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By combining all mobile radio servicing 
instruments In one portable unit, Marconi 
Instruments' Mobile Radio Test Set, TF 2950, 
streamlines your testing and servicing operation. 
And It is realistically priced. 

Signal generator, a.f. voltmeter, modula
tion monitor, power meter (In-line and 
absorption) and a.f. oscillator are housed in a 
compact and robust cabinet- measuring only 
315 mm high, 420 mm wide and 230 mm deep, 
and weighing only16 kg. 

TF 2950 is suitable for all a.m./f.m.mobile 
radio equipment and Is available In a number 

...... 

of versions to cover a wide frequency range. 
For maximum conveni~nce, the equip

ment operates from internal, rechargeable 
batteries or mains. A battery state meter Is 
incorporated. 

Marconi Instruments' TF 2950 gives you 
single-handed portability to meet all your 
mobile test needs. 

Put it to the test. 
W rtte or telephone for a full technical 

descript ion and, lf this whets your appetite 
further, we will be happy to arrange a 
demonstration. 

mi MARCONI INSTRUMENTS 
Ma rconi Instruments Limited· Longacres ·St. Albans · Hertfordshire · England AL4 OJN · Tel: (0727) 59291 · Telex: 23350 

Marconi El<><tronlcs Inc ·100 Stonehurn Court · Northvale· New jersey 07647 USA · Tel: (201) 767 ·7250 · Tw.: 710-991-9752 
Marcon1 1ns-trume.nu. · 32 avenue des Ecoles · 91600 Savigny-Sur~rge · France · Ti l: 996.03.86. · Telex: 600541 .F 

Marconi Mesmchnlk GmbH · 8000 MOnchen 21 ]orgstrasse 74 • West Germany · Tel: (069) 58 20 41 · Telex: S 212642 

The better value box 

for mobile radio servicing: 
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By combining all mobile radio servicing 
instruments in one portable unit, Marconi 
Instruments' Mobile Radio Test Set, IF 2950, 
streamlines your testing and servicing operation. 
And it is realistically priced. 

Signal generator, a.f. voltmeter, modula- 
tion monitor, power meter (in-line and 
absorption) and a.f. oscillator are housed in a 
compact and robust cabinet - measuring only 
315 mm high, 420 mm wide and 230 mm deep, 
and weighing only 16 kg. 

TF 2950 is suitable for all a.m./f.m.mobile 
radio equipment and Is available in a number 

of versions to cover a wide frequency range. 
For maximum convenience, the equip- 

ment operates from internal, rechargeable 
batteries or mains. A battery state meter is 
incorporated. 

Marconi Instruments' TF 2950 gives you 
single-handed portability to meet all your 
mobile test needs. 

Put it to the test. 
Write or telephone for a full technical 

description and, if this whets your appetite 
further, we will be happy to arrange a 
demonstration. 

ITU MARCONI INSTRUMENTS 

Marconi Instruments Limited • Longacres • St. Albans • Hertfordshire • England AL4 0JN • Tel: (0727) 59292 - Telex: 23350 
Marconi Electronics Inc • 100 Stonehursc Court ■ Northvale • New jersey 07647 USA • Tel: (201) 767-7250 • Twx: 710-991-9752 

Marconi Instrumenu • 32 avenue des Ecoles * 91600 5avigny-Sur-Orge • France • Tel: 996.03,86. • Telex: 600541,F 
Marconi MesscechnlkGmbH • 8000 MOnchen 21 Jorgscrasse 74 • West Germany • Tel: (089> 58 2041 - Telex; 5 212642 

A GfC-Ma'Cori Electronics Company 
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General Instrument Microelectronics Limited are the leaders in mlcrocircuita for 
conaumer/ telecommunications and other applications. 

Our dlmibutors form a direct pipeline from us to you. For easy access to the widest range of 
advanced mlcroelectromcs call them and ask for a free copy of our latest shortform catalogue. 

UK DISTRIBUTORS: Semiconductor Specialists Ltd .• Premier House, 
Fairfield Road. Yrewsley, West Drayton, Moddlesex. 
Tel · West Drayton (08954) 4641 5 Telex: 2 1958 
Semicomps ltd .. Wellington Road. London Colney, 
St. Albans. Herts. Tel: Sowmans Green 24522 Telex: 2 1108 
Semicomps Northern Ltd .• lngrow Lane, Keighley, 
W. Yorks. Tel : Keighley65 191 Telex: 5 173<13 
Semicomps Northern ltd .• East Bowmont Street. Kelso. 
Roxburghshire. Tel: Kelso 2366 Telex: 72692 
Semicomps Ltd .. 3 Vo/arvvick House, Station Aoad. 
Kenolwonh, Warwockshore. Tel: 0926 5941 1 Telex: 312212 
Crelfon Electronics Lt d .. 380 Bath Road, Slough SL I 6JE. 
Tel: Burnham {062861 4434 Telex· 84 7 57 I 
Crelfon Electronics ltd .. 2<1 Broughton Street. Cheetham 
Hrll, Manchester. Tel: 051 -83 1 7471 Telex: 668304 
Crelfon Electronics Ltd .. 192 Mouls~am Street Che ms'ord. 
Essex CM 2 OLG Tel: 0245 69545 Telex: 99443 
S.O.S. Components ltd .. J ubilea UM. Tl'eAirpott. 
Eastern Road. 0 crtsmou\h. Hants. 
Tci:C70565311 telex 86 119 
S.O.S. Components Ltd .. 1 I 1 Alexandra House. 
East K '\r ide. GlasgowG74 I LX 
Tel 0552 48617Te•ex: 778044 

help you compete 

GENERAL IN STRUMENT M ICROELECTRONICS LTD 

67-61 Mootrmer Street.'LondonW1N 7TD England 
Telephone: 01-636 2022 Telex: 23272 
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a pipeline 

TONE 

^ I 

General Instrument Microelectronics Limited are the leaders in microcircuits for 
consumer/telecommunications and other applications. 
0 jr disinbuicrs form a oVect pipeline f'Om us to you For easy access to the widest range of 
advanced microelectronics call them and ask for a free copy of our latest shortform catalogue. 

UK DISTRIBUTORS; 

4 

$ * 
We 

Semiconductor Specialists Ltd., Premier House, 
Fairfield Road, Yicwsley. West Drayton, Middlesex. 
Tel West Drayton 108954) 46415 ~&lex: 21958 
Semicomps Ltd., Wellington Road. London Colney, 
St. A bans, Herts Tel: BowmansGreon 24522 Te;ex: 21 108 
Semicomps Northern Ltd., IngrowLane, Keighley, 
W. Yorks. Tel: Keighloy 65191 Teiex: 517343 
Semicomps Northern Ltd.. East Bowmont Street. Keiso. 
Roxburghshire. Tel: Kelso 2366 Telex: 72692 
Semicomps Ltd., 3 Warwick house. Station Road, 
Kemlwonh, Warwickshire. Tel: 0926 5941 1 Teiex: 312212 
Crellon Electronics Ltd., 380 Bath Road. Slough SL1 6JE, 
Tel: Burnham (06286J 4434847571 
Crellon Electronics Ltd., 24 Broughton Street, Cneetharn 
Hill. Manchester, lol: 061-83* 7471 Telex: 668304 
Crellon Electronics Ltd., " 92 Mou'sham Street. Che -isforo 
Tssex CM2 01 G Tel: 024b 69545Telcx: 99443 
S.D.S. Components Ltd.. Jubilee Unit, T"e Airport, 
Eastern Roao. Portsmouth. Hants. 
Tel: 0705 6531 1 Telex 86*19 
S.D.S. Components Ltd., I 11 Alexandra House. 
East K bride. Glasgow G74 1LX 
1 el 0552 48617 Te'ex: 7 78044 
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AC V, I t dS 

DC V, I & 'lUll 

RESISTANCE 
lEAKAGE ol :N 
VOlT D~OP ol I O..A 

RF VOlTS 
HIGH VOl TS 
HIG H CURRENT 
TEMPERATURC 

RELIABLE 

120 BASIC RANGES 
SC~V/!;(XN hd, 5CpA/5()()-A lsd, - 9CdV- 50d8 miQ scole. Acc.!I.S•o lsd obo•e 500uV t SOO!>A. 
~espot'JO 3Ht/2oc:k.H z o.bcwe SOOpV Qr"C SOOV\. lnp..:t R: = 100MQ on volts. 

50.,.¥ / SOCN h d, ISOpA/ SOOAA li.d, poiC>'ity reversible . Aco.=l ·~• l.o obove 5C0o.V t SOO!>A 
Input a · IOOMQ on volts. 5 Nvll ron.ges hove ccntte zeco lin/log scale C-tWcrir:g • 4 c e<coos. 
0. 2Q/10GO in 7 ~ge~, polorily reversible-. l ow •esl 'IIOhose for sol id )tote circv·a . 
USCJ3V )OUI'C* witt- o.m ent •nngC). to_iest c:cpcc:i;::n., di~ otiO res;i·oncc up t O 100GO. 
Uses IO,..A to.~r~ will\ vohose rongC"$ to IC$1 di~es~ ltD's or~ resistance oown to 1 OmO. 

30 OPTIONAL RANGES 
O.SV/ 50\N hd, 1 ~Hf/1GHz, u!ing Rf Probe. Price £22 .. VAT . 
l. SkV/ SOkV (sd, AC/ DC, ·using HV Ptobe. Price £.16 " VAT. 
1.SA(50A fs:d, AC/OC, vs:ins Current ShunL Price £.15 + VAT. 
- 150 'C/•!/YJ°C f$d in 7 rongc$ v$ing T empcroh.H'¢ Probe . .,rice £.38 .&. VAl . 

The im.fiV'I'!eot op¢10t¢• ftom o 9 voh botto ry, lire 1000 hrs. , ot, AC moin~ whcfl c~tionol Po, ... er Supply Unh ·~ fill•d. 
Sixe i ~ 240Mm x l ~Om,.,. x 8Ch~tn. Weighl It l.7!j kg. Meier sc.olc tengTh h. 140m.m. l.colhcr (;.0$C h ovoilable ot t13 +VAT, 

LEVELL ELECTRONICS LTD. 
MOXON STREET. BARNET. H EATS .. ENGLAND. ENS SSO 

TEL . 0 1 • 449 5028/ 4408686 

WW -051 FOR f URTHER l>£TAILS 
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[LEYELLj MULTITESTER TYPE TMll 

m 
-f 

& 

RELIABLE 

*r 

4*1* 

120 BASIC RANGES 

50mV/500V fid, 5CpA/500^A l$df -9Cd3/-5WB mid scale. Acc.±l .5% Fs<i above SCO.uV & 500pA 
Re;-cr<c 3H^/2(>0kH/, above SOOpV and 50OiA. Innu: S = lOOMO on volts. 

.•jOijV/SCOV fsd, i50aA/5tX>nA fsd, oolo'll/ reversible. Ace.-' .5% Fso above 500uV & 500pA. 
inpu- R - 1CCMQ on voits. 5 Null ranges have centre ?ero tirv'Iog scale covering A cecaces. 
0.2Q^10GQ in 7 rerges, polarity reversible, -ov/ 'eil voltage for solid >late circuits. 
Uses 3V source v/itl- current renges lo.iesl capccitos, diodes ana resVoncc up to 100GO. 
Uses IOtiA source v-ith voltage ranges to lest diodes, LED's and resistance down to 1 OmO. 

AC V, | & dB 

DC V, I & NULL 

RESISTANCE 
LEAKAGE at 3V 
VOLT D^OP at 10mA 

RF VOLTS 
HIGH VOLTS 
HIGH CURRENT 
TEMPERATURE 

30 OPTIONAL RANGES 

0.5Y/5C0V Fsd, lOLHz/IGHz, using RF Prooe. P-icc £22 - VAT. 
1.5kV/50kV f5d, AC/DC, using HV Probe. Price £16 •• VAT. 
I .5A/5CA fsd, AC/DC, using Current Shunt. Price £15 + VAT. 
-150OC/-500OC fsd In 7 ranges using Tempcroture Probe. Price £33 x VAT 

The irstnument epcTctcs (r=m o 9 volt cattery, life 1 000 hrs., C, AC mains v/hon optional Power Supply Uni- V. fitted. 
Size is 240mm x loCnvr x SOmm. Weight is 1 .75 kg. Meier scale length is MOmm. Lcalhor cose "r available at £13 * VAT . 

LEVELL ELECTRONICS LTD. 

MOXON STREET. BARNET, HERTS.. ENGLAMD. ENb 5SD 
TEL 01 - 449 5028 440 8686 

WAV — 051 FOR FURTHER DETAILS 
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Give your friends a warm welcome 
He re·s the Chrom a Chi mo- o perfect exnmplc 
of British sc•om.t•c achicvomont brought r•ght 
to your own front cloor Now - yOLI con bo 
among the fm:u enthustosts il1 the w orld to 
build your own electrOI"IIC m usical door 
ch•me-a door chime wtth no moving parts 
There are 24 o f the w or ltfs favou r ite snd best 
known t UI'lt:lS p re·r,Jru gr&rn med onto th e 
microcomputer chip so that all you have to do 
is to set the Chromo Chu'l'lo's built -in seloctor 
sw1rches to D code to Index th e " tunc of tho 
doy .. from tho rcpetto,ro: 

GtClen\!«;r." r-. I!S•·•· th(:vn" 11 "l!lti!Knoc.k.•·•v Snldt~t'n Ch~1' 10~ 

'';:. 

God s.:w ... :r .. ou~"'' ll'lt Mlltl.t lt\l'•st 
=tu e !'! ro t;:.nn.il' Mull!" 
. onoo1 Hu:>c•nu (i!O-•'f 'l .. edO•.,O MM'I'I 
01'1 Com.,.:. I v~,., :rtf-. C<)OU1· ...,,,.l)or.r 
:),.,.,~C'\1. oi\\J ·'"'"" o\$ lr.nStdh (J Sl' llal> ' 

'"""'~!r, r.,.. r~ · .. ! dill' :.1 •· 
G~~:.tt lii! l ~ v• K !l'Y 
M,~f'l'li)OCI 

t:lev:1><"1<1111Jutl~>.r :0.11..-. 
B.~,.. 

\1\'(:<;lm•r-.:o,Ch , ,..... ~""'''~· ~t~',040~ )Jfl~ 
::;.,, u• ~ H\lWp1~ ,./II ·•'"''" !0\.-arl,.l!! 
'lh~~t .. f'e'$Oiilo' ftl"'ijN !IMin,J\.tll'u" f'IJ~tCI'Ill1'11'\\f't.l 

S•nceeveryth1ng esdone by nrcc•so ~ntro. 
mat c.:~ 1t CcJnnor play the notes ou1 of tuna. 

CUI;~H~I 8C>!)!(' 
-..," la1u•l e 

The ... n, t nas comprehcnstve buill·1n controls so that you 
can n()l onlyse.ect tt•e 'tune of tneday'but thevo!ume. 
tempo and envelope decay rate toel>ange the sound 
accord ng to taste 

'1m onlyv.sitOfS to the front ooor W' I bcamated.•f you 
t <evoucanconnect an~dd l ronal pushbvnon ~ora back 
<Joo' whtC'"I o:avs o d1fferet't tunel 

Th1s ~~~ nas oeen carefullyptepare<l so that pract1cally 
.1nyone capab'e of neat soldering wtll have complete success 
'" butlo "9 t The ~<•t manual conta•ns seep bystepconstroc· 
uona deuhts together vntna fault ftnd1ng gu•de. Circuit 
descnpuon.•nstallat on deuufs and opetahona' •nstrucuons 
au weJ •• str<Hedw•th numerous ftgures andd•agrams-
• Handsof'rlepufp()'St bu 11 A8Sc,;JOtllOI 
• Ea~y tob~.u!d.lfld '1=:ilul 
e IJ:.es le .. i1Sifl<illl.orT1410t5 rl\/51000 ITIU:r()C(IIf'tJUh!' 
• Aosolu1elv a p.arrs t~v(IOI•ed tt'IC ,,J<I, ~'~9 I C ttooc-tet 
• neaoy on lied an.d I &{lanced PCS me l.lrlerl 
• Comptcheo!.•"'e k T mm'I,•JI w•rh ftJII enet.tf de~, It~. 
• No prev•cusm•crocou,f'l,tle• exl)l!tt ftnce rteces:.mv 
• All p rogramm t'IQ oermanenllvrnamed ... onch p nov 
e (.an be butlt il'"' OI)Ou1 3 hC~ttSI 
e Runs o ff 2 PfS3 tvpehlUir~'•t:s 
• 1-u hy Gua,anw cd 

fhe CHAOMII·CHIME 1s exctuswely designed by 

CHACmRTACniCS 

~owp/ele ~~~Qm8- ~~lme 
1/'/inc/vc!e.f AiP+JIAT 

* /19-uat ~ t.. tiepaU..al'.t.~9 
t<JMtdoj ~{ude-14. 

>(. Sa-pa«*144 -~-.at ..a<UtjJ!Ua 

4?«~~ .-----------, I To CHROMATRO'IICS. Rover Way. Han ow. Essex. U.K. 

I
I P!easeseocOChroma·Ch1meK tsat [18<JOeach 1

1 
mclud ng VAT a:'ld post and packtng 

I p .EASE USE BLOCK CAPITALS I 
I Name I 
1 

Address 

1 
I I 
I l enclosechequeJPOvatue C I 

ordeb1t my ACCESSI BARCLAYCARD account No. 

II I I d 
I Signature I 
I N.B. The CHROMA·CHIME is also available. fully I 

assembled, price£ 24·95 i nc VAT and post and pac~ing. 
Rrver Way. Har low. Essex. L £.I 

llillllllllilliiiilillllllllllllllllllllllllllllll WW/ 2 /?S 

---~------
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TVNE/N 7b WE WOELP OF 

M/CMPROOESSORE 

C=J4 

' 
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Give yourfriendsa warm welcome 
Here's the Chroma Chi mo -a perfect example 
of British scientific achievemori brought right 
tc your own front door Now—you can bo 
among the first enthusiasts in the world to 
build your own electronic musica door 
chime—a door chime with no moving parts 
There ye 24 of the world's favourite and best 
known tunes pre-programmed onto the 
mic/ocomputer chip so that all you have 10 do 
is to set the Chroma Chime's built-in selector 
switches to n coco to index the "tune of the 
day" from the repertoire: 

sjbf' 

Grenn'.lw/p'. 
Gou SoveliteOoffc'i 
RuicRnlonria* 
.one ol HcatfanoGlO'V 
C'Comoi ' Yo :n ;'•(«< 
O'il' yos a'lO 
vVp:-ln'i",;T';rCri mi-*.* 
S.st mi H*i*"s>iuO 
' 'iiese;espiir. ongpr 

Sbi'lli<:vi!**s "faisKrifikiig 
TneMo«i€ i oise 
Mu/a-*, 
wpclomg Maic" 
o'..' Doc 
T 'MrStori fi Sv (10:' 
B-eH".«ven's Ode «•* Jo < 
VVl 1 i— It! I C><t'!..l* 

Solilit'i's Clicus 
'v.mklp.fy. PUo i illlr S! 
Gtt-alGaieui K.^v 
M.i'y i.inn 
Couii; -i'" .• unet Altn-. 
B.-KP 
Cul-jnei Borii. 
"Htt l(>rhl|ie 

hi' pi,1,1-. !%„!!,•.o 1$ prosaocl 
Since evervthmg .s cone by precise mnlhe- 

tnai.cs, •' cannot play the notes out of tune. 
The unit nas comprehensive built-in controls so that yo„ 

can not only select the 'tune of the day' out the volume, 
tempo and envelope decay rate to change the sound 
accord ng to taste 

Not only v.sitors to the front doorwuibeama/ed.if you 
xe you can con "eel ar add t onal push button for s back 

door which ofays a different tune! 
This kit "os oeen carefully prepared So that practically 

anyone capab'e of neat soldering will have complete success 
in buildmg t The kit manual contains step by sleo construe 
lionai details together with a fault t: nemg guide, circuit 
descipticn. installation details and operational instructions 
all we: ..slrated wdh numerous figuresandGiag'ams. 
• Handsome purpose built A8S caomei 
• Easy to build and nstal 
• Uses le/as Inslrunents' (ViS'iOOO 'i-icrnf.'i'i'pu!1-'* 
• Ahsoiulglv a parrs supplied including I C son-ret 
• Ready orilied arc.' lecencec PC-- mc-uded 
• Comptehensive kit manual v.-itn iuilcnci.it dataih 
• No previous microcomputer experience recessary 
• All programm ng permarently retainea son ch o ROV 
• Con OC bo '* nabOul ShcutsI 
• Runs all 2 PP3 rypphaltcnes 
• i ui v Gviaianteed 

I ne CHROMA-CHIME is exclusively designed by 

CHRomniRomcs 
River Way. Harlow, Essex. 

I 

chroma-chime 

ti7/*c/vc/esP£Pmr 
* /iyteat uitioducUoH fa fcutatafatq 

cvytCdo^ mtciccowputcvi, 
* Scwe fiawicfa oh no-utcac refaUlpnece 

! c CHHOMAIRONICS, River Way. Harlow. Essex, U.K. 

Please send G Chroma-Chime K ts at L'i8 00 each 
mclud ngVAT and post and packing 
PLEASE USE BLOCK CAPITALS 

Name  

Address 

< enclose cheque. PO value C  
or debit mv ACCESS/BARCLAVCARD account No. 

I 

I 
| Signature 

IN.B. The CHROMA-CHIME is also available, fully 
assembled, price £24-95 inc VAT and post and packing. 



AUDIO MIXER 
superb stereo audic mixer. It can 

equipped wll~ up to 16 iopul module• ol ytur 
clloict ,.d lis pet1crmnce malc'u lllll ollbe 
my best upe-recordert and bi·li eqol,atol. 
II 11tels lbt requirements ol proluslonal 
rmrdiog studies. fM ro~io stallons. uncert 
halls and theatres. fall construction details In 
our catalogue. A component schedule is 

available on request. 

THE "DRUMSETTE" 
RHYTHM GENERATOR 

.............. Jllibri:sb ••• -~~ 
••• Ml .. aoe~pallJ JO!'I! • 1•e llialt11 
,..llltttc •",_ ..... po1.aJ lin ... d:rttcreo1 ,..,...... ..... ~ .... ....... 
.................. ,stllt'l......,t'llrJ'I!n 
c.6Wift t"'*' •'**'"' use ot opedtiOft- iuM 
U fCWrttfl IOf IUid&t liS ' 'u:tud.i• J , .. art 
•.cfttd oe!Mtlrt. Se: II 111141 tll::.r d 111 0111 
lllhoto! $11M t~ till c:onsttuc,lon cletails 110ft: 
M($ 4f,l"f1CII t5J. 

INTEGRATED 
CIRCUITS 

Over 35 page$ in ovr cataJogue 
de'loted to hundreds of uselul 
I.C.s. All With data .. pin c:onncc
Uons and many w«h applj_catlons 
circuits and projects to build. 
Post the coupon now! 

«""' 
APLIN CArAilO,GUE' 
WORTH HAVING?? 

• •• .... . ftf n~..-.. ~ -·d Jill' - p .E. .. unn u , , , jnl 1bMl tverylllil; 11tt Dlf 
elt CI.lOnica t nlhs!as.1 teq11irn.- - P .w. 

''piOU'I'f tile IIIOJI et•prtM1$1Vt O:.·J:al01111t 
we lltt't un "m~ a:ron.' - E.E. 

'flU tlttll utthllly ,n,md tad!$ very well 
JrUU1t~:· - R.E.C. 

"makt !IIC tM Cll Mdtriq tort.pO~UI$ ~n 
tUJ. JtCIII i1t Ud tii)'Jtll~1 pa~ime:· - P.W. 

· o•l'f n t w01d ~neni.cs tile ft'tltcal~., 
- srpubr - E.T.I. 

O'ltfl60.000 COPI£$ SGW 
001 T .leSS our Slii'J SOp WCrN 

MAPLIN ELECTRONIC SUPPLIES 
P.O. Box 3. Rayleigh. Essex SS6 8LR 
Telephone: Soulhend (0702) 715155 

$tq:!Ml ..... I!K! 
VII flltf.iii1111·SU. E.sn:1 

p ow! 01 Mod tVI 
tre-~· s~:he:ml 

ID70tl 1151$i 

SYNTHESISER 
Tile lnteroatloul 4SOD S'pt~esim. A very 
co11preheasiY1 unit. Over 400 sold. We stock 
all til parts cosllag foss thi3 £500 foclading 
hllly panelled ••d priJIIad melal-k aod a 
saarl tuk eabiaet. far len tltao ball wbll 
you'd pay lor a ready r.~a~e $J11thnim ol 
e~ual quality. Speclfi~ation •• reqml. lull 
construcllon details in our construtlion book 

£ 1.50. 

Our bi-monthly newsleller 
keeps you up to date wilh lalesl 
guaranteed prices - our tatesl 
special oilers - details of new 
projects and new lines. Send 
30p tor the not six issues (5p 
discount voucher wilh each 

copy!. 

f lam r11D me 1 tCP1 o11cur 216 pt~t catiloi!~l. 
1 u c:lou ~ " ' lledtrs11Ml 11a.t if 1 am lli11 ~omplltdy 
u :istid l -'t !thll'alkt tatJht-st l!lYOII•·turia 14 Np 
, .. •m ll'f 6IJp rtfllllftd iaudi:ate!y. 

!lUIE ........ 

AOORESS • .. ,. . .. .. .. .. 

• ] i [• K* 

AUDIO MIXER 
rA superb stereo audio mixer. It can .. 
equipped wilb up to 16 input modules of your 
choice and its perlormance matches that ol the 
very best tape-recorders and hi-li equipment. 
It meets the requirements ol professional 
recording studios. FM radio stations, concert 
halls and Ihealres. full construction details in 
our catalogue, fi component schedule is 

available on request. 

THE'DRUMSETTE" 
RHYTHM GENERATOR 

Orgjr.iMs. pianists, gollsmls ... an aulornaUc 
drum Sd la accompany you! Kinn highly 
reallallc Instruments play lilleen Ollterenl 
rhythms. fif.Ben rhymrn-setecl touch swilchirs 
and a touch plate lor slop/start wilhoul rhythm 
cAanoe oWes absoluie case ol aprtalion. Build 
it yoursell lor under CSS including smart 
leok-ctleci cabinet. See it ana hear it in our 
shop'. Send tor tuB construction dclaili now; 
MES 49. Price 2Sp. 

INTEGRATED 
CIRCUITS 

Over 35 pages in our catalogue 
devoted to hundreds ol usclul 
I.C.s. All with data, pin connec- 
tions and many with applications 
circuits and projects to build. 
Post the coupon now! 

SYNTHESISER 
The International 4600 Synthesiser. A very 
comprehensive unit. Over 400 sold. We stock 
all the parts costing less than £500 including 
fully punched and printed metalwork and a 
smart leak cabinet. Far less than hall whal 
you'd pay lor a ready made synthesiser ol 
equal qualify. Specification on requesl, lull 
conslruclion details in our construction book 

£1.50. 

T.V. GAME 

A fascinating TV game kit that 
plays football, tennis, squash and 
practice for only £21.59. Reprint of 
construction details 35p. Add-on 
rifle kit only £10.60. 

/ 

WHO SAYS THE 
P MAPLIN CATALOGUE1: 

WORTH HAVING?? 
In musis' 'eaBcrs-io 

collaclliil' — P-E. 
••conU rj - |US1 atwul etferylhk; in 0;' 
clBCiromcs eni'BSiast requirts' P-W. 
proSably the moil MBiprt^fWjva -.r.aloque 

wt hart e«: coma across.' - E.E. 
has been cartluliy prepared and la very well 

praserte?." - R.E.C. 
"nialca She ol c'dei;-j coitpwenU an 

aasy. accuraia and iniijabia pas'.ime." P.W 
• q«( cnt word isacnces Ihe prtlicaU:- 

- stparbf - E.TJ. 
DVEi 60.0CC COPIES SD'-O 

DON T V SS OUT' S5HO 60p K0« 
MAPLIN ELECTRONIC SUPPLIES 

P.O. Box 3. Rayleigh. Essex SS6 SLR 
Telephone: Southcnd (0702) 715155 

SMf: 24-1 UMtr. Bead 
Weslilil' an-Saa. Essex 

ICIoat: on Monday] 
TstepM*; SwihenB 

10702171515T 

Our bi-monlhly newsletter 
keeps you up lo dale wilh latest 
guaranteed prices - our latest 
special offers — details of new 
projects and new lines. Send 
30p lor the next six issues (5p 
discounl voucher willi each 

copy). 

-• -V . 

KUKTHKR DETAILS 
3K. 

/ 
/ 

1 

I 

I 
\ 
\ 

L\ 

POST THIS COUPON V 
NOW fOP. YOUR COPY Of OUR CATALOGUE a ,, 

PRICE 60p 

Please tush me z copy al your 216 page caialogue. \ 
I enclose 60p. hut undetstanC tha: i' I am not ccmpleleiy « 
saiisliEfl I may return the catalogue lo you viilhin 14 flays ■ 
and have my 60p relunfled immefllalely, % 

NAME .. 

ADDRESS 

I 
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PLASTIC FASTENERS 
FOR ELECTRONICS 

SELF-ADHESIVE CABLE CLIPS 010 a QulcR 
and simple means of securino caales. cords and 
smell looms to flat surfaces. No drilling or 
tlxlng screws necessary. The peel,..off badclno fs 
removed immediately before placing the clip. 
The coating adhere£ to me»t c:1ean. flat surfaces 
and with,tands a wide range of humidity and 
tomporature. Cable clips •re moulded In nawral 
nylon and have rounded edges to prevent 
damage to the cables. 

tor atrapplno wires and cables into tight, 
compact looms. Tho ratchet fastener is adjust-~~~J.~~ 

,CABLE STRAPS are seml~permanent fasteners 

able and -can be released by plnchtng- ln the \ 
ildat of the futener head. Ce~ble s trags are 
made from black nylon . 

WIRE TIES ~ue a flexible means of 
wlros and small c.abfes into orderly, 
looms. They are Quick and easy to fll and can be 
re .. uaed, greatly reducing re-loomlng limes. 
Wire ties are made from nylon and are available 
In various silas Qadi determined by • different 
colour. 

P.C. IIOARC SPACERS are • lmple 10 one· 
piece mouldings fol' use with p.c. boBrda. They 
have a self retaining shank for fastening Into 
panels and a T -.shaped anchor for ae<::vl'l ng p.c. 
bo&l'ds of 0.062"' thickness. They have oood 
reaiatance to vibration and ant suitable lor 
board·tO•board or board-tochassis use. 

HARMSWORTH 
HARMSWORTH, TOW NLEY & CO. LTD. 
HAR EH ILL TODMORDEN LANCS OL14 5JY 
Phone TOOMORDEJ;-1 2601 (STO 070· 681 2601) 

t 'OR FURTHER 

W HE LESS W()ALE>, FEBRIJA~V 1978 

Eimac 
tubes 

fly 
everywhere 

Eimac stock popular 
duty free, at ZUrloll Alnlllift~" 

For fast, competitive service, contact: 
Bob Bowles, Eimac Division 

Varian AG, P. 0 . Box, 6300 Zug, SwitZerland 
Tel. 042 /3166 55 

Telex 78 789 or 78841 
Sales offices in: 

Zug, Switzerland and 
Paris, London, Munich, Torino, 

Amsterdam, Brussels, Stockholm. 

@ 
varian 
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PLASTIC FASTENERS 

FOR ELECTRONICS 

SELF-ADHESIVE CABLE CLIPS are a quick 
and simple means of securing caoles, cords and 
small .ooms 10 flat surfaces. No drilling or 
fixing screws necessary. The peel-off backing 
removed immediately before placing the clip. 
The coaling adheres to most c ean, flat surfaces 
and withstands a wide range of humidity and 
temperature. Cable clips are moulded in natural 
nylon and have rounded edges to prevent 
damage to the cables. 

CABLE STRAPS are semi-pernanent fasteners 
for strapping wires and cables into tight, 
compact looms. The ratchet fastener is adjust- 
able and can be released by pinchlng-ln the 
sides of the fastener head. Cable straps are 
made from black nylon, 

WIRE TIES are a flexible means of fastening 
wires and small cables into orderly, compact 
looms They are quick and easy to fit and can be 
re-used, greatly reducing re-looming times. 
Wire ties are made from nylon and are available 
In various sizes each determined by a different 
colour. 

Tne P.C. BOARD GUIDE is a self-retaining 
edge support tor printed circuit boards. II has 
good panel retention and grips p.c. boards 
firmly and securely. The guide Is available In 
two types of material - yellow acetal or grey 
Noryl, tor high temperature and voltage appli- 
cations. 

or-. 

P.C. BOARD SPACERS are simple to fit. one- 
piece mouldings for use with p.c. boards. They 
have a self retaining snank for fastening Into 
panels and a T-shaoec anchor for securing p.c. 
boards of 0.062' thickness. They have good 
resistance to vibration and are suitable for 
board-to-boara or board-tochassis use. 

P.C. BOARD STAND-OFFS are quickly assem- 
bled. self-retaining oanei supports for p.c. 
boards. Made from natural (off while) nylon and 
have good resistance to vibration. Suitable for 
panels up to 0.079' thickness. Stand-Offs accept 
a No Asel'-tapping screw. 

PLASTIC RIVETS fasten panels, fittings and 
name plates to metal plastic and wood. Resilient 
enough to fix into brittle materials like fibre- 
glass, hardboard and glass. 'Shank, head and 
pin are one piece. Fixing is by driving the pm 
through the head into the space between the 
legs, gripping the work. 

DRIVE FASTENERS hold two or more pane's 
together. Easily tixed. normally by thumb 
pressure. Nc special tools required. Boat- 
shaped DRIVE Fasteners are for panels of thin 
and medium thickness and are removable 
Ribben Drive Fasteners are used in blind holes 
Where hole iength exceeds ler gth of shank. 

PLASTIC HOLE PLUGS are quick, inexoensive 
means of plugging unwanted holes. Hole Plugs 
keep out dust, dirt and moisture. Attractively 
shaped heads give a neat finish. The snap action 
grip of the Hole Plug makes a vibration resistant 
seal. Ho e Plugs are made from nylon and are 
non-corrosive. 

LOKUT ANCHORS are used to strengthen 
holes by providing additional-screw thread 
engagement in materials where self-tapping 
screws would be unsatisfactory. Made from 
high strength nylon and used in insulation, and 
electrical chassis work. Easily Mted by hand. 
TOOO's OF OTHER TYPES OF PLASTIC 

AND METAL FASTENERS 
  LEAFLETS ON REQUEST 

HARMSWORTH 
HARMSWORTH,TOWNLEY &CO. LTD 
HAREHILL TODMORDEN LANCS OL14 5JY 
Phone TO DM OR DEN 2601 {STD 070-681 2601; 

W- 

Eimac 

tubes 

fly 

everywhere 

Eimac stock popular tube types. < - 
duty free, at Ziirlch Airixxt 

WW—027 FOR FURTHER DETAILS 

For fast, competitive service, contact: 
Bob Bowles, Eimac Division, 

Varian AG. P. O. Box, 6300 Zug, Switzerland 
Tel. 042 / 31 66 55 

Telex 78 789 or 78841 
Sales offices in: 

Zug, Switzerland and 
Paris, London, Munich, Torino. 

Amsterdam, Brussels, Stockholm. 

varian 

WW—045 FOR FURTHER DETAILS 
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F.M. TUNERS, 
MODULES & KITS ~y 

... .. -
-

~..> --.}'...!?,.,... 

TiTOUCH TUNED 
T3 DIGITAL(AS SHOWN) 

MAIN RECEIV~!I._ MO.PULE, M1 

Tuner 
£121 .00 
£149.00 

We h:Jvc da•tned before lnat th.s f.~· SV6tem i.s th tl NUll advanced on lh~! 

tna•'\tl. a.nd il:tcr nel)f,y lh1ee '{e<lr$ w.,- lt!pf!81 Ol..11 d•i"'"' Some h.:s:vt: bouowed 

i6oM. ~!\a-.-enol bu: no~ tt.. tt.,giw:» 'IOI.l •!J ~~ INtu'eso: th.• unil 

Haw meny turctJ ""'-'• IN! spt~riou. t.lft•ttg ~le-t:ts found at either :Adt o1 • 
corttcffy tuned s1&!10n~ How r~nv tuntrt '-d• the $0und out u yev tut'I(J too 

f&1 oil ttation :OT g ood qu-1 ny s oonrt7 Uow mal)y ~unertlclll the tu~btg •ndocalor 

$0 1h 11t it does not inditlllr. wh~l'l thertt 111 no $1:eliol\ lh ertl Mow m;;.ny otic• you 

dtih (re;.o to nir..g1 '\Nf could 90 ( )11 . I( ycu warn " w n c:t lhat has boon w(lll 

thougtu o u1 81'1-d englnc«ttcd, !118 n witt'! lt'lls mc.:Jute 

NEW TOUCH TUNE MODULE MS Mk. 2 

Kit 
£109.00 
£139.00 

Th1S tu,.t m Ltilt s•.:•&l)' proviC~: tha bott v;1l-1t lor monov' 

ava.tabl• ;O<!ay. Comb-on"" tile best of ~ht modu le$ shown 

tw!~. 1 mdudes a full digital fUdO-.~t of f•·~:quenev to • 
~ ol 0. i ~H,. .o 1h1t ~XOKt sbt<On .6en~1)0n etn 

be maC• In addiLM, 11). QtNet S-~!tiOtl$ ~y bf! se'teettd by 
touGn conuols no11ino tnH.rral sold st:~to !.:Imps. ,..,hilo manual 

m mnv ltiOWs cmsy saM<h ng fo: d SUII'It •~~tion5 u nd tt thet 

g11id~~ncu of 1he c! ig itul mmlit. 

A 5whch~t~ m..:u 5'/l~om artows rec;o~ llon ot the wer.k~t-11~ 

.SUI.ont wh:Jc m!ltlf'"ffJ ntof.s:~ti6n ftO•SO ;,.nd S-Pvr+Ow.s 

fC$C)OI'I.MI, Per'.eet ~" .. ...-.s\ltcd by not petmitti"9 My 

61ation 10 be htt!·d v.•iic:h 4 Ia• e noug'h 0111 ol 1w.e 10 c.uw 
dlstotliO!"\, 1"~ tu1\in!) lndx:a~01lam,p pto..,ldl't • milill'l$ of v.rfV 

fi.ne h,11'111'1g, and is :'!UIOMII~&I •Y exlingutth..O betweef'l !l!&tion a. 

A POW!Itlul A.F .C. iyite, 1!1 a lso ,ncorpotltl t!d w hich holds bll 

sl;:~hm\t in tu~. wh Ia 1'10 1 preven ting mtl'lual w n;n g, 

Good l'creo 1ec9ption iJ. usuted bv tl'oe UM of a oh.-&e tock.~ 

~ea::dtf' with fu!l 'bile.. and $punouS OUI&)I.rl lile:i"V· 

fin3ilty OUt not~~. ltle •·"•'""' ~pcartn~ and $1yling bf ng 
a fre&h M:w look ;o Hi-~. it\e :s:turdy wooden cat n'!t is f n' shcd 

tn ntal lt&l< VCI'l(!(lf, hOtiSlf'lg ;lin :I III&CI !\'t SJOid <i!.nd brOwn 

a nodiMid :.turn-ni.um lfOI'It 1):1nel. which c:~ui c:S bhH::l< corwots 
<t~ '"~ d in iiCUP1101'1"- Thr,; in=:Jieator li!mp:; :md 41gilal d isplaY$ 01t Ill 

red. gMn~ the ttn 'ih n~ touch~s to a t ... ntr you ·wi I be Jl tOu4 to 

""" 

£27.95 
£29.95 

DIGITAL FREQUENCY METER M6 
•.ve ;ne ,....,. cwoud of11-t i5 Ollt. we do"\o't no .... to say Jfs the be$.t, :.:~ fee• as we k.now 

r.·s 1M only ooe1 On a bottt4 las ~n .C" tQIHorc is a.U !~ et.ctronu of a t~•bkr 

rot.n.:er wUh i.f. offS(lf {•ddocft a-ref & $l."t'oil-.:«f OOYo~f s:<.ppfyl Wrth the U of a 

srm:!l dtoQhter bcs·d fttOt tl«own} whlch ll't$ n.o&!Jy j:r.to the tb<Jve r'r'oc:ft,Jie {M IJ, tl\.t 

$XVC1 !I!.IIOft lteqO¢t>:y ill d SC)\IV9cf tQ the n• fl!ttt 0 , 1 Mk1, t,'ll. lllf'lil'tg $Cil e 20" 

h)O'J whh fi<:C'I.ua;e c.1 ib rMI<lt'!l e11ery 0 . 1"1 Vnu get the trnn,fmme~. daughltt 

00.1Jd (releiV w ired i1'1) , pOiati~od·lillc t, am:! e l•st of s :;:~fon h equtncies. W h n1 mo1~t 

00 '(OU WIU'II~ 

Th.;J nt~w modu'e inc ludes se ... er<'l't~m'V lea1ures tor no ll'lcuease tn !){leo lmpiO\'~d 

SMtit-v"rlv with ··touch to O<tr1.h . . I!~OCS. it c;.ouplcd wi!h rtMOtO s;et)p!n g and C:.,_1n9c;:~:b!c 

po..,.., u~" S€~:10ft 8r'{r~tet ta.,ps: ore at.o add~d 1nd 20 turtl~'m~ pte -..Is P'O ... idc 

re~et prc-se!«bbtn 0( ~bot'l$. 

