 5 v JeeC., : ST, etc. . 6502A 03 500 . . g}
3 = ! questionnaire which, when com| Piease complete this coupon far a copy of our
G lves a” the featu res Of an 8032 APPHEC‘ATE A TELEPHONE CALL OH A LIST IF AVA".ABLE *tions by return: completed, enables us to post quota- - gg;gA X " R L DO O O TS
o' 6522 NAME
J WE PAY TOP PRICES AND COLLECT ; 65224 |
- g 6532 I ADDRE
£149 + VIAITI’ CIWIOI i 1 l
" ® FLOPPY DISC .
. for further details contact: B ! ® ® CONTROLLERS (]
A Delph Electronics Ltd BROADFIELDS & MAYCO DISPOSALS | sl UL = oo WAV
e ; FD1791 22,
PN s p eC I’OnICS t N ) — |- E. “fn?f’mf%:k”'c‘ﬁﬁ}:';l!:'&.’ﬂ 19:1I) 3 R?g'.'!l\l;. Englend 303990 fo1133 i S o e = wm e o
4 25 v , L h oad, Ipswic I
4 Deeping Road, Tsegstg%%estesrgsorough. PE6 ONP. 21 Lodge Lane, N. Finchiey, London, N.12. 5 mins. from Tally Ho corner 0. Bax 36 lpswich. IP1 ZEL Bnanit o Yl MIDWICH COMPUTER COMPANY LIMITED
g : : 047352794 and 0473 219 1 x
Telephone 445 2713/0749 L one 390 WD2143-01 Y RICKINGHALL HOUSE. RICKINGHALL, SUFFOL
P 45 2713/07 Telox 987703G Sowter TELEPHONE (6379) DISS 898781 - ' "
WW — 040 FOR FURTHER DETAILS WW — 014 FOR FURTHER DETAILS
WW — 044 FOR FURTHER DETAILS : »
. WW - 023 FOR FURTHER DETAILS
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GET THE COMPLETE PICTURE
ATYOURNEWSAGENTDURING JULY — ORDIRECT

—_ORDER YOUR COPY NOW — A

\ : Instant j 5 rrc:p/ed into. o 3

eveln Odules m4

J ,‘g”?em and for Drg)/be Used
OMIS the (rage, gram Storage

LT TP,

The Esse
Choice foy dat
Sysrems

TEST EQUIPMENT CENTRES oretsxonsamween
RETAIL  MAIL ORDER ® EXPORT o INDUSTRIAL ® EOUCATIONAL
DIGITAL MULTIMETERS (uKc/P Free) & : %

LA COMPONENTSFOR |  FIRST WITH

ONLY -
CATALOGUE FOR ELECTRONICS, COMMUNICATIONS & COMPUTING gg AI;II:VUETER

THE COMPLETE | SHOPPING

RANGE OF — K
COMPONENTS, um I + FIRST FOR
BATTERIES, WORLD OF RADIO & ELECTRONICS INNOVATION

Mark gy G:eenw:c

e
HAND HELD eWith free carry cas2  Beckman T110 As T100 plus Cont. fest.
KD25Cw®13 range 0.2A 0C 2 meq ohm 24,95 ' BiC.

- KD305m16 range 10A OC. 2 meg ohm £29.95 Sifam 22008 21 range 2A AC/0C

KD30Ce26 range 1AAC/0C 20 meg ohm ~ £34.85 20 meg ohm £39.95
KD55C=28 range 10A AC/DC 20 meg ohm  £39.95 +0ptional carry case £2.95 °
6010+ 28 range 10A AC/DC 20 meg ohm £34.40 BENCH MODELS

but 0.1% hasic. 30 TM353«27 range LCO 2A AC/0C £86.25
CRYSTAL . INTERNATIONAL — CATALOGUE — , KDeT5atange 0N 2 g plus W storpgsian  TM3SG 20 range LEDIOAAC/DG _£83.28
e5sExX Ty BASIC * 189M 30 range 10A AC/0C. 20 meg plus Hie TM351¢ 28 range LCD 10A AC/0C £113.85

FILTERS, RF # FIRST FOR
POWER, : VALUE

SoMPUTES - testar £69.95 *0ptional carry case £6.84
3

HO30 16range 02A AC/0CZmegohm  £41,5 - 2007 28rango LED 1OAAC/OC plus Srange o
50

Cap. Mater with case .|

030/ 5 i ¥

MEa r‘.‘naﬁ“{g R'c“,‘u';‘:“g’m"a‘aﬂf;;l y ey TM451 4% digit LCD every facility (0.02%) £171.00
£50.85

1503a 4%, digit LCO every facility (0.05%) £171.00

MOSFET, TOKO o3t
. " ! ’ . 1503Ha 0.03% basic version of above £189.00
COILS, CHOKES, _ A4 J : % FIRST FOR mﬁﬂ'ﬁnﬁ' nr:lrtllu:u]tg ‘r‘aﬁgénc agpun £49.95 ;ir’a‘":réwsw g::;:;“.“mn 2A AC/OC cig;jg‘;'
ALPS PLO TTERS, . X : ' ¥ CHOICE Beckman T100 34 range 10A AC/0C Metrix (ITT) professional 3V; + 4% digit
SOLENOID . ' i k A of buff 20 mep ohm . £56.35 DMM's standard & true. AMS 4 mn?_lls_lsg:k_ngzm ~
« ) X ~onvenie A . =
CASSETTE - O e, U , : + FIRST FOR Rl Essex Tiny BARS Compuler  iners. (A FREQUENCY COUNTERS | SIGNAL GENERATORS 1/26: ki

24 inputs.

2

MECHS ETC. ' \ L' 4 SERVICE

{| FUNCTION : All sina/square/ AR CR-NE) |
5 triangle/TTL.etc Z‘I’Iilm YHZ-100KHZ  £90.00
TG1D20.2HZ - 2 MHZ . £166.
:m’ﬂ:’ﬁ‘u 'fHLZ rllJand halgnnckal 8digit LEO£77.60 | py s 16878
git LED bench 2 ranges 100MHZ £77.00 i iliti -
86108 8 tigit LED bench 2 ranges 600 MHZ £113.85 :':,'D':g o e
80GOB 9 digit LED 3 ranges 1 GHZ £178.00 8 e/Sguare

200 North Service Road, Brentwdod, EssexCM144SG

N f";'; % - & al
—y K
’ ~ Tel: (Consumer Sales/Enquiries) 0277-230909.
Tel: {Industrial Sales/Enquiries) 0277-231616.
Tix: 995194 AMBIT G. Data 24hrs {(RS$232/300 baud)0277-232628.

WW — 039 FOR FURTHER DETAILS

TF040 = 8 digit LCD 40 MAZ £126.50 | LA627 10 Kz to 1 MHz £90.85
TF200 » 8 digit LCD 200 MHZ £166.75 | AG202A 20 Hz to 200 KHz (List £94.50) £83.50
s(ptional carry case £6.84 . RF

Prescalers - Extended range of most counters $6402 100 KHz to 30 MHz [tist £79.50) £69.50
TP600 600 MHzZ £43.00 | LSE17 100 KHz to 150 MHz £79.35

el LU £740| ggCILLOSCOPES
ELECTRONIC INSULATION TESTER] _—— ==
YF 501 500 ¥/0-100m with carry case £63.00 1% h4

MULTIMETERS (ux c/ps5p) - == X
HM102Z 20K/ 10A IC 22 range Ea e
£1350 [N
HM102Z 20 K/V = erren : L .ep’ 0

22range & conthuzzer  £14.85 'c.;‘ Tﬁs’g”c‘n“oggcscu}”amg:n

ETC5000/5001 21 rangss. 50K/ V. SINGLE TRACE UK C/P £3.00 [
Range doubler. 10ADC. ~ £18.95 3030 15 MHZ 5mV. 95mm tube pius component

SEontnzzen futi specitication any model on request, Sst.
TMKXS500 23 ranges 30K/V. 124 DC plus — tester /P £3.00 £177.10

CX80 COLOUR | W

Y low price cont. buzzer. £24.75 | SC110A Miniaturs 10 MHZ battery portable
ol 1 k A » aitery
MATRIX PRI NTER £795 + VAT NNS6R 20K/V. 22 range pockel £10.95 | Postiree ‘ £171.00
y ; ETU 102 14 range 2K/V pocket £550 | e e in P ar.70
At |aSt da |OW'COSt COIOur MatrIX Prlnter for :m:’%(izug&?g”u”v' 10A AC/0C overload . laréui%r;afl:;;grg case £6.84 AC adaptor £6.69
ics, Hi ACE (UK C/P £4.00
Text, Graphics, Histograms, Colour VDU TR 0O gl Ei%%-l?:{fzsfira i m:mm £24150

AT1020 18 range 20K/ V. Deluxe plus Hfe - tester . .£303.60
estey £18.95 | £S1562A Dual 10 MHz (List £321,00)  £268.50
YN 360TR 19 range 20K/V plus He tester £15.95 | 3131 Dual 15 MHZ + component tedter  £276.00
Metrix Professional multimeters €S 15664 Dual 20 MHZ All facilities |List £401.35)

In stock 3 modeis from £74.75 £349.50

HM204 Oual 20 MHZ plus component tester
VARIABLE POWER

sweep delay. £418.75
MHz wi e
SUPPUES(UK ©/P £1.00) CS1820 Dual 20 MHz with extra facilities

PP2410/12/24V.0/1A.
£35,

(List £508.30) £485.00
0X710 Metrix dual 15 MHZ + component fester

PP243 3 amp version £59.95 :

PS 13078 8/15V 7 amp twin meter £24.95

OPTIONAL PROBE KITS b
DIGITAL THERMOMETER % :!23!!..!!3%‘15 METEH

Dumps, etc.

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

X1£7.85 X1- X10 £10.50 X10 £3.45 X100 £16.95

Compatible with most microprocessors, prints in 7 colours — sophisticated internal e e’ el 1001 20 0 7 i e oy ALY
programme makes the CX80 easy to use. -nle:- = LT T 19T BIIGTITAL CAPACITANCE 4
Dot Addressable + 15 user programmable characters, 96 ASCIl and 64 graphics Sr R VATY. g e e Bt ar o VA 071 Ko 3ringen w DWa1S  Ea2.15 tarmyons 235 8/
characters in rom. Centronics interface with RS232 and IEEE488 options. Apple |I substantia ascermaly langusge, . T o Srenty in LOoIo PROBES < | TRANSISTORTESTER | ]
interface gives dot for dot colour dump. New viewdata interface prints out two pages g e ™ % Text Editor s Assembler GT0hodiI m;% Dt ey PAP NP, :-’
side by side in full colour. See Prestel 200650. : - ’é‘uﬁ’;ﬁiis:;“f'i; * Debug Moritor €6s DLPSOsOMZwIn Gy (UK C/P B59) 3

ithin UK. € . -
WD 2 with comprehensive manual.

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

B
AUDIO ELECTRONICS e ST
301 EOGWARE ROAQO. LONDON W2 18BN, TEL: 01-724 3564 E
ALSO AT HENRYS RAOI0.

Essex Electronics Centre

pnC' ng ava”able' 404/4(?6 EDGWARE ROAD, LONDON, W2, TEL: 01-724 0323
: ‘ , ) gé‘é Wivenhoe Park, Colchester, Essex CO4 38Q HENRY'S COMPONENT SHOP. TEL: 01-723 1008
N1, : ' Portwood Industrial Estate,Church Gresley. Telephone: Colchester (0206) 865089
In G “ l I m I ' Burton-on-Trent, Staffs DE11 9PT
*  Burton-on-Trent (0283) 215432. Telex: 377106
: WW — 057 FOR FURTHER DETAILS e ipEOR EUREEERDEZAILS
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EPROM EMUILATOR
PROGRAMMER

EP8000

The new microprocessor controlled

EP8000 Emulator Programmer will
program and emulate all EPROMs up to 8k
x 8 sizes, and can be extended to program
other devices such as 16k x 8 EPROMs,
Bipolar PROMs, single chip microproces-
sors with external modules.
Personality cards and hardware changes
are not required as the machine configures
_itself for the different devices.
The EP4000 with 4k x 8 static RAM is still
available with EPROM programming and
 emulation capacity up to 4k x 8 sizes.

@ EP8000 8k x 8 Emulator Programmer —

£695 + £12 delivery @ BSC8 Buffered emu-
lation cable — £49 @ SA27128 Program-
ming adaptor — £69 @ SA25128 Program-
ming adaptor — £69 @ EP4000 4k x 8
Emulator Programmer — £545 + £12 de-

FEATURES

B Software personality programming/emulation of all
EPROMs up to 8k x 8 bytes including 2704, 2708,
2716(3), 2508, 2758A, 2758B, 2516, 2716, 2532, 2732,
2732A, 68732-0, 68732-1, 68766, 68764, 2564, 2764.
Programs 25128, 27128 with adaptors.

No personality cards/characterisers required.

Use as stand alone programmer, slave programmer,
or EPROM development system. -

Checks for misplaced and reversed insertion, and
shorts on data lines.

powerful editing facilities.

Built-in LED display for field use.

Powerfui editing facilities include: Block/Byte move,
insert, delete, match, highlight, etc.

Comprehensive input/output — RS232C serial port,
parallel port, cassette, printer O/P, DMA.

Extra 1k x 8 scratchpad RAM for block moving.

livery @ BSC4 Buffered emulation cable —

£39 @ BP4 (TEXAS) Bipolar PROM Module
— £190 @ Prinz video monitor — £99 @
UV141 EPROM Eraser with timer — £78 @
GP100A 80 column printer — £225 @ GR1
Centronics interface — £65

VAT should be added to ali prices'

" DISTRIBUTORS REGUIRED ¢
ele 3 % xR ol

Tel: Plymouth (0752) 332961
Telex: 42513

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

WW - 025 FOR FURTHER DETAILS

WIRELESS WORLD AUGUST 1983

Memory mapped video output allows full use of

-

IBUTORS REQUIRED @  EXPORT ENQUIRIES WELCOME
GP Industrial Electronics Ltd.