FULl CABINET / METALWORK KIT 

MS 
MODULE ONLY 
£17.54 

(Including aH Nuts •ncl 8ola~ Ptug• •nd Sockets, ecc.) £28.16 

OTHER MODULES etc. 
M?. St!Ht!O decoder , , • , 
M4 Power so pptv , , •• 
Sl131 0decodet iC 
TBA760 f m i .f. , • , , • 
l()v t1rgl.jr.t0f IC . •• 
lP118& t:ont-eno 
Fiht!, SfJtO 7MA , 
7 .ogmctr~t l .E.D (c/ll) 
D<ltenp1ivc bo<~kl t!l , • 
Small Otderil (< l:5 OD• 

C8.36 
tG.93 
(2.1$ 
£1 .71 
C1 ,85 
(8.53 
,, .71 
,,.99 
(0,50 
£0.50 

AU. PRICES+ 12.5~ VAT. U.K . ONLY 

k t £6.8~ 
kit t6.49 

u: 1.$0 f)! port) 
ll:!ndtlng O-htuge 

OvctMu. Salles by PTo- forma lnvcn• send 1W MOney 

TO ICON DESIGN 33 ft.ntrOOV11$W 
Puf101t, W;lts .. SN5 90G 

Ml M2 M4 M5 Mk. 2 M6 ALL 

7_. 
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F.Wl. TUNERS, 

MODULES & KITS by 
e 

SJEffcO EM 

T2 TOUCH TUNED . - • - 
T3 DIGITAL (AS SHOWN) 

Tuner 
£121.00 
£149.00 

Kit 
£109.00 
£139.00 

this tune must suiely provide '.he oc^: value (0' mono/' 
av.Tli.hlc .uday. Combining me test of the modules show, 
be:Cr«v. i includes a lull digital 'eadovl ol lieuuency to n 
resolution ol 0." VHr. so mat oxact slut on Identification can 
be -taCe n nOdiiion. six ore-set aiations may be iSiecieo by 
toucn controls neving Internal sol d state lamps, while manual 
tur.lny Bilovrs easy searching for distant stations under mo 
guidance ol the digital meter. 
A switchabte mule system allows reception ol the weakest 
stations while muling ntcr-station nose and sput o-s 
responses. Pei'ect reception s assured by no; pcrmmirg any 
station to he heard v.nich is iai enough out ol tune to cause 
d storlc".. The tuning indicator lamp provides a means of very 
fine tuning, and is automav cel y nxiinguishec" between stations. 
A OOWBflul A.F.C. system is also- ncorpnralec which holds all 
stations in tune, while not preventing rnanuBl tuning 
Good siceo receolion is assuied by the use of a ohaso locked 
decoder with fuH Liroie anc spurious output filtering. 
Finally out not cast, the external appearance and styling bung 
a fresh new look to Hi-Fi The sturdy wooden cabinet is f nished 
n r-at teak ver.cnr, housing an aiuactive gold and brov.n 
anodised alumn um from panel, which carries black controls 
a-d inscriptions. Tnn indicstor lamps and digital displays are in 
red. giving me hn shmg touches to a t-ncr you will be proud '.0 
Owrt _ 

MAIN RECEIVER MODULE Ml 
Wc nave ciaintao be'c" mat this -.V system is the most aovanccd cn the 
market, snd after nearly mtee years wn repeat out cieim, Somo have borrowed 
idoas. some have not. but no other ;u«er gives you all me leaiu-es cn th.s unit. 
How many tuners mute me spurious tuning eflects found at o ther side of a 
ccrrcctiy tuned station? How many tuners fade the sound out es you tune tea 
tai oil Station for good Quality sound? Huw many tuners kill the tuning indicator 
so that It does not indicate when there s no station mere? How many oiler you 
Crr't free tuning? «Va could go on. U vcu want s tuner mat has been well 
thought out ana engineered, start with this module 

v 

Ml KIT £27.95 
MODULE £29.95 

DIGITAL FREQUENCY METER M6 
We are very proud of this one. We don't have *.u say it s the best. :>s l&i as we know 
it s Ihr only one On a board less than scuarc is al. the electron cs of a stable 
counter witn 1.1. offset (addedl a'd a stabilized power supply With the aid of a 
small dsuchtnr beard loot s^own) which lits neatly into the above module (M1). the 
exact station l'cgue-r.y is d sp svec to the raa-est 0 1 V Hz, it s a tuning sea c sv 
dog with accurate ca ibteiicr s eve-y f}.!"' You get the transformar. daughter 
board ceacy Wired in), polarized filicr. and a I st o' stat on Ireguencies What more 
do you want? 

M6 
MODULE ONLY 
£44.40 

NEW TOUCH TUNE MODULE M5 Mk. 2 
This new modu'e includes several'mtw laaiutes lot no ncrease .n price Improved 
sensh vity w-.th " touch to earth" mode Is coupled with -emoie stopping at-d chengoabie 

power up" selection Snghter lamps a-e also added and 70 turn cerm.t pre sets provide 
reliabrc preselection of stations 

FULL CABINET/METALWORK KIT 
(Including nil Nuts and Bolts, Plugs nnd Sockots, etc.) 

OTHER MODULES etc. 
M7 Stereo decoder   £8.38 K.t £6 8^ 
'.'4 Power supply .... ... £6.93 kit £6.49 
SLISlOdeccder IC   £2.15 
rBA750fmi.f   £1-71 
?0v legulBtor IC ...  El.85 
LP1186 iront-enc   £8.53 
Filter. SFJIO 7MA .   £1-71 
7 segment L.E.D (c?a)   £1.99 
Descriptive booklet .. •• £0.50 !£1.50 export) 
Small Orders(< r.5,00> •- £0.50 Handling charge 

ALL PRICES + 12.5% VAT. U.K. ONLY 
Overseas: Sales by Pro Forma Invoice send no inoecy 

€28.16 

M5 
MODULE ONLY 
£17.54 

33 ReS'.rop View 
Pufton, 'AMtS.. SN5 9DG TO ICON DESIGN 

P ease supply data cn (Circle as lequired) 
Ml M2 M4 Mb Mk. 2 M6 ALL 

Address label Block letters 
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-Mini-P.riced 
breaetboards for/
maxi-sized 
projects. ~i,\-,t.':\_,\'~~';'\\\t(<,:::; ..... 
Experimentor' low-oost soldcrless bread· ~r; ~ ·• ··::::_:_·.:_:::,:·.:· • .'' ·::::_:_:":~":"::_::::.': 
boards are the first m the world specialfy .. · • : 4 .: •• : •• :.. • • .: • · :·.: •• • 

des•gned lor 0.3·· and 0.6'' p1tch DIP's. • • •• • • ·: :-:: •:::::.. • • ·:: • • 
... 0 • • • • • • • • • • • • ............. Theychp together by an exclusive rxccus1vt •• • ··:·.·:·.·::.:·. • 

interlocking system rn any conf1guratton. ~~I~~_?,CKING • • ... : •. :::: • • 
(just l ike dominoes), so you arrange tho •• •• 
breadboards to su1t your circuit. 
not vice-versa. 
They are precision moulded from 
duralJie. f lame-retardant plastic. 
and feature alphanumeric 
coding fer easy circuit 
building, and 

10~ 

- - - ~-- -- --• ' .• . . $ ••• ,_ •. .. , .. • .. : .•. • \ " •• ... .... ...... ...... , .... ' ..... . "··························· : .................. .... ... . .. ...... .. ................. . . . ' ..................... . 
• • • 0 0 •••••••• ••• •••• •••• -................ ...... . ···················· ·· ·· ·········· ···· ···· . : : ::: ~·: ::·:: · ::~:~::·~ .. ~~;:::;~~::;;;~~~~·~ 

Contact res:stance is a mere 0.4 mn and 
1ntertcrminal capacitance IS typically less 
than 5pF. The Experimentor is usable to 
over lOOMHL 
Experimentor 600and 650 models are 
ideal for RAM's ROM's and PROM's 
(0.6" centre IC's) while the 300 and 350 
modclsare lor smaller Dl P's (0.3" cent res). 
All four models.ol course. also take all 
standard components. the O.l"grid bc1ng 
compat'ble with trans1stors, diodes. LEO's. 
capacitors. resistors. pots - m fact any 
component with lead siles between 0.0 15" 
and0.032:' c ~;;;; ;;;;;_;;_::: :::::::::::::::::::8 ............... ............... .. ........ ..... ..... ..... ..... ..... .. .. . ..... ..... 

.A usetul quad bus str ip CEXP4S) further 

lerurth" Wodth'• Channel" 
60 21 03 94("-70) 
3 6 2 .1 0.3 46(230} 
6.0 2.4 0.6 9S{47Cl 
3 6 2 4 0.6 '.6!?.30) 
60 1.0 N A N/A 

expands the versatihtyoi the system for 
the MPU user. 
Experimentor breadboards can be used 
alone or mounted on any convenient II at 
surlacc.thanks to moulded·m mounting 
holes and v1nyl insu1at1cn backing that 
prevents short c~rcu its. Mount them from 
the front w1th 4·~0 l lathl,ad screws or from 
I he rear with 6 32 self tapping screws. 
But however you use them. t:xperimentor 
breadboards arc 1 he quickest and easiest 
way to build and test cirCluts . 
If you're working on IC's, MPU's, memories. 

Get your hands 
on an Experimenter 

and stop 
wasting time 

Bus Price .A.1 uoct$.)fC0.330 deep 
2(80) £6.77 PnccsincJI.IdcV.AI (8;-a;.) .and ""'"·gq 
2 (4()) £3.69 UK o..-s. 
:!(SO} £7.35 A<l<1 5'.<. to •II 
2t.G.Ol £3.99 A I 
4\160} £2:.83 at 

displays or any other circu. ts. buy tho 
breadboards that are designed for you. 
Ring us (01·89007621 with your Access. 
Barclaycard or American Express number 
and your order will be in the post that night. 
Alternatively. send a cheque. or pestal 
order (don't send cred1t cards!) ard 1t 
sti ll only takes a few days. 
Otherwise ask lor our complete catalogue. 

(:0NTINENTA.I S,_.E:C Alfii!SC~I'ORATION (UK) I.TO. I:WUR ROAO,N()HrH FfLl ri.o\W HtAOI\J3 CSlATE.fE~T! IAM,,VIU(.>tCSFX 1W I 40T J I t tEPI!ON!· (H.,io.90(17(12 
RCG IN I ONOON 13113/tiOVATfi.O ?748()711 ' i THACC W •RI\ Al>f'LICD fOR CSC cl.KH ro 19?7, fJEA~ER E~QVIRIE~ WELCCVE '"ELC)( ~1 366!1C!.C 'I.T0 

\\1\V - (ll8 1-'0R FUUTI-{ER OET A(LS 

Mini-priced 

breadboards for 

maxi-sized 

projects. 

WIRELESS WOPLD FiBR'JAPV 1 016 

• 
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Get your hands 

on an Experimenter 

and stop 

l wasting timely 

Centre 
channe Leneth 

Experimenter (owcosl solCcriess bread- 
boardsare the first in the world specially 
designed (or 0.3" and 0.6" o I ten Dip's. 
They clip together by an exclusive 
interlocking system in any configuration, 
(just like dominoes), so you arrange the 
breadboards to suit your circuit 
not vice-vcrsa. 
They are precision moulded from 
durable, flame-relardant plastic. ^ 
and feature alphanumeric 
ceding for easy circuit .j 
building, and u 
non-corrosive, pre-stressec " v 
nickel-silver alloy contacts— 
reliable tor well over 10,000 insertionsSt 

Contact res.'stance is a mere 0.4 mnand 
mterterminal capacitance is typically less 
than 5pFThe Experimenter is usable to 
over 100 MHz. 
Experimenter 600 and 630 models are 
ideal for RAM's ROM sand PROM's 
(0.6"centre IC's) while the 300 and 350 
modelsare forsmaller DIP's (0.3" centres). 
All four models, of course, also take all 
standard components, the 0.1 "grid being 
compatible with transistors, diodes. LED's, 
capacitors, resistors, pots-in fact any 
component with lead sizes between 0.0 i 5' 
and 0.032:' 

Mode 
EXP30P 
GXP350 
EXP6CD 
EXP650 
cxP4e 

5-way 
tie points 
94;avg) 
46(230) 
94(470) 
46:230) 
N-'A 

Bus 
2(ai) 
2(40) 
2(00) 
2(00) 
4; 160; 

A useful quad bus strip (EXP4B) further 

expands the versatility of the system for 
the MPU user. 
Experimenter breadboards can be used 
alone cr mounted on any convenient flat 
surface, thanks tc moulded-m mounting 
holes and vmy) insulation backing that 
prevents short circuits. Mount them from 
the front with 4-40 fathead screwsor f rom 
the rear with 6 32 self tapping screws. 
3ut however you use them, Experimenter 
breadbes-xis are I he quickest and easiest 
way to build and test circuits, 
i f you're working on IC's. MRU's, memories. 

Pr,ce A:, unnsc-re0.330 deep 
£6.'/7 Prices include VAT (S/O and o&p 'cr 
£3.69 UK Ocdors. 
£7 35 Add 5% •c> .ill yrde'S outside UK 
£3.99 A : pr ccs and soecificjlions correct 
£2.83 at tns tcre ol KOing to press 

displays or any other circuits, buy the 
breadboards that are designed for ycu. 
Ring us (01-890 0782) with your Access. 
Barclaycard or American Express number 
and your order will be in the post that night. 

Alternatively, send a cheque, cr posts 
order (don't send credit cards!) and X 
still only takes a few days. 
Otherwise ask for our complete catalogue. 
CONIiKWAl SPtClAUKS COtTORAION 

rr „; MIU..,. asaaaasaf jateg- 
WW -OIS FOR FURTHER DETAILS 
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The Industrial Tube Guide 

I TUBES 

/ 
/ 

RCA offer the definitive guide to 
industrial tube products. A collection of 
literature, full of information on a vast range 
from camera tubes to digital display tubes. 
Lasers to photomultipliers. Power devices to 

T LAS{RS 

POWER 

receiving tubes. LEOs to CCD Image Sensors. 
It can save time, trouble and money, yet it's 
free on request. 

The brochures set out dearly and 
conveniently, data on a wide and diverse 
range of product groups. Apart from initially 
grouping products into types and outlining 
major parameters, there are expanded 
catalogues on most products. 

These include selection, replacement, 
equivalents and characteristics tables to 
help you narrow your choice. 

If your business involves industrial tubes, 
this is one guide you should not be without. 

Just call or send the coupon. 

rtre&on Bec:rooics ud.. - ~-=- - "7 7 -: - ~.·~,;;-
1 380S.thRoad,S:oosf!,BettcsSU 6J[. 

Tei:80Jrnham(C6280l 443" Te:ex;847571 
I pease send me the RcA lndusural T.;;, ~u ere 0 

• 

: Na11e -~----------
) Corr,pany ~------------

1 Address - - - - ----- --- -

Cu~ll<~n ( lectton•C$ Ltd. 
ltncorporal•na ECS and ODS ~~~tes! 0011 I _ _ _ _ ,.,. __ _ 

I 
WW- 01$ FOR FURTHER DETAJLS 
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The Industrial Tube Guide 

CAMERA TUBES 
CRTand 
STORAGE TUBES 

T 

LASERS- 

ITAL 
PLAV TUBES 

DEVK POWER 

RECEIVING TUBES 

PHOTODECTORS 

RCA offer the definitive guide to 

industrial tube products. A collection of 

literature, full of information on a vast range 

from camera tubes to digital display tubes. 

Lasers to photomultipliers. Power devices to 

« 

r 

u 

receiving tubes. LEDs to CCD Image Sensors. 

It can save time, trouble and money.yet it's 

free on request. 

The brochures set out clearly and 

conveniently, data on a wide and diverse 

range of product groups. Apart from initially 

grouping products into types and outlining 

major parameters, there are expanded 

catalogues on most products. 

These include selection, replacement, 
equivalents and characteristics tables to 

help you narrow your choice. 
If your business involves industrial tubes, 

this is one guide you should not be without. 

Just call or send the coupon. 

PErelon Electronics Ltd.. 
i 380 Bath Read. S;ough, Berks SLl 6Jr, 
1 Tel: Burnham (06286) 443^ Te!ex^847571 _ 
I Please send me the RCA Industrial lubeGu ce 

Name 

Company 

Address . 

Creil(/n Electronics ltd. 
(incorporating ECS and GOS Sales: WGil lei-  

WW — 01S FOR FURTHER DETAII^ 
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II 
there are 

transformers and 

Drake Transfortners 
A wide range of transformers 
manufactured in product ion 

quantities to customers' own 
requirements; prompt design 

and prototype service. 

Drake Transformers Limited 
South Green Works~ K8nn el Lan e, Billericay, E$se x CM11 2SP 
Telep hone: Bille ricay 511 55. Telex: 99426 

A lt.$ 

KGM TV CAMERAS 

• 
Type 130 is a compact ?JJ inch camera with an unusually 
high specification tor a camera of th is sizt. II is a sturdy~ 
reliable camera of great versatihly. 

Type 113 iS an ~xtrcmely rUgged camera designed for critical 
applieat,ons of a very wide nature. ResoluttOn is better than 800 lines. 
Type 1181s a day and night camera based o n Type 113 but with many 
uniQue features to e1lhancc its performance in d ifficul1 light conditio ns . 
KGM cameras and monitors arc backed by KGM's many years' e)(perienoe 

of designing and bu ild ing CCTV equ ipment for large industrial 
usefs and leading public authorit ies. Send fot your (lata sheets now. 

I ~ #1 y, = ELEC I RO~CS 
- --::... tA - UMrTEQ 
Clock Tower Road, lsleworth. Middloscx TW7 GDU 
Tel; 01·568 0151. Te lex: 9341 20 

\\'W-ool fOil .. URTIIF.R DE.TAJl S 

10 VVIHtiLESS WORLD FEBRUARY 19 /8 

>- 

it • 

there are 

transformers and 

porv^j 

A wide range of transformers 
manufactured in production 

quantities to customers' own 
requirements; prompt design 

and prototype service. 

□rake Transformers Limited 

South Green Works. Kennel Lane, Billencay. Essex CM11 2SP 
Telephone; Billericay 511 55. Telex: 99426 

WW—>48 FOR FURTHER DETAII-S 

KGM TV CAMERAS 

r 
Type 130 is a compact ?.'3 inch camera with an unusually 
high specification for a camera of this size. It is a sturdy, 
reliable camera of great versatility. 

Type 113 is an extremely rugged camera designed lor critical 
applications of a very wide nature. Resolution is better than 800 lines. 
Type 118 is a day and night camera based on Type 113 but with many 
unique features to enhance ils performance in difficult light conditions. 
KGM cameras and monitors arc backed by KGM's many years' experience 

of designing and building CCTV eQuipment for large industrial 
users and leading public authorities Send for your data sheets now. 

ELEcrmorutcs 
UIMTED 

Clock Tower Road. Isleworth. WdcJIosfix TW7 GDU 
Tel: 01-568 0151. Telex: 934120 

W\v—DOS FOR FURTHER DETAILS 
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WHY SETTLE FOR LESS-

THAN A 6800 SYSTEM 

MEMORY-
A'l static memory w :h selected 2102 IC's al
f0\"'1$ processor to run at its maximum 
speed at al! times. No ref,esh system is 
needed and no time is lOSt in me· 
mory refresh cycles. Each board 
holds 4,096 words of th•s 
proven rei able and trouble - - -
free memory. Cost 
only cao.oo tor 
each full 4 K 
memory. 

----PROCESSOR-
" Motoro Ia" M6800 po ocr.sso ,. 
with Mik b<Jg® ROM oparat inn 
sys tem. Au toma t c reset and loa<l· 
ing, plus full compatalli litv Wtth 

Serial control h :ecface connects to any RS-232. or 
20 Ma. TTY control terminal. Connecto•s pro· 

vided tor eJ<oansion o.tup to eight · nterfaces. 
UniQue orogrammi,'!b.e interlace c: rc:uits 

allow you to matcn the interface 10 ol 
most any possible combinat ·on o4 

polatlty and contro l s:gna ar· 
rangements. Baud rate se1ec· 

t:on can be made on edch 
mdividual ·ntcrfacc. AI 

this at a sc•'lS blc cost 
of onlv£30.00for 

either seria l, or 
parallel type 

POWER 
SUPPLY-

Motorola evaluation set softw&I'C. Cry5tn l 
controlled oscillato r provides the clock s'gnal 
for the proccssoo· ond is d•vided down by tl;c 
MC1 44 11 to prov de the .,a r ous Baud ,·ate outputs 

Heavy duty 10.0 Amp power 
supply ~apal>le of powcrtng a 

fully expanpcd system o! memory 
and interface boatcs. Note 25 Amp 

recti fie• briclge and 9 1,000 m'd compu:er 
; ""adc f Iter capac1tot. 

for the interface c ircuits. Full huffcnng on al data 
and address busses •nsu rcs "glttcl'l" free operat'o1 with 
full ex pans: or> of memory and interfaces. 

DOCUMENTATION-
.\Jihbug® is a rfgisterrd lrodemork of 
,\fotorola Inc. 

Computer System 

Probably tile most extcns ve and complete set of data available for any 
mtcroproressor system 's supplied with our 6800 computer. This inclaces 
the Motorola programming manual. our own very complete assembly in 
svuct'ons. plus a notebooli full of tnformat on that we have com:Jiled on 

with serial interface and 4 .096 words 
the svs~em hardware and programming. 'This includes d agnostic orograms. 
sample programs and even a Tic "'ac Toe list!"9 . of memory . . ........... £275.00 

PRICE EFFECTIVE 1.s-t OCTOBER. 1977 (l<tt fotm only) 

Prlcu quot•d tJo not 
lnclutJ• YA T 

r-------------------------------
Please send me details of your full range of computer equipment 
and software. 

Name • • • ' ' ' ' • • o o • o o I ' o • ' ' • ' ' ' o o ' 

Address . .. ' . .. . .. . ' ' ' . .. . .. . ' ..... . 
• • • • • • • • • • . • • • • * • ... ••••• • ••••• • • ' ••• 

. . . . . . . . . . . . . . . . . . . 

Southwest Technical Products Co. 
174 Jfield Road, London, SW1 0 

WW-04l FOR tURTHE.R DETAILS 
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WHY SETTLE FOR LESS- 

THAN A 6800 SYSTEM 

MEMORY— 

A:l sratic memory w :h selecrsc: 2102 IC's al- 
lows processor to run at iis maximum 
soeed at al times. No refresh system is 
needed and no time is ost in me- 
morv refresh cycles. Each board 
holds 1.096 words of !h:s 
proven reliable and trouble 
free memory. Cost — 
only £80.00 tor 
eac.n full 4K 
memory. 

INTERFACE— 

controi Interface connects to any RS-232, or 
Ma. TTV control terminal. Cornecio-s ore- 

video for expansion o* up to eight nter'aces. 
Unioue programmable interlace circuits 

allow you to match the interface to at 
most any possible combinat on of 

polaiity and cont'ol signa ar- 
rangements. Baud rate seiec- 

lion can be made on each 
ndividual nterface. Al 

this at a sensible cost 
of cnlv£30.00'or 

either serial, 0' 
parallel type 

P 

si <7 

s 

'I 

PROCESSOR— 

"Motorola" M6800 oioccssoi 
with Mikbug® ROM operating 
system. Automat c reset and 'ced- 
ing, pius "ud compatabilily With 
Motorola evaluatior-' set software. Crysta 
controlled oscillator provides The clock signal 
for the processor and is divided down by the 
MC14411 to provide the va' ous Baud rate outputs 
for the interface circuits. Full buffering on ai data 
and address busses nsures "glitch" tree opera I on with 
full expansion of memory and interfaces. 

POWER 

SUPPLY- 

Heavy duty 10.0 Amp power 
supply capable of powering a 

fully expanded system o*' memory 
and Interface boa'ds. Note 25 Amp 

'ecilfici bridge and 91,000 mfd computer 
grade f Iter capacitor. 

DOCUMENTATION- 

Probably the most extensive and complete set of data available for any 
micioprocGSSor system is supplied with ou' 58C0 computer. This includes 
the Motorola programming manual, our own very complete assembly in 
si'uet'ohs. plus a notebook' full of information that we have compiled on 
the system hardware a.nc programming. "This includes diagnostic programs, 
sample programs and even a Tic Tac Toe listing 

PRICE EFFECTIVE 1st OCTOBER. 1977 
I  

Mikbuk™ is a iTgistered Iradentcrk n; 
Motorola Inc. 

Computer System 

with serial interface and 4,096 words 

of memory £275.00 
(Kit kirm only) 

HBW690O u~n<w 

Prices quoted do not 
Include VAT 

j Please send me details of your full range of computer equipment 
j and software. 
I 
I 

Name   

Address        

Southwest Technical Products Co. 
174 Ifield Road, London, SW10 

WW—041 FOR FURTHER DETAILS 
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Total Capability UJD1f)]~®UJ[[) . . 

PYROMETER toe-;< pensive chock on 
«~ldering rempef;.'lfUfCS 

MINIATURE SOLDERING IRONS 
Some -of the woe d's srra:,.,t Irons. 

rr:a ns and low YO tage 

I -- :::> -- ... 
r 
--~- .. :::> -- ·::>··· 

' ' 
__...,.. --'- . _ ,_ __ _ 

TOOl S Hend tools and production aids 
tor e!ectronics 

\V\\' -I>UI H>R J.'t.IRTHER O£' fAILS 

PC/2 SYSTEM Vt~da!:l le powef 
electronic 
conuol at 
t'COI,OtniC 
CO$\ 

A. D. BAYLISS & SON LTD. 
Behind this name 
there's a lot of 
real POWER! 
Illustrated right is a TITAN DRILL 
V.O..IIIOCI ~a,.,_,~ 1;~ ~~.,. .. • _.. .. .;of'! .. tcaf ,.-.r= ~ • N OC • ,..,.,.,.,. 
iOOO~w"" • ~ofl'!.OI)f"l\ eo-\ (~Q~'W !CO'"\'" -'""' """"! ~·~ i.lin',)fl' oo:;.Jst o~o::::.n~n.ot1flll t~t "''' .11 """ •'""'~~''"·"''• ,..., b• !l'l:! ..-~ "'~•\ ,.,. 1 <~•VI9d '"' lurnrncr b!-..c-
"'"..,. :li:JIO lOt v'ie " tl-~ 1!'1ll-"'d :s 1"10 e~ . IAN'I" Ofl:ll,.l. """''t"' ''a foM;;.!ItJr ••t·'>•Or o l ~"-• T ""' 
A!)prtM 'Mtd 9000 'l)m 12v Ot ro-'.f~~ 35 .... ..., C:l'fl Can-y ' 4"' · n 

TITAN DRILL & STAND 
fiiAN ORI~i ONLY 

RELIANT DRILL & STAND 
O:(~IA"-1 Oftll.l OM~ 

TITAN MINI KIT DRILL 
"'" ~ Teo~ 
RELIANT _!'.11N I KIT DRILL 
_. .... 20 , ....... 

TRANSFORMER UNIT 

£19.50 
I !j'I(. Vt.T .,. ;::n 0 6 + (, .-bli 

( 8.90 '* l4'W> VAT • HI fi. l I 35p P&l' 

£16.27 
.-h. VAl - !''1'!>21' I' I ~A fli 

U .22 ..- H• VAT - ! S 6-t + JSp P&P 

£ 14.76 
iF 8" .... ~t - {'!.·9~ .. ~"' ..... 

£ 12 .00 
• s •vAT .. £13<001 ~ loOI)•t• 

£ 8 .55 
~ 9 V!ol - (~73 _., 75;tP&,II' 

11-..., .,, ••lll~les 0'1 :~~ (.o;: IIIU·Wt ' "''''" o' fO""t' t:~eots dtr.og!"fle !.1) *"~l t!:,. .,..,_C:, O! 
l.krWioO!I'<IM\ Ofl9t~ll:'l; ~b:I!.:OI'"'I W~I~!:!IJ 1'1100.1 I'OI,t.,Orfo oll'l~ <1!h011 ~ ' !:!:.ill •' " il , ,-,, 11-'«•t.:tf'l 

f:U~~~c::;, ~: Pl'l"'oftl to)Oil:> b;.'O <Jrlt' · 11 COI"!II'O'Ie•~A•~• ~..U.¢1 ·0<~ ()of Ct~!!s (),,.,du' tt 1'<'!!!\11 11"1(1 
01,..., 1<1015 
S'NI) SIAMF' 'Ut l ull <IJ!~IIils :o n:~ln d•l<!! hlilll'' 

A. D. BAYLISS & SON LTD., Pfera W orks, Redmarley. Glos. GL 19 3JU 
St01::lc.1!1:!> R:ch., rdll tlcc1ric '1\'0ICht.,r and Glcau;et~t <=t. Hooper$ o ' l.•<lburv Hobbi ol l!!-d:)ur.,·. 0 &0 M ocJe!t. Hw'•'c1rd· fh:.rtl'h<l Gro~esle: 
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PC/2 SYSTr \i Variable power 
electronic 
control at 
economic s »• 

m 

rr 
v. 

r 

in 
MINIATURE SOLDERING 1 RONS 
Some of the wor ci's siralleit irons. 

mams and low vo'tage 

SOLDERING IRONS 
Comprahensive range of 

low cost Irons IQw to 7f>v/ 

Send TODAY for FREE 
Catalogue with full details 
of this and other 
equipment 

LIGHT SOLDERING DEVELOPMENTS LTD 

97-99 Gloucester Road, Croydon.Surrey CRO 2DN Telephone 01-689 0574, Telex 8811945 

ww — (MS FOR I IIRTHER DETAILS 

A. D. BAYLISS & SON LTD 

Behind this name 

there's a lot of 

real POWER! 
Illustrated right is a TITAN DRILL 
Voumcd ir. 4 rnml uo'eo« 'i-.. iv i powc'i, '.r.ol .mi - :, ,n • :c 01 dpd'3« 
SCCO w ih » lorqur ol 3hO g.m mn C"uck c.ip,ic ;y 3 Oil " n. 
Tl* mojti pti'OTAn sunii •oCjwv MOM'ir.ian nl m—l 9^3 olumimum TIm b-y- ,rvl avciT'.n'C " 11 Kamnw blue 
Asp ava1 snie it" uw " H'f »tand ; inc Bt; 1AM? DRtlL .t,sma'taf vfyion mI '."t T a.n 
Aoiyr,« wefl.l 9C0C -pm 12. DC KVqp- 35 B"1 c"i Ca|«teily 7 .1 

TITAN DRILL & STAND 
TITAN ORIU ONLV 
RELIANT DRILL & STAND 
eCllAM OBIb. ONLY 
TITAN MINI KIT DRILL 
Ckrt 70 tcol! 

RELIANT MINI KIT DRILL 
Plus 20 Tor.. 

TRANSFORMER UNIT 

£19.50 . H-- VAT - -21 C6 - r- PAP 
t8.90 - H': vat - ^«i r>i i 35p e&e 

€16.27 - k . VAI i ' / !<2 r !' I "AP 
£5.22 - K'- VAT - is 6/ - 35p P'.P 

£14.75 j- C -. vai - •-■irn? 4 noi =4» 

vat - r13 £12.00 ♦ 'Alo T" '■ 

£8.55 - H VAI - rp 73 v 75-) e&P 
11^--. -...toics <y cien.'/n 5' por.c- won dcngr.eif u. 1.1--1 th- neiui 01 
ypvelopmon ©ngirr?'! ar.ii-i.<ir r.pn-ri mocol Am.'n:(-4<f.-tiqu * ng iiyij cocrt-on 
pxKWClien :c. To Cack up ihe txbv- loo's tit-i •i'lc* a ccuccici'.-.d toi.ii'Min ol Onlli G.-iditxi Poitii: and 
olbo' foili 
SEMI Si AMP Uy lull deiMils w naio d.ii- .i.ii-i-i 

• 

A. D. BAYLISS & SON LTD., Pfera Works. Redmarley. Glos. GL19 3JU 
Siockcmi ~ :'- i-3^ ripci'ic VVoiceMcr .itI Glcurrr.ir- Hoopos 0* Ledbo'v toDbi ol Leittmry; Oft0 Mode's tere'cid- nc-irtia GiOucesie- 

V-^V—022 FOR """"" 
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Stay ahead-follow this sign 

GOULD ADVANCE INSTRUMENTS 
HAVE A WORLDWIDE REPUTATION. 
BUT THEY NEED NOT COST YOU 

THE EARTH. 

ALPHA Ill DIGITAL MULTI METER 
A tough, attractive, 3;. digit muhimeterwith 25 

ranges and a basic accuracy of ~0 2%. A brightred 
LEO display gives a clear reading even in high ambient 
light conditions, and yet power consumption is low 
enough for extensive f ield applications. 

A purpose built CMOS chip incorporates all 
ana logue and digital circuitry. giving a low component 
count and increased realiabil ity. 

BETA DIGITAL MULTIMETER 
A general -purpose multi meter. offering 29 ranges, 

including temperature (optional), and a basic accuracy 
figure of _ 0.2%. A clear, 3~ digit Lrquid Crystal 
Display, o.s· high. gives a high-contrast read-out. 
Fully portable, with a minimum of 300 hours· ballery 
life, the Beta has already established a reputation 
for accuracy and reliability. 

For details of any ofthese instruments and the 
Gould Advance 2 year guarantee, write or phone today. 
Gould Advance Ltd., Instruments Division, 
Roobuck Road, Hainaul t. Essex IG6 3UE. 
Telephone: 01-500 1000 Telex : 263785. 

OS245A AND OS250B OSCILLOSCOPES 
Two dual trace oscilloscope$, with sensitivity of 

5mV /div., and 2mV /em respectrvely. The OS250B offers 
variable trigger level with or without bright line. The 
OS245A has a bandwidth of 1OM Hz. the OS2508 offers 
16M Hz. Fully portable, these aro the ideal instruments for 
servicing, educational and general purpose applications. 

TC 320 TIMER COUNTER 
This new, tough, 5-digit unit has an operating 

frequency of 35M Hz. Plated through hole PCB construction 
keeps the component count down,. for exceptional 
reliability. Frequency measurements up to at least 
35M Hz can be easily read from the clear 7 · segment 
display. The TC320 offers outstanding performance
Including "disciplined" triggering-at a remarkably 
modest price. 

e· • f) 

e 
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Stay ahead-follow this sign 

GOULD ADVANCE INSTRUMENTS 

HAVE A WORLDWIDE REPUTATION 

BUT THEY NEED NOT COST YOU 

THE EARTH. 

AW" 

* » 

1 

OS245A AND 0S250B OSCILLOSCOPES 

Two dual trace oscilloscopes, with sensitivity of 
5mV/div., and 2mV/cm respectively. The OS250B offers 
variable trigger level with or without bright line. The 
OS245A has a bandwidth of 10MHz. the OS250B offers 
15M Hz, Fully portable, these are the ideal instruments for 
servicing, educational and general ourpose applications. 

ALPHA III DIGITAL MULTIMETER 

A lough, attractive, Sj digit multimeter with 25 
ranges and a basic accuracy of 0 2%. A bright red 
LED display gives a clear reading even in high ambient 
light conditions, and yet power consumption is low 
enough for extensive field applications. 

A purpose built CMOS chip incorporates all 
analogue and digital circuitry, giving a low component 
count and increased realiability. 

« 

TC 320 TIMER COUNTER 

This new, lough, 5-digit unit has an operating 
frequency of 35MHz. Plated through hoie PCB construction 
keeps the component count down, for exceptional 
reliability. Frequency measurements up to at least 
35MH2 can be easily read from the clear 7-segmenl 
display. The TC320 offers outstanding performance - 
including "disciplined" triggering-at a remarkably 
modest price. 

BETA DIGITAL MULTIMETER 

A general-purpose multimeter, offering 29 ranges, 
including temperature (optional), and a basic accuracy 
figure of i.0.2%. A clear, 32 digit Liquid Crystal 
Display, 6.5' high, gives a high-contrast read-out, 
Fully portable, with a minimum of 300 hours' battery 
life, the Beta has already established a reputation 
for accuracy and reliability. 

For details of any of these instruments and the 
Gould Advance 2 year guarantee, write or phone today. 
Gould Advance Ltd.. Instruments Division, 
Roebuck Road, Hainault, Essex IG6 3UE 
Telephone: 01 -5001000 Telex; 263785. 

e 
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INSIST ON 

VERSA TOWER 

BY PROFESSIONALS
FOR PROFESSIONALS 

Designed for W ind Speeds from 85 
m.p.h. to 1 17 m.p.h., conforming 
with CP3 Chapter V, part II. 

First in the f ield with a fully 
Interchangeable (versatile) 
telescopic, ti lt over, tower system. 
Acclaimed as the world leader in the 
field of communication6 and 
lighting, both static and mobile 

Smce the launching of the 
Versatower system early in 1968 
we have operated a con tinuous 
development and applications 
programme. Consequently from 
inception nght through 10 the 
present day, detail dosogn, materials 
used and produclion techniques 
employed arc continually updated. 
tllos eoupled wnh our quality 
assurance scheme ensures that we 
maintaon the leader position we 
enjoy today. 

With many thousands of satisfied 
users throughout the wor!d. 
coupled with our no nonsense 
guarantee and immediate spares 
availaboloty, it makes little sense to 
settle for an alternative product. 

sTRUMECH 

VERSATOWER 
SYSTEM ~ 

W\\'- 039 FOR J'URTII£ 1t Ok.l'AILS 

WIRFl.fSS W()Al O FI!HRUARV 1 0?8 

ELECTRONIC 
INDUSTRIAL THERMOMETER 

rom~ 

I 
0 

.~ - --------===---. 

THE MODERN WAY TO MEASUilE TEMPERATURE 
A The rmometer desi~ to operate as an E.lec~ronic Ttlt Mtttr. Will 
measure temperature -of 'Air, Metals. Uquids, Maehinorv. tto .. ttc . 

. Jut;t pi ~;~Q-i!!J~~ -~r~be.: ant! '~!Jd the ten:'~'!~ '~" on tho lotgt o~ 
scale meter. Supplied wilh carrying case: Pr<i'bo ~nd in1trnal 1 ~. 
yQil standard size bsnery. . , • . :-.' 
Modei .. Mini·Z I" mea$ures lrom-4~ C 10 + 70° C. Price t25.00 
M.odei .. Mini·Z 2" measurcslrom-s~ c to + 1os: C . Price £25,00 
fModef ' 'Minf...Z Ki" measures from+ 100° C to+ ~oo'~~· c · t27.SO 

(VAT 8% EXTRA) 
W'tite for fulther d.eta;ls - to-

HARRIS ELECTRONICS (LONDON!', 
138 GRAY'S INN ROAD. LONDON, WC1 X SAX 

(Phone 0 1-83 7 793 7) 

'-"W- 02S FOR FURTHER DETAILS 

Getyourcopyofthe 
Proline Professional 
tape recorder leaflet. 

Written by 
professionals 

only for the 
professional, 

the leaflet 
gives full 
information 

on a range of 
recorders, noted 

for their 

SOPHISTICATION WITHOUT COMPLICATION 

Fi ll in the reader enq\Jiry card or wri te to: 
TONY COSTELLO OR JOHN ROBINSON 
LEEVERS·RICH EQUIPMENT L TO 
319 TRINITY ROAD LONDON SW18 3SL 
01·874 9054 

WW-033 1-'0R F>'VRTIIER DETAJt..S 
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INSIST ON 

VERSATOWER 

BY PROFESSIONALS— 

FOR PROFESSIONALS 

Designed for Wind Speeds from 85 
m.p.h. lo 1 1 7 m.p.h., conforming 
with CPS Chapter V, part II. 

First in the field with a fully 
interchangeable (versatile) 
telescopic, tilt over, lower system. 
Acclaimed as the world leader in the 
field of communications and 
lighting, both static and mobile 

Since the launching of the 
Versatower system early in 1 968 
we have operated a continuous 
development and applications 
programme. Consequently from 
inception right through to the 
present day, detail design, materials 
used and production techniques 
employed arc continually updated. 
This coupled with our quality 
assurance scheme ensures that we 
maintam the 'eader position we 
enjoy today. 

With many thousands of satisfied 
users throughout the world, 
coupled with our no nonsense 
guarantee and immediate spares 
availability, it makes little sense to 
settle for an alternative product. 

sYrumech 

SYSTEM 

—939 FOR FURTHER DETAILS 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

/T 

'fV.K'IK 

n / .in. 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thcrrr.o.Tieier ttesigngi! io operate as an Electronic Test Voter. Will 
measure temperature ill Ait. Metals. LiquiGs. Machinerv. etc.. etc. 

.Just plug-in the Probe, and rcac the tempetaiurc on the la'ge open 
scale meter. Supplied with ca frying casei Pro be and internal 1 V?. 
volt Standard size battery. 
Model "Mini-Z 1" measures lrom-400 C lo + TO" C. Price EZS.OO1 

Model •"Mlnl-Z 2" measures lrom-5: C to + lOS; C Price E25.00 
'Model "Mini-Z Hi" measures Irom + lOO' C lo + 5oOJ' C £27.50 

(VAT 8'/i EXTRA) 
Write 'ci runner details to 

HARRIS ELECTRONICS (LONDON) 
138 GRAY'S INN ROAD. LONDON, WC1X 8AX 

(Phone 01 -837 7937) 

WW—028 FOR FURTHER DETAILS 

Get your copy of the 

Proline Professional 

tape recorder leaflet. 

Written by 
professionals 

only for the 
professional, 

the leaflet 
gives full 
information 

on a range of 
recorders, noted 

for their 

SOPHISTICATION WITHOUT COMPLICATION 

Fill in the reader enquiry card or write to; 
TONY COSTELLO OR JOHN ROBINSON 
LEEVERS-RICH EQUIPMENT LTD 
319 TRINITY ROAD LONDON SW18 SSL 
01-874 9054 

VVW—033 FOR FURTHER DETAILS 
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FAST RESPONSE STRIP CHART RECORDERS 
MMein USSR ' 

Series H3020 

Basic enor· 2 .5% 
SetlSi ~iv ity· 8 mA F .S.D. 
Respor1~c· 0.:? sec. 
V.lid lh of C;\;tch channel· 
Single and tnree-p en 
recorders: 8 0mm 
Five"fl'P.O tecorders 50mm 

Chart speed$. selected by push bvlto os: 0 . 1·0 . 2-0. 5- l.O· 
2.5-5 .0- 12.5 -25 mm1sec. 
Chan d rivt; 200-2 50V 50H1. 
Recording Syphon pen d irectty :tW>C~ed to rnovmg coil frames. 
Curvilinea· ¢0"'-Jrd~nates. 
E<;uipl\'tern: Marker pen. timer pen yape( foo1agc md icator. 10 
rolls of papor, connecmrs. ~IC 

H3020..1 ($inglo pon): 285mm wide x. 384mm <!COP x l 6 5rnrn 
hit;h . . ... . . . . .... . . .. . .. .. .. PRICE £108.00 

H3020-3 {Three pen): 475rnrn wkle x 384mm dflP.P x 165mm 
high • . . . . . PRICE £160.00 

H3020-5 (Five pen): 4 75mm w1de ~ 384mm deep ~ 185mm 
htgh PRICE £295.00 

Series H327 

P:>!t~riled movin{! iron movements 
w ith wphonpens·<,i:cctly a;t ached . 
Bu ,lf·in sol i~ state amplifiet (Or)O 
par channel) p tO\·ide$ 8 c;:~ libr·(•tcd 
$€nsit iviiy s1eps T•.vo matk¢r p'3!nS 
ar:!? ptovide:1 
SAsic error 4 % Fr equen cy 
fesponse ffom DC w l OOHz 2d0 

Sensitivity· 0 .02. 0 .0 5 . 0. 1 .(}.2. 0 .5 . 1 . 2 . 5 volts / ern 
W idth n f tJach r~cording chMnel· ·10mm 
Ch~H1 d rive· 220-250\.' 50Hz 
Chart sr>eods- 1-2 ·5 -10 -50-1 25-250mm / sec 

Type H3271-1. Sing le pen: Dimensions· 259 x: 38-1 x 1 ().!)m m' 
Wei~1ht 15 kiln$ . . . .PRI CE £265.00 

Type H327-3. Three J)en: Oimt:H~!I>ions J 3 5 )( 3 8.:1 )( 1 G&mm 
':Veight 20 kilns . . . . PRICE £520.00 

Type H327-5. Five. pen. Dime.nsions 425 x 3S5 x 165rnm. 
VVe1ght 2 5 k•los . • . . . PRICE £770.00. 

Note !.>ri Ce s <Jre exclusive ot VAT 

Available for immediate delivery 

Z & I AERO SERVICES LTD. 
44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel. 01 -727 5641 
WW-056 fo"<)R I'URT 1:: 

\\'\V-Ol-t FOR FURTI-I.ER DETAI LS 

Telex: 261306 

.f>~-, 
~~·$ ·~ 
ffi£ "
~. 
~v . 

niRUUNE"WATTMETER 
0 45·2300 MHz/ 0.1-10.000 watts 

The Standard of the Industry 
What more need we say . .. 

aspen electronics limited 
2 KtlDAR.E CLOSE, EASTCOTE. MIDDX. H A4 9UW 

TELEPHONE: 0 1-8681 1 88 - THEX 88 12727 
WW-02.1 F'OI\ FURTHER O F.TAH.S 
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FAST RESPONSE STRIP CHART RECORDERS 
Mode in USSR 

Series H3020 

Basic en Of 2.b% 
Sensii v ty 3ir.A F.S.D. 
ReSponsu- 0 2 sec. 
WiriTh of «Hch channel 
Single and Jhree-pen 
'ficorriars 80mm 
Five-pen recorders fiOmm 

Cliort speeds, selecicd by push bultons: C 1 0 2-0 b-1.0- 
2 5-5,0-12.5-25 mm/sec 
Cdan drive 200-2 50V 50H/ 
Recording Sypbon sen directly attamed to moving roll "-ames 
Curvilinear co-ordinates. 
Equipment Marker pen. timer pen caper footage indicator 10 
rolls of paper, connectors, etc 
H3020-1 (Single pen); 285m.-n wide « BS4nii!i Ocee x "Sbmm 

hiflh   PRICE £108.00 
H3020-3 (Three pen): *175mni v/ide x 384mrr deep x 16 5mni 

high ... .... PRICE £160.00 
H3020-5 (Five pen): 475mm w oe x 334-nm deep x 185mm 

high   PRICE £295.00 

Series H327 

Pc!ari?ed moving Iron movcrnents 
with syphon pensoi-cctiy attached 
B.i lt-ir solid stale amplide' (one 
car channel) provides 8 calibrated 
sensitivity steps Two marker pens 
are provided 
Basic error 4 X. Frequency 
lesponse from DC lu ' OOHi 2'JB 

Sensitivity 0 02 - 0 05 -0.1 - 0.2 - 0.5 - I - 2 - b volts/cm 
Width of each recording channel 40mm 
Chart drive- 220-250V 50Hz 
Chan speeds I -2-5-10-50-1 25-2 50mm see 

Type H3271-1. Single pen; Dimensions 259 x 384 x 165mm 
Weight 15 kilos   PRICE £265.00 

Type H327-3. Three pen: Dimensions .135 » 384 x 165mm 
Weight 20 kilns PRICE £520.00 

Type H327-5. Five pen. Dimensions 42b x 385 x 165mm. 
Weight 25 kilcs . . PRICE £770.00. 

Note Prices are exclusive oi VAT 
Available for immediate delivery 

Z & I AERO SERVICES LTD. 
44A WESTBOURNE GROVE. LONDON W2 5SF 

Tel. 01-727 5641 Telex: 261306 
\VW—0.^6 FOR ,'tJR'IHtiK Ufcl'AU.S 
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the indispensable 
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"mRUUNE WATTMETER 
0.45-2300 MHz/0.1-10.000 watts 

The Standard of the Industry 
What more need we say... 

Exclusive U< royrcscntativ'e 

electronics limited 

2 KILDARE CLOSE. EASTCOTE, MIDDX. HA4 9UW 
TELEPHONE: 01-868 1188 - TELEX 8812727 

WW—021 FOR FURTHER DETAILS 
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HIGH POWER DC-COUPLED AMPLIFIER 
* UP TO 500 WATTS RMS FROM ONE CHANNEL 

* DC-COUPLED THROUGHOUT ' 

I --- * OPERATES INTO LOADS AS LOW AS 1 OHM 

j * FULLY PROTECTED AGAINST SHORT CCT, 
MISMATCH, ETC. 

* 3 YEAR WARRANTY ON PARTS AND LABOUR 
The DC300A Power Amplifier is t he successor to t he world famous DC300 which is so widely used in 
Industrial, and Research applications in this .country. It is DC-coupled throughout so providing a power 
bandwidth from DC to over 20.000Hz.The ability of the DC300A to oper11te without fuss into totally 
reactive loads while delivering its full power, and maintain ing its fait hful reproduction of Pulse or complex 
waveforms has established the DC300A as the world's leading power amplifier. Eacti of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended 
amplifier providing over 650 watts RMS into a 4 ohms load. and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A. but if you require a data sheet. or a demonstration 
of t-his fine equipment please let us know. 
Power 8andwid!h DC·2Ci<Hz <• 1 50 ·Nalts - · db. Cdb. Stewing. Rate 8 ... o ts per m1croseuond 

loed Impedance 1 ohm :;o infinity 
tnr.u: SM!'l ltiYlty 1.:.' 5 V tot 150 w aH:; m;Q 8.0 

Power at clip point (1 chan) 500 wattums into 2.5 ohms 
Phase Response + 0, I 5 DC to 20 kH<t. 1 wan S.U 
Harmonic Ois1on.ion Below 0.0 5% DC to 20kHz. tnp-1.1t Impedance 1 OK ohms to tOOK ohms 
lntermod. Oistortio!'1 Be!o· .... 0.05% 0.0 1 w~;~t! 10 1 50 wtJU$ Pfotection Snort. misma;ch !r open ceo protectio-n 

Power supply l 20 756V. 50 ·400Hz 
Oimen~ons. 19 .. Ra~l(mour.t. '"r H1iii'. 9f' Deep 

Damping Factor Greater tnall 200 DC 10 1 kti l ill 8{J 
Hum & Noise (20·20 kHz) At reas1 1 1 Odb be:o\ ... 1 50 waus . 
Other modsis in the r<'lnr,e: 060 - 60 w~tJ~ .rx:r ch<tnnel .o ~ SOA - 1 SO watts j>e( ch~1U1el 

Other models available from 1 00 watts to 3000 watts 
- -- ---------------

m\ MACINNES LABORATORIES L TO. I MACINNES FRANCE 
. . 18 Rue Botzan& 

MaCinnes House, Carlton Parfc lndustnnl Estate Paris 75019. France 
''--= Saxmundham, Suffolk IP17 2NL. Te-l: (0728) 2262 2615 Tel. 206-6()..80 or 206-83·61 

,, ' 

KONTAKT 60 
FOR INACCESSIBLE CONTACTS 
-Mora than just a cleaner. 

KONTAKT 60 guarantees 
perfect cleaning of 

contacts chemica111 in accord· 
ance with todays technology. 
KONTAKT offers the f ollowing 
Ctdvantages: 
1. Diuolves oxides and sulol\ides the .af• 

wey w i,ho11t attacking contaet s ub· 
stances. 

2. Cotltains ctterully aetec1ect ao.!vent$ 
which .Co not auaek l)!a&1ic s wnereu 
they do dinolvc t esinifie d eonteet 
greuu end di", 

3. ContaitiS no silicon•. 
4. Conuins a liQht lubricant in order . to 

cvoid 11\.e co.ntcct pcttls being cou odect. 
5. Prc'.'ont$ fu rther oxid1tion $CHing in. 
6. Preven1s ·creep· curtenu. 
Beeause ol these ouutandJtiO' otopertles 
Kont;~kt 60 i$ o ne of tho be$t and most 
popular contact c teen slng agent& in· t ho 
world. 

Use d liy major industrial compan.ies 

Four Good Reasons 
for using 

Zettler Relays: 
Ze ttler Relays are firs! class qualitv. 

\l'ie have about 50 years experience ir• producing rel.ays. 
Zenler Relays are readily available. 
Most are available ex s tock HcHro._.,. 

Zcnlc t Reloys are pro\'ed i•' (>Hl Ctical applical ions. 
MtllioAs are \ISed in ouc own ele~tronic systems and products. 

Zatller has 1he tight relav for m ost applic~•tions. e . g: . . 

Hybrid Relays AZ 1435 ... 1442 
,,·.tn e!ectf0•1tC !'tOut &'ld ( OI'I!<'ICl ootovt · 
AZ 1435 Vo!li19tl mo'ni;ot {9 30 \/} 
A2. 14~6 ~i(.:i( ·1.p t(ll;mlcr n .. 30s! 
A.Z 1437 Drop 0.11 t E"-l<lrCE"' 11 3C s) 
IV. 14 38 f>ul:.o<l tim~ uMI!t 
!50 .. 1500 1'1'$) 

AZ 143 9 Monof!op \ SO .. 1500rnsl 
tV. 144~ Mu.liflop (0 .1 .. .3-0:sl 
AZ 1441 fup·ilop l2•' V -l~-lM~ 
~tl);)rolt 30 mf. ma<.) ' 
1\Z 1442 AwJ·g:w: 
!lfll)\1~ C\ l fl'eOl$ ·, !Y'A Ml!J<.) 

OTHER KONTAKT PRODUCTS ARE: 
70 Protective Lacquer. 80 Special Siliconized Polish. 
72 Insulating Spray. 100 Antistatic Agent for 
75 Cold Spray for Fault Plastics. 

Location. 101 Dehydra tion Fluid. 
Write fot fil ii details of above complete range of 
Kontakt products t o: 

SPECIAL PRODUCTS DISTRIBUTER$ LIMITED 
81 Piccadilly, London, Wtv OHL. 01-629 9556. 

WW- 012. ~'OR FURTHER DETAJ.i..S 

est 1877 
Zettler lJK Oivtsion 

Brember Rood · Harrow, Middx. HA2 8AS· Tel. (01) 4220061 

Zettler offers more than technology 

WIRELESS WORIO rtBRUARv ig;8 

HIGH POWER DC-COUPLED AMPLIFIER 

* UP TO 500 WATTS RMS FROM ONE CHANNEL 

★ DC-COUPLED THROUGHOUT 

OPERATES INTO LOADS AS LOW AS 1 OHM 

FULLY PROTECTED AGAINST SHORT CCT, 
MISMATCH, ETC. 

3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 
Industrial, and Research applications in this .country. It is DC-coupled throughout so providing a power 
bandwidth from DC to over 20.000Hz.The ability of Ihe DC300A to operate without fuss into totally 
reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex 
waveforms has established the DC300A as the world s leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended 
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

yr 

K 

* 

Power Sandv/itHh 
Power af olio poirl (1 chan) 
Phase Response 
Harmonic Distortion 
Inlemod. D stolion 
Damcng Factor 
Hum a No se '20-20ltH*l 
Other mode s in mc rancji;: 060 

DC 20kHz (i 15pwatts- "Cb. Cob. 
500 watts 'ms into 2.5 ohms 
'C 15 DC to 20kHz. 1 watt 8.0 
Below O.OS?i. UC to 20<Hz 
Below 0.05% 0 01 watl io 1 50 watis 
Greater mar 200 DC to Ikr'z at 8.'^ 
At least 1 'Ccb below 1 50 watts 

60 watts per channel 

Siewmg Rate 8 vo ts per rnncroseuond 
Load impeaance i ohm ;o infinltv 
input suns tiv ty 1.75 V fc ISO watts into 8J7 
Input Imcedance ICK chms to 'DDK ohms 
Rroteclion Short mismatch Si open cct protection 
Power suDOly •20 256,.;. 50 40CHz 
Dimensions 19 " Rackmount. 7" High, Deep 
D15CA l ESC v.aits ps' channel 

Other models available from 1 00 watts to 3000 watts 

MACINNES FRANCE 
18 Rue Botzaris 
Paris 75019. France 
Tol; 206-60-80 or 206-83-61 

• I# 

KONTAKT 60 
FOR INACCESSIBLE CONTACTS 
—More than just a cleaner. 
— - KONTAKT 60 guarantees 

perfect cleaning of 
contacts chemically in accord- 
ance with todays technology. 

KONTAKT offers the following 
advantages; 
1. Disiolves oxides and sulphides the sa^o 

way without attacking contact sub- 
stances. 

2. Contains carelully se ected solvents 
which do not attack plastics wnereas 
they do dissolve resinifted contact 
greases and dirt. 

3. Contains no allicone. 
4. Contains a light lubricant in order to avoid the contact paths being corroded. 
5. Prevents further oxidation setting in. 
G. Prevents creep' currents. 
Because ol these outstanding properties 
Kontskl 6C is one of tie best and most 
popular ccntact e'eanaing agents in the 
wor'd. 

Used by major industrial companies 

OTHER KONTAKT PRODUCTS ARE: 
70 Protective Lacquer. 80 Special Siliconized Polish. 

100 Antistatic Agent for 
Plastics. 

101 Dehydration Fluid. 
Write for fdll details of above complete range of 
Kontakt products to: 

72 Insulating Spray. 
75 Cold Spray for Fault 

Location. 

SPECIAL PRODUCTS DISTRIBUTERS LIMITED 
81 Piccadilly, London, W1V OHL. 01-629 9556. 

WW—012 FOR FURTHER DETAILS 

Four Good Reasons 

for using 

Zettler Relays: 

ZetHer Relays are first class quality. 
We have ahoui 50 years experience in producing relays. 

Zettler Relays are readily available 
Most are available ex stock Harrow 

Zettler Relays are proved in prachcal applications. 
Millions a'e used in our own electronic systems anc products. 

Zeiiler has the right relay for most applications, e.g.. 

Hybrid Relays A21435...1442 
w in eleci'onic "pui anc con-aci PUtpul' 
A7 1435 Vcllacc mphhor 5 30 V; 
A7 1435 Pie* .;p mrordcr 11 .30 si 
AZ 1437 Dicp out -eiaroe' I* 30s| 
AZ 1428 "ulis lime mule' 
150. 1500 ms: 
A? 1439 Von of lop 50 1500-31 
AZ 1440 "/infliir: <01 ,30si 
AZ 1441 f,)C 'lop |24 V - 10°^ 15"--. 
jpprox 30 rnA ma«,; 
/or 1442 AiXJ-g:il(! 
■np-jt cui'^nts * n",A msx 

Let as help you w.'.h your switching proOloms. 

es:. 1877 
Zettler UK Division 

Breoiber Road • Harrow Middx. HA2 8AS Tel. (01) 422 0061 

Zettler offers more than technology 

WW — 009 FOR FURTHER DETAILS 



5 s izes, in either A8S Of' 0~ Alu minium 

MINI DESK BIMCONSOLES 
Moulded in Ora~. Slue, Bleck or Grey 
ASS ar'ld Incorporating ;l.lides on au s5des 
for holding 1.5rnm thick oc:b's.. 1mm Grey 
Alumlftl~o~m J)tl\81 sit• rtc::eQed Into front of 
con'50te .net hekt by ttrews running into 
lnt~raJ bt• ~sl'lft. Stand~ff bos::ses i:n 
bela for wpporting small w~fies 
etc. 4 •If edl'o.W. 
rubber fefl 61to In• 
duded. 
BIM1005 
l161x96x58mml 
£2. 12'" 
BIMlOOG 
(21Sx 130x75mml 

1mm Grey Alumf.. 
nium panel siu 
rtQt:ll:led Into front 
ot c:onsote base., 
wh~h is moulded in 
Or~. Slue. B lack 

ASS moui<Hd l.n 0~, 81i.lt. Grtv or 8 1.adt 
Oiecast Alvmlnlum IY•Uabla in G rey Hammerto ne 
or Natural 

'
~~:::l~:::l::lll 01 Grey ASS a.nd 

tits on 4 self adhe. 
sNe rubber feet. lnCOrpol1t ing gu ides 
for holding l,&mm thick pet), the base " 'so 
'hes n~n<f..off botsK fo r supporting small 

'~~~:TI~:;:!I::::IT~GJE!J::::~l£~~ sub-ossembllet e tc . Md vent ilation slots. 
Front panel Is ht ld b Y 4 scrtw$ which tvn 
Into lnre.gral b i'MS bushes. 

AU boxe:J Incorporate guides on all sideJ for holding t.5mm thick pcb's and 
sta~-ofl bo5So8'S in b~se for sup1>0rt ing $mall &ub·&S$Gmblles etc. CIO$t fiuing 
H• nl»td lids held b y screw s running into Integral brea bushes (ASS) or u pped 
hol4't (Dit castL 

( 143X105x65.613 1 .51 mmJ 
( 143x170•56.6l 31.6l mm1 

A6S Oiteut Hammenone Natural 
(100x50x25mm1 B1M2002/12 £0.95' 81M6002/12 £1.20 ' £0.97 ' 
111 2x62x31mmJ B1M2003/ 13 £1.06' 81M5003113 £ 1.50 ' £ 1.20' 
020x65x40mml BIM20041 14 £1 .15" SIM$004114 £1.86• £ 1.49'" 
(160x80x50.....V 81M2005/ 15 £1.30' 81M5005/16 £2,38' £1,91' 
1190x 1 10x60mml B1M2006116 £2,04' 81M5006116 £3.41 ' £2.85 • 
Also av.;:tabfe in Grev Polystyrene (112x6tx31mm) witt< nostots and self tapping 
xrews 81M2007117 £0.88 • 

ALL METAL 
BIMCONSOLES 

MULTI-PURPOSE BIMBOX ES 
Moulded ~ Or~J"Qt, Blu•. Bl.ck or Grey 
A8S Wteh tmm th1ck Grey alumiflium 
~ front covet wh1ch tS retained by 
4 tcrtws ruM~ It~~ to .int~tgr;~l 'br;m bushes. 
1.5mm pcb 9tJides are incorporated on .sll 
sldts &nd ts with 111 ASS I>Oxt$ chey urt 
86°C flted, • seH adhe5ive rubber f eet 
altO Included. 

All aluminium. 2 piece desk consoles with either 15° or 3/P •IOPint fronts. sit o n 
4 ttlf-edh"lve non slip rubber feet. Ventilation slots in W. tnd rur paneas permit 
ethdtn t cooling. 

61M 4003 (85x51;x~8.Smml 

a 1M4oo4 c:1; 1 ;1 :•,'~~E~l 6 1M4006 ( ,. 

Colour Codt Top Pl.Jntl 
A OffWhite 
B Sand 
C Satin Black 

6imboardt ecctpt tllnzn of OIL pac:ka~ 
as well as tesistors, diodes. capacitors and 
LEO'$ etc. They havt integral Sus S trips 
running up ovch skfo for earryln9 Vee: and 
gtound as well es Component Support 
6r~cket' fo r holding lamps, fuses a nd 
SNitches etc. Avolloblo .,. thhtr $Ingle O ( 

multiple u nits, tht lette r mounted on 
1.5mm thick, motl b lock ~l~o~mln lum back 
p lates which Stlnd on non slib rubber ftet 
and htwe 4 screw terminal• fo r incoming 
pow11. 
Bimbofrd 1 contains SOO individual soc'tets 
whtHtils th• muhlplt unht containing- 2 , 
3 or 4 Bimboards incorooratt 1.100, 1,650 
ot 2.200 lt\dtYidull IOCktts, all arranged 
Onac2.5mm(0.1""} mllrix, 
8imboard 1 C 9.72• 8imbott'd 2 £'22.68" 
Btmbaa.t'd 3 £32.40• 8imbolrd4 £42.12• 

8 i)$C 

Blue 
-Green 
Gold 

t5~ Slop ing P1nel 
8 1M7151 1102x140x5 1 (281 mml 
8 1M7152 116Sxl40x51(28)mml 
BIM7163 1165x216x51(281mml 
8 1M7154 (166x211x70(33lmml 
81M71SS 1254x21 1x76133) mml 
B1M7156 (254x287x78 331 mml 
81M71 57 (356x2 11•761331 mm) 
B1M7158 (35Gx287x76 331mm1 

30~ Sloping Panel 

£ 9.43. 
£10.43' 
£1 1.42 . 
£12.39' 
£13.66' 
£14.65 • 
£1 5 .80 ' 
(1 6.78' 

B1M7301 !102x l 40x76(281 rM1l ( 9.43 ' 
81M7302 (165x l 40• 761281 r.om) (10.43 ' 
B1M7303 (165xl83• 102(281mml £11.42' 
81M7304 !254x140x76(281 mml £12.39' 
81M7305 1254x183x102l281mml £13.66• 
8 1M7306 !254x259x10212Bimml £ \ 4.65' 
8 1M7307 !356x183x102l28) mml £\5.80' 
81M7306 1356x2511x102128)mml £16.78' 

BIIV1CC3f\iSaLES 

BIIVIBCDXES 

BHVIBOAROS 

BIIVIIDRiL LB 

Biiviaif: "ators 

ABS & DIECABT BIMBOXES 
in either ABS or Oincart. 

ould«d in Oren^B, Blue. Grey or 
Aluminium available in • 

ABS 
BIM2Q02/12 
8)Vt2003/13 
BlM2004'14 
BIM2005.' 15 
B1M2006.' *6 

(Die castl 

i lOOxbOxZomm! 
(t12x62x31mml 
il20x65x40mml 
tl50x80x50mm! 
(190x110x60mrr 

MULTI-PURPOSE BIMBOXES 
Moulded in O'anga. Oluo, Blac< or Grov 
ABS with I mm thick Grey aluminium 
rece$aad fropt cover which s retained by 
4 a;-«ws running into inteflral bras bushes. 
1.5mm pcb guides are incorporslad on all 
sides and as with all ABS boxes they ore 
850C rated 4 self adhesive rubber feet 

15x56x28,Bmm) 
111x71x41.5mml 
161x.96xB25mm) 

UIM 4003 

400b 

MAINS 
XA \ BIMDRILL 

1 Operates directly 
p -40r. , from 220-240V9C 

' and supplied with 
2 metres long cable 

L~W\ fitted with 2 pip 
DIN plug. Will 

^ drill brass, steel and 
itn as well Dspcb'setc, Has Integral 
ff switch and acceoti tool*with 1.2 oiasea-QiT *viicn ana KCfpu 

Line 3.2mm dia shanks '£0.72* 
Kd mcludino imm. ?mm. .125 
5 burrs arc 2.4mm collet £2.20* 

a mboard 

r MINI DESK BIMCONSOLES ^ 
in Orange, Blue, Black or Grey 
Incorporating guides on all sides 

1.5mm thick peb's. 1mm Grey 
panei sits reces^id into front of 

d hold by screws running into 
integral orasa bushes. Stand-off bosses in 
base for supportirg small sub-assemblies 
etc. 4 self adhesive 
rubber feet aiso «n- 
eluded. 
BIM1005 
1161*96x58mm> 
CZ.IZ* 
BIM 1006 
(21Sxl30x75mml 
E2.94* 

;s on all sides for holding 1.5mm thick peb's and 
supporting small sob-assemblies etc. Close fitting 

running into integral Drassoushes {ABS) or tapped 

rftOW PROFILE BIMCONSOLES^ 
1mm Grey Alumi- 
nium panel sits 
recessed into front 

which is moulded in 
Orange, Blue, Black 
or Grey ABS and 
sits on 4 self adhe- 

Incorpo-ating guides 
thick pcb. the base also 
ts for supporting small 

suh-assomblies etc, and ventilation slots. 
Front panel is held by 4 screws which run 
into integral brass bushes, 
8IM6005 (143x105x55.5:31.5! mml £2.32' 
BIM6006 (143x170x55.5131.5] mml £3.08' 

.BIM6007 (214x 170x82131.5) mml L'4.1: 

■ rubber 
holding 1. 
stand-off 

£0.95- 
El.OS* 
£115* 
£1.30' 
£2.04' 

Dlecast 
3IVI5002/12 
BIV15003M3 
BIM5004/14 
8IM5005/15 
BIM5006/16 

Natural 

£1.20- 

£1.91 

Hammenor.e 
£ 1.20" 
CI.SO' 
ei.se* 
£2.38 ■ 
£3.41 * 

(l 12x61 x31mm) with no slots and self tapping 

AH aluminium, 2 piece desk consoles with either 15; or 
4 self adhesive non slip rubber feet. Ventilation slots in c 
efficient cooling. 
Colour Code Top Panel Bas 

ALL METAL 
BIMCONSOLES 
30'' sloping fronts, sit on 

tase and tear panels permit 

Satin 

15 Sloping Panel 
BIM7151 1102x140x51 (281 mml 
0IM7152 1165x140x51 [28'mm) 
8IM7153 1165x216x51(28! mm) 
BIM7154 1165x21 lx76[33) mm) 
BIM7155 (254x211x76(33) mml 
BIV17156 (254x287x76:33] mml 
BIV17157 (356x211x76!331 mm) 
BIM7158 ( 356x287x76133) mml 

30'-Sloping Panel 
BIM7301 1102x140x76[28] mm) 
BIM7302 (165x140x76128) mml 
BIM7303 (165x183x102(28] mml 
BIM7304 !254xl40x76123| mm) 
8IM7305 1254x183x102(281 mml 
BIM7306 1254x259x102(28! mm) 
BIM7307 1356x183x102(281 mml 
BIM7308 1356x259x102(281 mm) 

£ 9.43- 
£10.43* 
£11.42* 
£12.39* 
£13.63* 
£14.65' 
£15.80' 
£16.78' 

12 VOLT B1MDRILLS 
2 sma but powerful 12V dc drills, easily 
held in hano or used with lathe/stand 
adaptor. Both drills hHve integrel on/off 
switches and 1 metre long cable. 
Mini Bimdrill with 2 collet* up tn 2.4mm 
capacity £7.56* 
Major Bimdrill with 3 
collets up to 3mm 
capocilv £12.96* 
Mains to 12 Volts 
adaptor, lame, stand 
and accessory kits also 
ovaiiable, details on 
reauesc. 

OIL COMPATIBLE BIMBOARDS 

Bimboards accept all s zes of DIL packages 
as weh as 'esiston;, diodes, capacitors ano 
LED's etc They have Integral Bus Strips 

up each side for carrying Vcc and 

for holding lamps, fuses and 
etc. Available as o ther single or 
units, the latter mounted on 

1.5mm thick, moll black aluminium back 
plates which stand on non slib rubber (cot 
and have 4 screw terminals for incoming 
power. 
BimboatC I contains 500 individual 
whereas «ho multiple unit* com 
3 or 4 Bimboards 
or 2,200 .ivJwidual 
Cm u Z.StnmiO.l") m) 
Bimboard 1 £ 9,72* 

1,100. 1?650 

£32. 
2 £22,68' 

: 4 €42.1?* 

BIMD TO Rr6 

ft 

■s 
Iso one of Europe's 

largest manufacturers 
of Filament, Neon 
and LEO indicators. 
Send for Our 
BIMDICATOR DATA 

mmiAL MOULDINGS LIMITEO 

2 Herne Hill Road, London SE24 OAU 
Telephone: 01737 2383 
Telex; 919693 Answer Back 'LITZEN G' 
Cables & Telegrams: 'LITZEN LONDON SE24' 

'All quoted prices are 1 off 
and Include Postage, 
Packing and VAT. Terms 
are strictly cash with 
order unless you have 
authorised BOSS account. 
For individual data sheets 
on all BOSS products 
send stamped, self 
addressed envelope 
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15 
HYS 
Preamplifier 

HY30 
15 Watts into 80 

HY50 
25 Watts into 80 

HY120 
60 Watts into 80 

HY200 
120 Watts into 8{) 

HY400 
240 watts into 40 

POWER 
SUPPLIES 

WIREU:SSWOBLO, I-'!9HUAttY 1918 

240 Watts! 
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SPlCIFICAnONt • 
0\r.'VT "'''.vtllll~O' ... 'MYS ..._,., 4~J I<'AO ·•APl"I)4~C{ .t 1 6~1 O<S'~ORIIO~ 0 l<t. .,, j-40W ,. . 
• t-l'ft 
WlliAI. NOISf ~A,IO ~1(!1 tiUQI,.(~CY •tSfl'OII.S ~ o1Q,.,.~s.ilr1t - 3.::!5 St.PPL" V0.1A.(a ... r.y 
1"'1"1.1 Sf"'S I v . TY &OO..W SI.Z( • • 4 ~ 10U • if!!~" ' 
Prl« tu.u • r1.11 VAT"" " h••· 

I''Ul.t ,,.,.,.,,. "" ·-• ":tU• CO )I .... ~ 11.,\'o\~ ~" •••·•'< 
f'SUI0•"'4<""'~"'""•"n.f)~ n•J I" .. •"'"•''"'~ I' ~·~ 
..,.,. tQ ,,. •• ., .. •o• :o ~o~v ulh rn.u "'"' • t u: ..,,, ,. •· .... 
I'IIIJ""l \ .. !/01)~ IC• O"t"'l'4t00 (tl U 11,.• •' ¢1 •'II ' f' I' l•w 
f'J.u•~ •• ,.,."."'' ,..., , u,o;l(),~~~~v•o::: t.U to ;.~ ... , t ss ···~·. • I' .... 
Cl .. . ,, .,,.. "" , , , 

TWO YCIIR$' GUAHANTEr ON ALL OF OUR PRODUCTS 

I.L.P. Electronics ltd 
Crossland House 
Nackington. Canterbury 
Kent CT4 7AD 

P hMSH S upply 
Total Purch~sn Pru.;e 
I Endo~e Cheque lJ Post:~ I Orders 'J M oney Ord(:r n 
Plc~nSP. (lf!hir rny Access <lCCOunt n Bard aycard .acCOUill 11 
ACCOUIU numb!~1--
N~C1)0 & AddreSs ______ _ _ 

Tel (0227) 63218 Signature _ _ _ 

W\V-432 FOR FlJRTH~R OETAJLS 
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15 

HY5 

Preamplifier 

HY30 

15 Walls into 80 

HY50 

25 Watts into 80 

HY120 

60 Watts into 80 

POWER 
SUPPLIES 

240 Watts! 

HY200 

120 Walls inlo 80 

HY400 

240 Watts into 40 

he HY!i ^ pi -rono Kyb-d aenpltlf (Maliy ..mwi for « spp-iBnaoi. All common mpui lur.-inpr j 
■ reg Cai-dac lure' elc I, a-e lu- y mc 3ei 'cd l.inr.i.n i« ft- '-rved -lliet by a 
mi/il-.vay cr Oircc: cnnr^ir-i 10 i"- ^cprosih-.o pirs rno iito'dol volume sid tore circuin 
•wo'y ■egui-ehl-in-olir^h) pplervonctca (no: mslnrtftn) i""- hVS ii ccr poi b : .vith nil 1 - '' po'.o' A(noli<iAi« And cjwsi wpp'o eato foi-'iruoi-on dm) fnvoi'lirg a '■ C eonrcctn- s 
WKjIind \vi:r each pte-ampni-- 
'EATURf S: CoTnlotfi p'ft-ftnp'ih—' -> oirp o pot' — Multi-linveiiOf. -r.^lii-i on ,o\. roit: - Inv 
c-itortinr — -l.-jh n.-fti ood !\vo olrnpy combiec-l foi 
APPLICATIONS: H hi - V.cft - U'.co - Oi-1 ft- ftnB C'lJHn - "ublit etyl:--4 
SPECIFICATIONS: 
NP'JTS Magnetic Pick uPS'nV- Cc-ax : Pcfcup 30iiV- Tpupi lOOmV- Miccohooc lOmV 

Ai/.ilftv 3-"OOmV -iput xceCarce d/k;) - ui, ilii'PUTS Tftpe lOOmV; Va n auipui miotv p. m $ 
'ACTIVE 'ONE CONTROLS "r-ole • <2d0»t lOh'l?- Base - as iCOl'? 
OtSTORIiON 0 ' 1 at llsHi: SiRiai-Noise Ratio 6 fidS rjVFRI OAO 33dS -j" VsB-nc'o Pick up: SUPPLY VOL TAGS ; ■ (1 ftCV 

_PrlCO £5.22 + 65p VAI PEiP lIOO 
HY5 nicun:irg board HI 4K|> t 6b VAT r-SP 'roe 
The (IVSC i an e-Otirg New kit t'orr I . ? n loaiurftft ft viin.ftlly i"t1'"tn>cii'»le I C v<i'li s'i'jri biicoi) 
ard thermal pmi.v.tipn IK .i C0<ifti&ls i>l I C liMlsink PC bsa-d '« -es ito-t a cspacito'i 
tnnuf.in'j <ii .vith wiy to 'c-'kiv. cor.struetion and oce'ai ng nsi-ucton. Inn axe lie- t 
iihee y suited to the tcpirnc m aoa o who wBncs to use the most up-to-aau tccnnMogv ftvftilahla 
FEATURES: Ccmp.-ie kit — in// OntPtiPn — Sho - Opac and "I -nrai P'ol-t-lior - Easy to Built- 
APPLICATIONS: Updat ng audio oqi.^nrneni — Guiur mai-ticft "m"! 'i-- — T-?t Kmpli-ie- Atit'i- 
ccc'iaior . 
SPECIFICATIONS: 
OUTPUT POWER 'SW RMS rto 30 0 STORT Ch C '% at I 6A' 
NPU' SENSITIVITY BOOmV fREQUENCY RESPONSE lOM/oOkHh - tins 

SUPPLY VOLTAGE : Ifiv 
Pfleo £5.22 - 65p VAT P&P freo, 
' ne HYPO leaci i . P. ft icial riogratisii app'oach to ixiw'1 imp'l-c" ftasgr I re amplifim faato-ct an 
irtec'i hoaiftiitk togetha' niih in- (nmpl •■ iy ol ixi efti'mnl cOTpdi.«mft Ouiiitp 'ha oft" ilnne ycs'ft 
'."III amjM^iOl raft hK— lal-iinl l« I- I Itinl thai it mi,-! O- on- <i' the miini •- iiIiIm ftrn) Kibi.'- Hiijh 
Adoliiy mcdtiiftft in th- AcW 
FEATURES: lev OiSlodiCi - lit-gta "-ftO-ny live cp-moctlp-n 7 Aim oulpul Irft.-iftiSloi! 

No Btte'i'h'Cbntponerli 
APPLICATIONS; Vodiux Poser "i Fi sysieTft Low paV>«" dlscc GuU- artel 'ic 
SPECIFICATIONS: INPU SENS liv iv aOOmV 
our-.I' "OWFR S'.rW R.A'S 1 R'.J IOAO IV.PFOANCF d-IRt! rilS'O-IION () 04 V -i BIiW ftl 
SkHf 
SIGNAL/NOISE RATIO /6na FREQUENCY RESPONSE lOUi dSk'lc 3da 
SUBPIYVaiTAGS L JUV SIZE 105 50 ?5-<-:o 
Pfica £5.82 + 85p VAT P&P t«oo 
The "VI ?0 i the h.ftby pi P s new "go per?' rargc dcilgmd ip mnoi ih« man ':i -i<j 
'cgu mnwinia ii'ai.xlliyi pftb limeard th-rxei protector, thnft nmaidiC' i«ift a ibw «i/«idft'd modt/'s' 
iViSign 
FEATURES: Very lew c itornor — Irteg .v Haan-«< — I narl lin- -jrple -i rn' "h—rma. cotcci or- - 
Five conoottiotft — ha oiiinral coh'Oi'ndU 
APPLICATIONS: H -fi - High i|.iftlltv disc? "ub ;c adC-ess Mo" tot ahlpli'iO' — .'ift ia' end 
wgar. 
SPECIFICATIONS: 
INPUT SENS'TIV'TY SCCTV 
CUTPUT POWER SOW RMS mta 8tJ I DAD MPFDANCF d -a-J DlSrORriON OUd* ;i liDW at 
' iftHt S GNAl.'hC S£ RAIlO ROitB -RrDUFNCY RESPONSE 'O'lr dfikHz -308 SUPPI.V VCLTAGE 

utasv 
S'XO' * * d « .'ill i Hfimm 
PtlCB £15.80 + El.27 VAT PErP freo. 

Ire MYSOD now imp'avftO t-i a .a an am,.! iV 17!) Waitft. nft- near aoi-gnad h*. lift"-I the mon 
ruoacd cons tiom <."■ a-, diiiyi at gta-.p wh.vt n n wia r-ng it.- Hi-F o-rloma-i^" 
FEATURES; Traianal fthjt:p/;r -eiv otv O ttprtien — I iftrjiime prpteci or irt-jjifil >k 

.No cileinftT oamparontft 
APPLICATIONS: Hi-Fi - D-1Ct! -- VO"-<IOI - P"W.|| Slav. - Inili -lnft. - P:mt a ftddrftfts 
SPECIFICATIONS; 
INPU' SENSITIVITY SOOmV. 
Ol/rouT POWER I20W "MS ntc BO lOAO MPEOANCC d. < 6-.> OI$Tf;P"l!lh 0 filiS: aiKXAVat IkH/ 
S'JNAL/NOISE RAT0 9606 FREOUFhC RESPONSf lOhy-ASkH- - 3nB SbPPi •'VOI "AGF 
SIZE ".I. 100 ■ SSmin 
Price £23 32 + Ll.87 VAT PiP tree. 
"re IlY400 is .- P. t. Bg nftdflV a' tre.rarpe nhoduefr.g 740W irtta dC I: na. bno.i . jned "oi 
l-gh power Or.cor- -.,1. "Id'efts »pB"c»:iori " tic px.D ' er ift In I,— i.««l HI tu"l--iuc js hir;n poivcr le.olft a Onlirg (aa rviummenood "re amplitatr irclndf-. i i n- itt.-hi ?' th- reet ol the 'ami >• to 
lead nn -hftrle; sj a fie h.gr r.o/'.~' nl-lidality na.vfi. rnodul- 
FEATURES: The-mai sh'uidotsn • vc-y low citc-tion — In.i: n- arolechor No oxiotnal 
ccmporentft 
APPLICATIONS: Public CCd'Cftft Oseo — Povwet ftlav — Induftl'ift 
SPECIFICATIONS- 
OUTPUT POWER 2d CSV RMS rra d'.J I OAR i MPEDANCE -1 60 Ll'S'O-' i ion «! " . ii 7.IRW v 
I kHz 
SIGNAL. NOISE RA'IO nd.lR ;R£QUCNC» RESPONSE JtlH/.dSkriy - 3tlB SLPPL" VO-'AGE 
•:46V. INPUT SFNSIT VIIY SOCmV Si2E -'d . 1{>!l . dim •• 

Price £32.1 7 - f.7.57 VAT PF-P «rao. 

PSli jf !»• -w i-'MO i CS 77 -i ift V-C v.« " h e w P!.;5a .. i»L'ii lut y/i ryF.O . tB.t? ii.« ;• -a VA* r r *.»- FSV '0 ftutaav loi JHV 7Cfte!3.75 u.. I If: .a: • I' l'— I'i-t..-1 ., t.ftt.e Iy. o-t .*2CO £12.65 troft i S' " I* 
l>&lJ'6Cl.uu<!:-lor i.i, llfViyjOft.-ro-e "VdOD £23-10 iij.t 1 36 VA - I'-.. 
It1 Aftim , 

^ \VT 

LLP. Electronics Ltd 
Crossland House 
Nackington, Canterbury 
Kent CT4 7AD 

Tel (0227) 63218 

TWO YEARS GUAftAATEF OA1 ALL OF OUR PRODUCTS 

Please Supplv  
Total Puichase Pr»ce   
I Enclose Cheque L' ^osial Onle's 
Please debit c'v Access accoum 
Account number    
Mame & Address  

Siqnaiure 

i Money Order P 
Barclavcard accoum 

WVV-032 FOR FURTHKK DETAILS 
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IF YOU NEED 
JACKFIELDS 
WHY NOT TALK 
TO THE 
SPECIALISTS? 