P8000 — THE PRODUCTION PROGRAMMER
THAT HANDLES ALL NMOS EPROMS

2704
2708
2716(3)
2508
2758A
2758B
2516
2716
48016
2532
2732
2732A
68732-0

Checks, Programs, Compares up to 8 devices simultaneously
Handles all NMOS EPROMS up to projected 128K designs
with no personality modules or characterisers — See list
Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test :
Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status
Comprehensive EPROM integrity checks — lllegal bit check,
data and address shorts, constant power line monitoring

Full safeguard protection on all sockets

Automatic machine self-test routine

RS232C interface supplied as standard

Powered down sockets

Cost effective price — £695 + VAT

@ Available from stock

68766
68764
2764

2564
MK2764
25128
27128

Write or phone for more details

DISTRIBUTORS REQUIRED @  EXPORT ENQUIRIES WELCOME
Tel: Plymouth (0752) 332961

GP Industrial Electronics Ltd. taicx2513

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

. WW - 025 FOR FURTHER DETAILS
WIRELESS WORLD AUGUST 1983
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LANGREX SUPPLIES LTD
Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
| T Tel: 01-677 2424 Telex: 946708 _ RST

*G 1d service available.
21 days manufacture for urgent
deliveries. ‘

The toroidal transformer is now accepted as the standard in *o?de.rs desPatched
industry, overtaking the obsolete laminated type. Industry has within 7 days of

i i 'SEMICONDUCTOR “nag ] TR a R e R R N g
been quick to recognise the advantages toroidals offer in size,  receipt for single or 1 i M o e o e L 250 7% R R ey
i i i : ASZ16 110 0.40 0.34 0.45 2.50 2.00 005 | 2N2148 375 IN3866  1.00
weight, lower radiated field apd, thanks tq l.L.P., PRICE. small quantity orders. g e 0.4 fB Zia 50 B AR ReeE Al B A5
Our large standard range is complemented by our SPECIAL 230 ol s 0 R Lo ool BER T O || B P
DESIGN section which can offer a prototype service within 7 DAYS g ibbl e o i o Y0 oy 00 | Mam od0 | Nws  om
together with a short lead time on quantity orders which can be year no quibble ors 120 0.20 130 200 1.20 0.09 435 | mwe 016
programmed to your requirements with no price penaity. guarantee. ot ] 55 035 130 o3 oz o35 | Wi o1
ol 0.54 0.30 0.38 o0, 045 ggz 025 2N4124 0,16
- . 0.91 .30 0.3 90" . I I IN4126  0.16
TvpE  SERIES SECONDARY RMS PRICE Typg  SERIES SECONDARY RMS PRICE Type  SERIES SECONDARY RMS e 0.05 2.00 0.30 0.35 1.50 0.36 0.13 0.32 2N4286 015
No Volts Current No Volts Current No Volts Current 0.06 1.50 0.30 A06 0,26 0.85 TIP33A 054 INS401 013 0.32 2N4288  0.18°
0.06 2.75 BFYS0 0.25 MPSAS6  0.28 0.65 TIP34A  0.67 S44 0.04 2N29%06 0.21 2N4289 0.18
\ \ \ 0.16 | BC308 o011 0.35 -| BFYSl 025 | MPSUOL 0.53 0.55 | TIPAIA 044 | 15920 008 | 2N2907 021 2N4400 0.1
et et et ~ me s |xm o TRE - AR R e | dhdh of ) bm o oom ) R Rem ol
; ] 109 0. 0.16 | BFY64 N MPSUS6 0.6 y i 2G301 .00 ; 2 0.
) D) N 91 29 VA x0L0NIOL S jog 300vA. 7x013  15+15  10.00 BCI3 015 | BC37 0.2 017 | BFY® 095 | NESSS  0.45 070 | TIPI05S 056 | 2630z 100 | ZN2926 015 | 2Ns4s7 032
0x40mm  4x011 9+9 6.66 110x50mm 7x014  18+18 833 BClI4 015 | BC338 012 017 | BSX19 027 T4l 3.5 065 | T1S43 043 | 2G306  1.00 | 2N3053 026 | 7Ns4ss 032
15va  oxot0 6+6 1.25 12Kg  4x012  12+12 5.00 2.6Kg  7x015  22+22 6.82 BCIIS 0.8 | BCY30 125 017 | BS 027 | NKT403 250 1.00 S140  0.25 | 2N404 130 | 2N3054 055 | NS4s9  0.32
62x34mm  0x011 9+9 0.83 Regulation 4x013  15+15 4.00 £7 42 Regulation 7x016  25+25 6.00 1 BCIl6 019 | BCY3l 150 024 | BSX2l 029 2.20 100 | ZS170  0.21 | 2N6%6 032 | 2N30S5 0.5 25017 10,00
0.35Kg  0x012  12+12 0.63 £5 12 11%  4x044  18+18 333 a 6% 7x017  30+30 5.00 £ 088 0.23 1.50 0.30 { BTI06  1.20 1.20 - 065 | 25178 054 | 2Ne97 032 N 0.70 | 2s019  12.00
Regulation 0x013  15+15 0.50 . i 4x015  22+22 272 +p&pf1.72 7x018  35+35 428 +p&pf£R.05 0.18 110 0.35 | BTY79/400R 0.60 120 | ZS271 023 | IN698 032 | 2N344l  0.85 | 25026  25.00
9% 1 45018 5495 VAT E1.37 0.18 1.00 0.35 2.00 0.55 090 { 25278 0357 | N705 | 125 2 125 25103 1.50
1 0x01 18+18 042 +p&pfo078 0 25+2 2.40 1 7x026  40+40 375  +VATE£1.94
; 0.18 3.40 0.35 130 0.12 100 | ZTX107 012 | 2N706 0.25 2N3614 220 25302 2.00
0x015 22+22 0.34 +VATE£0 89 4x017 30+30 200 TOTAL£10.51 7x025 45+45 3.33 TOTAL£14.87 015 2.80 028 150 0.25 0.50 ZTX108 012 IN708 025 IN3702 o1l 25303 150
0x016  25+25 030  TOTAL£6.79 4x018 35435 171 7x033  50+50 3.00 019 0.30 028 2.00 0.12. 275 | ZTX109 012 | 2N930 025 | 2N3703 0d1 | 2532 350
0x017 30+30 0.25 2)(853 o ]2 ; 8 (1) .gi 7x028 110 272 0.19 g-ig 0.30 0.40 0.17 2.00 013 | 2N1131 030 223704 g.}: 25324 350
. . x b 7x029 220 1.36 0.12 § 0.28 0.13 - 0.17 300 | ZTX301 0.4 | 2N1132 030 | 2N3705 0. 25701 2.00
(encased in ABS plastlc) 4x030 240 0.50 7x030 240 1.25 BCl148 012 0.17 0.28 0.14 0.08 4.00 | ZTX302 0.8 | 2NI302 120 | IN3706 0.1 [745A  0.95
. 0.13 018 030 | BZX61 017 0.08 425 | ZTX303 0.18 | 2NI1303 080 | 2N3707 0.1l | 25746A -0.95
. 0.13 0.17 0.14 e 0.08 125 | ZzTX304 020 | 2NI304 120 | 2N3708 0.10
30vA  1x010 6+6 2.50 16 500 1.00 g}; ‘l’z; 012 | BZYS8  0.10 0.15 };s, %gé} i gg zglggg }2: ggg;tl»g g };
70x30mm  1x011 9+9 1.66 OvA  sx011 9+9 8.89 VA 8x016  25+25  10.00 039 i i 0.13 ies 0.15 i i N1 d 2%
vaskg otz 12e12 125 RD.M9 | 10xsomm s012  12i12 6 140x60mm 8x017  30+30  8.33 2 o 15 o0 S B e 2 2 A N R L1 L T
Regulation 1x013 15+15 100 +p&pfl.10 1.8Kg 5x013 15+15 6.33 4Kg 8x018 35+35 7.14 £1 4 38 1.40 0.11 2.00 0.25 CRS3/60  0.90 1.50 3.00 ZTXS02 018 | 2N1305 120 IN3772 1.60
18%  1x014  18+18 0.83 +VAT£0.959 Regulation 5x014  18+18 4.44 £8 43 Reg:Lanon 8x026  40+40 6.25 - 0.50 11 0.44 0.28 | GEX66 _ 3.00 d 300 | 7TX503_ 019 | Nlel3 _0.32 | 2N3773  1.80
1015 22+22 0.68 TOTAL£7.58 8% 5x015  22+22 3.63 . % 8x025  45+45 556  +p&p£2.40 o T550 ] G0 30,00 3C35 8.0 5670 .50
1%016  25+25 0.60 5x016  25+25 320 +p&pgl72 8x033  50+50 500 +VATE£2.52 LVES 130 T8 17 U1 T 20.00° l;rgg 5:553 175 e 2%%“ 111:23 gg/ég 250 | 5670 i
1x017 30+30 0.50 5x017 30+30 1266 + VAT £1.52 . 8x042 55+55 454 TOTAL£1930 9.00 .90 2.50 30.00 PC95 175 3.50 73.00 6DK6 3.00 12BH7  ‘1.%0 5687 ' 6.00
5x018  35+35 228 TOTALE11.67 8x028 110 454 1350 .25 2.95 25.00 | PC97 1.75 175 | 4X150A 60.00 | ¢DQ6B 475 | 12BY7  3.00 | 569 4.50
50va  2x010 6+6 4.16 5x026  40+40 2.00 8x029 220 227 | 1730 F 50 6.37. 4450 | PCOO LTS 200 | 4X150D 56.00 | 6EAS 3.00 | 12E1 20,00 | 5718 7.50
80x35mm 2x011 9+9 277 5x028 110 1.45 8x030 240 2.08 16.00 & 1.50 20.00 | PCC84 1.50 225 | SB254M 3500 | GEBS 2.50 1ZENITT 170.00 | 5725 5.50.
0.9Ks 2x012 12+1 18.75 | E2 250 300 | PCCSS 150 225 | SBI55SM  35.00 | 6EW6 225 12E14  35.00 | 5726 11.37
9 2 2.08 5x029 220 0.72
Regulation 2x013  15+15 1.66 5x030 240 066 22.50 12.00 5.9 2.50 | PCCs8  2.00 15.00 | €22 160.00 | gFs 300 | 13E1 .00 | 5727 7.05
Y3t ox014 ; £6 13 22.50 2.00 475 | PCC8 175 XG1-2500 45.80 | SIIS0E 1650.00 | &F23 1.60 | 19H4  27.50 | 5749 2.50
g X 18+18 1.38 . . 62 45.00 2.00 3.00 | PCCI1®Y  2.50 SRAGY  3.50 | 6F28 160 | 19HS  47.50 | $751 4.00
2x015 22+22 1.13 +p&pL1.35 SVA  9x017 30+30 10.41 2.75 2.00 4.75 PCC805 1.60 141. SU4G 3.00 6F33 33.50 24B9 67.25 5763 4.50
2x016  25+25 1.00  +VAT£1.12 140x75mm 9x018  35+35 8.92 2:60 12.00 5.00 806  1.60 XG5.500 26,60 | SU4GB  2.50 | gHI 1400 |- 30C15 200 | S814A  4.00
2x017  30+30 0.83 TQTAL£8.60 225va  6x012  12+12 9.38 5Kg 9x026  40+40 7.81 £1 7 1 2 114.90 9.80 3.00 | PCES2Z  2.00 XG2-6400 SV4G 250 | 62N 275 | 30C17 200 | 5840 4.00
2x028 110 0.45 110x45mm 6x013  15+15 7.50 Regulation 9x025  45+45 6.94 s 155.35 1.75 1500 | PCF80  2.00 162.00 | SY3GT 250 | 6H3N 275 | 30C18  2.00 | 3842 12.00
2x029 220 0.22 2.2Kg  6x014  18+18 6.25 4% 9x033  50+50 625 +p&pE2S5S5 58.00 1.50 250 | PCF82 150 XR1-1600A 523 4.00 | 6H6 3.00 | 30FS 160 | S876A 3150
2x030 240 2 i 9x042  55+55 VAT£2.95 60.00 2.50 2.50 | PCF86 250 53.75 | S5ZAG 2.50 | g4 550 | 30FLl2 138 | 5879 5.00
X 0.20 Regulation 6x015 22+22 S5 £9 81 ona 41»0 5.68 TBTALEZQ 2 §0.00 4.00 2.50 PCFS7 2.00 .2 i XR1-3200 81.97 SZAGT 2.50 616 8.93 30FLIZ  1.80 5886 12.50
80V 7%  6x018 25425  4.50 o e [ oor - 58.95 3.00 1234 | 'PCF200 325 | RR3-1250 45.75 | XRI-3200A &30L2 175 | e 475 | WFL14 200 | 3963 2.5
AN JXO/OR 678 6.64 6x017  30+30 375 +p&p£20S 9x029 220 284 151.00 2.50 825 | PCF201 325 | SIIE12 65.00 | XRI1-6400 6AB4  L75 | 6KAN_ 2.50 | 30LI 150 | 5965 3.50
90x30mm  3x011 9+9 4.44 6x018  35+35 321  +VAT£1.78 9x030 240 2.60 44.05. 280 9.82 | PCFs01 250 | S130 6 102.00 | G6AB7 3.00 | 6K6GT  2.75 | 30LI1s  2.00 | 6005 225
1Kg  3x012  12+12 333 £6 66 6x026  40+40 281 TOTAL£13.64 349.15 A 2.50 9.69 | PCF802 2.50 | SI30P  6.00 | YD1I20 395.00 | 6AC7 3.00 | 6K7 3.00 | 30L17  2.00 | e02l 450
Regulation 3x013 15+16 266 n 6x025 45+45 2.50 BT69  354.80 K 5.25 8.58 F805 170 STV280-40 YDI240 351.00 6AF4A 4.25 6K$ 3.00 30P4 2.50 6057 10.23
12%  3x014  18+18 222 +p&pf1.72 6x033  50+50 226 BT9S 12900 | EBF83 175 | EL83 6.00 | MB(91 1043 | PCF806 1.70 14 Z759  25.00 | 6AG7 3.00 | eKDs  7.00 | 30Pl9 230 | 6058 1234
3x016  22+22 1.81  +VAT£1.26 6x028 110 2.04 CBL31  4.00 F§9  1.50 | ELS4 225 | M809%  6.80 | PCF808 1.70 | STV280-80 ‘ZM1000 8.00 | 6AH6 500 | 606G 300 | 30PLI  3.00 | 6059 6.00
3x016  25+25 160  TOTAL£9.64 6x029 220 102 ALSO AVAILABLE O R e L L 0o 15 | Meme oS | IS m | suam e | amico 300 ks  1h Seee 1% | Mbnt 1w 60c3 578
3x017  30+30 1.33 6x030 240 0.83 Sizes up to and including 5KVA are ‘é‘&‘ 23:% E'g? 800 | EL9I 9.69 8.00 L84 2.0 gu& 1000 %xw%? 9.00 | 6ALS 150 | 6L6GT 3.00 | 35W4 1.00 | 6064 8.58
3x028 110 0.72 manufactured to order C3A 22.00 | EC92 1.75 EL95 2.00 [ M8loo  9.52 S 250 | TD03-10_35.00 | ZM1022 9.00 |’6AM4 4.00 | 6L7 2.50 - | soCs 1.50 7 10.23
3x029 220 0.36 : C3JA 2200 | EC157 32540 | ELIS6  25.00 136 10.23 L8 - 2.50 | TDO3-10F 3500 | .ZMi023 9.00 | 6AMS  9.69 | gNzp 250 | 7581 605 | 6072 6.00
_ 3x030 240 0.33 . : DA4l 2500 | ECC33 450 | EL30 850 | M8I37 1023 | PCLS0S/85 2.50 | TTIS  35.00 | ZMIO40 19.36 | 6AMS  6.00 | 6N3p 2% | 751 450 | 6080 14.00
~ ' ors DM, M| EGE B | poeseom | e e | g | TH o Hm gue e | QN S0 B 08| BE 12| Sn W
i i A ; DAF91  L.75 CC40  4.50 1 . . 3 ZM1042 17.77 - X 85 . .
Thfa benelits of ILP toroidal transformers ) ‘ ) For mail order please make your crossed cheques or postal DAF% 175 %ccsl 175 | EL821 13.00 | Msl42 895 | PFL200 250 100 6000 | 1B3GT  3.00' | 6AQS 225 | eQ7 375 | 90AG  12.96 146A  8.25
ILP toroidal transformers are only half the weight and height of their lanunated orders payable to |LP Electronics Ltd. Barcl d/A DET22 3500 | ECC82 175 | EL822z 13.% 8144 7.5 | PL36 250 | TY2-125 60.00 24 | 25.00 | 6AS6 8.66 | 6r7 325 | %AV 129 | 6l146B 8.5
equivalents, and are available with 110V, 220V or 240 primaries coded as folows: ) SElP O s sl C Ay Carc, Access DETZ¢ 400 | ECCS3 175 | EM4 500 | M8l 630 | pLa 178 740 | BSA 400 | GASG 875 | 5oy 200 | %CI 680 | 613 1200
' : welcome, Trade orders standard terms. DF91 175 Cs4 175 | EMSO igg M8161 13'33 PLSIA  2.00 | TY4500 98.35 | (B63  64.00 22.{1?9 . ;‘z“sl 65C7 275 {gsg g;gslv 1{'33
IMPORTANT: Regulation — Al voltages quated are FULL LOAD. Please add regulation figure to secandary Post {o: ILP Elecironics Ltd. Graham Bell House. Roper Ciose. Drse LB | ECCE LS | EMEL  Tee | Mhi 83 | pa 1 | mEimnse | % L ot 2 S0 Ml ol wioa (I 8o a6tz 30100
voltage to obtain off lsad voltage, . Canterbury CT2 7EP. Kent. England. DK92 2,00 s 2.10 EMSS 2795 M8190 500 | PL84 2.00 | TY6-S000A 1T4 175 6AVSGA  4.50 6SJ7 325 92AV 12.96 | 6883B  17.54
" N S - Telephone {0227) 54778 Telex 965780 DK9% 175 ECC89 2.00 EM87 2.50 M8195  10.85 PLS04/S  2.50 375.4 2AS15 11.50 6AV6 1.50 6SK7 350 95A1 8.45 6973 4.00
For 110V primary insert 0" in place of “X"" in type number. DLz 200 | ECC91 893 | EN32 1746 | Msl% 750 | PLS08 250 | Tye-s000B 3C39A 6000 | 6AXSGT 3.00 | eSK7GT 3.00 | 15082 650 | 7025 300,
For 220V pri £ o o DL9%4 L75 | ECCls9 210 | ENOI 7.50 | Ms4 7.5 | PLS09  6.00 3 2643 70.00 | 6B7 325 | ¢SN7GT 3.00 | 150B3  8.35 | 7551 6.25
o primary (Europe) insert "1™ in place of “X" in type number. (a dvision of Dise  I7s | ECCHy 175 | ENm €3 | M&nz 1137 | PLSIO 600 | Tyesom¥ il 33 | 6B B | S a0 | 1wc2 338 | 7 1200
i i “g oy DLS10 14.00 | ECCs08 350 | EYSI I M8, ¥ PL801  1.50 325.00 | 2E26 825 .50 | 6SR7 400 | 150C4 I :
RS PGS S o X ST ol DI B3 | ERY i | mm o e | Mamt 0 mim cm | oo |20 mmo @ 38 oy n | 4L ne |68 %R
Al i i i i f DLS16 1250 | ECFs2 1.5 . . PY33 2.50 374.00 55 175 ! i v .
so available at Electrovalue,Maplin, Technomatic and Barrie Electronics, DLSIS 1230 | ECFs6 250 | EYs4 9.24 248 14.03 | Pys| 175 | TY7-6000W 2J70A 383.00 | 6BC4 400 | GURA 225 | 803 .00 | 7895 12.00
. DM70 2.00 ECH35 300 |.EYS6, L7 MD2901 60.00 PYS2 1.50 303.60 2]70B  336.00 6BES 1.50 6V6GT 2.25 805 45,00 8005 110.49
ww B, i EM I% B Wp| MM 28 mn 08 me CHE,| KD e s i & im ) m, 0B MR
= DMI60 475 | ECH 34 X . PYS8 200 | UIB20  3.50" | 3-400Z  85. 2 d : i
006 FOR FURTHER DETAILS DY87 150 | ECHs3 250 | EY802 175 | MXI23 72.00 | PYSeeA 3.00 | ulo 1375 | 3500Z 85.00 | 6BK4 4.50 | 787 250 | 812 18,33 | 8136 2.50
* DY802 150 ECH84 2.50 EZ35 1.75 MX145 56.70 PYS00 1.50 U2s 250, AS 3,00 6BL6 85.00 7Cs 4.00 813 125.86 8417 6.00
ESSL 2200 | ECL80 130 | EZ40 250 | MX1s1 17.25 | pyss1 150 | U2 2% | 3824 1100 | SBLIGT 4.50 | 16s 250 | 833A 19316 | 18042 1153
E80CC 8.81 ECLS81 1.75 EZ41 2.50 MX152 131.25 QQV02-6 16.50 U37 12.00 3828 5.35 | ‘6BM6  115.00 TH7 4.00 266A 20.03 18045 10.49
ESOCF 1027 | ECLS2 150 EZ80 1.50 /| MXI6l 152.25 Q%M-IO 14.00 | UABCS0 1.25 | 3B29 20.00 | 6BN6 2.00 | 7R7 4.25 872A 20.00
ESOF 1358 | ECLS3  3.00 EZ8L 150 | MX163 2025 | QQV03-20A UAF42 250 B240M 17.50 | 6BQ7A  3.50 | 757 350 | 922 6.00 Tested
L 1337 | ECL84 150 | EZ%0 200 | MXle4 25.52 43.38 | UB41 3.00 | 3B241M 17.50 | 6BR7 6.00 | 7Y4 2.5 | 931A 18.50 Ex-Equipment
ESICC  8.00 | ECL8S 150 FW4-500 3.50 | MXI166 147.00 | QQVO06-40A UBC4l 225 3 2500 | 6BRBA 350 | 774 2.00 1624 4.00 S0B 6.
- - - ESIL 1257 CL86 175 FW4800 350 | MXIe8 48.00 4838 | UBF89 150 .50 | 6BS7 6.00 | 11E3 55.00 1625 3.50
E82CC 810 EF37A  5.00 GL371K 35.00 | N78 1500 | QQV07-5066.9 | UCcsd 1.5 | 3CXI00AS 6BW6 6.00 | IDAHS  5.00 | 2050 7.00
I a c l I 3 E83CC 840 | EF¥ 275 | GSSIK 12.00 | OA2 3.25 | QQZ06-40A UCCSS  1.85 .00 BW7 150 | [2AT6 150 | 4212E 300.00
E86C 825 | EF40 5.00 G180.2M 17.50 | OA3 2.50 .20 | UCF80  2.00 | 3E29 45.00 | 6BX7GT 5.00 | 12AT7 175 | 4212H  300.00
. ES8C 825 EF41 3.50 G240.2D 12.00 | OA4 600 | Qu37 1250 | pCH42z 2.50 | 354 2.00 | 6BZ6 275 | 12AU6  2.50 | 5544 81.97
‘ge ESSCC 8.0 | EF42 450  G400.1K 17.50 | OB2 435 | QV03-12 680 | UCHSl 250 | '3V4 1.75 125 | 12AU7 175 | S545  102.00
H | = - I - E 861 | EFS0 250 | GN4 900 | OB3 250 | Qvoa7 350 | UCL82 175 | 465A  60.00 A 250 [ 12AV6 250 | SS51A 114.90
pe ormanc e relianii value imme d I ate d I ] EWF 99 | EFS4 500 | GN4A 900 | OC2 435 | Quos-l00 UCLSZ 1T | S125a 000 | &CDeGA 500 | ;AVZ 330 | sssA 15838
’ ’ e l V ery H ESIH 6.25 EF5S 350 | Gsle 16.00 | OC3 2.50 13685 | UF#l 2.00 | 4250A 80.00 | 6CG7 2.50 AX7 175 5642 9.00
E92CC 8.75 EF80 1.75 GTIC 1500 | OD3 250 | QY365 54.26 | UF42 2.10 87.00 | SCH6 13.00 | 12AY7AM 4.00 5654 3.00
- E9SF 9.10 | EF83 400 | GUso - 2000 | OZ4 3.50 | QY3125 60.40 | UFS0 175 | 4832 2000 | 6CL6 375 | 12BAA° 350 | 651 4.45
New from Hitachi are three low-cost bench “scopes with bigger screens [ :
scopes with bigger screens 7495 0.73 | 74136  0.51 | 74175 1.02 | TBAS20Q 2.30
7 d . f h c 1N ¢ o1 3 g p $ - Egt o lNTEGRATED cIRCUITS o 7496 0.82 74141 0.8¢ 74176 1.16 AS30 1.98
and extra features in a new slimline ultra-lightweight format. ‘ VCRSI7A 10.00] 74007 016 | 7423 033 |- 7460 018 | 7497 e N L %AS% 230
P . . : SADP1  35.00 MY, \ X i 74100 d 74143 X 74179 1.36 ASS0Q 3.
The range now extends to 13 models:— BASES CRTs SPL. io0g | VCRSITB 1000 | 7401 o || 030 | 770 038 | Jiln  04s | 74us e | 74l L0 | TBASSNCQ
. . B7G unskirted  0.22 | 2AP1 850 | 5CPI 1000 | VCRSIZC 10.00 | o0 017 | 7428 043 | 7473 038 | 74109 073 | 74145 100 | 7419 130 322
4 dual trace single timebase models 20MHz to 40MHz BTG skirted 0.30 | 2BPI 9.00 | SCPIA  40.00 7404 018 | 743 017 | 7474 038 | 74110 0.51 | 74147 2.00 | 74191 150 | TBA673 220
2 dual B9A unskirted  0.22  3BPL  12.00 | SEPISA 15.00 7408 018 | 7432 030 | 7475 054 | 74111 0.71 | 74148 L7 | 74192 1.0 | TBA700 1.5
ual trace sweep delay models 20MHz and 35MHz ! BoAskimed 030 gt B Ui 25.00 7406 043 | 7433 040 | 7476 odz | Mile Les | Mo, 180 | M L% %2%% 130
: . t Oct: 0. . 75 63.32 L Y 741 ] J
2 dual timebase multi-trace models 60MHz and 100MHz Loctal 0% | FE 6M | pGin Sw ot M em | 78 wd | m e | T 1St | HM 1m0 | e 13 | TeAso 120
ini : Nuvistor base 075 X DG7-32  58.07 lication i X q 74120  0.83 155 090 | 7419% 135 | TBA920 2.
§ ntnmature 0t('lield portable models, 20MHz and 50MHz gpmDIL ~ 0I5 g 8.00 | DH3oI 56.83 applica e ol | 78 G | 74% 108 zenl g Ghs w00 fledin 5 TBASZIQ 2.90
storage igits : pin 0. ! H7-11 113.12 i 39 I i i 990Q 2.
orage models, one tube storage, two digital storage lebaDIL o017 | P7 1000 | VeRor 1200 Mz B | M B | % e |tz 1w | 25 | 2w 700 2,90
Prices start at £2 . g © 0o Valve screening 3KPI  15.00 | yCRI3§ 12.00 7416 032 | 7450 018 | 7491 0.82 | 74125 0.58 | 74170 240 | TAAS70 230 | TCA760A 1.38
rices start at £295 plus vat (model illustrated) including 2 probes and camsallsizes © 030 | JRFL 38400 | VCRISA 12.50 77 oxm | Msl o oas | g os | Tl 03 ) 7R 4 JAMGES 330
a 2-year warranty. We hold the range in stock for immediate delivery. 2 7w 018 | Jaes QI8 7 352 | Wi o7 | M 1 | TBAMSQ 184
For colour brochure giving specifications and prices ring (0480) 63570, Lefms of business: CWO. Postage and packing valves and semiconductors 50p per order. CRTs £1.50. Prices excluding VAT, add 15%. Elggl;:g; :31 -677 242477
Frice ruling at time of despatch. p .
. > . 4 . In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. - E.&O.E. -
Reltech Instruments, 46 High Street, Solihull, W. Midlands, B91 3TB Account facilities available to approved panies with orderfcharge £10. Carr:ag:d ur;dApgckmg £1.50 on credit orders. oo ¢ Callers Monday-Friday 8 a.m.5 p.m.
s in stock. Quotations for an es not listed. S.A.E.
WW - 052 FOR FURTHER DETAILS Over 10,000 types of valves, tubes and semiconductor: y typ! o
WW - 038 FOR FURTHER DETAILS
12 . T :
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28 RANGES, EACH WITH FULL OVERLOAD
PROTECTION

SPECIFICATION MODELS
6010 & 7030

10 amp AC/DC
Battery: Single 9V drycell. Life: 200 hrs
Dimensions: 170 x 89 x 38mm.
Weight: 400g inc. battery,
Mode Select: Push Button.
AC DC Current: 200UA to 10A
AC Voitage: 200mV to 750V
DC Voitage: 200mV to 1000V
Resistance: 2000} to 20MQ
Input Impedance: 10M$2 °
Display: 3% Digit 13mm LCD
Ofload Protection: All ranges

2 T R s e 2 e E

OTHER FEATURES: Auto polarity,
auto zero, battery low indicator, ABS
plastic case with tilt stand, battery and
test ieads inciuded, optional carrying
case, F

Quantity discount for trade on application.