.......................... 

~~~~~~~'!.!!!!!!!::: e-................... ____ _ 
- -- -- . -- ... .. . .. "'' . .. -

PANELS AND ASSEMBLIES 
No supC)Iier offers a widet range of panels. rnserts and ac(;~hH 
lot just ebout any configuration. And you can get thom tn any stage 
or assembly ..• individual components. sub-assemblies. Of 
compklte pre·wtred and connectorised assembhos ready tO inttnll. 
Ovr Btlntem tange gives a space saving of u p to 50 per cent. 

.. 

JACKS AND PLUGS 
Singlet . . tWillS •• . back·to ·back • 2 + 1 . . patch Md 
iWitchboord cords • . • in long frame and Bantam . . Md ovr new 
Printed Citcvit Board Jto~cks ... mos t standl!lrd type$ are evailobtu 
for im.nodituo off-the··s.helf delivery. 

For funhtr I-nformation on these osr;d our range of 8 P 0 . 1VP* 
compontnts ttlotph.or\8' or send the att3ChcC below to: 

C.A.E. LIMITED 
70 / 8 2 Akeman Str eet 
Trin g, Herts. HP23 6AJ 
Tel. (044 24 2) 4 01 1 Telex: 82362 BATECO G 

~----------------, I ,......~~~ofc:lillr.n• uUiiosJtH, J 

I """' I 

I
I COMPANV I 

1'0$1110.N 

I •••• ,.. I 
1 I 
I I 

~~---------------~ 

Join the Digital 
Revolution 

Understand the latest 
developments in calculators, 
comp uters, wa tches, telophones. 

television, a utomotive instrumentation . 

Each of <hE': G votumes of th ~l self·lnsuuction course measures' 
1 1<'A" x 8't4" and comains 60 piiiQOI packtd with ~n lormatron, 
d agrams and questions designod to luod vvv StCJ)·I>Y·Step 
through number systoms and Booluon Oll,jcbrtl . lO memofies. 
counters and s mplo ahthmet c c rrcu•l$ and Orl to ;,l complete 
understanding ot the desrgn and opc:ratu.>n o f ~tcvh\lOf$ an.d 
computers 

£7.10 
plus 90p poc~<;ng ond 
surlace PQ$1 3nywhere in 
theW<Wid 
Oversees C-U3tomers should 
tend for Proforma invoice. 
Ovantity di:scounts 
ovt~~!lable on request. 
VAT zero rated. 

~i.loo ava:table - a more clomontor.v cuurliv r•sSlun ing no prior 
kflOwl!'!dgE< exce pts mp~c amtunot~c 
D~gital_ Ccmpute r !A>Qic and Elecuonictl . 
1 n 4 vo u-r:ncs 

l Bas c Comp!.lter l ogic £4.60 
2 l.og.icaJ Cucu 1 Elements 
3. Oestgnmg C•rcu•t$ to 

Ca::-ry Out Log-cal Func. ,.,., 
plu1 90p P & p· 

4 =l!pa'ops ar.d Registers 

• Of'-' OrOor both COUI"Se$ for 
•he batgatn prico £1 1. 1 0 plus 
90pP &P. 
Auv.ngof £1.50. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

- hese c~rses were wt nvn $0 that you cou!d 
teach you•50lf the theory find opphcatton oi 
dig•t81 tog•c. leormng by self tnstructi.on ttos the 
$Cf.,Ml:Jgcs oi bctng qu c:~et and m(lre th(lrough 
than classroom learntng, You wofk. IJt your own 
speed and must ,..,pond by answe1inu questions 
on each new p~•c:• ol tnformation b efofe 
proceedtng 10 the next 

NEW from Camb ndgc Lofwl ul (l EnrorJ)tlSOV: 

FLOW CHARTS & A LGORIT H MS 
usc. design: & layout; vnul for computing. 
trto~ining:wa!l chans. etc. 

£2.95 
plus 45p 

p &p 

Guatantee - U yo.J are not tntlr•lv a.atta.hed your mongy will be 
refunded. 

19 

f"';ok~or~~~-=~~~-~~,;;~---1 
I ~~$1 ...... ~~~ .. ,,,, •• 1\ 
~ Or~ tllf ~- ., ~"to IS2876 

I ~ serd 'T:C set!:f! Cil Orcs.fl't .. o. &a.~· .... M (8 00 ...... p & p I 
I '"""""' I v ~-u ot C:g ~ ~~~~~ lov .. W~CJ fJ,<'l,.,_•n., u so fKh p & " 

I ""c""' I 
i)t <tlt:.'bo'ICCI So."~~~ r t 2 (10 OIICI'I ~ 18 p 11'1CI~ 

J ·e• Tho! A..:p.t~'~t~-~4 .,.,.,,., i G 1•C!• ~ (3 40 flPC"' pI. p ~r.c:wdold I 
I '-'me I 
J ,\c'du:s-s J 
I I 
I I 
I ' d c:!ottJ ;:,:: ~v.el~~:abte I 
I N o need 1.0 ,.$(: 1\ :~mmp - JU'it J)llf'lt F'H£Ej)0$T an ~~c Cllve!ope ]' 

wwz 

1 ~-----------------~ 
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IF YOU NEED 

JACKFIELDS 

WHY NOT TALK 

TO THE 

SPECIALISTS? 

PANELS AND ASSEMBLIES 
No Supplier offers a wide' ranoe ol panels, nserts and acccssO'ies 
fo'jusi abooi any configvira'ion. And you can get tnom n any stage 
of assembly individual componenis. suu-assomblies, or 
complete pre-wired and connectorlscd assemblies ready to install. 
Our Bantam range gives a space saving of up to 50 per cent 

'f-LC 

a 

T 

ii! 
■m 

JACKS AND PLUGS 
Singles . . twins . back-to-back . . 2 -f' patcfi and 
switchboard co'ds in long frame and Bantam and Our new 
Printed Circuit Board Jacks • most standard types are available 
lor immediate ofl-ihe-sheif delivery. 

For further niormation cn those and out range of B P O. type 
components telephone or send the attachcc below to: 

C.A.E. LIMITED 
70/82 Akeman Street 
Tring, Herts. HP23 6AJ 
Tel. (044 242)4011 

PlHiuia mnd ua copy ol cuneoi caiologua. 

NAME 
COMPANY 
POSI tlCN 
ADPHESS 

III 

Telex^S2362 BATE CO £ 

Join the Digital 

Revolution 

Understand the latest 
developments in calculators, 

computers, watches, telephones. 
television, automotive instrumentation . . . 
E.jch of the 6 volumes of th s sell-instrLct on course measures 
11%" s 5W" and contains 30 pages packed with niormation 
d agrams and questions cesigred to lead you step-by-Step 
through number systems and Bcclean algebra to memories, 
counters arc simple aMhmet c circuits and cn to a ccmpleie 
understanding of the design and operation of calculators and 
computers 
Ocs^cm of Digita Systems. 

£7.10 
plus 90p packing and 
surface cost anywhere in 
the world 
Overseas customers should 
send lor Prolorma invoice. 
Quantity discounts 
available on request. 
VAT zero rated 

Design of 
Dighal Syitcms 

Also ava lable — a more elementary course assuming no prior 
Knowledge exceq; s no e arithmetic. 
D gital Cnmpurer Logic anc Electronics. 
In 4 vc uncs 
1 Bas e Computer Logic 
2 Logical Circuit Elements 
3. Designing Circuits to 

Carry Out Logical Func- 
tions 

4 Flipflops arc Registcs 

£4.60 
plus 90p P & P 

, Offer Order botn courses (or 
the bargain price £1 1 1 0 Olus 
90p P 8. P. 
A saving of £1.50. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

"hese courses were wi Hun so that you could 
teach you'seif the theory and application of 
digira' logic. Learning oy self instruction lias the 
aovantagus of being quicker and more thorough 
than classroom learning, Vou work at your own 
spued and must respond by answering questions 
on each new piece of information oelore 
proceeding to the next. 

NEW from Cambridge Learning Enterprises: 

FLOW CHARTS & ALGORITHMS £2.95 
jso. design & layout: vital for computing. plus 45p 
training, wall charts, etc. p & p 

ntee — If you are not entirely satisfied your money will be 
'.A 

' It, Rcfl. Office: CamntiOgc Lasrning LnicoriMs OepCO.V FRFc''051 

| Rivetir.- H-juin. Si Hun!(i>a<lc>n. PE17 
' Pioa-iew» D'3yi<l0B 1(0 Rneisifline in Enuiana No 132876 

1 serd xe seilO ol Dccicn a' Utgiui SyMnms s; r.H UG Mch |i '• )> ■ -ciuueO 
I !•' trwi oi Cifliwl CampiUm snp Eiec-.'onicti f Ls 50 saci. p & o 
I -iclLdeO 

01 .itnt nei! io!(S> ai f 13 .CO aaeh pep incloUvU 
| cr I>ip A aUiilllfniV/'ilfli ^ £3 40 ijjc" p i p itC i.ilMi 
| Mama .. ..... 
| Acoieij 

I delete .is apqliusbta 
J No netC Iv --v .i stump — jus; onm tRFEPOST on tn.o envelope 

vVW 2 
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THE I baker I ouALJTY 

1 50 watt mixer 
amplifier 

• All j)t.lrpose Ba.:;$. L~J.:Id. Rhythm Gu tt8iS, Or!h:OifH:qur.. 
Vocal. Publk Addr<;; ::;, <::1<:: . 

e Ampl;fier " MaiM swi;ch" (or in.stanl so-u nd o r mvting 
e f hfee loudspeakel outJetil !<U 4 . 6 o r t 6 ohms ope:rabon . 
e Foor high g<~in i~pvts. each- 28 mv, SOK nhm for full 

oulpvL 
e Ind ividual volume CMtroJs with ''Four cha:nner mixing 

f(l'l;ili l~$. 
e 150 wansjnto 8 ohms. R.M.S. M vsic Power. 
• o;SWniOiiTt s:s tk':~O f% \1t h.tll <ivii:iOt:·-
e Slave ovtp t.rt 500 M .V. 25 K.ohm. 
e Accepts lou dspC!akets hom 4 ohm,; upw;ucl:s. S1i11\da rd 

j.,ck soc.kcls. 
e F,re<;ucncy Response 25 H~ - 20kHz = 3d8 

integral Hi Fi Plflamp 
e 32d8 Vari<t;i on on wide rat'lgo separate B,ns & T.-eb le 

controb 
e f u !l'( Short and Opetl C1tCuit p roof, e lectronic 01nd 

fu::;cd. 
.e Compact - 16" x 8" )1, 5•;~" app•oxi«Hltely e Lightw'e igh l - On ly 141b. - approximately· 

Bfvc wor<1in9 on StaCk facia. 
• Made- In E•lQ.18r)d. 12 ll\OtUh s' gu~:u;:~.-,t-:-:. 

200/250·1 A.C. IN ins or 120V to otder. 
e All tru nJSi:;tor ;,nd ::~olid $!.<l i e c;le· .. i<.:cs .. 

Distributors required 
in certain countries 
and parts of UK. 

Baker Loudspeakers Limited 

,, 

NEW! Star sound 
A high powet h •ll range quality loudspoakar 
produced to give ex:ce1n ional fCproducttOrt. 
Ideal fof electronic- g uitars, otgans. pvtll ic 
address or 
discotheques. Th is 
loudspeaker is 
recommended where 
high power handling is 
required with quohty 
results. The h igh flu)( 
cer-amic magnet 
assembly ensures clear 
treble response so 
necessary for today's 
m usicmn. 

GROUP 50/12 inch 
Vole<: Coil h JI!)t'dance- 4 or 8 <"H 16 ohm:~ 
Maximum Power 60watt9 ~ 1 20 wa;ts U .S.A.; 
Ban. Rc~;,ncc •• , , , , 55 c p.s. 
U$t:lul P.~::~~x)nl\e . . . . • • . . 30· 16.000 q).$. 
Ffux O&.n&it'( , • 15.000 tine.s 
Voice Coil I 'h' ' /:l8 mm 
Overalf diameter 1l!h/310 m m 
0\'eralldepth .... 4 -'M''/ 120mm 
Fhcin9 hal$$ (;'it~!)Qn<'!l 13" i 330 mm 
s..,mc ilpenu rc H" / 280 m m 
Neu ·m ight 10 lbs/ 4.5 kg~ 

W.fREteSS WORLC, FESRU.O.AY 1978 

GROUP 25 12 inch 
Voir.-e- Coi1 1mp~dMce 
Maximum Powor 
B:'I~S re~cn:l:nce 
Useful Response 

. ..... 4 o< 8 or t 6 ohna 
30 w;,tt:; (60 wit!!S U .S.A.) 

. . . . . . . . . . 55 c.p.s. 

Flux (f~lllily ..... .•• . 
V~ce co'l . . 

30·13,000q)'.\l. 
... . 12.000 1ines 
. .. . 1 'h" /38 tl'll'l\ 

121t."/31 0 m m Overa ll diamet~:r 
Overall de;pth • . , 
Fixing hQ!cHI d i3gons1 
Saffl e apenure 
Ncr:· ... ,~ioht 

.. • 4 W'/ 120mm 
13"/ 330 m m 
11"neomm 
5 !bs./2.3 t g . 

GROUP 35 12 inch 
VoJt:e Coli lmpedar.oe 
M<ll(imvm Po-w~t 
Sass Aeso•lance 
U;cfl•f R~spon$C 
Flux Derrsi!y 
Voice coil 
Ovcmll .;;li:Hn.,:te: 
Oveta' l d epth .. 
Fixing h oi(!$ d E.;gorWII 
Saffle aper tUfe · 
Ncu wei~h1 

. . ••• 4 or8or 16ohm s 
40 watts (80 watts U.S.A.) 
. . .... ' ~ 55<;.p.$ 

30·13.000c.p.s. 
14.000 lin(l$ 

. . 1Y) " /38 nun 
1 2~"/3l0mm 
4~"/llOmm 
13'' / 330 mm 
11 " / lSO mm 

.. . _ U lb.s/2.1' kg. 

GROUP 5015 inch 
Voice:: Coi1 1m!)lt(Jan<.:e . . . • . 8 Or 16 ohm:~ 
Maximu m Powe r 75,,·ans !15 0 wans U .S.A.) 
&ss Rf;$Qnilnce , .. , , 45 c p,s 
Useful Res;>onse 30. 13,000 c.p.s. 
FlliX Dens ity . . . . . . 15.000 tines 
voiee-eoil . . . . . . . . • • . . 2"/51 mm ' 
O'•cr;:~llc:fil)mCi.Ct . , . 151Ji/390mm 
O•.·eral! deoth . . . . . • . • 6" / 1 5'3 m m 
f ixm g ho4e:; d i;'lg.:>MI 16111~' / 4 17 m m 
SalfJ~ epenure . . . , ••• , 11 ' ' t2SO m m 
N~tt vte1ghl 15 IM./6.5 kg. 

337 Whitehorse Road, Croydon, Surrey, England 
' Tel6phG.116: 01·6841665 

METER PROBLEMS? 

13 7 Standard Ranges in a variety of 
sizes and stylings ava ilable tor 10·14 
days delivery. Other Ranges and 
special scales can be made to order. 

Full Information from; 

HARRIS ELECTRONICS (London) 
.138 GRAYS INN ROAD, W.C.1 Phono: 01/83717937 

WW-o29 t 'OR fo'URTHER DET'AfLS 

The CR600 and CR700 Chart Recorder$ h.ave 
boon desi~Jned f or the discerning user who 
requites a combination of fa$t wrlting $peed, 
high ace~.~ racy plv$ vt r$8tility and good looJts. 
• 1000 mm/s~e. 'M'itll':l ~1>$$d 
e O.OS,. L>M':~ritv 

• o.os" Rt:pCJ t:~bilhy 
• 0. 1%Aco...:aey 
e 0.02 rn:nlmin. - 20 nun/s.ec. Cfl~H Sl>$~d 

ind1.1dr.:- I . .. 
p~per. Two ~.J.r11<~ <:h;.nnl'!;lr. with fu ll ~" ov~h1p, idl ca!it),~t~ 

~tep;>!'d ro~ a ltt •luttoi'S o..'l<l sp~n contrOl$, 1()01)% pr~isr.ly.t:llfillr~teiJ 
zero $Upprt:$$i0tl. n .~m<~le oper~led e-vrnt tl'I&Jkt l . ~fl llft ~nt:S c.'l-.ar1 conuol. 

Sr.nh r~cQfrl~r: .:Jtll suit.:oblc form~ M ('.J' b;,U~IY OOX'fll ti.<m 8/'ld M~')ll)$ 
moonte<f hOt•tont~lly or vllt tieilly. ' 

Writ$1C)(:I.ly for full 11lu$tliltlld fi>$d f1Ciltlorl . 

d]d] J ,J, LLOYD INSTRUMENTS LIMITED 
B1ook Avenue, 'A'~r:nlt. s-.,.~ lhaml)t¢.'1 $03 GHP 1 

=··.,···· -,,.T:~" :: : L'XkS Ht ath 42'21 ($TO 048 95) 
JAY· SOTON 

INSTRUMENTS 

\\oW - 051} FOR ._.Ukl'Htt\ Of:T'AU.S 
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THE! 
QUALITY 

1 50 watt mixer 

amplifier 

0 All purpose Bjss. Lead. Bhvifim Gu isis. DlscOtfHKiue, 
Vocal, Public Address clc 

0 Amplifier .Mairvs switch" lor iosiam sound or mulirg 
0 I hree Icudapcaka- ouileis 1c: 4. 8 or 16 ohms operaHon. 
0 Four high gain ""puts, eac" 28 mv. bOK ohm for 'ull 

output. 
0 Individual volume conitols v.th "Four channel" mixing 

facilitkts 
0 1 50 watts into 8 ohms. R.M.S. Music Power. 
0 D.SIO.'liOf. less ".Pan 1 rK; j! f.d oo'tpof 
0 Slav© output 500 M V. 25 K.ohm. 
0 Accepts louospcakets I ram 4 ohms upwards. Standard 

jac* sockets 
0 Frequency Response 75 — 20kH; = 306 

integral Hi Fr p.-samo 
0 32dB Variation on wide 'ango separate Bass & Ireole 

contro's 
0 Fully Short and Open cucult proof, electronic and 

fused. 
0 Compact — 16" x 8" x b'/j" approximately 
0 Lighlweignt — Only t4lD. approximeiely 

Blue wording on Black facia. 
0 Made V England. 12 months' guarantee. 

200/250/ A.C. mains or 120V too'der. 
0 All Uansisfdr and solid stale devices 

Distributors required 
in certain countries 
and parts of UK. 

Baker Loudspeakers Limited 

NEW! Star sound 
A high power fuli range qua'ity loudspeaker 
produced lo give exceptional reproduction. 
Ideal for electronic guitars, organs, public 
address or 
discotheques This 
loudspeaker is 
recommended where 
high power handling is 
requited with quality 
results. The high dux 
ceramic magnet 
assembly ensures clear 
treble response so 
necessary for today 's 
musican. 

GROUP 50/12 inch 
Voice Coil impedance 4 or 8 ei 16 ohms 
Maximum Power 60 watts 20 watts O.S.A J 
Bass Resonance 
Uxidul Response 
Flux Dsnsity 
Vmcc Coll   
Overall Ciameter 
Overall depth .... 
Fixing hctes diagonal 
Buff'c aperture . . 
Vett weight . . 

55 c p.s. 
30 ' B.OOOc.p.s. 

15.000 Ines 
. . . I Vi'VSS mm 

12^/310 mm 
. . 4'A"/ 120 mm 

13"/330 mm 
11"' ?80 mrr. 
10 Its/4.5 kgt 

GROUP 25 12 inch 
Voice Coil Impedance  4 c 8 or * 6 ohms 
Maximum Power 30 watts 160 watts U.S.A.) 
Bass rescnance ..   55 c p.s 
Useful Response 30-13.000 c.p.s. 
Flux density     12.000 ines 
Vo caco l .... 
Overall diameter .. . . . . 12lA"/310him 
Overaliceoth .. 4V."/120tnm 
Fixing holes diagonal   13"/330mm 
Baffle apetiute n "/200 mm 
Nan weight   ---• a lbs./2.3 kg 

GROUP 35 12 inch 
Vcqe Coil Imcecaoce 
Maximum Power 
Bass Resonance 
Useful Response 
Flu* Density 
Voice coil 
OverjiH diamnter 
Overall depin t 
Fixing holes d agorai 
Ballle aperture 
Nell weight 

4 or 8 or 16 cms 
40 watts (80 wans U.S.A.) 

55 c.p.s 
  30-13.000 c.p.s 
  14.000 lines 
..   lVb"/38 mm 
 12V4"/3l0mm 

C^-'/l 20 mm 
  13"/330mm 
.... 11"/280 mm 
  6 lb.s/2.7 kg. 

GROUP 50 15 inch 
Voice Cm Impedance . . .... 3 or * 6 ohms 
Maximum Power 7 5 watts ! * 50 wans U.S.A.) 

45c p.s Boss Resonance 
Useful Response 
Flux Density 
Voice coil   
Overall diameter . . 
Overall ceoth ... 
Fixing holes diagonal 
Baffle epenore . . . 
Not weight .... 

30-1 3,000 c.p.s 
15.000iir.es 

. . , . 2"/5l mm 
1 5'///390 mm 

. . . 6"/ 153 mm 
, 16?4'.'/417 mm 

11"/280 mm 
15 Ibs./fi.S «g. 

337 Whitehorse Road, Croydon, Surrey, England 
  Telephone: 01-684 1668 

METER PROBLEMS? 

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

Full Information from: 

HARRIS ELECTRONICS (London) 

138 GRAYS INN ROAD, W.C.I Phono: 01/837/7937 

WW—029 FOR FURTHER DETAILS 

British 

The CR600 and CR700 Chart Recorders hove 
been designed for the discerning user who 
requires a combination of fast writing Speed, 
high accuracy plus versatility and good looks. 
• 1000 mm/sec. writing speed 
• C.05$j L-r,ear ly 
• 0 05^ Rnpeatability 
• C.1% Acc-j-aey 
• C. 03 mm'min. - 20 mm.'s-c. Cna:! speed 

StsndsrC features include: 18 dccltonicallv controlled Chart speeds with 
and remote opciatlcn. Chan fcco and take up for Z WO or 

rod chart paper Two tepitate channels with full pen avclap, ted calibrate 
Stepped racfle auenuatO-S aid Span controls, '000% prerisnlv." ibteled 

rcro suppression. Remote opercted event msiker, pen hi and cnsit conttc.. 
Roth tecoedcrs are suitable for na rs c- batlery operation and may he 

mounted horizontally or vcrticilly. 
Write today for lull Illustrated ipecrficatlon. 

J.J. LLOYD INSTRUMENTS LIMITED 
Brook Avenue, WarsMh, SoullvsmptO" S03 6HP, 
Enaltfnd. FbI: Locks H-atl. 4221 "STO 04B 95) 
Telex: 477042 - JAY JAY SOTON 

lIMSTRUfVlErUTS Cables ndflymes. Scuthamotoa 
cDQD 

WW ~ 050 FOR FURTHER DETAILS 
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DATA ACQUISITION SYSTEMS 

Modules Md c~r<ls which plug into NOVA. 
PDP8. POP U,l$1 1\, SBC60and MDS800 
c,omput ers. scan 64 ar:atogl!C channels. 
includes 12 bit ADC and prog.rammr. 
intertupt log ic plus (lf'l<'.!1c>gliO output~;.. 
Also. complete lnt~lh{jOOI mains powered 
systems with anatogv~ Md dig ital 
input!'output used fOf stand atone or rront 
end da1a acquisition and C()l'll(()i 

WW- 065 FOR FURTI-IER INFORMATION 

DI GITAL CASSETTE RECORDERS 

l ow power anaJogvc or digit at input data 
loggers and 1erminat readers. Cass-ette-s 
compatible wl!h Tl Silent 700. Wang 2200 o t 
ECMA.34. 
Read!wrl!e \lni ts Jor data storage or 
p rogramme Joad/dump 3PPiiC>"tlio ns up to 
32·000 bi~stsec. 

Con;ir.ous and inc.reme:nl31 H;'IOS~Ot~ and 
.comp!Gto systems for OEM and end user 
application s. 

WW- 064 FOR FURTHER INFORMATION 

AUDIBLY SUPERIOR 
AMPLIFJCATION 

HIGH DEFINITION- 'MUSICAL'- POWER AMP 
MODULES 

* T.H.D. TYPICALLY .007% 
@lOW, 500Hz 
* ZERO T.I.D. (SLEW-RATE 

LIMIT 16 V/ <t S) 

Module SIU:: 
12U x 60 x; 25 mm. u lng 
gins lillre JIC• will! ident 
aDII *tlfu rt.Sisl. 
l l!lliWIItd Wi~ . I !Ill)' 
lletlSiat ' 
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( ' :0• llJ:""'"ti ... II"WI$1 , ::OO~t 
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(1$ H OI htllln .... ~ .. <loUU.t 
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~~~ ,..,,. .... 
« lo(C.'flh• 
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ww:...023 f'OR FtiRTHER DETAILS 

DIGITAL PA NEL METERS 

Meinsot 5VOCpowe: ed . scale lengths ttom 
999 ~o ·~9999 vth h resolution do•t.n to one
micrcvoll. 
OIN <H' NEMA ¢8$¢ $i~¢$ , 0.5 Or 0.$ inch l EO, 
Sec)tman gas <:hschauge o r hQuld crystal 
d ispLs;·s. 

WW--068 FOR FURTHER INFORMATION 

~f1:jffi~ 
AMPLICON ELECTRONICS LTD .. 
Lion Me ... ·.•s. Hove BN3 5RA. 
Tel· Brighton (0273i 720716 
Telex: 87323 Amplicon 

e Battery Wire Wrapping TocleStan<1ar<1 Toggle Switches 
e Sub M in Toggle Swi tcheseCvanoacrylate Adhesive 
e Nyleze Enamelled W ire e Thumbwheel Switches eFilament 
Indicators ecrystal Oscilla!orsePrecision Resistors e P. C. 
Terminal BlockseKeyboard SwitchesePolting Compound 
e Rocker Switches'e Neon lndicatorsec ermet Trimmers 
e Circ uit La'cquer e Micro Sw1tches • Epoxy Adhesive e LED 
Indicators e Label Holders e Foot Switches eMini Shears .. 
AVAILABLE EX STOC K BY RETURN 
For your new calalogue w rite to:· 
VEROSPEEO, Barton Park Indust rial est ., Eastleigh, Han ts. 
or phone 0703 618525 

WW - 072 FOR FURTHER OETAll-S 
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♦(. SOB 

DATA ACQUISITION SYSTEMS 
Modules ana cards wh-ch plug into NOVA, 
=DP8. PDPlt, LSI 11. SBC8C and MDS8CO 
Computers, scan 6-1 analogue channels, 
ncludes 12 bit ADC and programme 

interrupt loo.c plus analogue ooiouts. 
Also, complete ntelhgcnl mains powered 
systems with analogue and digital 
input/output used for stand alone or front 
end data accuisiLon and conlrol 
WW—065 FOR FURTHER INFORMATION 

DIGITAL CASSETTE RECORDERS 
Low pov/er analogue or digital input data 
loggers and term nal readers. Cassettes 
compatrble with Tl Silent 7C0. Warg 2200 or 
ECMA3A 
Read/write umis 'or data storage or 
programme oad/dumo applications up to 
32 OOC bits'sec. 
Contihous and incremental transport and 
complete systems for OEM and end user 
applications 
WW—064 FOR FURTHER INFORMATION 

lia- 

■ %%*** 
m. 
it%W' 

DIGITAL PANEL METERS 
Mains or 5V DC powered, scale lengths from 
999 to -'.9999 witn resolution down to one 
microvolt. 
JIN or NEMA case $i/C$. 0.5 Or 0.8 inch LED, 
3ecKman gas d scnarge or liquid crystal 
o: splays. 
WW—066 FOR FURTHER INFORMATION 

AMPLICON ELECTRONICS LTD.. 
Lion Mews, Hove BN3 ERA. 
Tel: Brighton (0273) 72C716 
Tciox. 87323 Amohccn 

AUDIBLY SUPERIOR 

AMPLIFICATION 

HIGH DEFINITION - •MUSICAL' - POWER AMP 

MODULES 

* T.H.D. TYPICALLY .007% 
& I0W. 500Hz 
* ZERO T.1.0. (SLEW-RATE 

LIMIT 16 V/mS) 

Module site; 
120 x 80 x 25 mm. iSlng 
glais libra pel wilh idcnl 
and jjvjt- njiji. 
tlluitraua witli llgd (d| 
hetitia* 
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WW—023 FOR FURTHER DETAILS 

C 

o 

• Battery Wire Wrapping Tool •Standard Toggle Switches 
• Sub Min Toggle Switches•Cyanoacrylate Adhesive 
• Nyleze Enamelled Wire •Thumbwheel Switches •Filament 
Indicators •Crystal Oscillators® Precision Resistors® P. C. 

i ermjnal Blocks •Keyboard Switches •Potting Compound 
• Rocker Switches•Nieon Indicators •Cermet Trimmers 
• Circuit Lacquer •Micro Switches •Epoxy Adhesive •LED 
Indicators •Label Holclers®Foot Switches •Mini Shears. 
AVAILABLE EX STOCK BY RETURN 
For your new catalogue write to: 
VEROSPEED, Barton Park Industrial Est.. Eastleigh, Hants, 
or phone 0703618525 

WW — 072 FOR FURTHER DETAIIS 
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WE KNOW OF ONLY ONE OTHER POWER A~PLIFIER MODULE SUPERIOR TO OUR 

JPS 100- The JPS 150 
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ANNOUNCING THE llllli/J1JJ111 
JOIN THE MICRO REVOLUTION! 

£550 for a Z80 based microcomputer, built and tested 

• Includes CPU, ROM, RAM, TV and Audio cusette 
int.erface, UHF modulator, ASCII keyboard, power 
supplies and cabinet. 

• Designed for educational csublishmcnts, personal 
computing and small business users 

• 

• 
• 
• 

Connect to domestic TV or video monitor to 
complete the system. 

48 x 1 6 character video matrix 

Hard copy on teletype 

Also available in kit form £470, o r 5 kitpacks at £95 
each 

THE MICRONICS COMPANY 

l,STATION ROAD TWICKENHAM MIDD LESEX 

ACI.CRYSTAt.S UMi T'EO 
<Got• I,.>,M- . ~ •• S...,t •. ( o.j.; .. ROif i*U 
T~ IIOIIov:»:>Jo6J~:J. Toljoot Ofl l f oloooo«ooo .. .,,l 
e..loL ,.,.._, loin liotloy 

WW-clll FOR FL;RTHER DET M LS 

• 

• 

• 
• 

Load and dump programmes on unmodilicd cassette 
recorder 

57 key con tactless AS~ keyboard 

Brit ish designed and buil t 

Credit terms available 

PART OF THE MICRO REVOLUTION 

Prices exclusive of VAT and carriage 

J ES AUDIO INSTRUMENTATION 

lllusuat(fd the $i452 
OiSIOrtton \4easurit,g 
Unil- 1(.)¥1.· cost d istot 
l ion measurement down 
10 .01'\oo £4 8.00 

Si451 
Comprehensive 
350., Ve ils 

£60.00 
Millivohrnctor 

20 ranges 

£60.00 
Low dt$tQ:tion Oscillaw r 
sine - squilfc RIAl\ 

J}rices p in$ VAT 

J. E. SUGDEN & CO. LTD. Tel. Cleckhealon (02741 872501 
CARR STREET. CLECKHEATON. W. YORKSHIRE 819 5LA 

WW- O;t2 FOR Fl.:RTII ER OtTAlLS 
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WE KNOW OF ONLY ONE OTHER POWER AMPLIFIER MODULE SUPERIOR TO OUR 

JPS 100-The JPS 150 
Foi SIH'intS, JPS P.V/I" Mo-Jules B'b BBVIi-ifd. 

maivjfscluiBJ Bid leilfd ii> Ei^jlaiid, >olbbM ihrc-jfltvaul:h? «vcld. 
Iiccip~'n;ing KEmorsreislvc p:oleclior cIicl-is inc jding 

(riirtia'.Ch $noi and '.icn ctreuiu. iripsacncc aid tlcmc 
P'otect uo. tHi-BB ModulBSwill ansufflahigh iiaidai'iol t>o:h 
leiab*Hysad tuppadO'rtMCe 

Unlike other nadeli Ihey ol-er sr idef r ie 1 (c-soan1 

Siob d they ever ret jirc siy altcnton or "cdo • ; comppnontt to bwh Modules arc eat- y toplareable Aid 
B/bat's T.nrc. they bath also ca-ry a "u 1 r/ro-yoar guarantee 
Ihat s tonl dono? tor yco! 

JPS 100 £28.50 JPS 150 £33.30 110 -in P.MS itTi 170 walls RMS B olas (r!:oitCf Rsifsiie 
Pixsr tirc»0',i 

10-Z2ilU - IIME 
IC22.Hi-0245 I0-3JVW rtas -OtCJ I02?*HI T-IBB -0245 

S«»M1 Bi's Li Veil! osr nbfHKirl 9.00 Vi"! pit nVtitietMl 
Tolll Hinwic OsurMl 8.WS S ll"t 0.01 a U.-i HID I hi Mrlii lIMJiilw ICO Hill: HUB Mow IS' -ills Din;i'o tutor IreilH IfcM J:0 Is HHj GrUlH 'Air. 40; to IKK: 
Iran Smi-'tY Cta lO.jrs vsiii) icn «tin (U5 pi,T75 vslli) 110 mils 

ir« t7l 
njit inpoltote -is vm -55 few 

fun*' -oiurneili 12 VMlilllri. 1 iiltgnltfl 12 trinwwt. I nuintR 
TrmDH' Dinjlcireil t.'Cjil lirsiil 
Ht«iH DimHlns 4'* x S"*f 12"3 6"H > 5"« i 2,l! 
Enc^itie for 2 iti- (ill2yti' 

f JPS Associates 
BE.VONT HOUSE STEE-E BAR.< ftOYAl D 
TElF'HOf^E 0'.-9£ 1 1274 TELEX: TITTS 916226 

Pia pi«!t5 2 JPS ISO £31.50 
then (I'indrc! rif la chiltiC :: iU'. Jlrlitilir rS-IUftMH* 

[it itCHltiil tii]! *--e;i!tty -tipms tw IB Nlialsl OC It iQi.-t -r-DIB 3.2tB (l« oil<| 
POWER SUPPLIES 
PS I Pl-lil I .PS W PUB £15.50 'H >":«» *■' ^ 

ONDON NW10 ?AK Jl.Tolilr dr« ta'ds arc luel ca nutlt) ilfitir! Eiticirs tysllr (1001 15 A'TI 
Pamrt I JPS iM Price £21.50 ' M mil vtrtoc is aKi jnijaii kill a linu- sje:ili:iliin. Ptits £2330 - VAT 
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announcing the gggggg 

JOIN Tl IE MICRO REVOLUTION! 

£550 for a Z80 based microcomputer, built and tested 

* Includes CPU, ROM, RAM, TV and Audio cassette 
interface, UHE modulator, ASCII keyboard, power 
supplies and cabinet. 

' Connect to domestic TV or video monitor to 
complete the system. 

* 48 x 16 character video matrix 

* Hard copy on teletype 

* Also available in kit form £470, or 5 kitpacks at £95 
each 

THE MICRONICS COMPANY 

1, STATION ROAD TWICKENHAM MIDDLESEX 

Designed for educational establishments, personal 
computing and small business users 

Load and dump programmes on unmodified cassette 
recorder 

57 key con tactless ASbil keyboard 

British designed and ouili 

Credit terms available 

PART OF THE MICRO REVOLUTION 

Prices exclusive of VAT and carriage 
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CRYSmS 

-mi 

AEL 

ACL CRYSTALS LIMITED 
O.i-u' Hy.-. t...... R-t!3U T^oro.y HoiUy MM T.I..: 0"IC (A.I0«,| ~|..yl C.:lii Aucco' Till. 
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JES AUDIO INSTRUMENTATION 

o -o -o ^ 

& O Q # 
6> di V,Tr:Q 0 3 

Si45 I 
Comprehensive 
350m Volts 

Mi 
£60.00 

livo tmctor 
?C ranges 

Illustrated the Si452 
Distortion Measuring 
Unit—low cost distor 
lion measurement down 
to .01% £48 00 

5453 £60,00 
Low distortion Oscillator 
sine square RIAA 

prices phis VA T 
J. E. SUGDEN & CO. LTD. Tel. Cleckhealon (02741 872501 

CARR STREET. CLECKHEATON. W. YORKSHIRE 819 5LA 
WW—042 FOR FURTHER DETAILS 



PROPESSIOn ·11 
· Including: EMI, Decca (UK), BBC, P 
. Hawker Sidley, . litan Police 

· ITN, Ca .... ~+..,. 
......... +.... of . 

...,., .... , '.Agen ",';%..i 

ussaud's, , Chap~r':'i5t;r~ 
James Music, · ,. Alice, ;Fi 
·Ministry, Yes University of Bu rest, 
Pye TVT, Avon Hea Authority, Government 
of Seychelles, · :Philippines Radio, . London 
Broadcasting, Roll.ing Stones, Thin l.i~zie, 

· British Ra1 · · I History · 
in R Savic · Jn:.;t.;.,.,·,,rh 
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isation, a · others. 

ACH lEDGE 
That IT A has to offer: 

e Location. In Gei11(~H . London -easy""'~·~·-.. ,,,.,.. ... ,. 

'""'""''<'' 

ding cov 
1ate del' 

ctory trained st 
· ···,, .. , . .• time. Machines 

. " ' 

for special requirements. 

e . Pricing. Check our prices - you will find 
them lowest ALWAYS. 

·-~' ... 
I 

. 
1-.7 Harewood Avenue, MarV!ehone· 
Telex: 21879. 

WW-o!l:l t -OR t'V MTI-t U t OFTAH .. ~ 

TRUE 

PROPESSKMIRIS 

Including: EMI, Decca (UK), BBC, Pink Floyd, 

Hawker Sidley, Metropolitan Police, The Who, 

Queen, Thames TV, ITIM, Capital Radio, 

Decca (France), Ministry of Defence, Birds 

Eye, Rolls Royce, Crown Agents, Madame 

Tussaud's, Island Music, Chappells, Dick 

James Music, Neve, Alice, Israel Defence 

Ministry, Yes Music, University of Bucharest, 

Pye TVT, Avon Health Authority, Government 

of Seychelles, Philippines Radio, London 

Broadcasting, Rolling Stones, Thin Lizzie, 

British Railways, Natural History Museum, 

Virgin Records, Kirilo Savic Institute of 

Belgrade, all British Universities, London 

Weekend TV, BOC, Wings, IBM, every Local 

Radio Station, Post Office Research, Rank 

Organisation, and many others. 

ACKnOUIIEDGE 

That ITA has more to offer: 

• Location, in Central London — easy parking. 

• Delivery. Large stockholding covering 

500 versions for immediate delivery. 

• Servicing by ITA factory trained staff. 

Quickest turnaround time. Machines 

supplied or rebuilt for special requirements. 

• Pricing. Check our prices — you wilt find 

them lowest ALWAYS, 

* I 

0 
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S)E4Q5p mbdi'i - (he wo'ld%?(i0m 
iP^assvmeopIc!. With 6 slave vniis :* 

ITfl/ RDURRTRGEI 

1 - / Harewood Avenue, Marylebone Road, London NW1.Tel: 01 -7242497. 
telex: 21870. 
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At the end of the test session 
the communications engineer sang 

the praises of our filters. 
"What perfo rmance" he said,, referring to the 

capability ofche Barr & Stroud EF3 Filter System in 
satisfying his signal conditioning needs . He and other 

engineers in many fields are equally complimentary about 
our supporting range of Active Filter Modules and our 

Custom-Built Filter Service. 
We have fully descriptive literature which will 

generate' similar enthusiasm in yourself Usc the 
journal reply system or call us, Barr & Stroud Limited, 

t Pall i\o\all East, London SWtY 5.'\U (Dept, WW/I). 
Telephone o r-930 l54L T elex 261877· 

EF3 Variable Filter System 
Designed on a modular basis to give flexibiliLy in 

usc ~md to m:ttch your btHJgct . .. 4.. plug-in system , 
developed for usc in labs., test departments, 
anywhere \Vhcre sign al conditioning is required. 

Filrer units can be used separately -or combined 
LO give a wide variety of funclio ns fro m low-pass lO 
band-scpo\ri:IC.;. 

The Cllrrcnt pass-band capacity .is from d .c. 
to toMHz. 
Acti ve Filter Modules 

The r~ady-to-use <:onvt:nien~e of smalJ) 
cm::apsulated filter \ In its> each with a basic 
function. 

No filte r knowledge required tO Scl up it•· '. 

for spcd.fic characteristic or em-off 
frequency. These fi lters are equally,stritcd 
co the one"'off Jab. application and the 

larg::: quantity production rc.quircm:::nt. :, 
Available in low-pass> high-pass> u.nivc.rsal 

and notch d esigns with a range of cut-off 
frequencies and attenuation rates. 

Custom-Bnilt Filters 
The basis of our f!lter activity) thh s:.:Nic~.: hal> 

l'br 20 y~ars p rovjdcd solut ions 10 t.:ustom:::rs 
spec ific rcqoirc mcnts. Based on in-house 

computer facilities and an extensive 
programme library we can design and 

manufacture the fi lters nor provided in 
()UT standard r.angc. 

D esigns can be passive or active 
with cut-off rates up to several hundred 
dB pe: octave in a frequertcy range u p 
to a round 70 !vi. Hz. 

Barr & Stroud 
Add us to your resources 

Et.ECTRO~IC FILTERS. Ot•TJCAL FJL T F.RS. PtnRr:. OPTICS. 
LASERS. SCII::NTIF!CAND MEDICAL tNST RUMBNThTJON. 

WW-0S~ FOR FURTHER OETAllS 
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At the end of the test session 

the communications engineer sang 

the praises of our filters. 

•vtlK. 

\ 

s 

r 

"What performance" he said, referring to the 
capability of the Barr & Srroud EF3 Filter System in 

satisfying his signal conditioning needs. He and other 
engineers in many fields are equally complimentary about 

our supporting range of Active Filter Modules and our 
Custom-Built Filter Service. 

Wc have fully descriptive literature which will 
generate similar enthusiasm in yourself. Use the 
journal reply system or call us, Barr & Stroud Limited, 

1 Pall Mall" East, London SWiY 5AU (Dept. WW,: 1). 
Telephone or-930 1541. Telex 261877. 

EF3 Variable Filter System 
Designed on a modular basis to give flexibility in 

use and to match your budget. A plug-in system 
developed for use in labs., test departments, 
anywhere where signal conditioning is required. 

Hiker units can be used separately or combined 
to give a wide variety of functions from low-pass to 
band-separate. 

The current pass-band capacity is from d.c. 
to 10 MHz. 
Active Filter Modules 

The ready-to-use convenience of small, 
encapsulated filter units, each with a basic 
function. 

Xo filler knowledge required to set up 
for specific characteristic or cut-off 
frequency. These filters arc equally suited 
to the one-off lab. application and the 

large quantity production requirement. , 
Available in low-pass, high-pass, universal 

and notch designs with a range of cut-off 
frequencies and auenuaiion rates. 
Custom-Built Filters 

The basis of our fitter activity, this service lias 
for 20 years provided solutions to customers 

specific requirements. Based on in-housc 
computer facilities and an extensive 
programme library wc can design and 

manufacture the filters not provided in 
our standard range. 

Designs can be passive or active 
with cut-off rates up to several hundred 
dB per octave in a frequency range up 
to around 7c MHz. 

Barr & Stroud 
Add us to your resources 

P.T.rCTROS'IC FILTERS. Ol'TICAI. FILTERS. FIRRr. OPTICS. 
LASERS. SCIENTIFIC AND MEDICAL INSTRUMENTATIOS". 

WW—US9 FOR FURTHER DETAILS 
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wireless 
world 

Viewdata needs encouragement 

Dt;RING THEcoming months 
Viewdata, the Post Office 's 
experimental information system. will 
be undergoing market tria ls, and by 
this time next year we may be getting 
some idea of the extent. and natu re of 
the demand for such a service. One 
thing is certain. There's no use in 
wait ing hopefully for a~ yet unknown 
app1ications to reveal themselves 
magically like buds responding to rhe 
sun. Viewdatct is a new type of service 
and it has got to be sold. From an 
engineering and econom ic point of 
view it is obvio usly a good system. 
giving greater u tilisat ion of the exist ing 
public telephone network by means of 
established television and computer 
technology, bu t this alone will not 
impress the man who has to pay the 
bill. It will be a great pity if Viewdata 
does not attract sufHcienr. demand to 
make it a commerciaJ success. lf the 
Post Office is left in sole charge of it 
there is a strong chance it will not. ' 

This is not to criticize the able Post 
Office execu tives who have the 
marketing job to do. but the nature of 
the organizat ion itself. The Post Office 
is a public corporation that is also a 
monopoly. However g reat its capi tal 
tesources. however competent its 
engineering and skilful its marketing. it 
will always lack one v i tat e lement - an 
a\vareness of the possibility of 
fai lu re. By defini tion it cannot fail 
because, whatev·er it does, there is no 
other comparable organization against 
which to measure its performance (cf. 
the BBC before the arrival of 
independent broadcasting). In princip le 

• it is accou ntable to the public, but this 
only means explaining aloofly w hat 
profi ts or losses are made o n the basis 

· of charges il nxcs for itself. In the 
event o(Josses t.he people (0!\C{)'rJ)ed 
are unlikely to lose their j obs or 

reputations or suffer a reduction of 
income. ~-· 

Last year the Nat ional Association of 
Radio Communication Services issued 
a manifesto declaring that the Post 
Office should not monopolise the very 
services that stimulate the use of the 
telecommunications netwotk if these 
services can be pro vided ~s cheaply 
and as efficiently by private industry. It 
listed n ine areas of activity 
and se1vices including 
Viewdata, car radiotelephones. ratlto 
paging, facsimile and conference 
television, and claimed that private 
companies could have provided some 
of them. far earlier t!lan the Post Office 
has and at competit ive prices. It also 
asserted that the monopoly " has been 
self defeating in that the Post omce 
has lost revenue from the lack of 
expansion of these services." 

The.rC.f.Sin'UC.ilgQ0d sense in these 
claims, even if some of the facts are in 
dispute, and NARCS's call for an Act of· 
Parliament w remove the Post Office's 
monopoly powers deserves the 
support of everyone who wants to see 
ou.r commun.icat lon services developed 
fully and effectively. As for Viewdata 
in particular, there is no reason why 
such a service shou ld not be. run by 
co mpetjng private operators using the 
Post Office ilenvork and with 
nationally agreed technical standards 
but with their own data bases, 
compute•·s, software and competing 
types of service. At such a.n early stage 
it is stili not. too late for the 
Government to a llow at least an 
experiment with private operation, 
without necessarily affect ing the Post 
Office.'s monopoly in any formal sense. 
If the experiment failed the losses 
wot!ld be borne by private inv estors, 
who are prepared for financial risl<s, 
and not by the taxpayer. 
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during the coming months 
Viewdata, the Post Office's 
experimental information system, will 
be undergoing market trials, and by 
this time next year we may be getting 
some idea of the extent and nature of 
the demand for such a service. One 
thing is certain. There's no use in 
waiting hopefully for as yet unknown 
applications to reveal themselves 
magically like buds responding to the 
sun. Viewdata is a new type of service 
and it has got to be sold. From an 
engineering and economic point of 
view it is obviously a good system, 
giving greater utilisation of the existing 
public telephone network by moans of 
established television and computer 
technology, but this alone will not 
impress the man who has to pay the 
bill. It will be a great pity if Viewdata 
does not attract sufficient demand to 
make it a commercial success, ff the 
Post Office is left in sole charge of it 
there is a strong chance it will not. 

This is not to criticize the able Post 
Office executives who have the 
marketing job to do. but the nature of 
the organization itself. The Post Office- 
is a public corporation that is also a 
monopoly. However great its capital 
resources, however competent its 
engineering and skilful its marketing, it 
will always lack one vital element — an 
awareness of the possibility of 
failure. By definition it cannot fail 
because, whatever it does, there is no 
other comparable organization against 
which to measure its performance (cf. 
the BBC before the arrival of 
independent broadcasting). In principle 
it is accountable to the public, but this 
only means explaining aloofly what 
profits or losses are made on the basis 
of charges il fixes for itself. In the 
event of losses the people concerned 
are unlikely to lose their jobs or 

reputations or suffer a reduction of 
income. 

Last year the National Association of 
Radio Communication Services issued 
a manifesto declaring chat the Post 
Office should not monopolise the very 
sendees that stimulate the use of the 
telecommunications network if these 
sendees can be provided as cheaply 
and as efficiently by private industry. It 
listed nine areas of activity 
and services including 
Viewdata, car radiotelephones, radio 
paging, facsimile and conference 
television, and claimed that private 
companies could have provided some 
of them, far earlier than the Post Office 
has and at competitive prices. It also 
asserted that the monopoly "has been 
self defeating in that the Post Office 
has lost revenue from the lack of 
expansion of these services." 

There is much good sense in these 
claims, even if some of the facts are in 
dispute, and NARCS's call for an Act of 
Parliament to remove the Post Office's 
monopoly powers deserves the 
support of everyone who wants to see 
our communication services developed 
fully and effectively. As for Viewdata 
in particular, there is no reason why 
such a service should not be run by 
competing private operators using the 
Post Office network and with 
nationally agreed technical standards 
but with their own data bases, 
computers, software and competing 
types of service. At such an early stage 
il is still not too late for the 
Government to allow at least an 
experiment with private operation, 
without necessarily affecting the Post 
Office's monopoly in any formal sense. 
If the experiment failed the losses 
would be borne by private investors, 
who are prepared for financial risks, 
and not by the taxpayer. 
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A basic radio telescope 
Portable two aerial system for detecting the sun, milky way, and sources 

beyond the solar system. 

This radio telescope is e gener<~l pur paso 
instrument that car'l bo used for 
demonstr'ation purposes. or adapted foJ 
speeafie observ~uioM at roqutred . The 
units making up the recewer. excJuding 
the pen recorder. can be earned in a 
briefcase and two acfials een be folded to 
pack on a caf fOOffaek 

THE BASIC system operates a s a 
phnse-switched interferometer between 
IGO and 190 MHz where a clear space in. 

N 

"" 

by J. R. Smith 

the band can be fpund. ll can also be 
used in the full power. Dicke. drift in· 
terlcrometer and beam .switching sys· 
terns which are described separately. 
Components preceding the l.f. amplifier 
can be replaced ror operation Oil Q[her
frequencies as required. The instrument 
consists of several sel£·contalne<J blocks 
which can be adapted fo1· specific ex· 
pcriments. A single positive 12V supply 
I~ u~ed <o simplify portable opcra<ion, 
ond a car battery will provide a stable 

supply voltage for two Ot' three weeks. 
The total load current is ttbuut 55mA. 

Bo th aerials were desig ned for 
J 78MHz. although at present they are 
being used a< 182:11Hz. In each aerial <he 
renector surfaces are or a cylindrical 
parabolic form consisting of parallel 
plostlc -covered sccel wlres spaced' at 
approximately 0.1 of a wavelength as 
shown in Fig. I. Four Oat panels of the 
reflector arc placed to wi th in 0 .1 :\ of a 
parabola where y = x 1/ l .GS m. 

A ll wood 20mm sq 

420mm 

Fig. I. 178MIIz pambolic acriul. the 
two main panels con be separated for 
dismantling. 
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A basic radio telescope 

Portable two aerial system for detecting the sun. milky way, and sources 

beyond the solar system. 

by J. R. Smith 

This radio telescope is a general purpose 
instrument that can be used lor 
demonstration purposes, or adapted (o- 
specific observations as required The 
units making up the 'eceiver excluding 
the pen recorder, can be carried in a 
briefcase and two aerials can be folded to 
[jack on a car roofrack 

THE BASIC system operates as a 
phase-switched interferometer between 
160 and 190 MHz where a clear space in 

the band can be fpund. It can also be 
used in the full power. Dicke, drift in 
lerferometer and beam switching sys- 
tems which are described separately. 
Components preceding :he i.f, amplifier 
can be replaced for operation on other 
frequencies as required. The instrument 
consists of several self-contained blocks 
which can be adapted for specific ex- 
periments. A single positive 12V supply 
is used to simplify portable operation, 
and a car battery will provide a stable 

supply voltage for two or three weeks. 
The total load current is about 55mA. 

Both aerials were designed for 
178MHz. although at present they are 
being used at lH2\1Hz. In each aerial the 
reflector surfaces are of a cylindrical 
parabolic form consisting of parallel 
plastic-covered steel wires spaced at 
approximately 0.1 of a wavelength as 
shown in Fig. I. Four Hat panels of the 
reflector are placed to within 0.1 \ of a 
parabola where y = x'/I.GS m. 

.X^Mour.ting 
cxis 

2 m 
>75 m 

100 mm 

Steel res 

W 

420rrm 

All wood 20mm sq 

Fig. 1.178MHz parabolic aerial. The 
two main panels car, he separated fo 
dismantling. 
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R.f. switching is performed by ser ies 
d iodes as shown in Fig. 2. The coaxial 
plug arrangement permits the switch to 
be used as a selector between two s ignal 
inputs, or by the addition of a >.i 2 length 
of coaxht.l cable. as a phase reversing 
switch. The two-pole, four.way switch 
permits phase reversal of the swit.ching 
square wave. or locking of the d iodes to 
assist in tuning and testing the complete 