Add 15% to your order for VAT. P&P is free of charge.
ARMON ELECTRONICS LTD.

Accurate Digital Multimeters at
Exceptional Price

NEW ANALOGUE METER WITH CONTINUITY

BUZZER AND BATTERY SCALE

NEW HM 102 BZ
SPECIFICATION

*" DC Voltage; 0-25, 1, 2.5, 10, 25, 100, 250, 1000
volts 20,000 ohms/volt,
* AC Voltage: 0-10, 25, 100, 250, 1000 volts
10,000 ohms/volt.
* Decibels:  -20 to +22dB
* DC Current: 0-50, 500uA, 0-5, 50, 500mA
* Ohmmeter: G-6 Megohms in 4 ranges.
30 ohms Centre Scale
Power Supply: One 1.5V size ‘A’ battery {incl}
* Size & Weight: 135 x 91 x 39mm, 280gr,

HM 101 POCKET SIZE MULTIMETER
SPECIFICATION

* DC & AC Voltage: 0-10, 50, 250, 1000 voits,

) 2000 ohms/volts

* Decibels: -10to +22dB

* DC Current: 0-100mA

* Ohmmeter: 0-1 Megohm in 2 ranges,

60 ohms Centre Scale

* Power Supply: One 1.5V size ‘A’ battery {incl}

* Size & Weight: 90 x 60 x 29mm, 92gr. inc!, battery
battery

* Price £5.50

- Payment by cheque with order

= 1 BAK(LAVCRD N
or accepted-

Cottrell House,53-63 Wembley Hill Road, Wembley, Middiesex HA9 88H, England

Telephone: 01-902 4321 (3 hnes )

TELEX No 923985

WW - 007 FOR FURTHER DETAILS

— Toroidal
Transformers

THE COTSWOLD

“BUDGET RANGE’* OFFERS
BUILT-IN QUALITY COUPLED
TO ARELIABLE
DELIVERY SERVICE
~.  MOST TYPES
FROM STOCK

" IEC65

BS 415
TO ORDER

PHONE
b TELEX, WRITE

FOR DATA SHEET
AND PRICE LIST

Cotswold Electronics L.

Unit T1, Kingsviile Road, Kingsditch Trading Estate, Cheltenham GL51 9NX
Tel: 0242-41313 Telex: 897106

Sales Office in U.S,A.
Peacock Alley 116, 1 PAXELUNDEERG Dani
y 116, 1 Padanaram Road, Danbury, CT 06810 U.S.A.
203-797-8698. Telex: 710~456—9rg84

STEREO DISC AMPLIFIER 4

THE MOST; THOROUGHLY RESEARCHED DISC AMPLIFIER THERE iS
for Broad i isc Moni

Supersedes Stereo Disc Amplifier 2. Unique Response Variable Filter which
provides, through a single control knob, a 3dB turnover frequency variable be-
tween 13 and 4kHz but always with an appropriate phase and amplitude charac-
teristic for psychoacoustic considerations. Ring or write for full specifications:

'SURREY ELECTRONICS LTD., The Forge, Lucks Green, Cranieigh
Surrey, GU6 7BG - Telephone: 0483 275997

g, Di ing and Transfer

VDE 0550 |-

METAL FILM RESISTORS

" ORION SCIENTIFIC LTD - 16 Orange Street - London WC2H 7ED.
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QAN D Ya Watt, 1% tolerance, 3p each. 89

10k T100k Values, E24, see left. Minimum
Tk T order £20. Minimum 10 pcs per
13k 130k value. VAT, P&P incl.

15k 150k £

16k 160k
£ & | SPECIAL OFFER
N S0k 10 pes of each value, 890 pes
27k 270k 5 5 3“
30K T
33k 330k p £2 | ]
e =

K = 5 ?
#  ou [ SPECIAL'POP’ PACH
o s60k 100 pes: 100R. 18, 3L cogt 1,
Sk x 100K, 1M, 50 post SO0 . 02050
75K ! 2K2,3K3, 22K. Tota
gf: 820k One of each

) pack £50 only

WW - 047 FOR FURTHER DETAILS
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Versatower:

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with CP3
Chapter V: part 2: 1972 for a
minimum wind speed of 85 mph in
conditions of maximum exposure
and specified by professionals
world-wide where hostile
environments demand the ultimate
in design. quality and reliability.

Suitable for mounting equipment in
the fields of:
Communications

Security surveillance — CCTV
Meteorology

Environmental monitoring
Geographical survey
Defence range-finding
Marine & aero navigation
Floodlighting

Airport approach lighting

Further details available on request.

2

Strumech Engineering Limited,
Portland House, Coppice Side,
Brownhills, Walsall, West Midlands,
WS8 7EX, England.

Telephone: Brownhills (05433) 4321.
Telex: 335243 SEL G.

WW - 020 FOR FURTHER DETAILS
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hi?! performance hi! (-q)mpoiili\'o hi?

> people =
= are ee
e buying J =
P ‘ 2
E‘ _ 2.8 & ¢ FOR * N e_
E _ _ :
= MORE DISPLAY 2
o _ g
= nearly 50% more with the NEW LARGE 6 inch E:
¥ rectangular CRT with illuminated inner face e
ME graticule, 6KV accelerator voltage for a brighter, @&
.- higher resolution display with s
& guaranteed accuracy. -
. e
| é : : .8 & ¢ ‘ 2.
: E SENSITIVITY =
z LI
e< 1 milli Volt percm in the vertical axis, valuable for 'g
< observing complex low level waveforms ~
s especially with 20 nano sec per cm Sweep Speed. ‘.;...
w
= * Kk =
E M g
|
:  MORE FACILITIES
%= like push-button MODES inc. Add, Sub, Altand %
‘&= Chop-V mode trigger SOURCE —NEW super ==
==  video sync — Front panel control of Astig, Trace =~ =
A= rotation, Scale illum and X-Y —Chan | O/P, -
— Int. Mod etc, etc. s
= ' =
lz =
— 5 20 MHz ImV/em %
¥ 8  CS1022DualTrace =
¥ €S 1020 Single Trace =
omm ‘.
=
10 MHz 1mV/cm g
CS 1012 Dual Trace e
CS 1010 Single Trace
'E;
~
.
"
—
-
=
-
~
A
-
e

AT REAL VALUE FOR MONEY PRICES

*k ke -
Fully Guaranteed for 2 yearsinc. =
Free ‘pick up’ and ‘return’ <
MW |nahurry? Then E'E

M e ring (0799) 24922 3
~

House of Instruments,
Clifton Chambers, 62 High Street,

Ask for FREE DATA
Satfron Walden, Essex CB10 1EE.
Telephone: (0799) 24922 Telex: 818750

wio !

h i! Ccom |)(" itive h i! House of Instruments Ltd.
WW — 028 FOR FURTHER DETAILS

hi¢ reliability hi? service hi! performance h
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GET
BIG

POWER

= Modular
Amplifiers

the third generation

Due to continous improvements in components and design |LP

now launch the largest and most advanced generation of
modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with | LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, reliability, easy usage, outstanding performance, value
for money.

With over ‘10 Years experience in audio amplifier technology |LP
are recognised as world leaders.

EBIPOLAR MODULES MOSFET MODULES

M A
N:’:t;: (:nput . L\:’d OISTORTION Supply Size WT | Price Module | Output Load DISTOATION Supply Size WT | Pri
v;""' mpedance [ T.H.D. LM.D. Voltage mm gms ine. Number | Power | tmpedance{ T.H.D 1.M.D. Vottage mm ms s
';x‘:s 0 Typ at B60H2/ Typ VAT Watts Typ at G.Ol-ix/. Typ p : \;':T
— -b 1KHz  7KHz 411 rms 1KHz  7KHz 4:1
o ) sy 4.8 0.015% <0.006% +18 76 x 68 x 40 240 | £8.40 ;
; 1 . 3 y . MOS 128 60 4.8 <0.005% £
e L <0.006% % 4 120
ol oo | 5 (o5 Shemet| sm |eseerie (o) o) fucoae| v | ks oo comon | e uoinedis | mal i
s . . x x ! 5 )
L:::j; o0 4 R o LRI 20 oy a0 1R | £ 120 0 4 <0.005% «0.006% | +55 [120x 78x 100 |1025) £ab.si
e 138 ,a, 0.01% <0.006% | £35 |120x78x40 | 410 |£20.75 Protection:  Able to cope with complex loads without the need for very special '
iy 20 0.01%  <0.006% £35 120 x 78 x 50 520 | £25.47 protection circuitry {fuses will suffice).
Ty 2gs 20 8 0.01% <0.006% | 50 |120x 78x 60 | 520 | £26.47 Slewrate:  20v/ps. Rise time: Jus. S/N ratio: 100db
HY:‘GH o0 4 0.01%  <0.006% +4% |120x 78 x 100 [1030 | £38.41 Frequency response {—3dB)* 15Hz — 100KHz, Input sensitivity: 500mY rms
| 8 0.01% <0.006% | £60 [120x 78 x 100 |1030 | £38.41 Input impedance: 100K £X.  Damping factor: 100Hz > 400.
Protection* Full load line, Slew Rate: 15v/ps. Aisetime: 5ps. S/N ratio: 100db.

‘NEW to ILP’ In Car Entertainments
C15

Mono Power Booster Amplifier to increase the output of your existing car radio
or cassette player to @ nominal 15 watts rms,

Frequency response (—3dB) 15Hz — 60KHz. Input sensitivity: 500mV rms.
Input impedance: 100K {1 .-Damping factor: 100Hz >400,

PRE-AMP SYSTEMS

Madule Module Functions Current | Price inc. 3 DOTIT
Number Requirsd VAT Aobust constrietion. £9.14 (inc. VAT)
HY6 Mono pre amp | Mic/Mag. Cartridge/Tuner/Tape/ 10mA £7.60 Mounts any where in ear.
Aux + Vol/Bass/Trebie
HYE6 |Stereo pre amo | Mic/Mag, Cartridge/Tuner/Tape/ | 20mA | £14.32 AvisTgtcsnchon:

Aux + Vol/Bass/Treble/Balance
HY73 Guitar pre omp | Two Guitar (Bass Lead) and Mic + 20mA £15.36
separate Volume Bass Trebie + Mix
HY78 |Stereo pre amp [ As HYB6 less tone controls 20mA £14.20

Output power maximum 22w peak into 441

Frequency response (—3dB) 15Hz to 30KHz, T.H.D, 0.1% at 10w 1KHz

$/N ratio {DIN AUDIO) 80dB, Load impedance 3/1

Input Sensitivity and impedance (selectable} 700mV rms into 15K 3V rms into 8L
Size 95 x 48 x 50mm. Weight 256 gms,

Most pre-amp modules can be driven by the PSU driving the main power amp.
A separate PSU 30 is available purely for pre amp modules if required for
£65.47 {inc. VAT). Pre-amp and mixing modules in 18 different variations.
Please send for details.

Mounting Boards

For ease of construction we recommend the B6 for modules HY6—HY 13 £1.05
{inc. VAT] and the B66 for mogules HY86—H Y78 £1.29 (inc. VAT).

C1515
Stereo version of C15.

S5iZé 95 x 40 x 80, Weight 410 gms.

£17.19 {inc. VAT)

POWER SUPPLY UNITS (Incorporating our own toroidal transformers)

Model For Use With Price inc. Modet For Use With ice i
v;u,,.b., ) VAT Mo i "'xrm ’3:-:1::’ For UseiWith Pr‘i;:; =
PSU 21X {1 0or 2 HY30 £11.93 PSU 52X [ 2 x HY124
] £17.07 FSU 72X |2 x HY
:su 41X |1 0r 2 HY60, 1 x HYB0B0, 1 x HY 124 | £13.83 PSU 53X | 2 x MOS128 £17.86 PSU 73X ?:vagg' ngﬁ
Pgﬂ 35; ; x ;é;ﬁa £15.90 PSU 64X | 1x HY248 £17.86 PSU 74X [ 1 x HY368 (2420
x £16.70 PSU 55X | 1 x MOS248 £19.52 p 2 ¥

]jsu 51X |2 x HY 128, 1 x HY244 £17.07 PSU 71X | 2x HY244 £21.75 S g M o
Piease note;

X in part no. indicates primary voitage. Pleasg insert O in piace of
X for 110V, *'1" in place of X for 220V, and ‘2" in place of X for 240V.
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WITH A LOT OF

i -

HELP rrom

ELECTRONICS LTD

GCAN HANDLE. ..

Unicase

Over the years |LP has been aware of the need for a complete
packaging system for it’s products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

TONTROL uml L-i

Each Unicase kit contains all the hardware required down to
the last nut and bolt to build a complete unit without the
need for any special tools.