system. 

The cu~rial ampli fiers in f ig. 3 are 
located as close to the aerials as possible 
to avoid degradation of the signal. /\ 
dual gate m.o.s.f.e.t. which is equivalent 
t.o a cascoded pair of transistors is used. 
and is resistant to cross modulation. 
Because these devices are susceptible to 
damage by voltage surges the input and 
output t ransformers are double wound 
and a zener diode is placed across the 

By;x~M tor 1'1\' ::O'.I p~ly to 
\. aer.al e..m, lille'" 

"12V1eed to 
C~.l'i t! l 
emplitier 

T 

(OVD.C. 3VA.C 

/ 

r 

I 
I 
\ 
\ 
\ 

C•ln Coils< 4mm d1a. 

, ____ LCOPt 

Fig. 3. Aerial switch. 

Fig. 4. R.f. amplifier, oscillator and 
mixer. 

con 

-t12V 
SmA 

fig. 2. Aerial amplifier and dipole 
fnatching system. 
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R.f. switching is performed by series 

diodes as shown in Fig. 2. The coaxial 
plug arrangement permits the switch to 
be used as a selector between two signal 
inputs, or by the addition of a X/2 length 
of coaxial cable, as a phase reversing 
switch. The two-pole, four-way switch 
permits phase reversal of the switching 
square wave, or locking of the diodes to 
assist in tuning and testing the complete 
system. 

The aerial amplifiers in Fig. 3 are 
located as close to the aerials as possible 
to avoid degradation of the signal. A 
dual gate m.o.s.f.e.t. which is equivalent 
10 a cascoded pair of transistors is used, 
and is resistant to cross modulation. 
Because these devices are susceptible to 
damage by voltage surges the input and 
output transformers are double wound 
and a zener diode is piaced across the 
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Fig. 2. Aerial amplifier and dipole 
matching system. 

Fig. 3. Aerial switch. 

^ Fig. 4. R.f. amplifier, oscillator and 
(OVD.C. 3VA.C) mixer. 
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Fig. 5. Narrow band i.f. f ilter. 
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supply. A series diode protects the f.e.t. 
from reverse voltages. 

The rJ. section in Fig. 4 is similar to 
the aerial amplifiers. A separate oscilla· 
tor is used in the frequency changer. 
and mixing is performed by a. dual gate 
m.o.s.f.e.t. Although a radio telescope 
for general purposes should have the 
widest bandwidth possible, i t is difficult 
to find aclear spac.e in the band. For this 
reason a narrow band fi lter consisting 
of three well-isolated parallel LC tuned 
circu its is used as shown in f' ig. 5. 
Coupling is b:;. capacitors o f about o·.2pF 
made from t \VO short. p ieces of wire 
twisted together. A sing le t ransistor 
ampJifier is included to part ly compen
sate for the insert ion loss. The band
width is a bou t 0 .5MHz and the net 
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Fig. 5, Narrow band if. filter. 

supply. A series diode protects the f.e.t. 
from reverse voltages. 

The r.f. section in Fig. 4 is similar 10 
the aerial amplifiers. A separate oscilla- 
tor is used in the frequency changer, 
and mixing is performed by a dual gate 
m.o.s.f.e.l. Although a radio telescope 
for general purposes should have the 
widest bandwidth possible, it is difficult 
to find a clear space in the band For this 
reason a narrow band filler consisting 
of three we'l-isolaied parallel LC tuned 
circuits is used as shown in Fig. 5. 
Coupling is by capacitors of about 0.2pF 
made from two short pieces of wire 
twisted together. A single transistor 
amplifier is included to partly compen- 
sate for the insertion loss. The band- 
width is about 0.5MHz and the net 

Ih 

IT i — ■ 
\ a 

..r •cil cl 

T ! T KT I I £C in. T 
C-'" Coils.-I'nii <11 q w ir ler^lle slugs 
Transistors 2N9'& R^-see text 

Fig. 6. if amplifier and detector. 
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Fig. 7. L.f. amplifier, phase sensirivc detector, and d.c. amplifier. Oscilloscope waveforms from porn? D: (a/ Normai 
signa/s at aerial switch unequal - dc. output uroportiona! to the difference, (b) Normai, both inputs equal— zero d.c output, 
/c) Overload, (d) L.f. phase shift in the system, and spikes also leaking from the square wave generator. 
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insertiOn loss is about IOdB. The i.f. 
amplifier and detector in Fig. 6 consists 
of two cascode pairs followed by a 
single transistor stage to give up to 2V 
from a IOOO!l output impedance. The 
original measured I)Ower gain was 
about 92dB, but this was reduced to 
70dB by the inclusion of resistor R 1 

across t.he input terminal, and some 
retuning to improve stability. 

Construction 
The aerial framework is cons tructed 
(rOm 25 X 2.5mm timber, and the tWO 

main panels are joined by removeable 
wire pegs to permit easy dismantling. A 
full wave: dipoJe is used as t.his con
veniently fills the a~rture. The dipole 
high impedence is transformed to a low 
impedance to match the balun by a 
short circuited ll./4 line. The position of 
the tap to the balun is found by trial and 
error. The dipole and ll./4 matching stub 
is made from one piece of 3.18mm 
diameter aluminium or copper w ire and 
the insultors are cul from perspex sheet 
with holes at25mm spacing. Brass con
nectors to the aluminium, and soldered 
coMections to the balun are greased to 
prevent corrosion. 

Each balun consists of a l\12 section 
of50{l coaxial cable which gives a 4 to I 
impedance transformation as shown in 
Fig. 2. The coax and fecd·through con· 
nections ate housed in a 35mm fiJm can 
which is subsequently filled with candle 
wax to form a hermetic seal. Similar 
baluns made eleven years ago and ex· 
posed to the weather are still working 
satisfactorily. The components are 
mounted on p.t .f.c. Insulated studs or 
ceramic stand off tags attached to cop· 
per clad insulating board. The boards 
are bolted to the Inside of diecast·box 
lids. All external connections pass 
through holes in the boards and lids. 
This method pennits easier access for 
construction and maintenance. The 
triUlsistors are located in holes which 
are drilled in the boards, and t heir 
screen leads are cut a short as possible 
and soldered to the copper cladding. All 
leads are kept as short as poss ible. 
particularly ior the decoupling capaci· 
tors. Vertical screens cut from copper 
clad board are placed bet ween stages, 
and where possible they are cut to 
bridge the transistors to provide elec
trostatic and elcctromagnelic isolatio_n 
between the bases and collectors or 
gates and drains. The coils are wound" 
on 4 or 6mm diameter formers wi[h 
fcrri[e s lugs . In the r.f. c ircuits the· 
number of wrns required is affected by 
the circuit. layout. and variations in the 
transistors. 
• As the detector output level is fairly 
high the J.f. amplifier In Fig. i is very 
simple. For some observations it can be 
omiu~. In [he phase sensi1ive deteclor 
of lhe same cil'cuit tho r.e.t. KClS as a 
simple switch driven by Lh e squa re 
wave generator . 

To be conc/Jtded. 
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insertion loss is about lOdB, The i.:. 
amplifier and detector in Fig. 6 consists 
of two cascode pairs followed by a 
single transistor stage to give up to 2V 
from a 10002 output impedance. The 
original measured power gain was 
about 92dB, but this was reduced to 
70dB by the inclusion of resistor R, 
across the input terminal, and some 
retuning to improve stability. 

Construction 
The aerial framework is constructed 
from 25 x 25mm timber, and the two 
main panels are joined by removeable 
wire pegs to permit easy dismantling. A 
full wave dipole is used as this con- 
veniently fills the aperture. The dipole 
high impedence is transformed to a low 
impedance to match the balun by a 
short circuited X/4 line. The position of 
the tap to the balun is found by trial and 
error. The dipoie and X/4 matching stub 
is made from one piece of 3.18mm 
diameter aluminium or copper wire and 
the insultors are cut from perspex sheet 
with holes at 25mm spacing. Brass con- 
nectors to the aluminium, and soldered 
connections to the balun are greased to 
prevent corrosion. 

Each balun consists of a X/2 section 
of 50^ coaxial cable which gives a 4 to 1 
impedance transformation as shown in 
Fig. 2. The coax and feed-through con- 
nections are housed in a 35mm film can 
which is subsequently filled with candle 
wax to form a hermetic seal- Similar 
bal.uns made eleven years ago and ex- 
posed to the weather are still working 
satisfactorily. The components are 
mounted on p.t.f.e. insulated studs or 
ceramic stand off tags attached to cop- 
per clad insulating board. The boards 
are bolted to the inside of diecast-box 
lids. All external connections pass 
through holes in the boards and lids. 
This method permits easier access for 
construction and maintenance. The 
transistors are located in holes which 
are drilled in the boards, and their 
screen leads arc cut a short as possible 
and soldered to the copper cladding. All 
leads are kept as short as possible, 
particularly for the decoupling capaci- 
tors. Vertical screens Cut from copper 
clad board are placed between stages, 
and where possible they are cut to 
bridge the transistors to provide elec- 
trostatic and electromagnetic isolation 
between the bases and collectors or 
gates and drains. The coils are wound" 
on 4 or 6mm diameter formers with 
ferrice slugs. In the r.f. circuits the 
number of turns required is affected by 
the circuit layout and variations in the 
transisiors. 
- As the detector output level is fairly 
high the l.f. amplifier in Fig. 7 is very 
simple. For some observations it can he 
omitted. In the phase sensitive detector 
of the same circuit the f.e.t. acts as a 
simple switch driven by the square 
wave generator. 

To be concluded, 
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Techniques of radio astronomy that 
can ha used with the telescope as shown 
above are summarized over the page. 



30 

Radio telescope systems 

Most natural signals ftom llpace are in 
the form ofwhHe noi~ and are similar in 
cha.ra<:ltr to the noL~ genemted in a 
receivrr. 1-~IICtors afiectin~ che overall 
sensitivity of' n ··adio tch;xcope al'e 
receive•· system noise, gain nuetuouions, 
aerial col!ectfng area. aerial efficiency, 
aerial ft.~r loss. receive-r bandwidth D. 
and receiver output t.ime constant T. The 
minimum detcctaMe s ignal at the 
recejver i1 roughly equivalt:nt to the 
noise «:corded on the pen rocorde•·· Tht 
system noise nuctuations: and hence thl! 
minimum detectable stgnallevel can be 
n:.oduced by using a v.-ide band\\•idth and a 
long limt constant which produces an 
improvement proportional tO VBT. 
Bandwidths greawr Lhan J MHz and t im~ 
consta nts g .·ca ter t han lO $C<:onds a re 
desirable but unfortunately the 
bandwidth often has to be reduced to 
find part of the spcruum clear of 
man-m.adt lr'.ansmission.s. This causes a 
loss of SCntll.ivity. The Output time 
constant needs to be between 0.1 and 2.5 
second~ ro •· recording rapid bUI'SlS from 
the sun, and from abOut ten SCC()nds to 

several hours for galaclic sour4;:es. This 
choice ofttn depends upon the presence 
and lYPC or Interference. 
The full power .system consists o f a 
smgle aerial connected d irectly to t he 
receive•·· The detector output Is 
meas ured by a d.c. amplifi~r and a pen 
recorder. Orten the d.c. component due 
to receiver noise is backed off' by a stable 
baas supply. The full power system is 
very susceptlbl~ to receiver anln 
variatiOn$ <Juc to t;h iUl ges Of 

temperature, !tupply voJtagu ond 
componen' chantcteristic~. These 
changes \'31)' the o utput due to rt."Ceiver 
noise- and mask the oulput due to ~~:he 
signal. ln the cas-e of lh~ Crab Nebula. 
the Stgnal ~ten by the receiver is orlly 
10 -~~ waWJ/Hz and w ill be lost in the 
Smallest Of n:Ccivcr gain VOriations. 
In the Dick e $yStem t.he sl&nal ts 
continuoualy compared With the the:mal 
noise produced by a high quality resiStor 

that has been matched to the $yStem 
input impedance. 'fhe rec~iver is 
:::witched alt~rnatety to the ncrlul and the 
resistor at obout 500Hz and the detector 
o utpl.l t polarity ;s aJso switched 
synchro!"'OUsly s.o that O\'er a compltte 
cycle :he system outptH is 

(4+nJ-(r+n) J-r 
« .. 2 .l)(T 

where sis lhc signal, r is the re~istor 
nois£- and n fs the n.."ceh'er noise. Because 
$. r. and'' are t&JI randomly \•arying 
quaruit1<.-s. theoucput still nfltd$ to be 
ave-raged by the outpu t dme con.:Hant 
tlrtd wide b::md wldlh. 

A d isadvAnUttc of the Dicke S.)'t:>ll'm is 
that the temperature of th~ r-e ference 
resistor ti different to the equh•alent 
ten'ipt•rature of most ce:!escial sources.. 
and thereto~ these signals can drffer 
considerably, A ny V>lriation:; of system 
gain will be: modified by this difference 
unQ show up O$ drift on the pen recorder. 
The cold .sk.v reterenC'~ is a $lmplcr 
.system whf'rt the resistor is rtplaced by 

an aenal Jl()lnllng at a cold pan of lhe 
sky which will have an equivalent 
temperature of a few degrees above 
absolute zero. If the aerial is pointing to 
the celes tial pole. it will a lways see th e 
same portion ofthe $ky in spite of the 
E.artn·s rotation. 

In the drih Interferometer two aerials are 
set up on an East W~t base line facing e 
selc-ctl.-d point fn the sky on the meridian. 
The aerials are connected in parallel 
through two eQual Jcngths of feeder and 
the rotation or the Ean.h scans the aerial 
bea.-ns aero5S the $kyat a fixed 
declination. When a radio source is on 
the meridian. the path lengths through 
each aerial to the receiver a rc equal and 
the signals collected by each ae-rinl add 
together. The J)<'n recorder ,·e.sponUs l o 

the sum of thu signal$ plus the receiver 
noise. \'-'"hen the Earth has rotau!d so 
that the Pith length through che West 

aerial has .shortened by a quarter or a 
wa velength, ond Increased through t he 
East aer ial by n quarter of a wHvohmgth. 
t he signal!> wUI be 180° out o f p hase and 
WlU tl!erefore canceL At this point the 
pen recorder trace wtll faU to the receiver 
noise level. After the path length$ have 
each changed by half a wavelength the 
sig.nats ar~ again in step ttrtd udd 
togcth~r. 

A smusoidl'llly varying mult.i· lobe or 
fringe pan e-m is l'ecorded above the 
receive( noise bot,;.nde<l by an envelope 
corresponding to the ove:-all be3m-width 
of the two aerials. 

One ad vamnge of this system 1:~ that 
the signals from a celestiaf source can 
ofleJl be dis I inguished from unwanted 
signaJs. 

. In the phase switched interfecomtter the 
advantages ot the Dicke. drift 
interferometer and cold s ky reference 
systems can be eombirtcd. Jr the 
eonncclion!S to one of lhe aeria ls of t he 
drifl interleromctcr systt.em are reversed 

the fringe· pauern is shifted sideways by 

NH or a fringe width. A source !oc-.ued a~ 
a fringe maximum will then bt: located at 
a fringe minimum, Therefo re. at any one 
moment the system b~ seeing the $ource. 
•nd in the JH.'Xt moment the cold sky 
alongside iL H<wcr.sal of tht- aeril)~ 

polarity can bt by two ge:-manlum diodes 
acong as r.f. switches to arternatdy 
Insert or removt half a wa.vel~ngth or the 
aerial feeder. Snparatiort of the ~la.fla l 
'I' rom the rt~<:e lver no1se is accomplished 
by fct•ding the t-'CC<'ivcr outp\lt to u 
synchronous dcu:ctor as inLhe Dicke 
~yl;(em. 

\Vben the sour~ is on the rMridt..,n. 
th~ output i:s(l ) 

$"~" 11 - n - s 
·- -.'-- "' l 

where s is rhc slg1Htl tlu<~ w one lH~•·Iul 
And 11 js lhe receiver noise. When t he 
10urce has mo"ed b)' half ~ frinae-. the 
OUlpu~ is 

n-2a+n - .s 
- -2- "' 

Urwoumed SiAnals reaching on~ ntriHI 
only or both a{'fials ineoh erMlly ~:~re 
treated as recel\'tr noise t-~n!e.s.s 1 h~•·e i.s 
aross overload ina,. 
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IN BRIEF 

• SEMA, who$e gas detection equip ment 

we described in December (P.42). havo 
moved to Unot 32. Dundonold Ca mp, 
ltvin~tc Ayrsh~re. KA 11 58J . The 
telephone number is Irvin~ 3112 52. 

e M illbank Electronics have beon a warded 

an Expon Year Award by tho Federation of 

Sussex lnduswes for overseas safes of 

irldustrial sound equipment. Th e sc heme 

was judged by th~ British Ovorseas Trade 
Board and the pnze was prosontcd by Sir 
Derek Ezra in November. 

eA new 25.000 line local celephone 
exchange and expansion o r ox.fsti ''9 ex· 
changes by 4 2.000 lines aro plan nee! for 
Hong Kong. Tho largest e.xc::hango a t Kwa i 
Chung woll be expanded form 54.000 \0 

69,000 lines. In the centre of Hong Kong 

f 3 out of etJery 100 subscribers are on the 
phone at once in peak periods. each call 
lasting just ovor a minuto. In Gofmanv the 

figuH3:S are 7 and 2 Y2 mmutes The work 
will be d ono by Siemens. 

e The Spanish Govermem is to build 28 
h.f. <:ommunic:ations trar1smiuors to US 

Defense Communications Agency stan. 

datds. Twenty•three wiU be 1 O.OOOW and 

tho rest 40.000W. all suppliod by Com
mumcatioos Elec-tronics of Dallas, Texas. 

eMr P. F. Fe nton is to s ucceed Str Edward 
Fennessy as manegmg diroctof, Post Of. 

fice T elecommunicattons. S1r Edward re

tired m Juty. since when che acung ma . 

naging director has been M r Kenneth 

Cadbury, w ho •s to become depucy ma
fiAging d •rcctor , 

e The German magatine Funkscht~u re
ports 1hat Bogen. the m.ak~rs of magnetic 

heads, arc in financia l difl•cultios. Wolf· 

gong Bogen has lch <hE! company D(ld a 
m •nori1y s hareholder. Or Hcfmut Backer. 

b~ now mal'lilQOr. The p ro perty of the 
company, as woll as ahat of Bogsn h1msetf. 

has been taken over by the Sertm Senate 

e New TXE4 exchangE:Js WIIJ be installad ir. 
Birmingham a nd Br~stol cady th1s year. 

The £35 mtUion Bristol conuact w tll in

crease the city centre e xchange· s capacity 
from t6,000 to 28.000 lines. ond the 
C25 mi llion for 1w o excha nge$ in the 
M1dland exch a n ge budding n ea r 
Birm ingham·s New S treet Station w ilt 

begin by replae1n g 1 9 ,000 lines of 
Strowger eq-uipment 

e Radio London h&vc sont us a lecter they 

hovo received from a South Africun hs· 
1ener roques ung o QSL card. f-o r about 

St.tven minu1es at around 1 Opm on 

November 17 Mr V. Korinek tCC:OIVed the 
allegedly local radoo broadcaSI on 1,457 
kHz. 
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Radio telescope systems 

Most natural signals from spacp are in 
the form of while noise and are similar in 
Character to the noise generated in a 
receiver. Kactors affecting the overall 
sensitivity of a radio telescope are 
receiver system noise, gain tluciuations. 
aerial collecting area, aerial efficiency, 
aerial feeder loss, receiver bandwidth B, 
and receiver output time constant r. The 
minimum detectable signal at the 
receiver is roughly equivalent to the 
noise recorded on the pen recorder. The 
system noise fliiciuations and hence the 
minimum detectable signal level can be 
reduced by using a wide bandwidth and a 
long time constant which produces an 
improvement proportional to \/DT. 
Bandwidths greater than ] MHz and lime 
constants greater than 10 seconds are 
desirable but unfortunately the 
bandwidth often has to be reduced to 
find part of the spectrum clear of 
man-made transmissions. This causes a 
loss of sensitivity The output time 
constant needs to be between 0.1 and 2.5 
seconds for recording rapid bursts from 
the sun. and from about ten seconds to 
several hours for galactic sources This 
choice often depends upon the presence 
and type of Interference. 
The full power system consists of a 
single aerial connected directly to '.he 
receiver. The detector output is 
measured by a d.c. amplifier and a pen 
recorder. Often the d.c component due 
to receiver noise is backed off by a stable 
bias supply. The full power system is 
very susceptible to receiver gain 
variations due to changes of 
temperature, supply voltage and 
component characteristics. These 
changes vary the output due to receiver 
noise and mask the output due to the 
signal. In the case of the Crab Nebula, 
the signal seen by the receiver is only 
10 watts/Hz and will be lost in the 
smallest of receiver gain Variations. 
In the Dlcke system the signal is 
continuously compared with the thermal 
noise produced by a high quality resistor 
that has beer, matched to the system 
input impedance. The receiver is 
switched alternately to the aerial and the 
resistor at about 500Hz and the detector 
output polarity is also switched 
synchronously so that over a complete 
cycle the system output is 

(s+n» - (r-r n) s-r 
~2 X"2_ 

where s is the signal, r is the resistor 
noise and n is the receiver noise. Because 
s, n and 'tare all randomly varying 
quantities, the output stilt needs to be 
averaged by the output time constant 
and wide bandwidth. 

A disadvantage of the Dioke system is 
that the temperature of the reference 
resistor is different to the equivalent 
temperature of most celestial sources, 
and therefore these signals can differ 
considerably. Any variations of system 
gain will be modified by this difference 
and show up as drift on the pen recorder. 
The cold sky reference Is a simpler 
system where the resistor is replaced by 

an aenal pointing at a cold part of the 
sky which will have an equivalent 
temperature of a few degrees above- 
absolute zero. If the aerial is pointing to 
the celestial pole, it will always see the 
same portion of the sky in spile of the 
Earth's rotation, 

In the drift interferometer two aerials arc- 
set up on an East West base line facing a 
selected point in the sky on the meridian. 
The aerials are connected in parallel 
through two equal lengths of feeder and 
the rotation of the Earth scans the aerial 
beams across the sky at a fixed 
declination. When a radio source Is on 
the meridian, the path lengths through 
each aerial to the receiver are equal and 
the signals collected by each aerial add 
together. The pen recorder responds to 
the sum of the signals plus the receiver 
noise. When the Earth has rotated so 
that the path length through the West 
aerial has shortened by a quarter of a 
wavelength, and increased through -.he 
East aerial by a quarter of a wavelength, 
the signals will be 180- out of phase and 
will therefore cancel. At this point the 
pen recorder trace will fall to the receiver 
noise level. After the path lengths have 
each changed by half a wavelength the 
signals are again in step and add 
together. 

A sinusoidally varying multi-lobe or 
fringe pattern is lecorded above the 
receiver noise bounded by an envelope 
corresponding ro the overall beam-width 
of the two aerials. 

One advantage of this system is that 
the signals from a celestial'source can 
often be distinguished from unwanted 
signals. 

. In the phase switched interferometer 'he 
advantages of the Dicke. drift 
interferometer and cold sky reference 
systems can be combined. If the 
connections to one of the aerials of the 
drift interferometer system are reversed 
the fringe pattern is shifted sideways by 
half of a fringe width. A source located a; 
a fringe maximum will then be located at 
a fringe minimum. Therefore, at any one 
moment the system is seeing the source, 
and in the next moment the cold .sky- 
alongside it. Reversal of the aerial 
polarity can he by two germanium diodes 
acting as r.f, switches to alternately 
insert or remove half a wavelength of the 
aerial feeder. Separation of the signal 
from the receiver noise is accomplished 
by feeding the receiver output to a 
synchronous detector as in the Dicke 
system, 

When mo source is on the meridian, 

2 
wheres is the signal due lo one aenal 
and n is the receiver noise. When the 
source has moved by half a fringe, the 
output is 

n — 2 s + n —s 
2 

Unwanted signals reaching one aerial 
only or both aerials incoherently are 
treated as receiver noise unless there- is 
gross overloading. 
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IN BRIEF 

0SEMA, whose gas detection equipment 
we described in Doccmbor (P.42). have 
moved to Unit 32, Dundonald Camp, 
Irvine, Ayrshire. KAll 5 EJ. The 
teleohone number is Irvine 3' t 252. 

#.Vlillbank Electronics have been awarded 
an Export Year Award by the Federation of 
Sussex Industries tor overseas sales of 
industrial sound equipment. The scheme 
was judged by the British Overseas I rade 
Board and the prize was presented by Sit 
Derek Ezra in November 

0A new 25,000 ine local telephone 
exchange and expansion of existing ex- 
changes by 42.000 lines are planned lor 
Hong Kong. The largest exchange at Kwai 
Chung wni be expanded form 64.000 to 
69,000 lines. In the centre of Hong Kong 
1 3 out of every 100 subscribers are on the 
phone at once in peak periods, each call 
lasting just ovei a minute. In Gatmanv the 
figures are 7 and 2,/2 minutes ~he work 
will be dono by Siemens. 

#The Spanish Goverment is to ouild 28 
h.f communications transmiuers to US 
Defense Communicaticins Agency stan 
dards. Twenty-three will be lO.OOOW and 
the rest 40.000W, ail supplied by Com- 
munications Electronics of Dallas, Texas. 

#(Vh P. F. Fenton is to succeed S.r Edward 
Fennessy as managing director, Post Of- 
fice Telecommunications. Sir Edward re- 
tired in July, since when the acting ma- 
naging directoi has been Mr Kenneth 
Cadbury, who is to become deputy ma- 
naging director. 

#The German magazine Funkschou re- 
po.-is thai Bogen. the makers of magnetic 
heads, arc n (inancia difficulties. Wolf- 
gang Bogen has left the company arm a 
minority shareholder. Dr Helmut Bt-cker. 
is now manager. The property of the 
company, as wellas thai of Bogen himself, 
has been taken ever by the Berlin Senate 

•Now TXE4 exchanges will be installed in 
Bimvngham and Bristol early th«s ycai 
The £35 million Bristol contract will in- 
crease the city centre exchange's capacity 
from 16,000 to 28.000 'ines. and the 
£25 million 'or two exchanges in the 
Midland exchange building near 
Birmingham s New Street Station w.ll 
begin by replac-ng i 9,000 lines of 
Strcjwger equipment 

#Radio London have sent us a etter they 
have .received from a South African lis- 
tener requestmg a QSL card. For about 
seven minutes at a'ound 10pm on 
November 1 7 Mr V Korjnek received the 
allegedly ocal radio broadcast o" ',45 7 
kHz, 
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A basic radio telescope - 2 
Construction, performance and testing 

WHEN NO SlGNAL COherent With 

the square-wave generator Is pre· 
sent the noise blocks are symmetric· 
cal about the zero line and the mean 
d.c. ou tput. is zero. If t he signa l 
nnd lh(! square-wave are coherent the 
noise blocks are not symmetr ical about 
the zero line and the d.c. outpu L appears 
with a polarity dependent upon the 
phase of the noise blocks wtth respect 
th~ square wave. lntegral ion or the 
output signal is carried out by a RC 
ctrcuit. The time constant is adjusted by 
a variable 2MI! resistor and the capaci· 
tor Is selected for low leakage. The 
ma.xJmum time constant obtainable is 
20 soconds. The d.c. ampl ifier consists or 
t\ bOotstrapped pair of transistOr:> with 

' some carefully matched devices to pro· 
vide an acceptab le tcmpe nuu re 
st.abilit)t, Field eficct transi$lOrs a re 
used for the input stage to pro,·ide a 
high input impedance which permits a 
long lime constant. To obtain an equal 
mark-to-space ratio. an asymmetrical 
astable multivib:ator is used to drive a 
divide·by-two monostable muluvibra · 
wr. see f'tg. 8. Buffer t ransistors provide 
10\\o' Impedance outputs. and normal or 
invt'!'rted square-\vave outputs at I kHz 

Fig 8. Squore-v.."ave generator 

62k ••• ,., 

by J . R. Smith 

are available as required. Early trials 
showed that these outputs require 
fHtering to prev~nl radiat ion of r .f. 
fields. Values for r.f. chokes and capaci
tors are best round by lrial and error. 
but excessive filte!'ing degrades the 
shape of the square wave. The 12V 
power supply must be st.able to ' vithin 
SmV. As the total load current is about 
55mA dry batteries can be used for short 
periods or a car baucry for longer 
periods. With the last mentioned the 

· voltage should be stable. after a charee, 
if it is partially discharged before use by 
about5%. 

The va lu es of' most of t he co m
ponents are not critical although high 
stability resistors a•·e use(! in potential 
divid~r circuits and the d.c. amplifier. 
Radio frequency chokes are made by 
winding between twenty and thirty 
rums of enamelled wire on polythene 
<Ubtng of 5mm in diameter. The U . 
chokes consist of twenty to thirty tum• 

Measured performance ot varfous stages 

Slige v.when I to Hobe Noise 
I Is 0 cloubro lattor figure 

v. 
v mA Ho dB 

!\erial 
a-..Hrrer 0.31 4.1 5.1 6.7" 
a;;!j teat 
Fmpt.o<y 
tU111er 0.1$ 14 ,. 11.5 

fitter 0.12 
l.f, 
ampli!ier 0.12 $ 5 1.1 

>'\A 3NJ40 Le.t. sh~utd llthltvt a nolsalig11:re of 4d8. Some 
imprv.·er.enl I• oatn shtulld 1110 bt poujble. 

v, i.s. the .:etett.or vobagt. Outptt powtt is assmti Le ~~ 
proportitul kl '/1!num I Jetlrt llw tle:lt(llf is c:ut. 

c:rr~-.s 

.. e. 

" .. 
!50 

I, 

v. d~ it, 
stao• gain 

.$ mA par Ab1oture dB 
v v 

!&. 
0.1 

8 1&.2 12• 

13 o:r 130 11.3 10.5 
1L 
0.03 1270 

1 
ii -IU 

ll. 
0.1 •• 1.05X IB ' 70.2 

t, ls the diode anode current the diode rtSI$10r iS 500 and 
the voltage gai11 ol tbe 6.t. amplifier is 18.5 fa~aoltl1tl . 

+12'>/ 

" (25m4J 

'000" 

!W) 

ln"terf~e~ -------- , 
i O G!f'C' R.F C. I 

-~ , -r--~!-tOO"e!R) I 
(~Vj " . ---r-~+· 

s ----r~~t· 
1k .. 

ToP.S~/ _!I:r __ J 
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A basic radio telescope — 2 

Construction, performance and testing 

by J. R. Smith 

WHEN NO SIGNAL COhOrCnl with 
the square-wave generator is pre- 
sent the noise blocks are symmetric- 
cal about the zero line and the mean 
d.c. output, is zero. If the signal 
and the square-wave are coherent the 
noise blocks are not symmetrical about 
the zero line and the d.c. output appears 
with a polarity dependent upon the 
phase of the noise blocks with respect 
the square wave. Integration of the 
output signal is carried out by a RC 
circuit. The time constant is adjusted by 
a variable 2Mi2 resistor and the capaci- 
tor is selected for low leakage. The 
maximum lime constant obtainable is 
20 seconds. The d.c. amplifier consists of 
a bootstrapped pair of transistors with 
some carefully matched devices to pro- 
vide an acceptable temperature 
Stability. Field effect transistors arc 
used for the input stage to provide a 
high input impedance which permits a 
long time constant. To obtain an equal 
mark-to-space ratio, an asymmetrical 
aslable multivibrator is used to drive a 
dividc-by-two monostable multivibra- 
tor. see Fig. S. Buffer transistors provide 
low impedance outputs, and normal or 
inverted square-wave outputs at 1kHz 

Fig 8, Square-wave generator 

are available as required. Early trials 
showed that these outputs require 
filtering to prevent radiation of r.f. 
fields. Values for r.f. chokes and capaci- 
tors are best found by trial and error, 
but excessive filtering degrades the 
shape of the square wave. The 12V 
power supply must be stable to within 
oniV. As the total load current is about 
55mA dry batteries can be used for short 
periods or a car battery for longer 
periods. With the last mentioned the 

•voltage should be stable, after a charge, 
if it is partially discharged before use by 
about 5%. 

The values of most of the com- 
ponents are not critical although high 
stability resistors are used in potential 
divider circuits and the d.c. amplifier. 
Radio frequency chokes are made by 
winding between twenty and thirty 
turns of enamelled wire on polythene 
tubing of 5mm in diameter. The i.f. 
chokes consist of twenty to thirty turns 

Measured perlormance ol various stages 

Stage '✓.when ' to Noise Noise d'. Stage gain 
/ isO double 

i ✓ laclor ligure F. 

V 
V 
mA NO dB jnA mfi per Absolute d8 

V V 
Aerial 
anplilier 0.37 4,7 5.7 6.7' 0.8 8 16.2 12" 
and coai 0.1 
Frequency 13 
changer 0.13 14 15 115 0.1 130 113 10.5 

M- 1 
Filler 012 _ _ _ 0.03 1270 28 -14.5 
l.(. 4.5 
amplifier O.IZ 5 6 7.7 0.1 45 1.05x10 70.2 

« A 3NI40 l.e.t should achieve a noise ligure of 4CB. Seme /, is the aiode anode current. The diode resistor Is 50f! and 
improvement ia gain should also be possible. the voltage gain ol the d.c. amp'.ilier is 13.5 (absolute) 

'/.is the deieclor voilage. Omput power is assumed lo be 
p'oporllonal lo /.aecause a square law deieclor is used. 

— Mulliv brato- .0/2 D-ivE-i 
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14 
wound and glued onto OBA ferrite 
slugs. A 1 mA recorder that. ca n be 
centred or end-of-scale zeroed Is used 
with a chart speed of one inch per hour 
(or most observations. 

Noise diode 
A valuable pi~ of test equipment is <he 
valve noise diode, Fig. 9, which pro· 
duces signals of a similar character and 
Strength to a celestial radio source. The 
diode is modulated by supplying 240V 
a .e. to the anode while the detecror 
output is fed to the Y pl ates of an 
oscilloscope. The X pla<es are fed from 
240V a.c. through a phase adjuster. 
With the diode connected to the input of 
the correctly tuned aerial amplifier or 
l.f. ampUfier a display similar to that 
shown in Fig. 9 is obtained. The left 
side of the trace corresponds to the 
receiver noise , and the right s ide to the 
receiver and diode noise. The system is 
adjusted to produce the largest dif· 
rerence bet ween the two. The noise 
diode can also be connected to a dipole 
aerial which in turn can be placed near 
an aerial which requires adjustrnen~ for 
best performance. In this case, n pair of 
headphones is connected to the detec· 
tor. The modulated noise can then be 
heard and adjustmentS made to produce 
tl)~ loudest buzz. 

Because the noise diode operates ac a 
high voltage, all exposed metal. in· 
eluding the dipole, must be correctly 

Fig. 10. Pen recordings from the 
telescope used in the phase switched 
interferometer mode. Portion (a) shows 
Virgo A, galaxy M87. {b) Hercules A., a 
eaiQX)> 1500 million light years distant. 
(c) TaUJ'U$ A. Crab Nebula. (d) 
Cassiopeia A, a super nova reminent. 
(e) Cygnus A, a galaxy 600 million light 
years distant. (f) active sun. 

(a) 

(d) 

~rem : : 
'~tE':.tOI"' •' ---..,.., 

I I 

I '~-----

Fig. 9. Noise diode test circuit and 
typicol osci!IO$cope display of a.e. 
modulated noise. 

'earthed. As the centre point of the 
folded dipole is at an r.f. volta&e node, 
this point can be bonded to the earthed 
box wit hout affecting the r.f. perfor
mance. Ail mains earthing leads must be 
made as secure as possible, and a one 
amp fuse should oo placed in the mains 
line lead. Similar precautions are 
necessary for the t.ransistor equipment 
when running from a mains operated 

(b) 

(e) 

r 
A:, £ 
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power supply. fig. I o shows some 
typical results. The voltages given in the 
circuit diagrams were measured wilh a 
meter having a lOOk!l resistance. The i.f. 
amplifier gain was determined from the 
noise d iode output corrected for the 
difference of the i.f. 4MHz bandwidth 
and the 0.5MHz filter bandwidth, 
divided into the change of the detector 
output power. 0 

(<) 
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wound and glued onio OBA ferrite 
slugs. A 1mA recorder lhai can be 
centred or end-of-scale zeroed is used 
with a chart speed of one inch per hour 
for most observations. 

Noise diode 
A valuable piece of lest equipment is the 
valve noise diode. Fig. 9. which pro- 
duces signals of a similar character and 
strength to a celestial radio source. The 
diode is modulated by supplying 240V 
a.c. to the anode while the detector 
output is fed to the Y plates of an 
oscilloscope. The X plates are fed from 
240V a.c, through a phase adjuster. 
With the diode connected to the input of 
the correctly tuned aerial amplifier or 
i.f. amplifier a display similar to that 
shown in Fig. 9 is obtained. The left 
side of the trace corresponds to the 
receiver noise, and the right side to the 
receiver and diode noise. The system is 
adjusted to produce the largest dif- 
ference between the two. The noise 
diode can also be connected to a dipole 
aerial which in turn can be placed near 
an aerial which requires adjustment for 
best performance. In this case, a pair of 
headphones is connected to the detec- 
tor. The modulated noise can then be 
heard and adjustments made to produce 
the loudest buzz. 

Because the noise diode operates at a 
high voltage, all exposed metal, in- 
cluding the dipole, must be correctly 

Fig. 10. Pen recordings from the 
telescope used in the phase switched 
interferometer mode. Portion (a) shows 
Virgo A, galaxy M87. fb) Hercules A, a 
galaxy 1500 million light years distant, 
(c) Taurus A, Crab Nebula, (d) 
Cassiopeia A, a super nova reminent. 
(e) Cygnus A, a galaxy 600 million light 
years distant, (f) active sun. 
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Fig. 9. Noise diode test circuit and 
typical oscilloscope display of a.c. 
modulated noise. 

earthed. As the centre point of the 
folded dipole is at an r.f. voltage node, 
this point can be bonded to the earthed 
box without affecting the r.f. perfor- 
mance, AH mains earthing leads must be 
made as secure as possible, and a one 
amp fuse should be placed in the mains 
line lead. Similar precautions are 
necessary for the transistor equipment 
when running from a mains operated 

power supply. Fig. 10 shows some 
typical results. The voltages given In the 
circuit diagrams were measured with a 
meter having a lOOkJi resistance. The i.f. 
amplifier gain was determined from the 
noise diode output corrected for the 
difference of the i.f. 4MHz bandwidth 
and the 0.5MHz filter bandwidth, 
divided into the change of the detector 
output power. Q 

(a) (b) (c) 
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EEA conditions f o r CB 
The Electronic Engineedni Ass oc1ation's 

working party on citizens' band. set. up u year 

ago. r~mmends that the ~rvioe. should 

opentt.e In a frequency b~tnd '·between 

60MHz ond 500 MH7.". The system :thould 

avoid ' ' the worst. U$pect.s of Lhe 27MH:t: sys

tems now openting in the US and some 15 

other countries ... should provide work here. 

and should prO\'ide an outlet in overseas 

markets, especially J!urope. 
The working pany·s view I hat the- service 

should be priced so as to be ~Uractive to a 

large number of people - it. recommends a 

unit price of no s rcater than £!50 ftnd a 

bcence fee of £5 tO £10 - lndlcatts that the 

£EA is now ln ravour or the lnlroduction of 

some form of c. b. They estimate that between 

t wo ;.1nd t<m million domestic aJ\d small 

business users would welcome a c.b. s.crvice 

in the UK. 
The report also recommends that equip· 

mcnt should be approved to an agreed Home 

Office standard, and th.._t all units 10hould 

have a ··unique and continuously tra.rumltted 

ldentity'', which should be stamped on the 

licence form supplied with the unit. This 

echoes a view Qf the Citluns:' Band A~socia· 

lion. 
Hsnd·htfd trrm.smlttcrs should not exceed 

a powerof iOOmWe.r.p. and veh.h.:lc<\ndfixed 

units should not exceed I W e.r.p. In any 

direction. Distances should not ~ceed Skm. 
normally 2 to 3km. 

There s hould be 10 chanJlCis w1th o mlaxi

rnum of 12.5kHz. Spulious cmi~sions should 

be no more than 200 nW. depending on the 

band chosen ... h may be prudent that the 

sen·ice be opened with approximately ten 

channels ln t.he middle of this block with the 

remainder held in reserv-e." Aerials should be 

no higher than tOm above the ground. 
Users Jhould not regard the s ervice as 

reliable for emcl'gency. secur-Ity Ol' business 

use. and a.aion should be taken " to obtain 

European (EEC) ag.reement to a future c.b. 

$Crvice which would eventuallv replace the 

existing service". 
The E.EA work.in' party will com.inue to 

examine developments in anitudes: lO c.b. 

The-report had to obtain approval from (he 

EEA mobile radio committee before it. could 

be disseminated. 
The Home Otriee told us they ho.d no 

comment to make other lhan that they hOld 

already made clear the1r posltiOI\ about the 

shon.agc of frequencies ar\d t he dangers: of 

lnterierence to existing users.Q 

Hitachi update 
Hitachi's announcement of their intt>nt lon to 

wilhdraw am applicaUon to buiJd a tv factory 

in the Nonh-East came after our last fuue 

went w press (January, p.34). The govern

ment has not been plectSed by the resull of the 

lobbying by the *Ct makers. though it is 

d.iff'teull to bclie\'e that tbey we:re not rellt\•ed 

to have the decision taken of( their hands. 

[n a radio intetvlew the minister res puns· 
lbte. Mr Alan Williams, $atd it w~J~ hi5 im· 

pression that Jack Akc.~an and Sir Richard 

cave, tht chiefs ol Mullard and Thorn. were 

firSt of all asking ro,· auar-.ntee!l from Hltuchi 

if lhe faclory w ere built. ''Havulg gm the 

gua.rantte$ they then said. ·wen we don't 

e~tre what guatanlee~ rou ha\·e because we 

dun't believe them nnyway·;· 
John Hobbs of Lhe Nurth~F.asL Develop~ 

ment CouncUdesc:ribt.."<< it lU .. A campai~n of 

figures which have be~n wrong. of racial 

argumtntt . .. It has been a disgrac-eful 

episode! for the country as a whole." fHs 

•·cference to racia;l argument~" concerned o 
remarkable lapse from Wortd in Action 's 

U$Ually-hlJh standards in which a film clip 

showed a rtrociou.s ~word·wit!lding Samurai. 
The Financial Tim«~ devoted COrlsiderabh:: 

space t.o the decision OJl Decembet 8. A 
~adinganle:lesaidthedecision had made the 

govcmmtnt the lau,hing stoek o( the in· 

ternationol business community. '' It is an 
ironic commentary on t he. so-called indust

rial ~trate&Y that a deelsh•(' role In perSuading 

3l 

thego"·emment to give in to theprot~ctionlst 

p!U!ure has apparently been played by two 

or the .sector working parties. It is well 

knov.'" that the main role of these bodie.!i is to 

setve as lobbying instruments for the In· 

durtry concerned. but up to now the-y have 

not been noted for getting things done. The 

National Economic Development Ortiee, 

which often flnds diffieu1ty in explaining l.he 

work of tht sector working parties. can now 

point to a concrele achitvement; they have 

protected a dumestie Industry trom a now 

source of competition and dealt o. damaging 

blow to the government's stated pOlicy of 

encouraging Inward in\'estment," 
Fhewhere the p<\Pet· points out t-hat the 

aovernme:nt'$ embarTI;I,$S-ment is due to their 

having promised Hitachi a year ago that 

permission to come to Britain would be 

gr•ntcd under ct!rtafn conditions. The em· 

b-.'\rrassmcnt is compounded by the fact. that 

one of the main planks in the opposition case 

was that Hhachi could not be trusted. 
rt may be, however, thnt Hitachi can tum 

the present hangover from the proteclionitl 

bfn&e to their own advantage. It j5 too ea.rly 

to consid~r their decision final. 
e US restrictions on tv lmports from Japan 

have: caused l·litachi to form a joint tv com. 

pany "oitb CeneraJ Electric. The new compa·. 

ny, to b<o called General Television of Ameri· 

en Inc, will have headquarters in Portsmouth, 

VIrginia, provided government approval I$ 

obtained. 0 

CEI counter-attack 
l...~tNt year was a touc h one forth~ Council or 

Engineering lnstitutJons. There were Limes, 

just befOl"t the Finniston committee was 

announced, when it seemed the CEI didn't 

h::\Ve anyone to spenk up for it. But it b-egins 

to look as Lllough the CEI is t.aking account 

ullhecrittclsm. even if only to ensure its own 

suni,.!l.l. Commons ac:ienee and tt.-chnotogy 

committee ('.hairman Arthur Palmer has 'been 

a persistent c ritic ul the council yet. referring 

tO the CEl't offer to hold regional confertn· 

~as we reported 1a~t month. he told us he 

thought it was "extraordinary" how com

pletely the CEI had turned over a ~~ew leaf. 
In mid~October there was a declaration on 

trade- "Union recognition the vehemence or 

which would nonna11y be considered aston· 

lshing fl'om whal the dvi1 serv1ce cans u 

quasi-autonomous, non-govern menta' or· 

ganisation. or q1nngo. 
The CEI"s vh:w is that profe11slonal enA;lll· 

ee.rs should join an appropriate trode \lnio1t in 

their own interests. When, therefore. W, H. 

Allen of Bradford refused to a.rant reco&ni· 

tion to the United Kingdom Association of 

Professional tnginOCI'$, an<.l ACA$. dcsphe a 

79% vote h\ favour of trade union rnember· 

ship by those at A Hens. failed tO recommend 

such union re-cognition. the CEJ, is..o;ucd a 

statemCIU C()ndemnlng ACAS. '"The conclu

sion reached . .. Js t('l tally opposed to the 

ove-rwhelming weight of evidence submiLted. 

by the negotiating parties ... said theC£1. The 

decision "makes a mockery of t h:c demo· 

crutic process and pc>ses a serious threat to 

the interests not only of professional en~in· 

ccrs but au &hose to whom (teedom of ptNo· 

n.d choice remains Important." Strong stuff. 

Now the CEl have l)llblishcd a 20 page book~ 

let summari.sil\g all lhe industri31 rC:!Iatlons 

legtsladon of the put few years and Its 

effect-S on the "nginccr·s working life.lt <:ous 

SOp. 
On top of all Lhis C()mes the lates t survey of 

professional engineers, the CEJ•s $ixth since 

t966. ltshOW$ that an engineer'S income haS 

fallen even further behind that or his co1lea

&Ut$ since the last sunoey in 1975. According 

to the CE'::l, this is nttrlbutablc to incomes 

policy and innation. The median income ()f 
an engineer. adjusted to allow ror the In· 

creasmg cost of livlna. actually fell for the 
fir3t tune since the sur-veys began. from 

£2.31~ to £2.180. Taking the year 1965/6 as 

100. the engineer Is now getting 112, 
oompared whh 119 lut year, and the rul 
average earnings index ot alJ indu.stries is 131 

compared with 135. The chairman· of the 
committee which produced che s urvey, Mr 

Brian Hitd~w. described the figures a:& 

'"rlilther alarming." 
1'he report s hows lhat Engineer$ in t_he~ 

East Midlands earn leu than anywhere els.c, 

and tha: tho towest pay is eamed by those 

working for firms of consultanu. If you llve 

In the ll'ish Republic, however. you're prob· 

ably well-orr. especially if yo u're a self. 

empJoyed man.: the .self..cmployed. contrary 

to their own propaganda. earn a medla;n 

income of t8,000. their nearest rivaJs being 

university teachers at £6.6-50. If you take int-o 

account that consultants are mostly .s-elf· 

employed, the ptcture Is of a group who earn 

more but are pre pared to po.y less than 

anyone else. 
Another feature to emerge from the survey 

is that Wre has been a steady decline in the 

number of engineers who work In com mer· 

ciul Ol' industrial compantcs (44% compared 

whh 46% in 197.5) a1'\d 11 t:()rr.etponding ln. 

crease in the number or engineers who work 

in the public sector (~ and 39.5%). This 

may be bt."CU.use s~tsrlcs are better fo r the 
t>r.gineer in the public Sl'ClOr, especially If he 

belongs to a trade union. 
Thls may account lor an increase in trad~ 

union membership from 41 to 44% in the last 

year. O 
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EEA conditions for CB 
The ElRctrcmic Engineering Associaiion's 
working party or. citizens' band, set up a year 
ago. recommends that the service should 
operate in a frequency band "between 
60MHz and aUO MHz". The system should 
avoid "the worst aspects o: the 27MH2 sys- 
tems now operating in the US and some 15 
oilier countries" should provide work here, 
and should provide an outlet in overseas 
markets, especially Europe. 

The working party's view thai the service 
should be priced so as to be attractive to a 
large number of people - it recommends a 
unit price of no greater than £i50 and a 
licence fee of Co to E10 — indicates that the 
EEA is now ;n favour of the introduction of 
some form of c.b. They estimate that between 
two and ten million domestic and small 
business users would welcome a c.b. service 
in the UK. 

The report also recommends that equip- 
ment should be approved to an agreed Hume 
Office standard, and that all units should 
have a "unique and continuously transmitted 
identity", which should be stamped on the 
licence form supplied with The unit. This 
echoes a view of the Citizens' Band Associa- 
tion. 

Hand-held transmiliers should not exceed 
a power of 100mW e.r.p. and vehicle and fixed 
units should not exceed 1W e.r.p. in any 
direction. Distances should not exceed 8km. 
normally 2 to 3km. 

There should be 40 channels with a maxi- 
mum of 12.5kHz. Spurious emissions should 
be no more than 200 nW. depending on the 
band chosen. "It may be prudent that the 
service be opened with approximately ten 
channels in the middle of this block with the 
remainder held in reserve." Acriais should be 
no higher than 10m above the ground. 

Users should not regard the service as 
reliable for emergency, security or business 
use. and action should be taken "to obtain 
European (EEC) agreement to a future c.b. 

rvice which would eveniuallv replace '-he 
existing service". 

The EEA working party will continue to 
examine developments in attitudes to c.b. 
The report had to obtain approval from the 
EEA mobile radio committee before it could 
be disseminated. 

The Home Office told us they had no 
comment to make other than (hat they had 
already made clear their position about the 
shortage of frequencies and the dangers of 
Interference to existing users.^j 

Hitachi update 

Hitachi's announcement of their iniencion to 
withdraw an application to build a tv factory 
In the North-East came after our iast issue 
went to press (January, p.34). The govern- 
ment has not been pleased by the result of the 
lobbying by the set makers, though it is 
difficult to believe that they were not relieved 
to have the decision taken off their hands. 

In a radio interview the minister respons- 
ible. Mr Alan Williams, said it was his im- 
pression that Jack Akerman and Sir Richard 
Cave, the chiefs of Mullard and Thorn, were 
first of all asking for guarantees from Hitachi 
if the factory were built. "Having got the 
guarantees they then said. 'Well we don't 
cam what guarantees you have because we 
don't believe them anyway'." 

John Hobbs of the North East Develop 
men I Council described it as "A campaign o: 

figures which have been wrong, of racial 
arguments 11 has been a disgraceful 
episode for the country as a whole." His 
reference to racial arguments concerned a 
remarkable lapse from World in Action's 
usually-high standards in which a film clip 
showed a ferocious sword-wielding Samurai. 

The Financial Times devoted considerable 
space to the decision on December S. A 
leading article said the decision had made the 
government the laughing stock of the in- 
lemaiiona! business community. "It is an 
ironic commentary on the so-called indust- 
rial strategy thai a decisive role in persuading 

the government to give in to the protectionist 
pressure has apparently been played by two 
of the sector working parties It is well 
known that the mam role of these bodies is to 
serve as lobbying instruments for the in- 
dustry concerned, but up to now they have 
not been noted for getting things done. The 
National Economic Development Office, 
which often finds difficulty in explaining the 
work of the sector working parlies, can now 
point to a concrete achievement; they have 
protected a domestic industry from a new 
source of competition and dealt a damaging 
blow to the government's stated policy of 
encouraging inward investment." 

Elsewhere the paper points out that the 
government's embarrassment is due to their 
having promised Hitachi a year ago that 
permission to come to Britain would be 
granted under certain conditions. The em- 
barrassment is compounded by she fact thai 
one of the main planks in the opposition case 
was that Hitachi could not be trusted. 

It may be. however, that Hitachi can turn 
she present hangover from the protectionist 
binge to their own advantage. It is too early 
to consider their decision final. 
• US ressriclions on tv Imports from Japan 
have caused Hitachi to form a joint tv com- 
pany with General Electric. The new compa-. 
ny, to be called General Television of Ameri- 
ca Inc. will have headquarters in Portsmouth, 
Virginia, provided government approval is 
obtained." 

CEI counter-attack 

Ijtsc year was a tough one for the Council of 
Engineering Institutions. There were times, 
just before the Finnlston committee was 
'announced, when it seemed the CEI didn't 
have anyone to speak up fur it. But It begins 
io look us though the CEI :s taking account 
of the criticism, even if only to ensure its own 
survival. Commons science and technology 
committee chairman Arthur Palmer has been 
a persistent critic of the council yet, referring 
to the CEI's offer tu hold regional conferen- 
ces as we reported last month, he told us he 
thought it was "extraordinary" how com- 
pletely the CEI had turned over a new leaf. 

In mid-October there was a declaration on 
trade union recognition the vehemence of 
which would normally be considered aston- 
ishing from what the civil service calls a 
quasi-autonomous, non-governmental or- 
ganisation, or quango. 

The CEI's view is that professional engin- 
eers should join an appropriate trade union in 
their own interests- When, therefore. W. H. 
Allen of Bradford refused to grant recogni- 
tion to the United Kingdom Association of 
Professional Engineers, and ACAS, despite a 
79-?o vote in favour of trade union member- 
ship by those at Aliens, failed io recommend 
such union recognition, the CEI. issued a 
statement condemning ACAS. "The conclu- 
sion reached ... is totally opposed to the 
overwhelming weight of evidence submitted 
by the negotiating parties." said the CEI. The 
decision "makes a mockery of the demo- 
cralic process and puses a serious threat to 
the interests not only of professional engin- 
eers but all those to whom freedom of perso- 
nal choice remains important." strong stuff. 
Now the CEI have published a 20 page book- 
let summarising all the industrial relations 
legislation of the past few years and its 
efiects on the engineer's working life. It costs 
50p. 

On top of all tin's comes the latest survey of 

professional engineers, the CEI's sixth since 
1966. It shows that an engineer's income has 
fallen ever, further behind that of his collea- 
gues since the last survey in 1975. According 
to the CEI, this is attributable to incomes 
policy and inflation. The median income of 
an engineer, adjusted to allow for ihe in- 
creasing cost of living, actually fell for the 
first lime since the surveys began, from 
£2315 to £2,180. Taking the year 1965/6 as 
100. the engineer is now gelling 112. 
compared with 119 last year, and the real 
average earnings index of all industries is 131 
compared with 135, The chairman of the 
committee which produced the survey. Mr 
Brian HiUlrcw, described the figures as 
"rather alarming." 

The report shows that Engineers in the 
East Midlands earn less than anywhere else, 
and that the lowest pay is earned by those 
working for firms of consultants. If you live 
in the Irish Republic, however, you're prob- 
ably well-off, especially if you're a self- 
empioyed man; the self-employed, contrary 
to their own propaganda, earn a median 
income of £8,000. their nearest rivals being 
university teachers at £6.650. If you lake into 
account thai consultants are mostly self- 
employed, the picture is of a group who earn 
more but are prepared to pay less than 
anyone else. 

Another feature to emerge from the survey 
is that there has been a steady decline in the 
number of engineers who work in commer- 
cial or industrial companies (44% compared 
with 46% in 1975) and o corresponding in- 
crease in the number of engineers who work 
in the public sector (42% and 39.5%). This 
may be because salaries are better tor the 
engineer in the public sector, especially If he 
belongs to a trade union. 

This may account for an increase in trade 
union membership from 41 to 44% :n the last 
vear. 
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·as9000, the Jlidden face 
of protectionism 

If a recent symposium at British Standards 
lt'lstituUon headqu.aners is all.)1.hing to go by. 
users of eJect.nmfes components are firmly 1n 
favour of the universal adoption Of B$9000. Questions: centred on p roblems of im· 
plement.atioo rather than dOl.lbt about the scheme h..&elf. Over I ,100 approvals have now 
be+n granted for v¥iou~ eompo!lents. 

In the past componenl makers bad to 
contend with a number of similar but distinct 
standards according to whom Lhey were 
supplyina. Th~ have i ncluded cv and DEF 
militory standard$, and Post Office. CECB. BS and eommercinl specificatiOn$, 

Now, a supplier who has won 859000 
approvaJ for his productS can guara.tttce, if . the scheme works properly, that his c:om
po,nents can meet consistently any standard he agrees wlth Ms customer and this saves 
th~ cUSlomer the trouble of having to check 
the components o.t goods in. lt also m~ans he can use any 859000 supplier he likes, and ll 
may also re.sult In more uniform finished 
prod\! CU. 

Nevertheless, acceptance of the scheme 
has been slow. The ~omponent manufactur
ers were in favour but the users, fearing that 
St \\.'OuJd not be nexibte enough w meet their 
p~rticuJar requirements, dragged their reet. 
The Post Office seemed panicutarty stow to 
come into the fold. 

When nsoooo sur( aced ten years ago it met 
almost universal indifference. In the first fiv~ 
years the number of approvals applied for 
and granted was only 270. roughly a quarter 
of the present lOtt'll. A year ~go the figure·wa.s 

651. so tho.t nearly half the approvals have 
been granted in the last year. 

There have been various explanalfons for 
the sudden rush or enthusiasm. The BSI' 
~ucribute it to the wlder range of compone.ou: 
which can now gain approval and the wider 
publicity the 859000 has received of late. But 
two other reason.s, one nalional. the other 
intb"nationaJ. lurk behind the s-nowballing growth of the sche.1ne. 

In the Cl!'it place there is no doubtthac t l\e 
Ministry or Defence has been putting press
ure oo component maker. to come into the 
sySte!)'l. TI'I£~ may be because. as t he defence 
purse strinw; are pulled tighter, the MOD 
wants to lhed Itself of costly peripheral 
acdvities like c:omponent approval, though 
the MOO'£ Electrical Quality Assurance 
Directorate (EQD) is supervisin& all the 
a,pprovaJs on behalf of the BSI. 

BSt officials admft that s uspicion oi lhe 
.geheme .so far has been based on the (unjus
tified) notfon of a plot between MOO and the 
c:omponcnl makers to force users to ac:cept 
only miUtu.ry spec eompontnts. 

But the International implications are what 
make BS9000 so UU't\cth·c. a_nd go a long way 
to explaining why most of the enthuslnsm for 
the system has come from the componenl 
makers.. 

859000 is but the first stage towprds tho 
lnu~mational sta:ndttrdisatiOl\ of components. 
A $landard will first be drawn up for Westem 
Europe under the a uspices of the CECC, the 
Electronic Component Committee of the European El~trieo.l Standards Committee. 

Gatwick to manage without ground radar 
Jt may bC another five years before Gatwlek 
airport ls equipped with &.round radar, QC· 
cordil'lg tO a Houle of Lords answer in mld· 
Occembcr. The inst.allo:ttion, to cost about £~ 
million ot current prices. is awaiting the 
building of an elevated COnlm1 room in the 
terminal area. 

The answen;:~mc in rasponse to a question 
from Conse..--vative Peer lord Braye, who 
suggested that there might be a serious 
accident at Gatwick lwfore the equipment 
goes in which could be avoided It the auth· 
orities act~ sooner. The Lord in Waidnc. 
Lord Oram, replied that. "Expenditu re on 
vound radar could only be justified where 
traffic levels and the comp!exitiM of the t8xiway syslem are such that real dividends 
would accrue ln terms or safety and expedi
tion." 
e Lord Braye's questiOn may have been 
prompted by the Tcnerife disaster in March, the warst In avlotion histor-y. when $77 
people were killed as two jets coUkted on the 
ground. Ground Nldat could h.avu he-lped to 
nvo[d the disaster. 

Heathr0\1.' is t he onl)' British airport. and 
one of the few In the world, whleh has 
radar.monitored movement.& of aircraft on 
the ground, thouah until recently the equip· 
ment. Oec:u·s airfield surface mo\·ement 
Indicator (ASMI) was better suit.ed to use at 
night. ()ne rea.son for its installAtion is the 
iarge number or passen&trs the airpon 

hundles: at 2" million a year this makes it the bl.tsiest airport in the world. Gatwie.k handles 
a mere 6.4 million a year. 

In addition, the around movement control 
Clbln where the equipment would ao. now ln 
GatWltk'$ •ofd office block". is to move to 

Alr(ii>ld surface movemct1l rndicator (ASM/) 
SC:I"(lCn at lleurfu'()W Ulr-pdrt. See 'Cc.H wick tO 
ttwnag:e wtthO«t grotmd rodor.• 
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8Ued upon experience Jn Western Europe 
the world regulatin& bOdy, t he lntern.o.tional 
£lectrotechnical Comm1sslon (JEC) will 
draw up a standard whic:h wfll make com

·ponents made according to it saleable any· 
where in the world. In theory it is this that 
the BS9000 advocates are worki.Ag towards. 

But ihC real game Was given away several 
t imes at the BSI symposium. I t lOoks very 
much as though BS9000 wUI be the basis of 
the CECC standard - in many c:ases the 
corresponding CECC and B$9000 documents 
are the same but for the name - a.nd hence of 
tlte IEC standard. 

This is more than a matter of national 
prestige, they think. Jn their minds il means 
thlt Briti.sh companies who have already 
been conforming tO B$9000 standards will 
have an advantage when the other c::ountrie.s, 
especially America and Japan, are still 
c-atching up on the necessary procedures. 

Thus the talk was noL so muc:h of how 
·quickly the world .standard could be adopted 
as of how far behind those dreadful foreign· ers were. The official reason given for ex· 
eluding: Hong K<:ma from t he s cheme. for 
exo.mple. was that the distance involved 
would make the crovv-n c:olony ditfic:ult_ to 
administer within Lhe scheme. Behind that. 
however, might lie concern about the level ot 
electronic: Imports rrom the Far East.. 

In trUth the foreigners no longer seem 
behind at all. Two years ago a Japanese team 
visited this country to find out all about 8S9000. A system based on 8S9000 is now 
ope.rating fn Japan. In January last yea( 
JeaJslaUon was introduced i.nto the: American 
COngress to overcQme the legal difflc:ulties. 
caused by the antl·t.rust laws .. of American 
manufacturers banding toaethllr to bring 
abOut component standardisation. 

Anyone tmaginlng, therefore, that 859000 
is going to give the British components 
industry any kind of advantage in world 
markets is dtludJn& himself. 0 

a uw position above a block on which work 
began in December. Since, however, the o1d 
and new buildings arc: at right angles. part of 
the Bipron will be hidden. The finishing date 
for this new block Is 1919. according to a 
Gat wick spokesman, but Lord Oram gave the: 
likoty finishing date as 1981 to 1982. At that 
titl'\e another building. called the North Pie.r 
deve!opmenL. is planned ror completion as 
part or a £100 mlllion improvement plan, so it 
coold even be that any ground radar instal
lation may be put there. 

A spokesman for t he Civil Aviati<m 
Authority, whlc:h is responsible Cor safety at 
8titain'sairports. told Wirelus Worfd: .. ltwe 
find it is going to be of value there thc:n we 
will do something about it. but so far It hasn't 
been proved." 

A Ga\wick spokesman said that, while 1t 
would be foolish to uy there was no chtmc:e 
of nn accident happt:ning In 'he nex.t fjve 
years which ground radar mt.eht have avoid· 
e<l, "we would like to thlnk that we'ro ~t\er 
off than Tencrife." A larger worry ell t he 
moment was t he movement of passengers 
through the buildin& wo:k. 

But it seems likely that a case wllleventu• 
ally be made for Gatwlek's having the equip· 
mtnL The airport ls now r..aking an even 
greater share of Heathrow tflffic.lt will takEt 
ten miiUon passengers fn 1980 a nd tO million 
five years late:-, most of the inereue: at
tributable 10 I he use of larger air<raft. = 

~-----------------------------------------~---------
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BS9000, the hidden face 

of protectionism 

If a recent symposium at British Standards 
Institution headquarters is anything to go by, 
users of electronics components are firmly in 
favour of the universal adoption of 859000. 
Questions centred on problems of im- 
plementation rather than doubt about the 
scheme itself. Over J ,100 approvals have now 
been granted for various components. 

in the past component makers had to 
contend with a number of similar but distinct 
standards according to whom they were 
supplying. These have included CV and DEF 
military standards, and Post Office. CEGB, 
BS and commercial specifications. 

Now, a supplier who has won RS9O0I) 
approval for his products can guarantee, if 

•the scheme works properly, that his com- 
ponents can meet consistently anv standard 
he agrees with his customer and'ehis saves 
the Customer the trouble of having to check 
the components at goods in. It also means he 
can use any BS9000 supplier he likes, and it 
may also result in more uniform finished 
products. 

N'everthuless, acceptance of the scheme 
has been slow. The component manufactur- 
ers were in favour but the users, fearing that 
it would no! be flexible enough to meet their 
particular requirements, dragged their feet. 
The Post Office seemed particularly slow to 
come into the fold, 

When BS9000 surfaced ten years ago it met 
almost universal indifference. In the first five 
years the number of approvals applied for 
and granted was only 270. roughly a quarter 
of the present total, A year ago the figure was 

651, so that nearly half the approvals have 
been granted in the last year. 

There have been various explanations for 
-he sudden rush or enthusiasm. The DSi 
attribute it to the wider range of components 
which can now gain approval and the wider 
publicity the BS9000 has received of late. But 
two other reasons, one national, the other 
international, lurk behind the snowballing 
growth of the scheme. 

In the first place there is no doubt that the 
Ministry of Defence has been putting press- 
ure on component makers to come into the 
sysicpv This may be because, as the defence 
purse strings are pulled lighter, the MOD 
wants to shed itself of costly peripheral 
activities like component approval, though 
the MOD'S Electrical Quality Assurance 
Directorate (EQD) is supervising all the 
approvals on behalf of the 3S1. 

BSI officials admit that suspicion of the 
scheme so far has been based on the (unjus- 
tified) notion of a pio! between MOD and the 
component makers to force users to accept 
only military spec components. 

Rut the international iniplicaiions are what 
make BSOOfK) so attractive, and go a long way 
to explaining why most of the enthusiasm for 
the system has come from the component 
makers. 

BS9000 is but the first stage towards the 
international standardisation of components. 
A standard will first be drawn up for Western 
Europe under the auspices of the CECC, the 
Flectronic Component Committee of the 
European Electrical Standards Committee. 

Rased upon experience in Western Europe 
the world regulating body, the International 
-lectrotechmcal Commission (IEC) will 
draw up a standard which will make com- 
•ponents made according to it saleable any- 
where in the world. In theory it is this that 
the BS9000 advocates are working towards. 

But the real game was given away several 
times at the BSI symposium, l! looks very 
much as though DS9000 will be the basis of 
the CECC standard - In many cases the 
corresponding CECC and BS9000 documents 
are the same but for the name - and hence of 
the IEC standard. 

This is more than a mailer of national 
prestige, they think, in their minds it means 
that British companies who have already 
been conforming to BS9000 standards will 
have an advantage when the other countries, 
especially America and Japan, are still 
catching up on the necessary procedures, 

Thus the talk was not so much of how 
quickly the world standard could be adopted 
as of how far behind those dreadful foreign 
ers were. The official reason given for ex- 
cluding Hong Kong from the scheme, for 
example, was thai the distance involved 
would make the crown colony difficult to 
administer within the scheme, Behind that, 
however, might lie concern about the level of 
electronic imports from the Far East. 

In truth the foreigners no longer seem 
behind at all. i wo years ago a Japanese team 
Visited this country to find out all about 
BS'KKQO. A system based on BS9000 is now 
operating in Japan. In January last year 
legislation was introduced into the American 
Congress to overcome the legal difficulties, 
caused by the anti-trust laws, of American 
manufacturers banding together to bring 
about component standardisation, 

Anyone imagining, therefore, that BS9000 
is going to give the British components 
industry any kind of advantage in world 
markets is deluding himself, n 

Gatwick to manage without ground radar 

It may be another five years before Gatwick 
airport is equipped with ground radar, ac- 
cording to a House of Lords answer in mid- 
December. The installation, to cost about Z'A 
million at current prices, is awaiting the 
building or an elevated control room in the 
terminal area. 

The answer came in response lo a question 
from Conservative Peer Lord Braye. who 
suggested that there might be a"serious 
accident at Gatwick before the equipment 
goes m which could be avoided if the auth- 
orities acted sooner. The Lord in Waiting. 
Lord Oram, replied that "Expenditure on 
ground radar could only be justified where 
traffic levels and the complexities of the 
taxi way system are such that real dividends 
would accrue in terms of safety and expedi- 
tion." 
• Lord Braye's question may have been 
prompted by the Tenerife disaster In March, 
the worst In aviation history, when 577 
people were killed as two jets collided on the 
ground. Ground radar could have helped to 
avoid the disaster 

Heathrow is the only British airport, and 
one of the few in the world, which has 
radar-monitored movements of aircraft on 
the ground, though until recently the equip- 
ment. Decca's airfield surface movement 
indicator (ASMI) was belter suited lo use at 
night. One reason for its inscallalinn is the 
large number of passengers the airport 

handles; at 24 million a year this makes it the 
busiest airport in the world. Gatwick handles 
a mere 6.4 million a year. 

In addition, the ground movement control 
cabin where the equipment would go, now in 
Gat wick's 'old office block", is to move to 

Airfield surface movement Indicator < A SMI) 
screen ol llearlwow airport See 'Colwich to 
manage wirhoui ground radar. 

a new position above a block or. which work 
began in December. Since, however, the old 
and new buildings arc at right angles, part of 
the apron will be hidden. The finishing date 
for this new block is 1979, according to a 
Gatwick spokesman, but Lord Oram gave the 
likely finishing date as 19H1 to 1982. At that 
time another building, called the North Pier 
development, is planned for completion as 
pan of a £100 million improvement plan, so it 
could even be that any ground radar insta!- 
lation may be put there. 

A spokesman for the Civil Aviation 
Authority, which is responsible for safetv at 
Britain's airports, toid Wireless World: "If we 
find it is going to be of value there then we 
will do something about it. but so far It hasn't 
been proved." 

A Gatwick spokesman said that, while :t 
would be foolish to say there was no chance 
of an accident happening In the next five 
years which ground radar might have avoid- 
*1. "we would like to think that we're better 
off than Tenerife." A larger worry a! the 
moment was the movement of passengers 
through the building work. 

But it seems likely that a case will eventu- 
ally be made for Gatwick's having the equip- 
ment. The ulrport Is now taking an even 
greater share of Heathrow traffic. It will take 
ten million passengers in 1980 and 16 million 
five years later, most of the increase at- 
Irlbutablc to the use of larger aircraft,— 
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Investment plans look to 
Viewdata I teletext 

\ 
MuJia.rd hu sl)(!nt £3..5 million in the last two 
years on the l.s.L plant at Soutl'lamp[On and a 
further £4-!i million is planned for the next 
two or three years. At a recent press con. 
ference the director' of Mullard's indu$trial 
division, Bill Everden. said that at present the 
consumer i.e. market was around £12 million, 
but that by 1982 the figure would exceed C30 
million. of which MuUa.rd expect to take a 
healthy £18 million. 

One of Mull.&Td's main products ts a remote 
controlled teletext/Viewdata package which 
is cutTen tty being prepared for market tria ls. 
T hi s system com prises a seL of four, 
recentty·a.nnounced 1.s.i chips for telct~xt, a 
video processor i.e:: .• data acquisition •nd 
contrOl I.e. digital timing e:hain i.e. and a 
cl:taracter aenerator i.e. Tht$e devices are 
used together with seven 1 k rams , two 
synchronous. counters, a nd an adder. :Vtullard 
expe<:t tO have com-plete teletext units in 
product-ion at Southampton later this year. 

The Viewdata section at present consistS 
of two modul ... A line coupl!ng unit Q.c.u.) 
which enables a standard telephone lint to be 
connected vta a jack socket., und provides all 
of the necessary Jnterfac o for the 
microprocossor· ba sed VIewda t a a c· 
quisition/contro1 section which itself acts as 
an interlace betwe-en the l.c.u. and the 
teletext decoder. The v.a.c. module receiva 
information from tht- Viewdata computer 
and feL'Cfs It to the te let~xt display circuit. 
Also, it crsnsmits rcquest8 tor new ioforma. 
tion from the remote control w the com put· 
er. The auto matic user·ldentifier a nd 
passv.•ord generator is included and uses a 
p.r.o..m. for the number storaet. 

In the baCkjro•md Mulrurd't' 
mlcrop/"'OC".uo,-..bused Viewdata 
acquisitionlconlrol uniL D011om left show.s 

I heir telettXt module based <m (our L..$.i, 

chips. and bouom righl show3 an infra· red 
remote contrC)Itru.rtsmittcr and receiver. 

digital channel selectio n. Lhis syste m 
ope-rates by s~oring the frequency of each t.v. 
c::h.an.ne) in a r.o.m. The t.v. recelver is tuned 
to the '"'""'eel ~uency by comparing the 
tuned frequency with an inlernal quartz~ 
controlled oscillator. With thl$ system. pre· 
setting can be carried out wfthout any chart
nc.lson t-he air. Because each chllnnel number 
is stored In a r.o.m. the number C3J\ be 
displayed to ldontily a stauon. 0 

Meteosat: no hitches, 
almost 

33 

The first white light and infra.red pictures or 
the earth's surfaee and cloud cover have 
come back from Metwsat, Europe's first. 
weather satellitt:. To NASA·s immense reli-ef 
the 'l'hor DeltB 2914 rocket took oft at 1.45 
Cl\1'r on November 23. and went into geos· 
tationary orbit over thl! equator a t 0° 
longitude at quarter past six the fo11owing 
e'Jening. There had been three postpooe~ 
ments. one from Novcober 15 to 17, another 
to November21, a nd then to the 23rd. 

M.eteO!'Illl ill one of five equally·spaced 
wt~alh.::r satellitcts which will be caking part in 
a world wide programme. There will also be· 
two Ameriea.n. one Japanc:se and one Rus· 
sia.n cratL Additional information will be 
gained from platforms. buoys. balloons and 
otht:r sources. Togethe!' they will provide a 
continuou."lY·Chnnging picture of the world'S 
weather , otrcring adva nce wnrning of 
typhoons. hurricanes and torrential rain. 
World Weather Watch involves 145 coun. 
tries apan rrom those sendin& up satellites 
and the fim collective observatlon period is 
due to s.tart no later than Decembtr 1978. 

Meteosat ruvolves 100 times a m inute, 
build ing up Itt: p icu n es by lJiting it~ 

toJescope. One line by line sc.:on picture i s 
taken every 30 minutes, the vlsJble image 
bc:ing of 5.000 lines and the lnfta..rt'd 2.500 
lines. Rt:SOiution is 2.5km in dayUght on the 
visible picture and 5km on the lnfra·red. The 
picture. includet~ l::utope, Africa, and parts of 
the Middle East and South America. 

Another part of the payload trn.nsmits' data 
and '"lays meteorological information co ten 
ground stations operated by th()se taking 
part in the programme. h coUecu and re· 
transmits Information from Che remot~ 
weather stat1ons \\nd from other satellites. 

Users can l'et.~civc the Meteosat pictures 
dirt'Ct or, via Meteosat, from Darmstadt in 
West Gennany. where the plc:Lures are im· 
pro•·ed by computer processin,. 0 · 

The V1ewdata modules ean be added to the 
teletext system without any modification. 
Although the modules a t pre.sent use staJ\• 
dard components supplied on two prinLCd· 
'.~.'iring board.s measuring about 165 x 305 mm 
and 150 x 230 mm. Mullard say that J.s.i. chips 
for Vi~ata should be avaJJabte in J919. 

"Instrument m akers prospering" 

The cordless remote control end or the 
package Is based on the SAA5000 and 
SAA50 10 i.C5 whkh have recently been 
available tO the Industry. These devices have 
been deslaned to operate whh a colour 
television rec.tiver and teletext decoded. 
while a VIewdata mode of operation allows 
che control of an addhlonat viewdata· 
cerminaL 

Mullard ore also working on video games 
aga in based on lhe 2650 m icroprocessor 
together with the 2636 programmable video 
interface. Their system use.s the object or· 
iented approach where r.a.m.s contain the 
object deteription ,.l)Cclfied by the microp· 
roce$$or. Each r.a.m. ha$ it$ own co-ordinate 
rt.ogls terwith which the position of the object 
is controlled. During a game tho 2650 trant~r· 
ers each object pattern Jnto a r.a.m. and 
sends out the appropriate location code-s to 
the corr-t:$pond:ing co-ordinAte register$. Thlt 
system. say Mullard, simplifies the software 
requirement as compared with the altern. 
ative r.a.m. mapping system. The hardwa re 
ror the video games will be the cartrid&e
rormat which enables the system to be easily 
expanded. 

Digital cuning is another arta wher-e Mu!· 
·lard have recently produced i.c.s. Called 

8ritain*s ma.ktrs of electron5e instrument$ 
have held on to thcir share of the export 
market d~pite recent rises in the value of 
sterling, according to €he ma•\aging d.it'ector 
of Jordan Ontaqucst fina.ncJo.l analysts. Mr 
Roger Coghill. speaking on publication of 
Jordan'$ survey of the instrumcnt.s and com· 
municationslndusuy. said thaL although the 
sterling ri~ had eroded British competitiv~· 
ness slightly this had not been rcnccted in the 
vOlume of exports, a:nd hud resulted in in· 
creased profltll (or those in lhe industry. He 
pointed out, however. thttlthli had not been 
reflected in wages and .salaries. Even Amert. 
can subsidiaries. who paid hl.aher wages than 
British companies. still paid tess than could 
be obtained in other industries. 
· ·-rne instrument companlc.s could expect 
even benet' proftts this yea•· as the recenl 
drsmatic. impro,•ement in the sterling ra te 
worked: iLS way through. "This is likely to be 
a boom )'t'ar: · Last year's survey bad shown 

l9% of companies were loss.· making. but th1s 
year the figure had dropped by G~. 

tn the (il·st half of the 1970s. say~ Cogh11l, 
the compa1l ies- went all out ror exports, 
largely beCIIU$C of depressed home demand. 
This !ed them to sel up dealer networks in a 
great many roreign oou.ntri6 but the cost of 
this combined with ch:mgina trade condi· 

tions meant that at one point about three 
years ago Jordan were able to demon.su-ate 

• that there Wtl.$ a.n inverse relationship bet· 
ween profits a nd t he- amount or production 

l~"ported. 
Now the picture ha.'> changed to s uch an 

extent that not only a re .BmJsh companies 
making ~acceptable profits". but tbey are 
buying i.'1tO companies in the US in quite a 
large way. Jordan attribute this to low US 
compaJlY P•'oflts. high UK company liqui(iity 
as a result of ~nrlier write·off$~ a nd a relucc .. 
a..nce w invest in new plara :t.nd machinety 
becau.c;e of Lhe low volume. specialised na. 
ture of the product. 

The survey c.overs 316 companies and COS(S 
£38. In the hut couple or months Jordan ha\'e 
also publi!'lhcd surveys on computers and 
data processing. electronic component dis· 
1ributots, and cornponent manufact urers. 
The ten Iargen private component manufac· 
turers are making profits or around 3.6~. 

while lhe larg~t publ:ic companies. at nearly 
II~. "remnln one of t6e most p rofit· 
a.blc and growing sectorS of British industry." 
In t omponCI\t distributton the number of 
10S$·makin& COmpanies has &One up from 
l0.390 to 16.l t.f.. and there arc only a rew 
which have shown exceptional g:-owth. 
These three r~ports cost £32: tach. 0 
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Investment plans look to 

Viewdata/ teletext 

Milliard has Spent £3.5 million in the last two 
years on the l.s.i. plant at Southampton and a 
further £4.5 million is planned for the next 
two or three years. At a recent press con- 
ference the director of Mullard's industrial 
division. Bill Everden. said chat at present the 
consumer i.e. market was around £12 million, 
but that by 1982 the Rgurc would exceed £30 
million, of which Mullard expect to take a 
healthy £18 million. 

One of Mullard's main products is a remote 
controlled teletext/Viewdata package which 
is currently being prepared for market trials. 
This system comprises a set of four, 
recently-announced l.s.i chips for teletext, a 
video processor i.e., data acquisition and 
control i.e. digital timing chain i.e. and a 
character generator i.e. these devices ate 
used together with seven Ik rams, two 
synchronous counters, and an adder. Mullard 
expect to have complete teletext units in 
production at Southampton later this year. 

The Viewdata section at present consists 
of two modules. A line coupling unit (l.c.u.) 
which enables a standard telephone line to be 
connected via a jack socket, and provides all 
of the necessary interface for the 
microprocessor-based Viewdata ac- 
quisition/control section which itself acts as 
an interface between the l.c.u. and the 
teletext decoder. The v.a.c. module receives 
information from the Viewdata computer 
and feeds it to the teletext display circuit. 
Also, it transmits requests for new informa- 
tion from the remote control to the comput- 
er. The automatic user-identifier and 
password generator is included and uses a 
p.r.o.m. for the number storage. 

The Viewdata modules can be added to the 
teletext system without any modification. 
Although the modules at present use stan- 
dard components supplied on two printed- 
wjring boards measuring about 165 x 305 mm 
and 150 x 230 mm, Mullard say that 1.3,5. chips 
for Viewdata should be available in 1979. 

The cordless remote control end of the 
package is based on the SAA5000 and 
SAA5010 i.es which have recently been 
available to the Industry. These devices have 
been designed to operate with a colour 
television receiver and teletext decoded, 
while a Viewdata mode of operation allows 
the control of an additional viewdata- 
terminal. 

Mullard are also working on video games 
again based on the 2650 microprocessor 
together with the 2636 programmable video 
interface. Their system uses the object or- 
iented approach where r.a.m^ contain the 
object description specified by the microp- 
rocessor. Each r.a.m- has its own co-ordinate 
register with which the position of the object 
is controlled. During a game the 2650 transf- 
ers each object pattern into a r.a.m, and 
sends out the appropriate location codes to 
the cones ponding co-ordinate registers. This 
system, say Mullard, simplifies the software 
requirement as compared with the altern- 
ative r.a.m. mapping system. The hardware 
for the video games will be the cartridge 
format which enables the system to be easily 
expanded, 

Digital tuning is another area where Mul- 
lard have recently produced i.c.s. Called 

In rhe background Mullard's 
microprocessor-based Viewdata 
acquisition/control unit., Bofrom left shows 
(heir teletext module based on four L.s.i, 
chips, and bottom right shows an infra-red 
remote control transmitter and receiver. 

digital channel selection, this system 
operates by storing the frequency of each t.v. 
channel in a r.o.m. The t.v. receiver is tuned 
to the selected frequency by comparing the 
tuned frequency with an internal quartz- 
controlled oscillator. With this system, pre- 
setting can be carried out without any chan- 
nels on the air. Because each channel number 
is stored in a r.o.m. the number can be 
displayed to identify a station, □ 

Meteosat: no hitches, 

almost 

The first white light and infra-red pictures of 
the earth's surface and cloud cover have 
come back from Meteosat, Europe's first 
weather satellite. To NASA's immense relief 
the Thor Delta 2914 rocket cook off at 1,45 
GMT on November 23. and went into geos- 
tationary orbit over the equator ac 0C 

longitude" at quarter past six the following 
evening. There had been three postpone- 
ments, one from November 15 to 17. another 
to November 21, and then to the 23rd. 

Meteosat is one of five equally-spaced 
weather satellites which will be taking part in 
a world wide programme. There will also be 
IWO American, one Japanese and one Rus- 
sian craft. Additional information will be 
gained from platforms, buoys, balloons and 
other sources. Together they will provide a 
continuously-changing picture of the world's 
weather, offering advance warning of 
typhoons, hurricanes and torrential rain. 
World Weather Watch involves 145 coun- 
tries apart from those sending up satellites 
and the first collective observation period is 
due to start no later than December 1978. 

Meteosat revolves !U0 times a minute, 
building up its pictures by tilling its 
telescope. One line by line scan picture is 
taken every 30 minutes, the visible Image 
being of 5.000 lines and the infra-red 2,500 
lines. Resolution is 2 jkm in daylight on the 
visible picture and 5km on the infra-red. The 
picture includes Europe, Africa, and parts of 
the Middle East and South America. 

Another part of the payload transmits data 
and relays meteorological information to ten 
ground stations operated by those taking 
part in the programme, it collects and re- 
transmits information from the remote 
weather stations and from other satellites. 

Users can receive the Meteosat pictures 
direct or. via Meteosat. from Darmstadt in 
West Germany, where the pictures are im- 
proved by computer processing. Q 

Instrument makers prospering" 

Britain's makers of electronic instruments 
have held on to their share of the export 
market despite recent rises in the value oi 
sterling, according to the managing director 
of Jordan Dataquesi financial analysts. Mr 
Roger Coghill, speaking on publication of 
Jordan's survey of the instruments and com- 
munications industry, said that although the 
sterling rise had eroded British competitive- 
ness slightly this had not been reflected in the 
volume of exports, and nud resulted in in- 
creased profits for those in the industry. He 
pointed out, however, that this had not been 
reflected In wages and salaries. Even Ameri- 
can subsidiaries, who paid higher wages than 
British companies, still paid less than could 
be obtained in other industries. 

The instrument companies could expect, 
even better profits this year as the recent 
dramatic improvement in the sterling rate 