Because of |LP’'s modutar approach, ‘open plan” construction
is used and final assembly of the unit parts forms a compact
aesthetic unit. By this method construction can be achieved in
under two hours with little experience of electronic wiring

and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
“no frills”, low distortion, (< 0.01%), stereo controf unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp.

Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

Power Slaves

Our power slaves, which have numerous uses i.e.
instrument, discotheque, sound reinforcement, feature in
addition to the hi fi series, front panel input jack, level
contro!, and a carrying handle. Providing the smaliest,
|owest cost, slave on the market in this format.

POWHR AHFLUIFILN . eSaal

() w. W

TO ORDER USING OUR FREEPOST FACILITY

Fill in the coupon as shown, or write details on a separate sheet of paper,
quoting the name and date of this journal. By sending your order to our
address as shown at the bottom of the page opposite, with FREEPOST
clearly shown on the envelope, you need not stamp it. We pay postage for
you. Cheques and money orders must be crossed and made payable to |.L.P.
Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.
please add £1 to TOTAL value of order.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

UNICASES Bricol CGm EE U IR B I DR Y S D D R e e .
er:’ S P 3 Post to: iLP Electronics Ltd., Freepost, § -
HIF| Separatas T Graham Bell House, Roper Close.
UCT Preamp y £29.95 . l m Canterbury. CT2 7EP, Kent. England.
UP1X 30 + 30W/4—8£) Bipolar  Stereo  HiFi £54.95 | Telephone: (0227) 54778, |
uP2X _ eow/ald Bipolar Mono HiFi £54.95 Technical: {0227} 64723,
UP3X T Bipolar Mono  HiFi  £5495 ELECTRONICS LTD ., 55780, i
UP4X 120W/482 Bipolar : Mono HiFi £74.95 I P d he foll P
UP5X 120W/84k Bipolar  Mono  HiFi £74.95 I lease send me the following I
UP6X 60W/4—81L MOS Mono  HiFi £64.95 .
UP7X 120W/4—80  MOS Mono HiFi  £84.95 Total purchase price — 1
Power Slaves I | enclose Chequer_—l Postal Ordersl_—_| Int. Money QrderD '
FUSTX B0W/4 L1 Bipolar Power Stave £59.95 .
Us2X  120w/Af Bipolar  Power Slave  £79.95 I Piease debit my Access/Barclaycard No.
US3X 60W/4—880 MOS Power  Slave £69.96 I Name : l
US4 X 120W/4-8£1 . MOS Power Slave £89.95
Address l
Please note X in part number denotes mains voltage, Please insert '0" in place of I
X for 110V, *1° in place of X for 220V (Europe}, and ‘2" in pface of X tor 240V
(U.K.) All units except UC1 incorporate our own toroidal transformers. Signature '

AES SN EE EE D G ED D W U B S R e S
. WW — 005 FOR FURTHER DETAILS : - ,
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PM COMPONENTSLTD PHONE P. M. COMPONENTS LTD TELEX

0474 813225 SELECTRON HOUSE, WROTHAM ROAD 966371
R R ERNENTS SPECIALISTS 3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI3OQY PM COMP
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RK2K25 62,50

RG4-1000
10.00 VR105/30
' RK-20A VR150/30
L1 VT52
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.. « With our
new fibre
optic
experimental
kit.

“HK90
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AN124 X TA7061AP 3.95 TBA570 1.00
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MC14011BCP | TAZ7120P 1.85 250

0.32 TA7130P 1.50 TBAB41BX1
MC145106P 3.00
7.

TBAB51
MC1723
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STOCK OF BRANDED VALVES
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10.50
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9.50
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K I
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B 0-10Mbit/s (NRZ) guaranteed to
15m with Polymer Cable. (Can be
‘extended by using a glass fibre).

B TTL Compatible.

B No tools required to terminate cable.

B Fully tested modules.

B Complete with transmitter, receiver
connectors and 5m of Polymer
Cable.

B Also a full range of components for
glass systems available.

M| Electroustic Ltd.
e O Step Terrace, Winchester, Hants.
Tel. 0962 60916. Telex: 877255.

813 8.50
813USA 59.50
833A 115.00
866A 350
872A 19.00
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Complate PROFESSIONAL Case
beautitully constructed with cut out
for ane ‘CHERRY' keyboard, plus
ample room 1o house a GOMPLETE
SYSTEM. and power supply.
Complste with {Ittings. (Caze top
detachable). Unit is silver-grey in
colour. Robusi construction. Sloping
front with side ventilation. Ideal for
NASCOM. ACORN. TANGERINE or

your own system. )
Sro 18 x 1o x4y £27.50 nc:van
firont slopes) UK C/P £2.50
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TEXAS Ti99-4A

Colour, sound and a typewriter type keyboard for under £180.
A truly expandable microcomputer system with & wide
range of educattonal and games software.

o Toxas TI9G-4A Micracomputer 16K £159.95 (Inc VAT)
c"Ennv, Ann'o" ® Voice Synthesiser Unit £ 49.85(inc VAT)
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D o Paripheral Expansion Unit’ £149.95 (Inc VAT} BY210-800 0.33 A selection available. =
AK cEnYa?tlAs button keypad o fisk Orive £319.95 (Inc VAT) BY203-400 0.32 Prices on request. WIREWOUND RESISTORS BASES ETC. ZENER DIODES - CALLERS WE LCOME 1
) 1

BY299-800 0.22
BYX10 0.20
BYX36-150R
0.20
BYX38-600R
0.60

BYX55-600 0.30

sultable for use with charry © Digk Control board {for above) £189.95 (Inc VAT)
kaybotrd o extond s unctions. | MICRO STOCKISTS

A 4x 4non-ancoded single BBC - DRAGON - SHARP - SPECTRUM
mods keyboard. TEXAS - ORIC - MICROPROFESSOR - ZX81

3BP| 1-:13.30 D10—21106H £45 “‘Tﬁ?e‘nﬁe;%u.%és‘ s DRl BZX61 0.15
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No Contest!

The SC61 waveform analyser

i -, from Sencore stands head and
shoulders above any other
oscilloscopes for speed, accuracy
\ and versatility even from semi-

skilled operators—and we’re
' prepared to come round and
prove it.

For an on-site test and more information:

Mike Dawson 01-897 6446.
Fieldtech Heathrow Limited
F|e|dtech Huntavia House 420 Bath Road
& Heathwrow Longford Middlesex UB7 OLL |
Hunting Telex: 23734 FLDTEC G

"~ WW — 022 FOR FURTHER DETAILS
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Out of this world for value!

Not our extra-terrestrial
friend, but a versatile
bench power supply -

WW - 034 FOR FURTHER DETAILS
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Engineering, not politics

Even in the pre-war days when Japanese
industry was best known for its imitative
tendencies, its imitations were often better
products than the orlgmals Modern
Japanese engineering demonstrates little
need to take other nations’ ideas and has
made Japan an industrial giant.

In design and reliability, products from
Japan have gained a formidable reputation
for quality — to the extent that they now
dominate world markets in several
important groups of product. With the
exception of those Western companies who
refuse to be intimidated and who also
possess reputations for high quality,
European and American firms tend to see
the reply to imports from the Far East in
polmcal rather than in commercial and
engineering terms. They require the .

- Japanese to restrict their exports

voluntarily and frequently ask politicians
to apply pressure to that end.

An approach as negative as that to the
imbalance of trade can surely not succeed
over a long period. In reply to huge
imports from Japan, the proper action is to
redress the balance by exporung, not
politicking. Admittedly, it is not easy to
sell to the Japanese but, according to the
Department of Trade, “formal barriers are
disappearing and the desire of the Japanese
tobe self-supporung the ‘Buy Japanese’
policy — is on the way out. Import tariffs
on over 2000 products have now been
reduced to a lower level than those of
European countries or the US”.

In common with any other
manufacturers, the Japanese want the best
products at the lowest price. Ifa UK
exporter can supply well-designed
products, either to fill a gap in Japanese
production or to beat local efforts on
quality or price, he will win orders.

An important point to watch is that the

customer must be given what he wants,
not what the vendor thinks he ought to
want. Time and time again, Western
makers of, for example, audio equipment
have introduced new models in enclosures
which they thought were sensible and
attractive, in spite of the fact established
by the successful marketing of Japanese
products that customers prefer satin
chrome, coloured lights and masses of
knobs and switches. Presentation is a
matter of taste and who is to say that the
customers are wrong?

This office recently received a note from
a maker of illuminated switches, in which
he claimed that his company has taken
massive orders from Japan and is now
going into Hong Kong. The customers say
that the switches are visually attractive to
them, they are reliable and are cheaper to
buy than locally made types: there is
therefore a ready sale for them in Japan.

British industry began the industrial
revolution and was able to dominate world
markets when it was possible to tell
customers what they could have and why
they should want it. In the words of Adam
Smith: we “founded a great empire for the
sole purpose of raising up a people of
customers”. Perhaps more of our
industrial base would still be firm if our
manufacturers had recognised a good deal
earlier that the world has developed while
they were not looking, and will not now
buy equipment that is not designed and
made with customers in mind. :

George Moore said that “a man trayels
the world over in search of what he needs
and returns home to find it”. Perhaps we
could reduce the number of homing
customers by making sure they find what
they need here, not what we feel they
should need.
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C.B. market collapse?

The Home Office tells me that fewer new
CB licences were issued during the first
quarter of 1983 than the number of
licences that lapsed. At the end of April
valid licences totalled 289,108 compared
with 313,318 at the end of November
1982. The percentage of renewed licences
seems to vary widely from month to
month: 42% in October 1982; 72% in No-
vember; and only 27%; in December. Fi-
.delity Radio has claimed that its CB divi-
sion lost £700,000 in the year to March
1983 and the firm has since disposed of the
division “for a nominal sum”, blaming
“the collapse of the CB radio market”.

The Japanese radio communications in-
dustry seems to be setting its sights on the
para-military field with increasing em-
phasis on such products as v.h.f./u.h.f.
manpack equipment providing digital en-
cryption. European communications firms
have long been worried at the prospect of a
full-scale entry of Japan into defence
electronics.

Antennas galore!

I have to confess that I did not attend
ICAP 83 (Third International Conference
on Antennas and Propagation, London,
April 1983) but I have been making up for
this omission by ploughing (or at least
skimming) through the two thick volumes
of papers (IEE Conference Publication
219). This is no lightweight matter: 193
papers filling 961 pages from authors
whose names literally span A to Z (O.
Aboul-Atta to Zi Shen Lui in volume 1 and
I. Y. Ahmed to Z. W. Zhang in volume
21). One really does wonder how many of
the delegates managed, in four days, to
absorb almost 200 papers. — or indeed
whether thereby they learned much that
was of vital importance to them. These
large international conferences, free from
the constraints of ‘“commercial” exhibi-
tions do tend to take off into the stratos-
phere or, more appropriately in this case,
the ionosphere. Radio propagation and
_aerials (to get back on the editorial wave-
length of Wireless World) are both subjects
that envelope themselves in an unusual
degree of mythology and mysticism. I has-
ten to add that there are interesting and
some thoroughly practical papers among
the 193 but it could be argued that, since
these come over clearly from the printed
page, attendance was possibly not the opti-
mum learning process. It is always said, of
course, that the most interesting discus-
sions at conferences are those that take
place out in the bar rather than in the
conference hall. Experience tends to
support that view — although the more
memorable conversations seldom seem to
relate to conference topics!

The difficulty for the non-specialist
reader (or delegate) is to decide what really

22

is new and what is not. ICAP 83 included
some useful invited survey papers, though

apparently prepared independently of the

other contributions.

A. W. Rudge of ERA Technology Ltd
in “‘Current trends in antenna technology
and prospects for the next decade’ high-
lights three major themes, the influence of
.environmental factors, the impact of
v.ls.i. electronics and the continuous
search for improved characteristics. He
aptly quotes Professor Mayes of the Uni-
versity of Illinois: “The popular concep-
tion in 1950 was that electromagnetics was
a mature field and that it was improbable
that any new discoveries remained to be
made in the field of antennas. The de-
velopment of frequency-independent an-
tennas was certainly evidence to the con-
trary. Today similar sentiment seems to be
prevalent. History shows it prudent to be
sceptical.” 193 papers suggests there must
still be rich ore to be mined in these
subjects. '

Moral persuasion?

The BBC took the opportunity, as hosts of
the 17th European DX Council Confer-
ence, to launch another strong attack on
the 10% increase in ‘“jamming” of h.f.

broadcasts by the USSR since the Polish

crisis of December 1981. Douglas Mugge--
ridge, managing director of BBC External

Broadcasting, protested “The h.f. bands

are very congested. There is more broad-

casting than they can contain satisfactorily.

A conference is soon to be held, the first

session in 1984, with the task of trying to

plan and regularize this position. Its job is

made extremely difficult, if not impos-

sible, by the large amount of ‘deliberate,

harmful interference’ — better known as

‘jamming’ — which is present within the

shortwave bands.

Many people have not been aware of the
extent to which this is a worldwide prob-
lem. Every country that broadcasts on h.f.
and all who listen on h.f. are affected.
Perhaps there may be a solution. If there is
not, then it is difficult to see how any order
can be brought out of the chaos that exists
at certain times of the day”.

The BBC apparently hopes that ‘“‘moral

_persuasion”, plus the fact that the USSR is

anxious that its own transmissions should
be well received throughout the world may
prove a powerful argument to reduce jam-
ming. Keith Edwards presented data
showing co-channel and adjacent-channel
jamming as monitored in Vienna and at

. Caversham that underline the extent of the

current problem. This is particularly true
on the 15, 17 and 21MHz broadcast bands,
with between 70-80% of channels (pre-
WARC 1979) affected from about 1200 to
1800 hours on 17MHz, over 60% on all
three bands around 1600 hours, etc. Other
statistical data show the massive use made
of the 6MHz broadcast band. Although

WARC 1979 gave Western broadcasters
much less additional spectrum than they
sought, over 30 countries are already using
the new frequencies despite the WARC
agreement not to do so until after the 1984-
86 planning conferences. There are also a
number of countries using parts of the
spectrum not allocated to broadcasting.
China, for example, has quit out-of-band
operation at 7.0 to 7.1MHz but is now
using many channels around 8.3MHz!