worked its way through. "This is likely to be 
a boom year." Last year's survey had shown 
19% of companies were loss-making, but this 
year the figure had dropped by 6%. 

In the first half of the 1970s, says Coghill. 
the companies went all out for exports, 
largely because of depressed home demand. 
This led them to set up dealer networks in a 
great many foreign countries but the cost of 
this combined with changing trade condi- 

tions meant that at one point about three 
vears ago Jordan were able to demonstrate 
•hat there was an Inverse relationship bet 
ween profits and the amount of production 
exported. 

Now the picture has changed to such an 
extent that not only are British companies 
making "acceptable profits", but they are 
buying into companies in the US in quite a 
large way. Jordan attribute this to low US 
company profits, high UK company liquidity 
as a result of earlier write-offs, and a reluct- 
ance to invest in new plant and machinery 
because of the low volume, specialised na- 
ture of the product. 

The survey covers 376 companies and costs 
£38. In the last couple of months Jordan have 
also published surveys on computers and 
data processing, electronic component dis- 
inbutors. and component manufacturers. 
The ten largest private component manufac- 
turers are making profits or around 3.6%. 
while the largest public companies, at nearly 
11%. "remain one of the most profit- 
able and growing sectors of British industry." 
In component distribution the number of 
loss-making companies has gone up from 
10.3% to 1,6.1%. and there are only a few 
which have shown exceptional growth. 
These three reports cos: £32 each. QJ 



British hi-fi scene drama 

·A curiously bi~~cr !Storm has been raging in 
the hf·fi teacup, Some audJo manufactllrcr~ 
feel to strongly about equipment reviews 

oow appearing in the hi·fi magazines; lhat 
they have grouped together to agrl!e not to 
submit equipment for review. So rar the 
group lncludes KEF. Quad, Armst•·ong and 8 
&W. 

especially when they com~ to no Conclusion 
for fcttr of g iving offence. 

With the arrival of the con'"umer move. 
menc h was inevitable that someone would 
apply similar ideas to the audio Industry, and 

that Journals would uppear w hich attempted 
to speak the consu•ner's Jangu•ae. even 1r 
they sornclimes used it to say the wrong 

thing. •nd often SC411ed new h<Ughts of in· 
artic:utac}· \\ith each l'"ue. Th~ audio punter 
cannot understand why it Is necessary to 

heur speakers in dimensjonlt~s$ rooms when 
hi~ front room isn' t like that, and he doesn 't 

see why a group of people who take an 
inte~t fn sound quality shouldn't listeol to u 
lot of dif£erent speftkers and publish what 
they think. 

Th~ appear to be two reasons for their 
strons feelings. One. they say. i$ th<u t he 

writers arc- not truly indc~ndent and may, IS 
consuJ~ants, be working fo1· n company 

who$t equipment fs being reviewed or, 
worse, for one or Its competitors. A more 

widely·hekl scurce of friction. however, is 
that they believe the tests and measurement~ 
aren't bciing property conducted. 

Ahhough there have been rumblings of 
this kind for some time the f0\\1 first emergf.'d 
over the compilation of the second Hi Jl1 

ChoCce on loudspeuker.;, due to be published 
thls spring. 1·here had been a violent reaction 
to the: rirst, wrluen in 1976 by Angus 
Mc-Kentie. One remark about an American 

speaker had attructed threats of legal action. 
This time Hi Fi Choice hoped to review UO 

loudspcllkers, written by Marlin Cull oms. 

Curiously. in view of their action jn n:: 
fusin,a to submit equipment for re~·iew, rh6 
manufacturers a.pptar to have a high opinion 
of M~rtln Collom,, and mean to imply nv 
criticism of his abilities. What they objec.t tn 

i.s \.hon on the one hand he did a considerable 
amount or wori< for 5peaker makers Monitor 
Aucbo and, on the Olhcr, that the equipment 

he has at his dispo3al does not me-et the 

s~andards or the equipmem t hey have in their 
~pcnslvely·equippcd laborat.orles. They do 

nm a.gree with the mcLhods or measurement, 
anday that m anyca.seyoucannot cany out 
a stmou.s eomparmivc study of tiS many as 60 
speakers, especially If you have to \vr>rk to a 
d•adllnc. 

Marlin Colloms told us that tUI he had done 
a numbc.'f' of these lar&e reviews he had come 
to T~aliso what the pit!alfs were lnd how tO 

avoid them. He was not using entirely hi~ 
own I'CSOurces but had beeJl g iven or was 
payin& for what.ever was nec~•ry to do the 
job pro~rJy. includmg some equipmenl or 
facilities loaned by Other manufacturers, or 

at independent laboratories and he had hired 
the! largest anec-hoic chamber in Europe a t 
Watfo rd. The panel would consist of mem. 

bel$ of hls regular team as ureJI as others who 
would be paid for their t;me. The source
material wouJd ~of studio sta.ndnrd, and the 

resuhs wouJd be bi).!J8d on measurements ns 

good as anything the maJlufaC-t\lrcrs could 
obtain. whh t.be poss.:lblc exception of those 

makers who had their ov..l) compute-rs. This 
wou!d not affect the vaJue o'f tho re.llults. He 
said th~t most projects had to be done to a 
timetable in ally activity, and you merely 
planned accord.mgty. 

ll wu equaJJy inev&table that manufactur· 
ers u.c;.ed to having ma.gazirtes run for their 
beo"letit should look round for o scapegoac 
when d1! CQfd wfnd or competition blew in 
from the East. 

The manuJac:turcr!t now fee-l ~leuguered. 
Tney resent the pressure exened on them (0 
()CH)J)ttate wfth what they rega:d as a para. 
sitic reviewing mdustry that ha,, grO\\'n on 

the back or their own enterprise. They a lso 
feel then If a J'evjewer makes totally unjll~· 
tified critfci.sms of their products a legal 

remedy is ineffective because the damage to 
their business has a lready been done, and 

they, unlike the reviewers. have employe~s 
to cozls idcr. 

Hi Fi Choiet" reacted to the lnitiaJ threat 

~' inviting speaker makers to a lunch at a 
lo:~don restaurant, at which an agreed 
method of testing the speaker$ could be 
hammered (lut~ The mQgaz.ine said that KEF' 

and the Other three manufacturers did not 
take the opporwnhy to come. Rotymood 

Cooke of KEF lOki u.s that he had not been 
in\·ited. but t hat, havfng been to such occa· 
sions before, it would have been n waste of 
his time-. 

J.fl" Fi Choice aren•t too womed. They·re 

going to go out and buy the missing speakers 
anyway. 

Peter Walker. or Acoustical Manu fac. 

turing. who make- Quad equipment. and 
Chris Rogers. one or the newer school of 

audio reviewers .a:-e to take part In a debate
on '"~Juslcahty. fact or £ictlon? .. at the- lEE. 

'Jne date? SL Vatentine'JI Day. LJ 

Post Office replies to 
Carter 

The f>o.st Office disaerc.-cs wit h the CarLer 

c:ommiu.ee't rec-ommendation that there 
$00Uld bt a Te:fec:ommunJc-.ttions Advisorv 
Council. " rmprovements will not be obLained 
by having lnycr upnn layel' of advice a •l.d 

monitorlna fo r the new boards. ln fact per· 
formanc.e coutd be adversely affected if top 
management had to spend t1me serviCing an 
addition~ll botly:· 
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Tough next stage for 
optical fibre 

It the optical fibre market renches <:ven n 
rifth of Lhe £500 million a year predicted for it 

in 1985 then it wiJJ be well wonh aoin_g into, 
according to Mr Ralph Baskett, head ofSTC's: 
optical c:ommunkation& unit at HC~rfow. STC 

would hOJ)C to get a one-third markcL s hare. 
In the y~ar durin& whic-h the unit h as be-en 

o peratin.a it has made sales of £\i ll\tllioJl. say 

STC. T'hey refused to discuss lndJvidual 
cont.rdt:U or ordet'$, but say that telecom· 
municatlon~. military and indul\trlnl custom. 
ers have bought optJcul f ibre. fibre made up 

in to cable. and optical 5ystenl.s s ueh as te!'· 

minal t-qutpment. repeaters and multiplex 
equipment. SomecustOmCT$ are beginning to 
order optlcaJ equipment to solve problems, 

thougl\ 1nost has been bought ror C\'O.lllution. 
Eighteen months :t.ao t he t.ud t was a one 

man operation- Baskeu bjn:sel(- who was 

deputed to invt•Stlgate: optical fibre as a 

potential threat to STC's we!l ·6iU&bhshed 

coaxml c.uble busiJwss, Uy Christmo~ 1976 the 
number Of peop!c jnvolved had rt'AChed tt~!), 

and now stands at 25. In a year. he estimates, 
it will be around 40, though rff'ruiting the 
right people to manaat the tr.msition rrOm a 
research to n supervi:"Ory and Pl'Oduction 
operation will be hard. 

1't'lecomml.lnicalionil wiJJ form 20" of the 

market in 1980. and lo; ofintere.st will centre 
on it be<:awe it is n fnmiliar market. STC 
expect th;at r.e:ecommuniC(ltions w ill take a 
bigg(~r shAre of sales as time g<.le!) on, but not 
until well imo the 1980$. Home sale-~o will be 

depressed by the exl.sting investment in 
copPer conductors and unly new links or 
" troublesome areas" wilt attract che use of 
optical flbi'Oh."Chnology. 

A stron& point in optical's favCJur. how· 
ever. is that it is. for the mo:nent. \'lrtually 
eavesdrop.prooi. and our authorhfes arc 

beooming ever more Ob$t$Sed w1th iCCurity. 
Similar consideratiOn$ make the military 

market an ncccss<ble one. especially whc_.n 
added to Optical's much ,;mallef StU fur !he 

same carrying capachy, lighter- WClJCht and 
rapidly impro"ing ruggedness. Bu; the mili· 

tary market Ill subject tO politic-al prcssun~s. 
A t'trgc home market may develop, how· 

ever, among public utJliLie!i. such as the 
CEGB - who could use optical (ibrc. com~ 
muni-cation:s without dlfficultv in tht: most 
electricaUy.noi.sy COJldit:oru~ th.at exist - [md 

, the Post Office, wlw have to COJ\oectto lhos.e 
e~ectrically-nasty CEGBinstaiJal!ons. 

Optical fibres also make: it possible to sec: 
directly into hazardous environment$, ~uch 
as lhos.e in ovens. areas or toxic or ilommuble 
uases nr at. nuclear plant~~;, without the lntl'r· 
\'entiort of a camera. Jt would also be sur· 

prising if s·rc did nol J)l'e~'i the knowJedge 
Un.·y have &Oined in submArine r~peaters amo 

M!rvice to ud\'OCate the \uc of fibre•optics 
under water. Raskcu expects sates lO l'e<.tc.:h 

Cl million in 1978. "'fhc hard work w11J come 
ncxl year That !i:sr £1 nullion w1:1 show 

whether there's any market there or not." What really irk..<t the manuiacturers. how· 
ever-. is that the young!r revieweni camiot be 
rL'Ik"CC upon to see- thing:! the manufacturers· 
way. Berore hi· fi bccu,mc a huge ind\IStry lh~ 
relation~hlp bet\.\•ecn manufacture-rs and the 
"-Titers for such rnagaxincs as thtrt were was 
so close 3.$ to be almost cosy. 

I\" ow :\11 that has chon~ed. The nudlo con· 
s umer boom attract.e<l new mnnuracturers 
and mnro magaz.ines. ~1orc to the poim. the 
t:onfused buyer of equipment often has no 
pati.ence Wlth long rambling piecC$ of t<:xt 
s prayed with d i$tOrtlon fitu res and dBs. 

The Post Office welcomed th(' recommen. 
dation to split the Post Office into two 
corporations. one each for posts and 

teiecommunlcations. but said it thnughc the 
Caner committee's assessment or the pro· 
gress of Sy8tem X (\VW Septemb~r l9 i7, 
p.5J) under·estimated the cxtem of t he pre· 
par.uory work whkh had already been com· 

pteted and the sc.::te of the Post OffJce com
mitment. Contracts worth £30 million had 
t'tlread! been placed. 0 

e The BBC has $<!nl r.olour tv pictun~:-c over 12 

miies of optical cable und fa·(> ··epetlh::s 

spaced evt'f)' two mt!h, 'rhe experiments 
began in Novtrnber-. The pfc1ures we~ M!nt 

from H1tchfn co S1e\'enoge O\'et the optical 
fibre lmk OI>CIU:I.I in June IMt year twcl t hen. 

via a loop nt thu Stt' ''eJl:l j:;u l:xch:mgc, bock tt> 

Hltchin. Some minor ehun~:es to lhu UUC's 
equipment \\.'1tfe n~es..-.at)• to chans=e ft~ bit 
rott: from 120Mbitt s to the optical link'.s 
I40Mbills. (J 
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British hi-fi scene drama 

A curiously bilLcr storm has been raging in 
the hi-fi teacup. Some audio manufacturers 
feel so strongly aboui uquipmem reviews 
now appearing in the hi-fi magazines that 
they have grouped logether lo agree not to 
submit equipment for review. So far the 
group includes KEF, Quad. Armstrong and R 
&\V. 

There appear lo be two reasons for their 
strong feelings. One. they say. is that the 
writers are not truly independent and may, as 
consultants, be working for a company 
whose equipment is being reviewed or, 
worse, for one of its compeiitors. A more 
widely-held source of friction, however, is 
that they believe the tests and measurements 
aren't being properly conducted. 

Although there have been rumblings of 
this kind for some lime the row first emerged 
over the compilation of the second Hi fi 
Choice on loudspeakers, due to be published 
this spring. There had been a violent reaction 
to the first, written in 1976 by Angus 
McKenzie. One remark about an American 
speaker had attracted threats of legal action. 
This lime Hi Fi Choice hoped to review (50 
loudspeakers, written by Martin Colloms. 

Curiously, in view of their action in re- 
fusing lo submit equipment for review, the 
manufacturers appear' to have a high opinion 
of Martin Colloms. and mean to imply no 
criticism of his abilities. What they object to 
is that on the one hand he did a considerable 
amount of work for speaker makers Monitor 
Audio and. on the other, that the equipment 
he has at his disposal does not meet the 
standards of the equipment they have in their 
expensively-equipped laboratories. They do 
not agree with the methods of measurement, 
and say that in any case you cannot carry out 
a serious comparative study of as many as 60 
speakers, especially if you have to work to a 
deadline. 

Manin Colloms told us that as he had done 
a number of these large reviews he had come 
to realise what the pitfalls were and how to 
avoid them. He was not using entirely h;s 
own lesources but had been given or was 
paying for whatever was necessary to do the 
job properly, including some equipment or 
facilities loaned by other manufacturers, or 
at independent laboratories and he had hired 
the largest anechoic chamber in Europe at 
Watford. The panel would consist of mem- 
bers of his regular team as well as others who 
would be paid for their time. The source 
material would be of studio standard, and the 
results would be based on measurements as 
good as anything the manufacturers could 
obtain, with the possible exception of those 
makers who had their own computers. This 
would not affect the value of the results. He 
said that most projects hud to be done to a 
iimetable in any activity, and you merely 
planned accordingly. 

What really irks the manufacturers, how- 
ever, is that the younger reviewers cannot be 
relied upon to see things the manufacturers' 
way. Before hi-fi became a huge industry the 
relationship between manufacturers and the 
writers for such magazines as there were was 
so close as to be almost cosy. 

Now all thai has changed. The audio con- 
sumer boom attracted new manufacturers 
and more magazines. More to the point, the 
confused buyer of equipment often lias no 
patience with long rambling pieces of text 
sprayed with distortion figures and uUs. 

especially when they come to no conclusion 
For fear of giving offence. 

With the arrival of the consumer move- 
ment it was inevitable that someone would 
apply similar ideas to the audio industry, and 
that journals would appear which attempted 
lo speak the consumer's language, even if 
they sometimes used it to say the wrong 
thing, and often scaled new heights of in- 
aniculacy with each issue. The audio punter 
cannot understand why it is necessary to 
hear speakers in dimensionless rooms when 
his front room isn't like that, and he doesn't 
see why a group of people who take an 
iillerust in sound quality shouldn't listen to a 
lot of different speakers and publish what 
they think. 

It was equally inevitable that manufactur- 
ers used to having magazines run for their 
benefit should look round for a scapegoat 
when the cold wind of competition blew in 
from the East. 

The manufacturers now feel beleaguered. 
They resent the pressure exerted on them to 
co-operate with what they regard as a para- 
sitic reviewing industry that has grown on 
the back of their own enterprise. They also 
feel that if a reviewer makes totally unjus- 
tified criticisms of their products a legal 
remedy is ineffective because the damage to 
their business has already been done, and 
they, unlike the reviewers, have employees 
to consider. 

Hi Fi Choice reacted to the initial threat 
by inviting speaker makers to a lunch at a 
London restaurant, a: which an agreed 
method o! testing the speakers could be 
hammered out. The magazine said that KEF 
and the other three manufacturers did nut 
take the opportunity to come. Raymond 
Cooke of KEF told us that he had not been 
invited, but that, having been to such occa- 
sions before, it would have been a waste of 
his time. 

Hi Fi Choice aren': loo worried. They're 
going to go out and buy the missing speakers 
anyway. 

Peter Walker, of Acoustical Manufac- 
turing. who make Quad equipment, and 
Chris Rogers, one of the newer school of 
audio reviewers are to take pan in a debate 
on "Musicaltty, fact or fiction?" at the FEE, 
The date? St Valentine's Day. U 

Post Office replies to 
Carter 

The Host Office disagrees with the Carter 
committee's recommendation that there 
should be a Telecommunications Advisory- 
Council. "Improvements will not be obtained 
by having layer upon layer of advice and 
monitoring for the new boards. In fact per- 
formance could be adversely affected if tup 
management had to spend time servicing an 
additional body." 

The Post Office welcomed the recommen 
dation to split the Post Office Inro two 
corporations, one each for posts and 
lelecommunicarions, hut said ti thought the 
Carter committee's assessment of the pro- 
gress of System X (VVW September 1977, 
p.51) under-estimated the extent of the pre- 
paratory work which had already been com 
pleicd and the scale of the Post Office com- 
mitment. Contracts worth £30 million had 
already been placed j-1 

Tough next stage for 
optical fibre 

If the optical fibre market reaches even a 
fifth of the £500 million a year predicted for it 
in 1985 then it will be well worth going into, 
according to Mr Ralph Basket-, head of STC's 
optical communications unit at Harlow. STC 
would hope to get a one-third market share. 

In the year during which the unit has been 
operating it has marie sales of £« million, say 
STC. They refused to discuss individual 
contracts or orders, but say that telecom 
rnunications. military and industrial custom- 
ers have bought optical fibre, fibre made up 
into cable, and optical systems such as ter- 
minal equipment, repeaters and multiplex 
equipment. Some customers are beginning to 
order optical equipment to solve problems, 
though most has been bought for evaluation. 

Eighteen months ago the unit was a one 
man operation — Baskctl himself — who was 
deputed to investigate optical fibre as a 
potential threat to STC's well-established 
coaxial cable business. By Christmas 1976 the 
number of people involved had reached ten, 
and now stands at 23. In a year, he estimates, 
it will be around 10, though recruiting the 
right people to manage the transition from a 
research to a supervisory and production 
operation will he hard. 

Telecommunications will form 20% of the 
market in 1930, and lot of interest will centre 
on It because i: is a familiar murket. STC 
expect that telecommunications will take a 
bigger share of sales us lime goes on. but not 
until well into the 1980s. Home sales will he 
depressed by the existing Investment in 
copper conductors and only new links or 
"troublesome areas" will attract the use of 
optical fibre technology. 

A strong point in optical's favour, how- 
ever, is that it i?. for the moment, virtually 
eavesdrop-proof, and our authorities are 
becoming ever more obsessed with security. 

Similar considerations make the military 
market an accessible one. especially when 
added to optical's much smaller size for the 
same carrying capacity, tighter weight and 
rapidly improving ruggedmsss. But the mili- 
tary market is subject to political pressures. 

A largo home market may develop, how- 
ever, among public utilities, such as the 
CEGB - who could use optical fibre com 
rnunications without difficulty in the most 
electrically-noisy conditions that exist — and 
the Post Office, who have to connect to those 
electrically-nasty (IEG8 installations. 

Optical fibres also make it possible ;o see 
directly into hazardous environments, such 
as those in ovens, areas of toxic or flammable 
gases or at nuclear plants, without the inter- 
vention of a camera. It would also br. .sur- 
prising if STC did not press the knowledge 
•hoy have gained in submarine repeaters inro 
sere-ice to advocate the use of fibre-optics 
under water. Baskctl expects sale* to reach 
Cl million in 19~S. "The hard work will come 
next year That firsr £1 million will show 
whether there's any market there or not." 

• Tin; BBC has sent colour IV pictures over 12 
miles of optical cable and five tepeulers 
-spaced every two miles. The experiments 
began in November. The pictures were- sent 
from Uitchin to Stevcnage over the optical 
fibre link opened in June last year and then, 
via a loop at the Stevenage exchange, back i o 
Hitrhin. Some minor changes to the BBC's 
equipment were necessary to change its bit 
rate from 120Mbit/s to the optical link's 
140MbU/s. 
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Low-noise cassette 
deck - postscript 

Further details of circuit design and methods of obtaining an even better s:n ratio 

Nearty two years has elapsed since the 
publication· of this des1gn. and while the 
basic circuit design still appears. in 
r<tttospeet, to have been satisfactory. 
wlthout many unforeseen snags. thoro 
are ono or two areas w hero some 
improvements ca rl be made. and where 
some additior,al information can, 
usefully. be given. Also, b&cause ot the 
enormous amount of developmen~ 
acuvily in tape recording. parttcularly 10 
respect of cassette tape coatings. it 
seem.s usolul to take a fresh look a. the 
potential of this medium. 

RF.oucrtONS in the background noise 
level In both recording and replay pro· 
cesses are possible. giving n worthwhile 
improvement in signal-to-noise ratio. 

Replay noise level . 
in the basic design of t he rep lay 
amplifier an attempt was made co de
sign a circuit in which the inherent 
noise level was as low as currently 
available dev-ices would permit and. 
while m general this aim was achieved. 
the Integrated-circuit amplifier In the 
outpu t stage was overlooked as a new 
source of noise. This is because the 
a-elutivtly limited slew-raw of the 741 
ICc\d~ to intermodulation-type effec ts 
when it is red with signals which Ql'l;! 

COt~ 

by J. L. Linsley Hood 

ouL~ide its effective linear pass-band. 
Since the mput amplifying stage has a 
bandwidth m the MHZ region. as de
signed. and the Impedance (and hence 
circuit noise) of the replay coil increases 
with frequency, ~he input of th e 741 is 
presented, quite un n~c~ssarily, whh a 
substamial Kmount of noise energy well 
above the requil·ed audio p"ssband. and 
some of this is heterodyned do\vn into 
the auctible region. 

Fortunately. the solution to this pro
blem is a simple one - lO ensure that 
the input circuit impedance does not 
increase too greatly with increasing 
frequency, which can be done by pu(
ting a small capaci~or. In the range 680-
820 pf. across (he Input to the replay 
amplifier, and to limit (he bandwidth of 
the input stages of the replay amplifier 
to a value which does not greatly ex· 
ceed the required pass-band. This can be 
done by putting a small capaci(o r (150· 
220pF) in parallel with the 47kl! feed· 
back resistor (R ). An amended circuit 
diagram. fig. I. ror the rep Ill)' amplifier is 

• Wireless Wc>rfd. M\\y, June and ,\ugust. 
1976. High Fidelity Oeil&ns. 2nd l-ditioi'l. 

f"ig.I. Suggesced amendments to 
replay amplifier. Altered component 
vafues for 1.5 m1'cron head-gup shown 
in brucket~. 
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given, showmg these changes. The total 
improvement in CCIR weighted noise 
level or the replay amplifier, due to 
~hcsc changes. is about 2dB, and on the 
prototype a nd ~wo other units so 
modified, one of which was made from a 
commercial kit, the replay amplifier 
noise level was 8-IOdB better than that 
of the tape background - an adequate 
safety margin. This performance. how
ever. also depends on the head type, and 
this is discussed later. 

Zero-reeorded·level noise 
background 
In view of the good signal -to-noise 
ratios which had been achieved with the 
modified replay amplifiers, the major 
residual source of background noise on 
the final recording, ignoring that asso· 
ciated with the i ncoming signal, was 
Lhat apparently impressed on the tape 
during the recording process. S ince 
some of the recent tape types have an 
impressively low inherent tape noise 
level (the Pyral Maxima is particularly 
noteworthy in this respect) an inves· 
tlgAt ion was made to identi fy the 
separate contr ibutions to this. 

Since the tape, as received, Is bulk 
erAsed. while that following recording 
has passed the cas.~ette recorder erase 
head, It seemed possible that this re· 

• 
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Low-noise cassette 

deck — postscript 

Further details of circuit design and methods of obtaining an even better s:n ratio 

by J. L. Linsloy Hood 

Nearly two years has elapsed since the 
publication' oi this design and while the 
basic circuit design still appears, in 
retrospect, to have bean satisfactory, 
without many unforeseen snags, there 
a:e one or two areas where some 
improvements can be made, and where 
some additional in'ormation can. 
usefully, be given, Also, because of the 
enormous amount of development 
activity in tape recording, particularly m 
respect of cassette tape coatings, it 
seems useful to take a fresh look at the 
potential of this medium. 

reductions in the background noise 
level in both recording and replay pro- 
cesses are possible, giving a worthwhile 
improvement in signal-10-noise ratio, 

Replay noise level 
in the basic design of the replay 
amplifier an attempt was made to de- 
sign a circuit in which the inherent 
noise level was as low as currently 
available devices would permit and. 
while in general this aim was achieved, 
the integrated-circuit amplifier in the 
output stage was overlooked as a new 
source of noise. This is because the 
relatively limited slew-rate of the 7-51 
leads to intermodulaiion-type effects 
when it is fed with signals which are 

outside its effective linear pass-band. 
Since the input amplifying stage has a 
bandwidth in the MHz region, as de- 
signed. and the impedance (and hence 
circuit noise) of the replay coil increases 
with frequency, the input of the 741 is 
presented, quite unnecessarily, with a 
substantial amount of noise energy well 
above the required audio passband. and 
some of this is heterodyned down into 
the audible region. 

Fortunately, the solution to this pro- 
blem is a simple one — to ensure that 
the input circuit impedance does not 
increase too greatly with increasing 
frequency, which can bo done by put- 
ting a small capacitor, in the range H80- 
820 pF. across the input to the replay 
amplifier, and to limit the bandwidth of 
the input stages of the replay amplifier 
to a value which does not greatly ex- 
ceed the required pass-band. This can be 
done by putting a small capacitor (150- 
22l)pF') in parallel with the 47k(J feed- 
back resistor (R). An amended circuit 
diagram. Fig. 1. for the replay amplifier is 
•Wireless World. May, lum and Augusi. 
1976. High Fidelity Designs, 2nd edition. 

Fig. I. Suggested amendments to 
replay amplifier. Altered component 
values for 15 micron head-gap shown 
in brackets. 

given, showing these changes. The total 
improvement in CCIR weighted noise 
level of the replay amplifier, due to 
these changes, is about 2dB> and on the 
prototype and two other units so 
modified, one of which was made from a 
commercial kit, the replay amplifier 
noise level was 8-10dB better than that 
of the tape background - an adequate 
safety margin. This performance, how- 
ever. also depends on the head type, and 
this is discussed later. 

Zero-recorded-level noise 
background 
In view of the good signal-to-noise 
ratios which had been achieved with the 
modified replay amplifiers, the major 
residual source of background noise on 
the final recording, ignoring that asso- 
ciated with the incoming signal, was 
that apparently impressed on the tape 
during the recording process. Since 
some of the recent tape types have an 
impressively low inherent tape noise 
level (the Pyral Maxima is particularly 
noteworthy in this respect) an inves- 
tigation was made to identify the 
separate contributions to this. 

Since the tape, as received, is bulk 
erased, while that following recording 
has passed the cassette recorder erase 
head, it seemed possible that this re- 
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erasure was 'wiping it dirty·. However. 
using a separate. though identical, bias 
oscillator. so that the on-cassette erase 
bead could be disconnected. made no 
improvement in this respect. Indeed, the 
off.Jine oscillat.Or was somewhat worse 
than the on.lfnc one. Disconnecting the 
record amplifier also made no measur
able improvement, while leaving ·the 
erase head in usc but disconnecting the 
bia• circuit from the record head left a 
rape noise level which was c losely 
similar tO that. of the tape as received. 

It was at this stage that the rea•on 
finally became clear. Typically, dur ing 
recording. the magnitude or the h.f. bias 
\\'avcform applied Lo the recording head 
in parallel with the signal is some 40-
50dB greater than that of the signal. If 
the signal· to--noise ratio of the incoming 
signal Is not to be impaired in the 
recording process, since the head is not 
able to disccm tho source of the signals 
which it receives. the Sin ratio of Lhe 
bias waveform must be at least 60dB 
better than that of the record amplifier 
and •lgnal source. It is probably this fact 
which has given rise to the widespread 
belief that good bias waveform purity is 
essential to low recorded noise level. 
Experimentally, it seems perfectly feas
ible to record wit h triangu lar a nd 
square. wave bias voltages (of the pos
sible options a square-wave bias seems 
to have many advan tages), non· 
sinusoidality seeming to be important 
only when this leads to bias waveform 
asymmetry and consequent even 
harmonic distortion or the recorded 
signal. This arises because the recorded 
signal amplitude- i"n either direction -
is bias voltage dependent. 

Two steps can be taken to improve 
the oscillator signal-to-noise ratio: to 
improve its effi ciency in terms of 
output-voltage swing for a given input 
power, nnd LO reduce the proponion of 
wide-band noise ge nera ted by t he 
oscillator which is t ransmitted to the 
record head ttlo ng wit h the bias 
wavefonn. lmprovcmcrn in the effi· 
ciency of the erase oscillator is effective 
in improving its s/ n ratio because the 
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Fig. 2. Alrernoliwt higher efficiency 
biasferowo.clllator. (Note: Output 
voltage can be increased. to 80V r.m.s.. 
by incn~asffll! C.. and n~ducing R.,_ 
R.,. if needed for future tape types). 

t ransisto r collector current is the major 
source of' wide-band noise. assuming 
that the loSJSe• in the LC network con
taining the erase coil ore small. An 
al ternat ive oscil lator circuit g ivi ng 
about 35V r.m.s. for about 12·15mA h.t. 
supply is shown in Fig. 2. The original 
circuit requires some 100·120mA for 
30V r .m.s. Although t he waveform 
purity of the lwo oscillator circuits is 
very similar, there is a small s / n 
improvement in the use of the later one. 

The second possibility. that of 
reducing the component of oscillator 
noise within !.he audio pass-band which 
is fed to the record coil along with the 
50kHz bias waveform, can be accom. 
plishcd very simply by reducing the 
value of the coupling capacitor in the 
bia:;; circuit (C:ru> to the smallest value 
which will {live adequate bias voltage: 
33·47pr is suitable- This change is moi'C 
errective in reducing zero ~recorded. 
level noise than the improvement to the 
oscillator, nnd for those who have 
already built this cassette recorder, this 
is the on ly recommended change. 
Together, these modifications lead to 
about 1.5-2dB Improvement in tape 
background noise level. 

Allhough each or the changes sugg
ested above will, In normal circum
stances. lead only to a small. and per
haps imperceptible improvement in 
overall s in ratio. taken together the 
improvement can be 2-3dB, which is 
worthwhile. 

factors affecting 
signal-to-noise ratio 
In the eal'llcr anic lc, attenlion was 
d rawn to the need to avoid excessiv~ 
caution In the recording process, in that 
the overall quality of a recordi ng in 
which the recording-level meter needles 
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were occasionally driven 'into the red' 
would be likely to be much better tban 
one in which. In the interests of low 
recorded dist.OrliOn levels, the overload 
zone was always given a. wide berth. 
and this point is worth restating. 

However, it was expecLed, at the t ime 
of the earlier article, and this has been 
borne out by later experience, t h a t th e 
performance of the record/replay heads 
themselves would have a dominant 
effect upon the performance or the 
recorder. lL seems. alas, to be a general 
rule that if n circuit design or process is 
evolved around some readily-available 
piece of commercial equipmen t or 
material. the publication of an article 
describing this will coincide with the 
discontinuation of the item upon which 
it was based. 

Fortunately. In the case of the cass
ette deck. the Lenco cassette mechanism 
is identical meehanica.lly. and at least as 
well made, as the Garrard unit upon 
which the prototype was based. How
ever, the Garrard deck used the Natio
nal Panasonic (Matsush ita) record· 
replay head, type WY 435Z, which 
has a higher output and better h.f. res
ponse, and also a lower motor~n oise 
pick-up, ihan some of the alternative 
types fitted in the Lenco unit. Luckily. it 
is a relatively simple matter to replace 
head units and to check che azimuth 
setting. Both the original head type and 
a superior unit of ~he same make are 
easily available so. in this particular
instance. it is Still practicable to copy 
!.he characteristics of the prototype if 
!.his is wished. 

In view of the confusion which still 
seems to surround the design of cassette 
recording heads. and the relative merits 
of the materials used. it seems worth· 
while t<> consider how thcsc ·things 
will affect performance. arrd the basic 
characteristics or three d ifferent type 
record/replay heads arc shown in Fig. 3. 
It can be seen from this that che use of a 
smaller head gtlp leads to a reduction in 
output at lower freq uencies, but allows 
the increase in output with frequency to 
cont inue t o a higher tu rn .. over 
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erasure was 'wiping ii dirty'. However, 
using a separate, though identical, bias 
oscillator, so that the on-cassette erase 
head could be disconnected, made no 
improvement in this respect. Indeed, the 
off-line oscillator was somewhat worse 
than the on-line one. Disconnecting the 
record amplifier also made no measur- 
able improvement, while leaving the 
erase head in use but disconnecting the 
bias circuit from the record head left a 
tape noise level which was closely 
similar to that of the tape as received. 

It was at this stage that the reason 
finally became clear. Typically, during 
recording, the magnitude of the h.f. bias 
waveform applied to the recording head 
in parallel with the signal is some 40- 
50dB greater than that of the signal. If 
the signal-lo-noise ratio of the incoming 
signal is not to be impaired in the 
recording process, since the head is not 
able to discern the source of the signals 
which it receives, the s/n ratio of the 
bias waveform must be at least 60dB 
better than that of the record amplifier 
and signal source, it is probably this fact 
which has given rise to the widespread 
belief that good bias waveform purity is 
essential to low recorded noise level 
Experimentally, it seems perfectly feas- 
ible to record with triangular and 
square-wave bias voltages (of the pos- 
sible options a square-wave bias seems 
to have many advantages), non 
sinusoidality seeming to be important 
only when this loads to bias waveform 
asymmetry and consequenl even- 
harmonic distortion of the recorded 
signal. This arises because the recorded 
signal amplitude - in either direction - 
is bias voltage dependent. 

Two steps can be taken to improve 
the oscillator signal-lo-noise ratio: to 
improve its efficiency in terms of 
output-voltage swing for a given input 
power, and to reduce the proportion of 
wide-band noise generated by the 
oscillator which is transmitted to the 
record head along with the bias 
waveform. I m pro vein em in the effi- 
ciency of the erase oscillator is effective 
in improving its s/n ratio because the 

Fig. 2, Alternative higher efficiency 
bias/erase oscillator. (.\'ote: Output 
voltage, can he increased, to 80V r.m.s., 
by increasing C?? and reducing Ri(fa, 
R-rtn if needed fur future tape types), 

transistor collector current is the major 
source of wide-band noise, assuming 
that the losses in the LC network con- 
taining the erase coil are small. An 
alternative oscillator circuit giving 
about 35V r.m.s. for about l2-15mA h.t. 
supply is shown in Fig. 2. The original 
circuit requires some l0(M20mA for 
30V r.m.s. Although the waveform 
purity of the two oscillator circuits is 
very similar, there is a small s/n 
improvement in the use of the later one. 

The second possibility, that of 
reducing the component of oscillator 
noise within the audio pass-band which 
is fed to the record coil along with the 
50kHi bias waveform, can be accom- 
plished very simply by reducing the 
value of the coupling capacitor in the 
bias circuit (C20) to the smallest value 
which will give adequate bias voltage: 
33-47pK is suitable. This change is more 
effective in reducing zero-recorded- 
level noise than the improvemenl to the 
oscillator, and for those who have 
already built this cassette recorder, this 
is the only recommended change. 
Together, those modifications lead to 
about 1.5-2d8 improvement in tape 
background noise level. 

Although each of the changes sugg- 
ested above will, in normal circum- 
stances, lead only to a small, and per- 
haps imperceptible improvement in 
overall s/n ratio, taken together the 
improvement can be 2-3dB. which is 
worthwhile. 

Factors affecting 
signal-lo-noise ratio 
In the earlier article, aucntion was 
drawn to the need to avoid excessive 
caution in the recording process, in that 
the overall quality of a recording in 
which the recording-levei meter needles 

were occasionally driven 'into the red' 
would be likely to be much better than 
one in which, in the interests of low 
recorded distortion levels, the overload 
zone was always given a wide berth, 
and this point is worth restating. 

However, it was expected, at the lime 
of the earlier article, and this has been 
borne out by later experience, that the 
perfonnance of the record/replay heads 
themselves would have a dominant 
effect upon the performance of the 
recorder. It seems, alas, to be a general 
rule that if a circuit design or process is 
evolved around some readily-available 
piece of commercial equipment or 
material, the publication of an article 
describing this will coincide with the 
discontinuation of the item upon which 
it was based. 

Fortunately, in the case of the cass- 
ette deck, the Lenco cassette mechanism 
is identical mechanically, and at least as 
well made, as the Garrard unit upon 
which the prototype was based. How- 
ever, the Garrard deck used the Natio- 
nal Panasonic (Matsushita) record- 
replay head, type WV 435Z, which 
has a higher output and better h.f. res- 
ponse. and also a lower motor-noise 
pick-up. than some of the alternative 
types fitted in the Lenco unit. Luckily, it 
is a relatively simple matter to replace 
head units and to check the azimuth 
setting. Both the original head type and 
a superior unit of the same make arc 
easily available so. in this particular 
instance, it is still practicable to copy 
the characteristics of the prototype if 
this is wished. 

In view of the confusion which still 
seems to surround the design of cassette 
recording heads, and the relative merit.1; 
of the materials used, it seems worth- 
while to consider how those things 
will affect performance, and the basic 
characteristics of three different type 
record/replay heads are shown in Fig. 3. 
It can be seen from this that the use of a 
smaller head gap leads to a reduction in 
output at lower frequencies, but allows 
the increase in output with frequency to 
continue to a higher turn-over 
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frequency. T he use of ' hot -pressed' 
(polycrystalline) ferrite. which has 
lower eddy-current losses, g ives an even 
beuer h.f. response for the same eap 
width than laminated Permalloy, but 
the lower magnetic permeability of the 
ferrite material leads to a further 
lowering of output at lower frequencies. 
Materials such as Super Permalloy and 
Sendust offer, respectively, improve· 
ments in wear resistance for the same 
permeability, and improvements in per
meability for the same low level of 
eddy-current loss, witll respect to rer· 
rite. However. y,ith available materials, 
there is a general trend towards lower 
output and less goods/ n ratio as the h.f. 
performance o~ the heads is improved. 

An additional factor, in the head de· 
sign, which affects the output from the 
head is the extent of the magnetic $hunt 
provided by the proximity of the inter· 
nal pole races within the head. As can be 
seen from tile schematic representation 
in Fig. 4, the narrower this internal face 
is the better will be the head output -
and also the more quickly the wear on 
the head (ace, due to tape abrasion, will 
impair the gap integrity. Happily. de· 
velopments in tape coating technology 
(reductions in ferric particle size and 
improvements in particle size unifor
mity) have markedly reduced the ab· 
rasiveness of the tapes marketed during 
the last few years. Measurements made 
oo the prototype unit over the last two 
and a half years and 1000· 1200 hours of 
use, have shown litt.le significant 
change In performance after the initial, 
fairly rapid, improvement in output -
p~mably due to an improvement in 
tape to head contact as the head is 
lapped in. 

The two remaining important factors 
affecting stn ratio are bias level and 
head magnetism. Taking the last point 
first, it cannOt be stressed too strongly 
that inadvertent magnetism of the 
record/replay head - which can occur 
for a variety of reasons, and will most 
certainly arise If it is h andled or 
remounted - will lead to a most sub
srantial degradation of performance, 
both in respect of sensitivity and in 
respect of h.f. response, so that common 
prudence suggests periodic head de· 
magnet.lsation, just to be on the safe 
side. 

So far as the effect of bias is concerned, 
this was dealt with in the original article 
( Part 2) and the effects of changing bias 
voltage levels were shown graphically 
in the original Fig. 9. It can be seen from 
this that the use or too high a value of 
h.f. bias has a bad effect on the h.f. 
recording levels, due probably to partial 
re-erasure. While many of the modem 