A happier prospect arises from the use
‘of satellite feeds. The BBC are using digi-
tal audio at 128kilobits (two adjacent
64kb/s speech channels) to distribute pro-
grammes via satellite to overseas relays;
these links have uniform frequency res-
ponse to 6kHz, distortion around 1% or
less and s:n ratio of about 50dB. One result
is that the BBC may soon reduce long-
distance h.f. coverage from the UK of
areas better served from the relay bases of
the BBC or the Foreign & Commonwealth
Office: Atlantic Relay on Ascension Is-
land; Caribbean Relay (Antigua); East Me-
diterranean Relay (Cyprus); Far Eastern
Relay (Singapore); Eastern Relay (Masira)
and (later) a possible relay at Hong Kong,
and an East African Relay in the Indian
Ocean.

Stereo all ways

A new twist to the American a.m.-stereo
fight between the four competing systems
has been given by demonstrations at NAB
of the prototype of a new Sansui
multisystem a.m. stereo tuner, type TU-
S77AMX, that uses a Japanese-manufac-
tured single-chip decoder handling signals
in any of the four systems. A.m.-stereo in
the USA has been delayed by the
FCC “leave it to the market place” deci-
sion. By April 1983 there were 50 stations
using the Harris system, around 30-plus
with Kahn, six using Motorola and three
using Magnavox out of some 4600 com-
mercial a.m. stations. However, retail
price of the Sansui tuner is around $400
and their car radio tuner around $50. Even
with multisystem decoding it will still be
necessary for American broadcasters indi-
vidually to make the difficult choice be-
tween the four systems.

Mercurial thoughts

I do not know what the new Mercury com-
munications network will do for British
business — but it must already be helping
our printers and typographers and illustra-
tors. That is if the three very large and
very glossy advertising brochures that have
come my way are anything to go by. They
proudly proclaim: ‘“Mercury is the new
force in communications . . . it exists to
facilitate the dynamic mterchange of ideas
that are vital to your business . . . Mercury
means communications. At the speed of
thought”. The global village, I am told, is
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no longer a concept but a reality. Pages are

filled with large colour pictures of eggs, a
charming little chameleon, a chisel, a
honeycomb and a small globe in the palm
of a giant hand. All this represents “‘a new
approach to communications for the ’80s
and beyond”.

Just the thing presumably for the busi-
nessman who has caught a chameleon, in-
tends to put it inside an egg-shell after
slicing the top off with his chisel, and is
not afraid of being stung by bees. Or is my
dynamic interchange of ideas failing me?

In brief

Costs of the NASA Space Telescope pro-
ject may exceed $1000-million instead of
the original estimate of $435m and is un-
likely to be launched until 1986 or
later . . . Launch of the second Tracking
and Data Relay Satellite (TDRS) is being
delayed in the hope that NASA can find
out what went wrong with the first launch
last March . . . A spate of fraud and cheat-
ing — “doctoring” and “massaging” data
— in scientific research papers has led to
Nicholas Wade of the New York Times
claiming: “It is not just a matter of rotten
apples in the barrel but something to do
with the barrel itself’ . . . the opportuni-
ties to cheat are becoming more frequent
because of the readiness of laboratory
chiefs to put their names to papers
prepared by junior colleagues with little or
no supervision”’.

u.t—‘_ ‘ ﬁ S lﬂ'_,\i
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Planning the bands

The problems of spectrum regulation are
increasingly reflected inside the amateur
bands. There have been some gains —
7000 to about 7030kHz or so is now refre-
shingly clear of Radio Beijing (Radio Pek-
ing) in the evenings and has become a far
more usable piece of spectrum. The upper
part of the world “exclusive” 7000-
7100kHz however, still includes broadcast
“intruders” such as Radio Tirana on
7065kHz.

But there is increasing unease within the
amateur movement over the future of “vol-
untary band-planning”’.

For very many years mandatory sub-
band allocations have been part of North
American amateur licensing in the USA
and Canada, to provide exclusive AlA
(c.w.) segments and also in connection
with American ‘“incentive licensing”’
whereby higher “grades” are given access
to additional segments of the bands.

Until the immediate post-war period no
attempt was made to segment the fre-
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quency bands available to British ama-
teurs. In 1948 the RSGB set-up a working
party (I was a member) which, inzer-alia,
recommended a voluntary h.f. band-plan
(our first effort was so unpopular that we
promptly revised it). Basically this fol-
lowed North American practice in locating
exclusive AlA segments at the low-fre-
quency ends of the bands, and later
formed the basis of the IARU Region 1
recommendations, These also took into
account the then still rare use of r.t.t.y.,
although neither IARU or RSGB are
official regulatory bodies.

As the years have gone by the band-plan

‘has been extended to v.h.f. and u.h.f.

bands and covers more and more modes
and special activities, offering protection
to minority interests, such as ‘“raynet”
emergency services, beacons, space satel-
lites, ““local’’ and ‘“‘long-distance”’
working, repeaters and dividing bands into
simplex channels, etc.

The IARU decided that, in view of the
limited (50kHz) bandwidth, there should
be no s.s.b. on the new 10.1MHz band (for
different reasons the Home Office has zem-
porarily similarly restricted UK operation

on 18 and 24MHz). Where countries, such

as South Africa, have declined to follow
these recommendations, both IARU
Region 1 Bureau and the RSGB officials
have separately urged the South Africans
to reconsider their decision. Being primar-
ily a c.w. operator, I personally benefit from
the new IARU recommendations, but

nevertheless it does raise important mat- °

ters of principle: are such organizations as
the IARU justified in assuming a “regula-
tory”’ role that goes well beyond the
original concepts of ‘“‘voluntary bandplan-
ning” without first providing greater “ac-
countability” to those whose activities are
being restricted? Individual amateurs have
no direct control over IARU decisions,
member societies have one vote per mem-
ber, regardless of the size of the individual
societies.

The 1983 IARU statistics show that
there are now roughly 1.8-million amateur
radio operators world-wide, using 1.4-mil-
lion stations. Licensed members belonging
to [ARU member-societies are, however,
under 450,000, despite the fact that 22% of
the countries make membership of their
national society an obligatory condition of
the licence. The RSGB is listed as having,
as members, precisely 50% of the UK’s
40,000 licensed amateurs, of whom the
majority are v.h.f.-only operators. In such
circumstances can “voluntary bandplan-

‘ning” continue to work?

No r.m.s. power!

W. J. Omer, G3DOJ, who lectures in
electrical and electronic engineering in
higher education, is concerned to find that
some 90% of his students believe that
power in an a.c. circuit can correctly be

defined as an r.m.s. quality. The term
r.m.s. watts has been creeping into the
literature for the past 20 years — stem-
ming largely from the audio field where it
first came to be used to distinguish be-
tween ‘‘continuous average output’” rat-
ings and “music power” ratings (now
tending to be replaced by ‘“dynamic
headroom”) and the even less demanding
peak envelope power rating.

Bill Omer has for some time been wag-
ing virtually a one-man crusade against
‘r.m.s. power’ which, since the definitions
of r.m.s. voltage and current in an
a.c. circuit are themselves derived from
power, is a technical nonsense. He notes
that ‘r.m.s. power’ has spread from the
audio field to r.f. amplifiers and transmit-
ter ratings in the editorial and advertising
columns of many technical journals. When
challenged some writers and firms have
dismissed his objections as semantics while
others insist that power #s an r.m.s. quan-
tity. To Bill Omer, r.m.s. watts is as ludi-
crous as ‘average feet’.

A problem for the transmitter engineer
is that “continuous wave” or c.w. has
come to mean the A1A mode which is far
from continuous. Nevertheless there do
seem very good reasons for not using either
r.m.s. watts or even watts (r.m.s.)!

Notes and news

Since June 1 the Home Office has imposed
a 50 per cent increase in the annual ama-
teur radio licence fee: from £8 to £12. This
means that with RAE, Morse Test fees,
training fees, travelling expenses, etc, it
now costs around £50 or more to obtain a
Class A transmitting licence issued for pur-
poses of “self-training, inter-communica-
tion and technical investigations’’. It seems
regrettable that at a time when emphasis is
being placed on the need to encourage
expansion of ‘“sun-rise industries” such
high barriers are being erected, affecting
particularly the younger enthusiasts, or
those who may later be seeking employ-
ment in the still-expanding communica-
tions field.

There must be a diminishing number of
people who can recall actually hearing Pip
Eckersley announcing that they were lis-
tening to “Two Emma Toc (2 MT) Writtle
testing”. The historic callsign, converted
to G2ZMT, was due to come on the air on
July 2 and should be heard frequently later
this year. The Home Office has re-allo-
cated the callsign at the request of the
recently formed “Marconi Radio Society”,
formed by enthusiasts at the Stanmore
headquarters of Marconi Space and De-
fence Systems.

The RSGB has decided to hold future
annual National Amateur Radio Exhibi-
tions and Conventions at the National Ex-
hibition Centre in Birmingham. The 1984
dates are April 28-29.

PAT HAWKER, G3VA
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Typewriter to
daisywheel printer

'With an Olivetti Praxis typewriter, this interface makes one of the cheapest word-processing
printers around. It can be used with any microcomputer fitted with an RS232 or RS423 port.

A typewriter-printer offers a number of
advantages over a conventional daisy-
wheel printer with no keyboard. For
example, headings can be added to its
output and margins set from the keyboard
without the requirement to send special

. control codes from the computer, although
this can be done if required. When not in
use as a printer the typewriter can still be
used in the normal manner.

The typewriter chosen for conversion
here is the Olivetti Praxis series compact
typewriter which was one of the first
electronic typewriters and is well proven.
It is also used as the basis of a number of
commercially available printers and has
turned out to be an excellent choice for this
application. It is available in two versions,
the Praxis 30 and the Praxis 35. Both
feature interchangeable daisywheels,
automatic correction of the last ten
characters typed, and cartridge ribbon
loading with a choice of correctable,
carbon or fabric ribbons. The two models
are almost identical but the 35 has a type-
head position indicator and keyboard
selection of 10, 12 or 15 characters per
inch. Type pitch on the Praxis 30 is preset
in the factory by means of links on the
circuit board.

Daisy-wheel printers are in general
much slower than their dot-matrix or
thermal counterparts and are intended for
use where letter quality output is required.
They are not ideal for day to day listing of
programs because of their relatively low
speed. The basic typewriter mechanism is

‘capable of a maximum print speed of
around 8§ to 10 characters per second and
so a standard baud rate of 75 was chosen
for the computer-interface to give a print
speed of 7.5 characters per second. .

A special feature of the interface is the
provision of an electronic paper sensor on

the typewriter to halt the computer output

when the paper has run out. This feature is
seldom provided even on high cost printers
but has been found to be invaluable when
errors are made in estimating the length of
text that can be printed on a page.

The typewriter keyboard circuit (Fig. 1)
operates on a matrix scanning principle.
Each of the matrix columns is pulsed low

Neil Duffy, M.Sc., M.L.E.E. is a lecturer in the
department of electrical and electronic

engineering of Heriot-Watt University,
Edinburgh.
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by Neil Duffy

in turn. When a key is pressed the
appropriate pulse is fed on to a particular
keyboard matrix row. The typewriter
electronics uses the row and pulse timing
information to determine which key has
been pressed.

The interface (Fig. 2 and Fig. 3) consists
of a circuit board powered from the
typewriter 5V power supply. Connection
to the typewriter is made via a 40-way
ribbon cable. In the interface, data from
the computer is received by a uart and
decoded by eprom IC,. The three least
significant bits output from the eprom are
fed to multiplexer IC¢ which has its inputs
connected to the keyboard columns and
which selects the appropriate strobe pulse.
The next three bits from the eprom route

the selected pulse via demultiplexer IC; to

the selected keyboard row. The seventh bit
controls the typewriter shift function and
the eighth triggers a circuit which signals

back to the computer to halt data transmis-
sion until the typewriter has completed a

carriage-return, line-feed operation.

Circuit operation

Incoming serial data is buffered by the

RS232 receiver IC; and fed to the uart IC,

which decodes the serial data and presents

it in paralle]l form to the eprom IC,. The
clock to the uart is derived from a
2.4576MHz crystal via the divider ICs,
configured for 75 baud operation and
providing clock pulses to the uart at 16
times this rate. The uart must be set up to
match the format of the incoming serial
data from the computer. This is done by
selecting links on the circuit board
according to Table 1.

Ribbon cable wire no.

NESE

|

3

13 s

29— o OV
Shift

Fig. 1. Typewriter keyboard matrix: columns are each pulsed low in turn and pressing a key
connects a column to a row. For clarity, diagram shows lower-case characters only.

WIRELESS WORLD AUGUST 1983

Ribbon cable

from keyboard columns +5 Ny
TS 9 35y el 21) Vo +5V"m
3 Q Q zls b
3 s 'h:% 9 N, e
—08
all 10k % < %
N DNIEDNE I 9 BN 3 )
3 I; 1 qs {13l ——O12
'-3{5 . 8 016
2 765151 17 &—018
[l 2 ; ¢—O010
6 == OV —0n
=02,
=026
e—028
b-—030
—0O32
—034
—O36
*See table 1 1 .
040
+5V A sl B I
pi& L BAY, &0
L s §5k6 0 5
S 74 -
6f - IC’} -;-2—021 %
aF : o
N SNATSLT 019 | veyboard
- L 7o rows
[11. ) '
% 7
7]
G
- 1 g
sép__ " s6p > >£ 029 shift
ov —4=-0v o=V

When a data word is received by the uart
it generates a high-going data-ready signal
which turns off Tr; releasing the short
circuit across C; on the 555 timer ICs.
Capacitor C; charges up towards 5V and at
the end of a time period of approximately
70ms reaches the timer threshold voltage
level. The output from the 555 goes low
and resets the data-ready signal from the
uart. Transistor Tr; turns on, discharging
C; until the voltage on C; falls below the
timer trigger voltage. The 555 output then
reverts to the high state. The data-ready
signal from the uart is used to strobe data
to the keyboard via IC,.

The eprom is used to convert the
incoming ASCII code from the computer
into an output code suitable for energising
the keyboard rows at the correct time. The
contents of the eprom are shown in Table
2. The eprom is programmed to cause the
typewriter to print spaces in place of
ASCII codes for which the daisy-wheel has
no corresponding symbol. ASCII codes
from 0 to 32 are programmed to cause the
typewriter to set and clear tabs, margins
and so on.

During typewriter carriage-return/line-
feed operations the data output from the
computer must be halted by setting
negative the clear-to-send (CTS) line on its
RS232 port. This is done to prevent data
loss caused by the typewriter buffer
overflowing. When a carriage return signal
is received from the computer, ICy
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Fig. 2. Incoming serial data from the
computer is converted by the interface into
parallel data in a form suitable for
connection to the keyboard matrix of the
typewriter. IC; is a section of an MC1489
line-receiver device.

latches with its Q output low. The Q
output is reset to the high state when S; on
the interface is pressed - or when the
typewriter has completed a line-feed
operation. This latter is detected by
monitoring an existing limit switch on the
line-feed mechanism.

For the handshake circuit to operate
correctly, the typewriter must perform a
carriage-return and then wait until the
print head has returned to the left margin
before performing a line-feed and thus
operating the limit switch. If this is to
happen the computer has to output a
carriage-return and a line-feed symbol in
the correct sequence. Because there is no
convention for the sequence the interface
has to allow for both possibilities. This is
done by connecting a link on the interface
board to select data either from locations 0
to 127 or from locations 128 to 255 on the
eprom. The data in the first set of locations
is identical to that in the second except that
in the second set, incoming carriage-return
commands cause the printer to carry out a
line-feed operation and line-feeds cause it
to carry out a carriage-return.

The paper sensor is a reflective opto-

switch device with built-in infra-red led.
Resistors R;, R; and the sensitivity
adjusting potentiometer R, are mounted
on a small circuit board which is attached
to the sensor mounting bracket. The
paper-low signal from the sensor is fed
back along the ribbon cable to the interface
card.

Paper-low signals are inhibited by ICg
until the CR output from the eprom
indicates that a carriage return has been
received from the computer. If the paper is
low, then at the end of the current print
line ICyg, latches with its Q output low.
Led, lights and Tr; is turned off sending
the CTS line to the computer negative to.
prevent any further data transfer. ICyg, is
restored to the high state by pressing S;
after feeding a fresh sheet of paper into the
typewriter. If S is pressed when the paper
low signal is still active then a further line
of text will be printed. A —5V supply for
the collector resistor of Tr; is provided by
the negative-voltage generator IC;;. Note
that the CTS signal taken from Tr;
collector is not a full-specificiation RS23
signal in terms of voltage swing but i
perfectly adequate for the short cabl
likely to be required.

Construction

There is a shortage of space inside the
typewriter casing so the interface was
housed outside in a small metal box. It
connects to the typewriter via a 40-way
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ribbon cable which passes through the gap
between the typewriter top and bottom
covers,

The prototype interface was constructed
on a Eurocard circuit board using the
Verowire interconnection technique. The
40-way cable header which mates with the
ribbon cable from the typewriter is
mounted on the end of the interface board
and protrudes through a slot cut in the side
of the case. The cable header serves to
locate one end of the board. The other end
is attached to the case by two screwed
spacers. A DIN socket attached to the case
provides the RS232 connection to the
computer and a flying lead from this
socket mates with a connector on the
circuit board.

A 22uF tantalum bead capacitor
decouples the power supply at the ribbon
connector and 0.01uF  decoupling
capacitors are fitted to the board, one
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Reset

Icg ' '_'
4

push button

Fig. 3. Output from the computer is halted
_ by this sensor circuit when the paper runs
out. This feature is often not provided even
on high-cost printers. ICg is a 745132 abd
ICg 8 74L503. A suitable opto-switch is type
.307-913 from RS Components.

capacitor for every two i.cs. Remember
when connecting wires both to the
typewriter and to the interface that some of
the i.cs are static-sensitive m.o.s. devices.

The photoelectric sensor is fitted cnto a
bracket mounted underneath the
typewriter platen roller and views the
paper through a hole cut in the paper guide
(Fig. 6).

Commissioning the interface

With the interface disconnected from the
typewriter, feed a sheet of paper into the
typewriter and monitor the voltage at pin 1
of the connector at the end of the ribbon

6&8

(+5v)  (0v)

To paper out
detector

Ribbon
connector

8&3 293 37 39
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Ribbon cable wire numbers

5 7 911315171920 23 25
NN £ /

cable. Adjust R; until the voltage just falls
to OV. Give the potentiometer a further
turn in the same direction. The voltage
should now rise to 5V when the paper is
removed.

Table 1: Links 1 and 4 in this table set up
the uart for the expected serial data format.
Link 5 selects appropriate data from the

eprom for the expected carriage-return,

line-feed sequence from the computer {see
text).

Link Function  Low(0V) High {+5V)

1 character 7 bits 8 bits
length

2 parity enable inhibit
inhibit

3 evenparity odd even
enable

4 stop bit 1 bit 2 bits
select '

5 CR-LF LF-CR CR-LF
sequence :

‘Fig. 4. 40-way ribbon cable
connects the interface to the
underside of the typewriter
main circuit board. Alternate
wires in the ribbon are
connected to +5 or to OV
efther at the interface end or
the typewriter end. This
helps to prevent crosstalk
between the signal wires.

- Unspecified wires are cut short and nof connected
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Fig. 5. Platen roller must be swung upwards to allow
access for fitting the paper-out detector. Remove screw B
on the right-hand roller support bracket. Swing plate C

Tabs for spring\

Right hand end

clear on the right-hand bracket and swing the platen roller ;i:]::qd ih:le
assembly upwards, pivoting it about nut D. :
Front view
Platen rolter
1 e T —
.Sensor mounting Sensor Paper guide
bracket

\New hole for

paper-out detector

émm x 14mm
Fig. 6.
Back of ]
fypew%fer, Locating hole
Y 4Lmm x S5mm

«Fig. 8.

Paper guide rollers

Circuit board

Insulating board

15mm

Optimum viewing
\ distance 3-5mm

-~

A

Fig. 7. Opto-sensor mounted underneath
the platen roller views the paper through a.
hole cut in the paper guide roller carrier
{Fig. 6). :

Attaching the paper sensor

The paper sensor is mounted on a
bracket on the underside of the platen
roller. A hole must be cut in the paper
guide under the platen roller for the
sensor to view the paper through. To
cut the hole the guide must be removed
from the typewriter. Remove from the
rear of the platen roller the four springs
which tension the paper guide and the
paper bail bar. Next refer to Fig.5 and
pivot the whole platen roller assembly
upwards. Remove the small spring
which can now be seen on the un-
derside of the assembly at the right
hand end. Remove circlip E from the
right hand bracket and pull the bar that
was retained by the circlip out of the
bracket. The bar can now be sprung to
enable the paper guide to be removed.
To avoid damaging the guide a hot sol-
dering iron can be used to melt a hole in
the plastic in the position shown in Fig.
6. The hole should be carefully trimmed
with a file to ensure that there are no
sharp edges that can snag the paper. .
The mounting bracket for the sensor is
shown in Fig.7 and is attached as shown |
in Fig.8 to the left hand spring bar on
the underside of the platen roller by a
single screw.

Test the connecuons to the typewriter

by shorting out rows and columns at the .

connector on the end of the ribbon. Check
by referring to Fig. 1 that the typewriter
prints the correct character.

The interface should next be connected
to the computer RS232 port and powered
up, preferably from an independent 3V
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supply. Press S to reset IC)g, ensure that
the led goes out and the CTS line to the
computer goes high. A short program loop
should be written to send a continuous
stream of characters to the interface. Do
not forget that it will be necessary to con-
figure the computer for the correct baud

. rate. The row outputs from the interface

should be monitored to ensure that the
appropriate row is pulsed low (use an
oscilloscope or else a led in series with a
3900} resistor to +5V). Check each row in
turn by sending an appropriate character
to select each one.

The interface should now be connected
to the typewriter. Data should be sent by
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the computer to test the entire character
set.
The computer should be configured to

output both carriage-return and line-feed

characters whenever a new line is required.
To check the sequence of the carriage-re-

turn and line-feed characters, position the’

print head at the right hand margin and
send the typewriter a return signal from
the computer. -Check that the print head
returns to the left margin before a line-feed
takes place. If the line-feed occurs first,
then link 5 should be changed (see Table
1). Led; should flash during the carriage-
return period and computer output should
be halted.

Finally check that the paper-out circuit
is operating correctly by ensuring that the
led lights and the CTS line goes low at the

end of the line following a paper-out condi- -

tion being detected.

Modifying the typewriter

To attach the ribbon cable to the type-
. writer it is necessary to remove the type-
writer top cover and the keyboard assem-
bly. The pivoting cover on top of the
typewriter should first be removed by
swinging it upward and springing one of
its ends away from the retaining bar on to
which it is clipped. The other end can then
be unclipped and the cover removed. The
knobs on either end of the platen roller
should then be removed by unscrewing
them. :

Next the four top cover retaining screws
should be removed from the underside of
the typewriter and the top cover taken off.
Undo the two: retaining screws at either
side of the keyboard and lift the keyboard
assembly away, taking care in the process
to unplug the cables from its underside.
The cable connectors are easily distin-
guished so there is no need to mark them
for later re-assembly. The keyboard as-
sembly consists of two circuit boards
folded together and held apart by three
spacers. The three nuts that fasten the
circuit board to the spacers should be re-
moved and the keyboard assembly un-
folded. The ribbon cable should now be
soldered to the main circuit board as
shown in Fig.4 so that it emerges from
between the two boards when they are
folded together again. During re-assem-
bly, take care to position the flexible rib-
bon to the print head so that it is not under
tension when the head is at the éxtremes of
its travel. It is necessary to cut away some
projections on the inside of the top cover to
prevent damage to the cable when the
cover is refitted. \WWWi

Praxis typewriters are available through
Wilding Office Equipment and other Olivetti

dealers at around £260 for the Praxis 30 and

£290 for the Praxis 35. Programmed eproms
are available from the author at 18
Carnoustie Gardens, Glenrothes, Fife KY6
20B for £9.60 each including postage and
v.a.t. The other components can be obtained
as a kit from Technomatic Ltd.
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Table

keyboard rows and columns via multiplexer and de-muitiplexer. Table shows data and
typewriter response to each incoming ASCIl code. Data for eprom locations 80 to FF is
identical to data in locations 00 to 7F with the exception of location 8A with data 36 and

2: Eprom converts data received by the uart into a code to select the typewriter

{ocation 8D with data B7.
Addr Data Char Addr Data Char Addr Data Char Addr Data Char
00 00 20 3E Spc 40 44 @ 60 46 £
01 00 21 3E Spc 41 61 A 61 21 a
02 00 229042 5 " 42 56 B 62 16 b
03 00 28NS BRI Spe 43 78 C 63 3B ¢
04 00 26 3E Sp 44 63 D 64 23 d
05 00 29 B A 45 5B E 65 1B e
06 00 26 5E & 46 64 F 66 24 f
07 00 2 5 47 70 G 67 3 g
08 2E B.Spc 28 74 | 48 4 H 68 OE h
09 07 Tab 29 73 ) 49 6C I 69 2C i
OA B7 Express 2A 41 * 4A 4D J 6A OD
0B 00 2B 69 + 48 4C K 6B 0C k
oc 00 2 13 , 4C 4B L 6C 0B 1
0D 36 Return 2D 32 - 4D 54 M 60 14 m
0E 00 2 12 . 4 55 N 6E 15 n
OF 00 : 2F 43 / 4F 6B O 6F 2B o
10 00 30 33 0 50 6A P 70 2A p
11 00 31 01 1 51 59 Q 71 19 ¢
12 00 32 02 2 52 5C R 720N CRR
13 00 33 03 3 53 62 S 73225 I's;
14 00 - , 34 04 4 54 50 T 74 1D ¢t
15 00 35 06 5 5 6D U 75 2D u
16 00 3 05 6 56 7C V 763 GRSy
17 00 378N B 57 5A W 77 1A w
18 17 1 Spc. 38 35 8 58 7A X 78 3A x
19 OF M.Rel. 39 34 9 59 65 Y 79 25 y
1A IF M.Left 3A 4A 50 79 I 7JA 39 2
1B 27 M.Right 3B 0A | 5B 3E Spc 7B 3E Spc
1C  2F Tab set 3C 3E Spc 5 3E Spc 7C 3E Spc
1D 3F Tab clr Ib 29 = 50 3E Spc 7D 3E Spc
1E 28 S.lock .| 3E 3E Spc 56 3E Spc 78 3E  Spc
IF 30 Repeat IF 72 7 SERRED, T 7F 10 Del
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Aerial inefficiency

‘at sea

Innovation in marine aerials is badly needed: British thought in this area has been
 ‘fossilized’ for 50 years. But North Atlantic sea trials earlier this year of new British-
‘designed components have shown ‘excellent results.’ This is the third of John Wiseman’s

startling revelations on the state of marine aerials.

We at sea are not the only people who have

‘been forced by an unfavourable environ-

ment, to operate low-frequency transmit-
ters into aerials less efficient than the

textbook optimum. The photograph on

this page shows a trench transmitter of the
First World War, operating on wave-
lengths between 500 and 2000 metres with
an aerial only a metre above the ground,
and a range of 3 or 4km. With an aerial of
specified 40 foot length and 15 foot height,

p

Fig. 1. This I.

. trench transmitter operaed into an aerial only a metre above ground, but

by J. J. Wiseman

range was up to 80km. Even from this
inadequate aerial, a useful service was still
obtained, even more remarkable consid-
ering the primitive receivers of those days.
Other 1914-18 War transmitters worked

others worked from aerials inside the trench. (20watt Mk 3 transmitter, 1917, has single-
valve tuned-anode oscillator, but a second valve could be switched in parallel for maximum
power. HT supplied by 1,000-volt battery or induction coil.)

R s it

Fig. 2. Those whose experience of a storm at sea is a rough ride to Calais on a stabilized

passenger ferry can have little idea of the force of a North Atlantic winter gale. (Photo: P. F.

Barber, Scarborough)
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|1y R
Fig. 3. Top-loaded unipole aerial of
Scandinavian origin. The stays add to the
top capacitance, also to the leakage. Has
little height. (Photographed at Eleusis,
Greece, 1982)

into aerials actually inside the trench, be-
low ground level, operating at 80 to 100
metres wavelength.

The efficiency of the 500kHz marine
aerial depends, as for any other other, on
its height and dimensions; the special
variable factor in the marine environment
is leakage. A correspondent (WW Feb-
ruary 1983 issue) has pointed out that an
aerial height of 0, 1A, at perhaps 40 or 50%
efficiency is about the least we can hope to
get away with, and at 500kHz this corre-
sponds to 60 metres, an impossible height.
But according to a BBC Research Depart-
ment report by H. Page, published in
1963: ““. .. a capacitative top is often
added to a low aerial with the object of
increasing the radiation resistance. In this
case, a large top changes the current distri-
bution on the vertical portion of the aerial
from linear to substantially constant, thus
approximately quadrupling the radiation
resistance . . .”’. This might lead to the
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photographed at Cr. Couronne, 1983.)

Fig. 5. This stubby mast accounts for 5% of
aerial capacitance, 2% of its radiation, and
90% of its cost! It makes no economic or
functional sense. Cargo cult design. (‘lle de
la Reunion,’ French flag, b. 1969, 16671
g.r.t. photographed at Rouen, 1983.)

hope that, with a good capacitive top, one
could work with an aerial only 15 metres
high with useful efficiency. We will get
some lift over ground-level figures because
the base of the aerial is already well ele-
vated by the hull of the ship. Figures 3 & 4

show about the least and the most that can’

be done about ‘tops’ on an average ship.
The bizarre arrangement in Fig 5 has all
the correct ingredients, but has got them
upside down: the money has been invested
in the wrong end of the aerial. As well as
improving radiation resistance, the ‘top’

- improves the L/C ratio, minimizing arc-
ing. As manufacturers keep on supplying
transmitters specified to match aerials of
€250 to 750pF”’, and shipyards tend to
supply aerials toward the lower end of the
80 to 400pF range, the ‘top’ can only help,
avoiding tuning difficulties particularly at
the low end of the 405 to 535kHz band.

Fig. 4. Hard-to-find classic French all-wire sausage aerials with high top capacitance, well
sited on available structures. (‘Dumont d'Orville,’ French flag, b.1977, 23910 g.r.t.

| _ STP2500 = 2000mm
’ _ STP3000 = 3000mm
!

Fig. 6. Traditional British feedthrough set-
up, unchanged since the days of silent

-movies, photographed in 1983.

b -

Fig. 7. Abbreviated version for a quick,
cheap job on a 900-ton supply vessel failed
repeatedly at sea. (Australian flag,
photographed in Tasmania, 1976.)

If the RC product is too small, charge
put into the aerial each cycle may leak
away almost as fast as it can be supplied (R
is parallel leakage). Time between peaks is
longer at lower frequencies. This is a
further good reason for making C as large
as possible. But what can be done about R?

The standard British feedthrough insu-
lator arrangement, unchanged since 1930,
is at its best and at its worst in Figs 6 and
7. The strain insulators are also standard
British issue. Their presence adds to

Fig. 8. German 10-foot-tall glass-fibre feedthrough trunk shown on its side.
Intelligent design, efficient and unobtrusive. Requires no safety fencing. 3 .
Might benefit from a few rain cones along the shaft. Dieckmann & Klapper, Gerdtebau

GmbH, Hamburg.)
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Fig. 9. Simple and effective conical skirts of
common British telegraph pole insulators,
in use for nearly a century, and only now
recently adopted for marine use, Figs. 10
and11.

,; : ___PTFE
|
eel

Fig. 10. Tough German aerial strain
insulator using skirt principle. Rated at
50kV (dry) at 500kHz. 700kg tensile load,
mass 1.5 kg. (Dieckmann & Klapper.)

leakage, and cancels any useful effect the
bells might have. In earlier times the
trunking (Fig 6) would have been made of
oiled teak, and could have contributed to
the overall insulation. These days it is’
soggy plywood, even steel.

British thought in this area has been
fossilized for 50 years; there has been re-
luctance to innovate or to produce any
aerial hardware requiring much manufac-
turing. Books like “101 Things a Boy Can
Make” have a lot to answer for. The ends
of this kind of feedthrough insulator are
sometimes unglazed and porous, ab-

sorbing water, and usually sealed with -

cork washers. A British firm makes a sol-
vent-based silicone preparation which
causes water on the surface of a ceramic
insulator to collect in small drops, prevent-
ing formation of a conductive film. It re-
quires oven curing. I have never seen it
used at sea; it could be useful. The old
‘bitumastic strap’ insulator, a yard-long
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tough rubber thong, worked on this prin-
ciple, although it might have fried at
17MHz!

A German-made feedthrough trunk,
based on a tough glass-fibre tube, is up to
three metres long (Fig 8); polyester stays
are available to brace it. There is minimal
shunt capacitance, small surface area, and
a long way indeed to leak or arc. It is rated
at 30kV at S00kHz. A neat arrangement:
beats soggy plywood, and probably doesn’t
cost much more.

The insulator shown in Fig 9, with its
deep skirt, has been on British telegraph
poles for nearly 100 years — simple and
effective. Only recently has a German firm
adapted the principle to insulators for
marine use, Fig 10. The same idea is seen
again on the base of a Russian mast aerial
in Fig 11. Why has it taken so long?

The feedthrough insulator of Fig 12,

‘with metal jacket and metal rain cone, was
photographed on the British cruiser, HMS .

Belfast. If the Navy had advanced ideas,
they did not seem to get passed on to the
merchant fleet.

But British ingenuity, neglected as it
may be, is still very much alive and well,
and living in Britain.

Recently patented, British developed
feedthrough and aerial link insulators
(Figs 13 & 14) with protective mantles of
elegant design have undergone testing by a
national h.v. laboratory and sea trials in
the North Atlantic in winter with excellent
results, see Fig 15. The shrouding domes
are made of transparent high impact plas-
tics. The feedthrough unit is held to the
bulkhead by non-metallic nylon bolts, and
a stream of air blown into the inner dome
to prevent penetration by moisture,
warmed as well if necessary to prevent
icing. The link insulator unit has a vaned,
wind-driven rotating outer dome, running
on non-metallic rollers. Water entering is
thrown out through small holes in the ro-
tating part. With salt-water spray directed
into the gap between inner and outer
domes for 30 minutes in laboratory tests,
flashover occured at 57kV. An unpro-
tected insulator under similar conditions

. begaa to spark over at 11kV.

In Morth Atlantic sea trials, carried out
on a British tanker from late January to
early April, one aerial retained its British
‘standard’ brass bell fitted feedthrough,
the other being supplied with the domed
shrouding mantle assembly. The day-to-
day log kept shows typically an equal 4A
up either aerial in dry weather, but ‘tuning
impossible’ with the standard aerial in bad
weather, while the modified aerial was still

drawing a good 2.8A, from the same

100watt transmitter at S0O0kHz. Later, link
insulators with protective mantles were
added to that aerial, with further improve-
ment in results. While the standard aerial
drew only 0.5, the modified aerial took
3.9A. What more can man do? Perhaps
combine the best features of several of the
systems described, no more. AWV,
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Fig. 11. Base of Russian mast showing
three deep-skirted rain cones on the central

. glass-fibre pole. (Photographed at Rouen,

1983.)

Fig. 13. Recently-developed British
feedthrough assembly with dual-domed
protective mantle. Moisture is expelled
from domes by air blower. (By P. F. Barber,
Scarborough.)

Fig. 12. Metal-jacketed naval feedthrough
insulator on HMS Belfast, World War 2
cruiser, now museum. Plumbing suggests

it might have been air blown.

Fig. 14. British invented link/strain insulator
assembly with protective shrouding. Wind-
driven rotating outer dome expels water by
centrifugal action. (P. F. Barber,
Scarborough.)

Fig. 15. Sea tiials with one feedthrough
protected, the other traditional. In later
trials protected link insulators added.

In bad weather at
380 miles, on
500kHz, US
coastguard gave
{typically) QSA1
from traditional
side, QSA4 from
protected side,
same transmitter.
Had the usual
shunting strain
insulator been
present traditional
side would have
fared even worse.
(P. F. Barber,
Scarborough.)
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Loudspeaker
measurements
simplified

Acoustic measurement techniques designed to avoid the vagaries o_f persona_l pr'ejudice
and room acoustics normally require a calibrated microphone. Using the principle of
reciprocity three transducers can be calibrated with reasonable accuracy and no

The design of loudspeaker cabinets may be
reduced to the analysis of an equivalent
electrical circuit!. In principle it should be
within the capabilities of an electronics
engineer to devise his own speakers for
special applications, or simply as a less
expensive and/or better quality option to
commercial offerings. Problems arise
however when attempting to confirm the
performance of the finished product. A
subjective listening test may be adequate
in some circumstances, but the vagaries of
personal prejudice and room acoustics can
affect the results, and it is difficult to de-
termine the cause of a fault should the
speaker not sound satisfactory.

The subject of acoustic measurements
has been discussed previously in Wireless
World. Hiscocks? described a gated tone-
burst method of eliminating the effects of
reverberation and echoes, and Grubb?
showed how a fast Fourier transform spec-
trum analyser might be used to achieve the
same end. But before such sophisticated
signal processing can be applied the acous-
tic field must be measured. This implies
the use of a microphone of known sensitiv-
ity and response, probably not available to
the home constructor. An application of
the principle of reciprocity is described in
this article which leads to the absolute
calibration of three transducers by means
of purely electrical observations.

The three transducers required are a
transmitter, a receiver and a reversible de-
vice. Most forms of acoustic transducer in
general use are reversible, and the method
is admirably suited to the calibration of a
microphone and a pair of loudspeakers.

The reciprocity theorem states that in a
passive linear four-pole network the ratio
of excitation to response is constant when
the positions of excitation and response are
interchanged. But more particularly, the
two open-circuit transfer admittances are
equal.
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specialized equipment

by Peter F. Dobbins

Two reversible electroacoustic transduc-
ers coupled to the same medium and
accessible only through the two pairs of
electrical terminals form a four-pole net-
work. A general proof of the validity of the
law has not been given for this case, to my
knowledge, but it has been proven for
special cases. Furthermore, in practice it is
easy to check that a particular network is
reciprocal, as described, and for this
reason the validity is assumed. It is further
assumed that the principle applies to indi-
vidual transducers. Consider Fig. 1(a),
which shows 'a current i; flowing into ter-
minals 1 & 2 of a network causing an open-
circuit voltage e; to appear across termi-
nals 3 & 4. In (b) the connections are
reversed, and an input current i, at termi-
nals 3 & 4 causes an open-circuit output
voltage e; at terminals 1 & 2. Reciprocity
may be stated as .

il/e1=i2/e2. (1)

In a transducer terminals 3 & 4 may be
regarded as a point in the acoustic medium

i i
—1 e
(@ @ Ie1
|2 - |

R o

|1 /‘e‘l 2 iz/Ez

|

(b)

——
©
~

Fig. 1. Four-port network is reciprocal if its
transfer admittance is the same in both
directions.

at a distance r from the device. Network
(a) represents a transmitter or loud-
speaker. An input current i produces a
sound pressure p at the eutput. Network
(b) represents a receiver or microphone
and an acoustic source of strength Q at the
input produces an open-circuit voltage ¢,
at the output terminals. Equation 1 may
then be written:

i/p=Qle,. (€))
For those unfamiliar with acoustic tex:mi-
nology, the rate of flow in the medium
from source is

Q= uw.da
where A is the area of the vibrating surface
and u(t) is the velocity of that surface.
Generally, for simple harmonic motion
Q=Qe™"
where Q is the strength of the source. At
low frequencies a loudspeaker cone may be
regarded as a rigid piston, and the source
strength is simply the effective area multi-
plied by the cone velocity. The acoustic
pressure p at a distance r from this source
is inversely proportional to r, if spherical
spreading is assumed, and related to Q by
the equation
_IPCK () iot—k)
p()=7—Qe D(r,0,¢) .
p is the density of the medium, c is the
sound speed, k=w/c is the wave number or
spatial frequency, and D is a function des-
cribing the directivity of the source with
arguments r,8,¢ in spherical co-ordinates.
For this discussion directivity is neglected,
as once the sensitivity has been found in
the straight-ahead direction it is a simple
matter to rotate the source and measure
thee relative response in other directions
and so determine the beam pattern. Phase
angle may be retained in these calculations
but is generally neglected because of expe-
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rimental difficulties encountered in accu-
rately determining both the distance be-
tween transducers and the sound speed in
the medium, 'so only the amplitude is con-
sidered here. Thus D is set equal to one,
and the exponential time dependence may
be dropped: -

pck i
p HQ 3
where p and Q are r.m.s. amplitudes. Both
spherical radiation and free-field condi-
tions are implicit in equation 3, and the
consequences of these assumptions will be
-discussed when the practical application of
this theory is considered.

The free-field voltage sensitivity m of a
transducer used as a microphone is the
ratio of the open-circuit voltage output e,
to the free-field sound pressure p:

‘m=ey/p. @
The transmitting voltage (or current) res-
ponse, sy(s;j), of a transducer used as a
speaker is the ratio of the sound pressure at
unit distance from the transducer to the
voltage applied across (or the signal
current flowing into) the electrical input
terminals;

Sy=p/v or s;=p/i. ©)
Combining equations 3 & 4:
_4umre,
m—pck Q" 6)
From equation 5 and the reciprocity
relationship (equation 2): :
Q=e//s;.
Thus, substituting for Q in equation 6,
_Amrs;
m= =0 @

Noting that s is defined for unit distance
(i.e. r=1), and that k may be expressed in
terms of frequency, k=2nf/c, equation 7
becomes

m 2
= 2 ®

where ] is the reciprocity parameter or
acoustical transfer admittance for spherical
radiation. By modifying the form of equa-
tion 3, reciprocity parameters<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>