tape types, such as ferro-chrome and 
cobalt-doped ma~erials, benefit from 
somewhat higher levels (typically 7V 
r.m.s., measured across t.he record coil 
with a low capacitance h.f. probe), the 
several cases which I have encountered 
in which the record/replay performance 
was much below par were due either to 
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Fig. 3. Record/ replay head 
oharacteri~Lics. 

undema.gnetised heads or lO excessive 
bias levels (in the 10·15V range!). 

Since the actual output from the 
oscillator depends on the Q of the erase 
coil oscillatory circuit. there can be 
variations from manufacturer to 
manufacturer, and the coils fitted to the 
t.cnco mechanisms tend to give a higher 
bias and erase voltage than that of the 
Garrard unit used in the prototype. This 
all to the good, but it is recommended 
that the bias adjustment pots (VR,) be 
increased to lOOk!! from 47kl'l to give a 
wider adj ustment range. It is appre· 
elated that many coqstructors may not 
have access to suitable h.f. voltmeters 
for on-coil voltage measurements. but 
some simple practical experiments in 
recording a steady tone. using a pre· 
arranged programme of bias poten· 
tiometer adjustments, and choosing the 
setting which gives the highest output 
on the replay recording level meters -
for a tone in the 300-I kHz range - will 
take one close to the optimum level, and 
such a test will compensate for varia· 
tions in the bias requirements of 
differing typeS of record heads. 

Head replacement procedure. Many 
horrifying tales of gross head wear, due 
tO the use of cheap tapes. chromium 
dioxide formulations. Permalloy heads, 

Fig. 4. Schema lie d rawit18 of tape 
rocordl replay head, showing flux 
linkage in head and tope. 

or excessive use of the recorder, have 
gained currency during the growth of 
popularity of the cassette medium, and 
many usen must entertain some app· 
rehensions about the Inevitability of 
head wear Incapacitating or impairing 
their machines; with c.he consequent 
need for specialist skills in head 
replacement. While the availability of a 
calibration tape. and a double-beam 
oscilloscope, makes this task a bit 
easier. simple alternatives will suffice. 

Since many users will have built up 
their own library of tapes, recorded on 
their own lnsuuments it will be more 
important when the lime for head 
replacement approaches, that a 
replacement head should be in the same 
position as its predecessor, with resp~t 
to the tape, than that it should be In 
accurate 'azimuth' (gap verticality) and 
height conformity ~0 the notional 
standard. A standard cassette recorded 
on their own machines will meet lheir 
needs. lt is suggested that a range of 
frequencies from 300Hz to lOkHz 
should be recorded, with both channel 
·inputs in parallel, at ·o vu·. (300. lk. 3k, 
6k and tOkHz for two minutes each will 
be adequate.) If the replacement head is 
in the same position as the head with 
which the test cassette has been 
recorded, the output of this Lape will be 
of identical magnitude In each channel 
and the outputs will be In phase. Output 
magnitude can be checkea rrom the 
recording level me~ers, and phase 
equality can be checked by a headphone 
or a.c. volt.meter across the c.wo '11ve' 
outputs of the recorder or subsequent 
amplifier. When the two signals are in 
phase, the voltage difterence between 
the 'R' and ' L' channels will be at Its 
least. 

This test becomes more critical as the 
recorded frequency Is increased. and as 
the higher trequencies are approached 
errors in admuth also become apparent. 
If the gap between the replay head 
polepieces Is not tr uly perpendicular to 
the direction of motion of the tape, the 
h.f. output will be diminished. If the 
condition of phase coherence between 
the two channels does not correspond 
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frequency. The use of 'hot-pressed' 
(polycrystalline) ferrile, which has 
lower eddy-current losses, gives an even 
better h.f. response for the same gap 
width than laminated Permalloy, but 
the lower magnetic permeability of the 
ferrite material leads to a further 
lowering of output at lower frequencies. 
Materials such as Super Permalloy and 
Sendust offer, respectively, improve- 
ments in wear resistance for the same 
permeability, and improvements in per- 
meability for the same low level of 
eddy-current loss, with respect to fer- 
rite. However, with available materials, 
there is a general trend towards lower 
output and less good s/n ratio as the h.f. 
performance of the heads is improved. 

An additional factor, in the head de- 
sign, which affects the output from the 
head is the extent of the magnetic shunt 
provided by the proximity of the inter- 
nal pole faces within the head. As can be 
seen from the schematic representation 
in Fig, 4, the narrower this internal face 
is the better will be the head output - 
and also the more quickly the wear on 
the head face, due to tape abrasion, will 
impair the gap integrity. Happily, de- 
velopments in tape coating technology 
(reductions in ferric particle size and 
improvements in particle size unifor- 
mity) have markedly reduced the ab- 
rasiveness of the tapes marketed during 
the last few years. Measurements made 
on the prototype unit over the last two 
and a half years and 1000-1200 hours of 
use, have shown little significant 
change in performance after the initial, 
fairly rapid, improvement in output - 
presumably due to an improvement in 
tape to head contact as the head is 
lapped in. 

The two remaining important factors 
affecting s/n ratio are bias level and 
head magnetism. Taking the last point 
first, it cannot be stressed loo strongly 
that inadvertent magnetism of the 
record/replay head - which can occur 
for a variety of reasons, and will most 
certainly arise if it is handled or 
remounted - will lead to a most sub- 
stantial degradation of performance, 
both in respect of sensitivity and in 
respect of h.f. response, so that common 
prudence suggests periodic head de- 
magnetisation, just to be on the safe 
side.. 

So far as the effect of bias is concerned, 
this was dealt with in the original article 
(Part 2) and the effects of changing bias 
voltage levels were shown graphically 
in the original Fig. 9. It can be seen from 
this thai the use of too high a value of 
h.f. bias has a bad effect on the h.f. 
recording levels, due probably to partial 
re-erasure. While many of the modern 
tape types, such as ferro-chrome and 
cobalt-doped materials, benefit from 
somewhat higher levels (typically 7V 
r.m.s., measured across the record coil 
with a low capacitance h.f. probe), the 
several cases which I have encountered 
in which the record/replay performance 
was much below par were due either to 

-'•■i 

Fig. 3. Record/ replay head 
choractensiics. 

undemagnetised heads or to excessive 
bias levels (in the 10-15V range!). 

Since the actual output from the 
oscillator depends on the Q of Che erase 
coil oscillatory circuit, there can be 
variations from manufacturer to 
manufacturer, and the coils filled to the 
I.cnco mechanisms tend to give a higher 
bias and erase voltage than that of the 
Garrard unit used in the prototype. This 
all to the good, but it is recommended 
that the bias adjustment pots (VRj) be 
increased to lOOkfJ from 47kn to give a 
wider adjustment range. It Is appre- 
ciated that many constructors may not 
have access to suitable h.f. voltmeters 
for on-coil voltage measurements, but 
some simple practical experiments in 
recording a steady lone, using a pre- 
arranged programme of bias poten- 
tiometer adjustments, and choosing the 
setting which gives the highest output 
on the replay recording level meters - 
for a tone in the 300-1 kHz range - will 
lake one close to the optimum level, and 
such a test will compensate for varia- 
tions in the bias requirements of 
differing types of record heads. 

Head replacement procedure. Many 
horrifying tales of gross head wear, due 
to the use of cheap tapes, chromium 
dioxide formulations, Permalloy heads. 

Fig. 4. Schematic drawing of tape 
record/ replay head, showing flux 
linkage in head and tape. 
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or excessive use of the recorder, have 
gained currency during the growth of 
popularity of the cassette medium, and 
many users must entertain some app- 
rehensions about the inevitability of 
head wear incapacitating or impairing 
their machines, with the consequent 
need for specialist skills in head 
replacement. While the availability of a 
calibration tape, and a double-beam 
oscilloscope, makes this task a bit 
easier, simple alternatives will suffice. 

Since many users will have built up 
their own library of tapes, recorded on 
their own Instruments it will be more 
important when the time for head 
replacement approaches, thai a 
replacement head should be in the same 
position as its predecessor, with respect 
to the tape, than that it should be in 
accurate 'azimuth' (gap verticality) and 
height conformity to the notional 
standard. A standard cassette recorded 
on their own machines will meet their 
needs. It is suggested that a range of 
frequencies from SOOHz to 10kHz 
should be recorded, with both channel 
inputs in parallel, at '0 VU'. (300. Ik. 3k. 
6k and 10kHz for two minutes each will 
be adequate.) If the replacement head is 
in the same position as the head with 
which the test cassette has been 
recorded, the output of this tape will be 
of identical magnitude in each channel 
and the outputs will be in phase. Output 
magnitude can be checked from the 
recording level meters, and phase 
equality can be checked by a headphone 
or a.c. voltmeter across the two 'live' 
outputs of the recorder or subsequent 
amplifier. When the two signals are in 
phase, the voltage difference between 
the 'R' and 'L' channels will be at its 
least. 

This test becomes more critical as the 
recorded frequency is increased, and as 
i lie higher frequencies are approached 
errors in azimuth also become apparent. 
If the gap between the replay head 
polepieces is not truly perpendicular to 
the direction of motion of the tape, the 
h.f. output will be diminished. If the 
condition of phase coherence between 
the two channels does not correspond 
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to the maximum h.f. output. the original 
record head azimuth setting was prob
ably in error. 1f Phase coherence bet· 
ween channels does not correspond to 
amplitude equality between them. the 
replacement head cent re heigh t is in 
correct, which can he remedied by the 
addition or removal of washers from the 
non-adjustable end of the head moun
t ing. For the record, a relative positional 
(angular) error of Jess than 0.05(1 can be 
seen by phase coherence checks at 
10kHz, which is well within the azimuth 
accuracy requirements for optimum h.f. 
output. 

The d imensions and agreed heights 
for the EIAJ (.Japanese) ' Y' type, and 
Lenco/Garrard. ' Z' type, heads are 
shown in Fig . 5 , t ogether w ith the 
mounting system employed on the 
S taar type mechan is ms. Na tiona l 
Panasonic (Matsushita Co .. Ltd .) offer 
two heads. WY 435 Z (2 micron gap 
Permalloy) and WY 436 AZ (1.5 micron 
gap, long-life Permalloy) which are o f a 
suitable type for the Garrard and Len co 
mechanisms. The latter head is of a 
superior c onstruct ion , having a 
somewhat h igher specific output. which 
compensates jn part for the loss in 
sensit ivity due to the narrower head 
gap, a od allows the record/replay 
frequency response to be extended w at 
least 15kHz with suitable rape types. If 
Lhe ch.anges noted above are carried 
out, the approximately 2dB loss in out
put due to the use of the narrower head 
gap can be accepted with a final s/n 
ratio no worse than that of the original 
specification and the advantage of a 
better overall frequency response. Jt 
may well be that there arc other head 

Fig. 5. Specified d imensions for 
cassette record! replay heads and 
method of mount.ir1g used on S ra-a r 
nuwhanisms. 

units, either now or in the futu re, which 
will be superior in performance to the 
National Panasonic units referred to 
above, since-th is, like that of tape-com
position improvements. is a field in 
which intensive development work will 
certainly continue. 

Some adjustments to circu it com
ponent values are desirable if the 2 
micron gap record/replay head is 
replaced with a unit having a 1.5 micron 
gap width, and these suggested changes 
are indicated by the values shown in 
brackets in fig. 1 and 6. Jn the proto· 
type. with square-wave response ad· 
justed to give minimal overshoot. the 
h.f. response with the 1.5 micron WY 
436 AZ head is - 5dB at 15l<Hz. ref. 
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Azimuth 
adjustment 

sc rew 

300Hz, using Fuji FX t.ape. There is little 
doubt tha t the system could be made to 
yield a more uniform h.f. response than 
this, if required . by accepting a less wen 
damped response to a square-wave
signals, but earlier experiments indicate 
that the subject ive response of the sys.
tem is not improved by tlie a t tempt to 
obtain optimal flatness of steady state 
freq uency r esponse by sacrificing 
accuracy of tra nsien t. waveform 
reproduction. 

lt seems probuble that th is is because 
the tape recording mechanism is t ruty a 
's)e\'-''·rate-limited' one, in that there is a 
minimu-m and readily calculabJe t ime 
which is r·equired for a pOint on the tape, 
t ravelling at 4 .75cmis ( ll~inis) to pass 
the 1.5 o r 2 micron (0 .000059 or 
0.000078in) head gap. This implies that , 
for an ideally perfect tape impressed 
\C..: ith a recorded square-wave, the out
put from the system cannot 'slew' at a 
gre ater rate than t he rep lay head 
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10 the maximum h.f. outpul. the original 
record head azimuth selling was prob- 
ably in error. If phase coherence bet- 
ween channels does not correspond to 
amplitude equality between them, "he 
replacement head centre height is in- 
correct, which can be remedied by the 
addition or removal of washers from the 
non-adjusiabie end of the head moun- 
ting. For the record, a relative positional 
(angular) error of less than 0.05° can bo 
seen by phase coherence checks at 
10kHz, which is well within the azimuth 
accuracy requirements for optimum h.f. 
output. 

The dimensions and agreed heights 
for the EIAJ (Japanese) 'Y' type, and 
Lenco/Garrard, 'Z' type, heads are 
shown in Fig. 5, together with the 
mounting system employed on the 
Staar type mechanisms. National 
Panasonic (Matsushita Co.. Ltd.) offer 
two heads. WY 435 Z (2 micron gap 
Permalloy) and WY 436 AZ (1.5 micron 
gap, long-life Permalloy) which are of a 
suitable type for the Garrard and Lenco 
mechanisms. The latter head is of a 
superior construction, having a 
somewhat higher specific output, which 
compensates in part for the loss in 
sensitivity due to the narrower head 
gap, and allows the record/replay 
frequency response to be extended to at 
least 15kHz with suitable tape types. If 
the changes noted above are carried 
out, the approximately 2dB loss in out- 
put due to the use of the narrower head 
gap can be accepted with a final s/n 
ratio no worse than that of the original 
specification and the advantage of a 
better overall frequency response It 
may well be that there are other head 

Fig, 5. Specified dimensions for 
cassette record/ replay heads and 
method of mount ins used on Staar 
mechanisms, 

units, either now or in the future, which 
will be superior in performance to the 
National Panasonic units referred to 
above, since this, like that of tape com- 
position improvements, is a field in 
which intensive-development work will 
certainly continue. 

Some adjustments to circuit com- 
ponent values are desirable if the 2 
micron gap record/replay head is 
replaced with a unit having a 1.5 micron 
gap width, and these sugges:c-d changes 
are indicated by the values shown in 
brackets in Fig. 1 and 6. In the proto- 
type. with square-wave response ad 
justed to give minimal overshoot, the 
h.f. response with the 1.5 micron WY 
436 AZ head is —5dB at ISkHz, rcf. 

300Hz, using Fuji FX tape. There is little 
doubt that the system could be made to 
yield a more uniform h.f. response than 
this, if required, by accepting a less well 
damped response to a square-wave 
signals, but earlier experiments indicate 
that the subjective response of the sys- 
tem is not improved by the attempt to 
obtain optima! flatness of steady state 
frequency response by sacrificing 
accuracy of transiom waveform 
reproduction. 

It seems probable that this is because 
the tape recording mechanism is truly a 
'slew-rate-limited" one, in that there is a 
minimum and readily calculable lime 
which is required for a point on the tape, 
travelling at 4.75cm/s (H'sin/s) to pass 
the 1.5 or 2 micron (0.000059 or 
0.00007Sin) head gap. This implies that, 
for an ideally perfect tape impressed 
with a recorded square-wave, the out- 
put from the system cannot 'slew' at a 
greater rale than the replay head 
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Fig, 6. Modifications to the recording 
amplifier lo accommodate a 1.5 micron 
head. 

to V J motor crcut 

1 C:o 

I 

H 

W 

•■K 
-r.' 

'.70 

V- 

U l 

*W3 

r?co"o/"t-D-ay 
heads 

BL r'2 cnoejtf'OVfr 
relay co-stacts 

nfci; from 
bias osc. 



WIRELESS WOAt.O. FEBRUARY t 978 

geometry will allow, so that, if a greater 
input signal is Impressed on the system, 
in the attempt to achieve improved h.f. 
response, the only likely effect will be to 
convert waveforms into a triangular 
shape, wlt.h a consequent increase in h.f. 
int.ennodulation dist.Ortion. 

Harl Ef&ctronies of Oswestry have 
agreed to stOCk equivalent units to the 
Matsushita WY 436 AZ 1.5 micron head 
for those constructors interested in 
making the substitution. 

Choice of h.f. bias frequency 
The original choice of bias frequency 
(50kHz) was sim1>IY that of the recom. 
mc nda tions of Garrard Ltd, ~he 
manufacturers or Lhe original cassette 
mechanism. There is a considerable 
tradi~ion in the h igh .quality ta pe 
recorder field ~ha~ the bias frequency 
should be at least five times greater 
than the highest intended recording 
frequency. This arises because the act· 
ion or the bias waveform is effectively to 
sample the signal waveform at the bias 
frequency. and it is plausible that the 
desired waveform cannot be recon· 
st.rUcted accurately unless there is an 
adequate number of samples within one 
cycle of the highest required frequency. 

However. expe r imental results 
obtained with differ ing bias frequencies 
- obtained by using differing values of 
C,3 - show that on the tapes used the 
remanent recorded flux and hence the 
s/ n ratio ror a given recording level, 
decreases significantly as tile bias 
frequency is increased ~o 60 or 75kHz, so 
that even though a wider bandwidth 
can be obtained with alternative head 
units a change in bias oscillator values 
is not recommended. Some support for 
retaining the original 50kHz bias 
frequency is iiven by the observation 
that some very high quality audio sys. 
terns are based on sampling rates which 
are lower than this. For example, the 
current BBC f.m. stereo radio trans · 
missions have a n L-R sampling 
f1·equency of 38kHz; the digita l en· 
coding process, by which the p.c.m. 
signal is transmitted over cross-country 
land-Lines. uses a 32kHz sample rate; 
and the very highly regarded Denon 
p.c.m. encoded gramophone recordings 
employ n sample rate or 47.25kHz . I 
accept the qualification that square· 
wave sampling and sine·wave biassing 
may not be equivalent and since a 
square bias waveform (in effect, a 
triangular current waveform) appears 
to work qu\te well I intend also to 
explore this approach. 

Dubbing 
If it Is desired ~o ·over·dub' an existing 
recording, wit.hout. erasing the existing 
maLe1·iai, Lhis C3n be done by the use of a 
coil otM r than the existing erase head 
in the bios oscillator circuit, so [hat the 
erase head can be sw itched o ut of 
circuit. Althouch. in principle, any coil 
of suitable Q and an inductance of I mH 
could be used for th is purpose, the 
simpl<!st approach is to usc another. 

similar. erase head, mounted in a con· 
venient position remote from the deck 
and connected lOa change.over switch. 

Miscellaneous design oversights 
It is, I suppose. Inevitable, following the 
contemplation of a design for a couple 
of years, even without the benefit of 
criticism fn print, that the designer wilt 
feel that there are certain aspeets which 
could have boon done better. 

Gain adjustments. Apart from the 
changes In bias oscillator, feed 
capaciLor llnd adj ustment pot ~n
tiometcr value no ted above, and the 
modifications to the replay circuit noise 
bandwidth limiting components, I feel l 
should have provided some means for 
adjustment of the relative channel sen· 
sitivltles In the record and replay 
amplifiers. in order that the effects of 
component value errors could be 
removed. This can be done by making 
the lower feedback resistor, R1, in the 
replay amp1ifier variable over the range 
820-Jk8 ohms, In either one or both 
channels, which can be done con· 
veniently by altering the value of R, to 
820 ohms. and putting a I kl1 preset pot. 
in series with this. A good quality unit 
such as a cermet type, should be used 
for this duty LO avoid worsening the 
input noise level. 

A similar re lative gain adjustment 
can be made In the record amplifier if 
the value of Rn is reduced to 2k2, and a 
Hdl pot. is ptacecl in series with it at the 
earthy end. This can then be used to set 
the relative record levels to equality at 
the l.f. (say 300Hz) end of the spectrum, 
as indicated on the meters - assuming 
that these have already been correctly 
calibrated - while the h.f. pre-emphasis 
trimmer pot., VR2 , can be used to 
achieve record level balance between 
channels at the h.f. end (say lOkHz). 
These suaa.ested changes are shown in 
Fig. I and Fig. 6. 

Bias oscillator. In the bias oscillatOr 
circuit (the original Fig. 7) the lower 
potential divider capacitor in ~he Clapp 
oscillator (C,) was shown as 2.2j>F. 
With some erase heads, this did not give 
enough circuit gain to ensure that the 
oscillator would always operate. A J.,f 
capacitor in this position gives a greater 
tolerance or erase coil characteristics 
variations. This chantc was shown in 
the reprint • and IS recommended fo' 
adoption in future units employing the 
original oscillator circuit design. 

Meters. Some justified criticism has 
been receivod concerning the tendency 
of the record~ level meter needJes to 
hit the.ir limit SlOp:; o n switch-o n. This 
type tJ( behaviour IS di(ficull LO avoid 
entirely, but it can be minimised, if 
necessary, by reducin g the slightly 
over-generous valu e of the rectifier 
c ircuil sel'ies co.pac itor (C26) from lOJlF' 
to2,.2f'. 

Headphone amplifier. I also regre[ that 
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the input p-n·p transistor in the Class A 
headphone amplifier was incorrectly 
labellod BCI82L instead of BC212L Any 
small·signal p·n·p deviee will serve, 
since Its application Is a very uncritical 
one. 

Replay equalisation 
Not entirely unexpectedly, I have come 
in for a certain amountof 1Stic.k', both in 
correspondence and in the Letters col· 
umns. for my advocacy of the 70~s 
record/replay characteristic for general 
use. I note. however (with a certain 
amount of inward sntisfact.ion. since it is 
nice occasionally 'tO be right) that much 
or this has stemmed from a failure to 
understand just what the record/ replay 
equalisation compensations are intro
duced for, or how they are derived. To 
shed a certlin amount of extra light on 
what is obviously a somewhat shadowy 
area. I have appended a simplified ana. 
lysis of the situation below, which can 
be omitted by those familiar witb the 
subject. 

In an ideal world of perfect magnetic 
tapes, and replay heads with complete 
external nux linkage and infinitesimally 
small pole·piece gaps, a tape could be 
recorded at all desired frequencies at a 
consmnt magnetic nux level. at some, 
conv~nlent value a lit t le below t he tape, 
or head, saturation level, and this would 
be found, on replay, ~o have generated. 
an electrical output which increased. 
linearly with increasing frequency, in 
such a manner t hat a doubling of 
frequency would cause a doubling of 
output, as defined by the classical laws 
of electromagnetic induction. A replay 
output which was constant. indepen· 
dent of frequency, could be obtained by 
a simple replay equalisation circuit 
which gave an out..put, starting at some 
com·eniently low frequency, which de· 
creased at a rate of -6dB/ octave. 

However, because of shortcomings in 
the tape and head characteristics, at the 
h.f. end of Lhe re<:.bn.le<l :;pecLrUin, lt Js 
customary to incorporate a degree of 
recording h.f. pre .. emphasis, starting. in 
the case or the Phillips cassette system. 

• High Hdt llt)' Ocsl~ru~ - a book of reprinted 
Wir~:lc~:r Wol"'d :\rt\Clts on audio equipment con· 
s.tructloll. 
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geometry will allow, so that, if a greater 
input signal is impressed on the system, 
in the attempt to achieve improved h.f. 
response, the only likely effect will be to 
convert waveforms into a triangular 
shape, with a consequent increase in h.f. 
iniermodulation distorlion. 

Hart. r.Iectronics of OsweSlry have 
agreed to slock equivalent units to the 
Matsushita WY 436 AZ 1.5 micron head 
for those constructors interested in 
making the substitution. 

Choice of h.f. bias frequency 
The original choice of bias frequency 
(50kHz) was simply that of the recom- 
mendations of Garrard Ltd, the 
manufacturers of the original cassette 
mechanism. There is a considerable 
tradition in the high-quality tape 
recorder field thai the bias frequency 
should be at least five limes greater 
than the highest intended recording 
frequency. This arises because the act- 
ion of the bias waveform is effectively to 
sample the signal waveform at the bias 
frequency, and it is plausible chat the 
desired waveform cannot be recon- 
structed accurately unless there is an 
adequate number of samples within one 
cycle of the highest required frequency. 

However, experimental results 
obtained with differing bias frequencies 
— obtained by using differing values of 
Cj, - show that on the capes used the 
remanenl recorded flux and hence the 
s/n ratio for a given recording level, 
decreases significantly as the bias 
frequency is increased to60 or75kIIz,so 
that even though a wider bandwidth 
can be obtained with alternative head 
units a change in bias oscillator values 
is not recommended. Some support for 
retaining the original 50kHz bias 
frequency is given by the observation 
that some very high quality audio sys- 
tems are based on sampling races which 
a^e lower than this. For example, the 
current BBC f.m. stereo radio trans- 
missions have an L-R sampling 
frequency of SSkHz; the digital en- 
coding process, by which the p.c.m. 
signal is transmitted over cross-country 
land-lines, uses a 32kHz sample rale; 
and the very highly regarded Denon 
p.c.m. encoded gramophone recordings 
employ a sample rale of 47.25kHz. 1 
accept the qualification that square- 
wave sampling and sine-wave biassing 
may not be equivalent and since a 
square bias waveform (in effect, a 
triangular current waveform) appears 
to work quite well I intend also :o 
explore this approach. 

Dubbfng 
If it is desired to 'over-dub" an existing 
recording, without erasing the existing 
material, this can be done by the use of a 
coil other than the existing erase head 
in the bias oscillator circuit, so that the 
erase head can be switched out of 
circuit. Although, in principle, any coil 
of suitable Q and an inductance of imH 
could be used for this purpose, the 
simplest approach is to use another. 

similar, erase head, mounted in a con- 
venient position remote from the deck 
and connected to a change-over switch. 

Miscellaneous design oversights 
It is, I suppose, inevitable, following the 
contemplation of a design for a couple 
of years, even without the benefit of 
criticism in print, that the designer will 
feel that there are certain aspects which 
could have been done better. 

Gain adjustments. Apart from the 
changes in bias oscillator, feed 
capacitor and adjustment poten- 
tiometer value noted above, and the 
modifications to the replay circuit noise 
bandwidth limiting components, 1 feel I 
should have provided some means for 
adjustment of the relative channel sen- 
sitivities in the record and replay 
amplifiers, in order that the effects of 
component value errors could be 
removed. This can be done by making 
the lower feedback resistor, R>, in the 
replay amplifier variable over the range 
S20-lkS ohms. In either one or both 
channels, which can be done con 
veniently by altering the value of R- to 
820 ohms, and pulling a lkS2 preset pot. 
in series with this. A good quality unit 
such as a cermet type, should be used 
for this duly to avoid worsening the 
input noise level. 

A similar relative gain adjustment 
can be made in the record amplifier if 
the value of R22 is reduced to 2k2. and a 
IkfJ pot. is placed in series with it at the 
earthy end. This can then be used to set 
the relative record levels to equality at 
the l.f. (say SOOHz) end of the spectrum, 
as indicated on the meters - assuming 
that these have already been correctly 
calibrated — while the h.f. pre-omphasis 
trimmer pot., VR,, can be used to 
achieve record level balance between 
channels at the h.f. end (say 10kHz). 
These suggested changes are shown in 
Fig. I and Fig. 6. 

Bias oscillator. In the bias oscillator 
circuit (the original Fig. 7) the lower 
potential divider capacitor in the Clapp 
oscillator (C2,) was shown as 2.2i..F 
With some erase heads, this did not give 
enough circuit gain to ensure that the 
oscillator would always operate, A Igr 
capacitor in this position gives a greater 
tolerance of erase coil characterisiics 
variations. This change was shown in 
the reprint' and is recommended for 
adoption in future units employing the 
original oscillator circuit design. 

Meters. Some justified criticism has 
been received concerning the tendency 
of the recorded level meter needles to 
hil their limit stops on switch-on. This 
type of behaviour is difficult to avoid 
entirely, but it can be minimised, it 
necessary, by reducing the slightly 
over-generous value of the rectifier 
circuit series capacitor (Cj^) from IOjiF 
to2g2K. 

Headphone amplifier. 1 also regret that 
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Fig. 7. Effect of recording pre-emphasis 
'timc-constan ts'. 

the input p-n-p transistor in the Class A 
headphone amplifier was incorrectly 
labelled RC182L instead of BC212L. Any 
small-signal p-n-p device will serve, 
since its application is a very uncritical 
one. 

Replay equalisation 
Not entirely unexpectedly, I have come 
in for a certain amount of 'slick', both in 
correspondence and in the Letters col- 
umns, for my advocacy of the 70|is 
record/replay characteristic for general 
use, I note, however (with a certain 
amount of inward satisfaction, since it is 
nice occasionally to be right) that much 
of this has stemmed from a failure to 
understand just what the record/replay 
equalisation compensations are intro- 
duced for, or how they are derived. To 
shed a certain amount of extra light on 
what is obviously a somewhat shadowy 
area, I have appended a simplified ana- 
lysis of the situation below, which can 
be omitted by those familiar with the 
subject. 

In an ideal world of perfect magnetic 
tapes, and replay heads with complete 
external flux linkage and infinitesimally 
small pole-piece gaps, a tape could be 
recorded at all desired frequencies at a 
constant magnetic flux level, at some, 
convenient value a little below the tape, 
or head, saturation level, and this would 
be found, on replay, to have generated, 
an electrical output which increased 
linearly with increasing frequency, in 
such a manner chat a doubling of 
frequency would cause a doubling of 
output, as defined by the classical laws 
of electromagnetic induction. A replay 
output which was constant, indepen- 
dent of frequency, could be obtained by 
a simple replay equalisation circuit 
which gave an output, starling at some 
conveniently low frequency, which de- 
creased at a rate of ~-6dB/octave. 

However, because of shortcomings in 
the cape and head characterisiics, at the 
h.f. end of the recorded .spectrum. It is 
customary to incorporate a degree of 
recording h.f, pre-emphasis, starting, in 
the case of the Phillips cassette system, 

■ High Hdeliiy Designs — a book oi reoritucd 
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at 1-2kHz. The actual pre-emphasis 
characteristics are defined by a 
specified time-constant, having t he 
a.greed values of 70 and 1201.t.S. T hi s 
can be converted int o a kn own 
± 3dB point by the rela tionship 
f =l/2,CR=J/2.,xtime const. which 
~:tives +3dB values for the 70 and 12011s 
characteristics of 2273 a nd 1326Hz res
pectively, leading to the type of recor
ding pre-emphasis characteristics 
shown in Fig. 7(a). If it is assumed that 
during recording the recorded signal 
levels are adjusted so that the recording 
level meters achieve the same recorded 
levels on peaks_. and if it is assumed that 
this is mainly influenced by the greater 
signal level oi the pre-emphasised reg
ion, the effective recorded level wHI, in 
reality, be that of Fig. i(b). ln the case of 
the 70!1S characteristic, this assumes 
that tb.e h.f. losses wi.ll be less, requiring 
les.':i correction, and ~rmits the record· 
ing of all frequencies be.low the 2.2kHz 
turnover point at about 3dB higher level 
than is the case for the 120f'S character
istic. 

Jf a similar chatacteristic were to be 
adopted on replay, the effect would be 
to arrest the downward slope of the 
replay character istic at a turn 4 over 
point of 2273 or 1326Hz, beyond which 
the response would be level. In practice, 
however, the equalisation adopted is 
the recording one, and the replay cha
racteristics are then corrected in the
light of the experimentally derived 
repla}'-headitape characteristics, so 
that the final record-replay fre.quency 
response is acceptably level. This 
usually involves some additional replay 
treble lift, to compensate for the finite 
replay-head gap width. The overall 
residual advantage is, therefore, due to 
the greater signal level in the mid·range 
frequency band, on the 70tJ.s equalisat
ion, due to the decision to adopt a Jesser 
degl'ce of h.f. boo:;t, wh ich give·s 
about a 3dB benefit in terms of signaJ to 
noise ratio. Since tapes. and heads, are 
no less able to accept a given magnetic 
flux density at 300Hz than at lOkHz (i n 
fact rather the converse), the imputat
ion of a less satisfactory recorded dis
tortion lc.vel due to t his £echn ique 
appears ill~conceived. 

Technkal inaccuracies 
Jt is a matter of genuine concern in the 
preparation and pubHcation of techni
cal articles that inaccuracies of fact or 
terminology should be avoided. With 
the be.st \\'ill in the world, however, 
inadvertent errors do creep in, and, in 
the case of the orig inal articles. there 
<\.Ct' lhrcc corroct ions I would like to 
make concerning the 'VU ' nom en
clature. 

'VU' levels. H ene constructs a pie·ce of 
equipment which has signal lc\:cJ indi
cating instruments, \vhich have calib
rat ions ranging from - 20 to + 3, and 
which their manufacturers have labeJ .. 
Jed ·vu•, then, so far as the signaJ icvcls 
indicated by. these instruments are con· 
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cerned, one is rachet in the position of 
Humpty Dumpty - " .. . 'when I use a 
word: Humpty Dumpty said in a rather 
scornful cone, ' it means just what 1 
choose it to mean, neither more nor less' 
- . :· - so that although ·o vu· has a 
precise and specific mean ing in the 
recording studio and sound engineering 
field (that of a signal level equivalent to 
I milliwatt in a 600 ohm load, or 0.775 
volts r.m.s.) the ·o~ level on one's own 
instruments may, for practical reasons, 
be quite different from t his. 

Sjnce I int~nded to redefine this Jevel, 
for the purposes of this design. as being 
a level of 2.25 volts r.m.s., at 600Hz, as 
measured at the outp\lt of TC:. in the 
record amplifier, it had been my intent
ion, io the original article, to refer to v U 
levels, in this context. on ly within in· 
verted commas, in order co indicate rny 
temporary misuse of the defin ition . 
However, this I found. in print. that 1 
had failed to do, and for this I apolog
ise.• 

Mr. \Varrcn. writing from Austntlia.l 
d id indeed reproach both \.Vireless 
World. and me. respectively. for permit
ting and committ ing the solecism of 
referrlng to the recording level in
struments as VU meters at all, in thal 
this term s hould only be applied to 
instruments having certain, internatio
nally agreed, standards- of impedance, 
sensitivity and ballistic response. which 
the simple instruments I h ad described 
did not, and were not imended to. meet. 
I accept this rebuke, and am happy to 
substitute the somewhat more lengthy 
term 'recording level meter' for these 
display instruments. However, these 
strictures could be more widely spread, 
in that there are a large number of 
commercially available instruments 
which have signal level meters referred 
to as VU meters, which also fa ll a long 
way short of the internationa l 
standards. \Vbile it is obviously desir
able to prevent t he corrup ljon of 
specific descriptions by their careless 
~se, I suspect that th is particular case is 

• F.x;~min<ttion of ~h~; :lrigut<tt -.lu ows Cb<n Mr 
Un~dey J.loo<l did U$(• (1\IOlcs. In an t.>xccss of 
ed.!~O~I31 z~a l thev we1~ deleted - we :::"<! :corrv r1:r 
1his. - P.R 0 . • 
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Fig. 8. Calculated transmission 
characteristics Of se.cond-order 
!ow-pass 'H' filter for '{?_' = 0.707-8. 

going to prove a difficult battle to win. 
Finally, in describill1; the techniq"le 

which I had adopted to generate the 
desired recording pre··emphasis charac· 
teristic, 1 showed a familv of curves in 
my F'ig.l5. as being typical of the type of 
response which would .be generated by 
the use of an under.damped. second
order low-pass filter, for Various values 
of 'Q'. Although the mathematical deri
vation of the transmiSSion characteris
t ics of such filters is I~latively s traight
forward, and in the case-of the circuit 
which 1 used. is $hown. elsewhere,2 the 
plot ting of the frequeMy <esponse, for 
various values of Q and .fr'equency, is a 
laborious task in the· absence of a suit
able computer programme, so. since an 
illustrat ion was required, t used that of 
the active lead+ lag system, for wbich 1 
had prf;!viously determ ined the 
frequency response characteristics. and 
which are similar to those of Lhe sys'tern 
1 had actuaiJy. used. though not identi· 
cal. lt had been my intention. in the text, 
to make clear the fact that the curves 
were typical r~t.her than aclUal. Mr 
Goocf$ has drawn my attention to my 
error in this, so, by way of penance. 1 
have calculated the a·ctual performance 
chara<.:terist ics. and s-how these in Fig. 8. 
For convenience jn calc'u'lation J define 
Q and I t o in these graphs. 

Because· of the. irtfltt"e._nce of ~he Jag 
network, (VR,, ·R, and C,;), on the 
operatioiJ of the c ircuic. the actual 
resonant frequency of the cireuit is 
towel' than the value calculated from 
Rl.s· Rr:. C12 and C1-a, and decreases in 
frequency as well a·s increasing in mag
nitude, as the value of VR2 + R,.:: is 
reduced. This is a cor)venient. charac
l&istic from the point of vie\v of suiting 
the h.f. equ~liSa t ion peak respor1se 
fr~quency to the· characteristics of che 
heads jn usc. <:u'ld is ·an..8.dditional r N1SOn 

for choosing this typt: Of circuit in J)I'C· 
fcrcncc to the more conventional in
ductor based systems. 
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Fig. 8. Calculated transmission 
characteristics of second-order 
low-pass 'H' filter for 0.707-8. 

Hi l-2kHz. The actual pre-emphasis 
characterisiics are defined by a 
specified time-constant, having the 
agreed values of 70 and 120|is. This 
can be convened into a known 
±3dB point by the relationship 
f= 1/2'ttCR= l/2TTXtime const, which 
gives +3dB values for the 70 and I20)is 
characleristics of 2273 and ! 32611?, res- 
pectively, leading to the type of recor- 
ding pre-emphasis characteristics 
shown in Fig. 7(a). If il is assumed that 
during recording the recorded signal 
levels are adjusted so that the recording 
level meters achieve the same recorded 
levels on peaks, and if it is assumed that 
this is mainly influenced by the greater 
signal level of the prc-emphasised reg- 
ion, the effective recorded level will, in 
reality, be that of Fig. 7(b). In the case of 
the 70iis characterislic, this assumes 
lhai the h.f. losses will be less, requiring 
less correction, and permits the record- 
ing of all frequencies below the 2.2kH? 
turnover point at about 3dB higher level 
than is the case for the 120fis character- 
istic. 

If a similar characterislic were to be 
adopted on replay, the effect would bo 
to arrest the downward slope of the 
replay characteristic at a turn-over 
point of 2273 or 1326Hz, beyond which 
the response would be level, in practice, 
however, the equalisation adopted is 
the recording one. and the replay cha- 
racteristics are then corrected in the 
light of the experimentally derived 
replay-head/tape characteristics, so 
that the final record-replay frequency 
response is acceptably level. This 
usually involves some additional replay 
treble lift, to compensate for the finite 
replay-head gap width. The overall 
residual advantage is, therefore, due to 
the greater signal level in the mid-range 
frequency band, on I he 70jis equalisat- 
ion, due to the decision to adopt a lesser 
degree of h.f. boost, which gives 
about a 3dB benefit in terms of signal to 
noise ratio. Since tapes, and heads, are 
no less able to accept a given magnetic 
flux density at 300Hz than at 10kHz (in 
fact rather the converse), the imputat- 
ion of a less satisfactory recorded dis- 
tortion level due to this technique 
appears ill-conceived. 

Technical inaccuracies 
It is a matter of genuine concern in the 
preparation and publication of techni- 
cal articles that inaccuracies of fact or 
terminology should be avoided. With 
the best will in the world, however, 
inadvertent errors do creep in, and, in 
the case of the original articles, there 
arc throe corrections I would like to 
make concerning the 'VL" nomen- 
clature. 

'VU' levels. If one constructs a piece of 
equipment which has signal level indi- 
cating instruments, which have calib- 
rations ranging from —20 to -*•3, and 
which their manufacturers have label- 
led " VL", then, so far as the signal levels 
indicated by these instruments are con 

cerned, one is rather in the position of 
Humpty Dumpty — "... 'when I use a 
word,' Humpty Dumpty said in a rather 
scornful tone, 'it means just what 1 
choose it to mean, neither more nor less' 
..." - so that although '0 VL" has a 
precise and specific meaning in the 
recording studio and sound engineering 
field (that of a signal level equivalent to 
1 milliwatt in a 600 ohm load, or 0.775 
volts r.m.s.) the '0' level on one's own 
instruments may, for practical reasons, 
be quite different from this. 

Since 1 intended to redefine this level, 
for the purposes of this design, as being 
a level of 2.25 volts r.m.s., at 600Hz, as 
measured at the output of ICX in the 
record amplifier, it had been my intent- 
ion, in the original article, to refer to VL 
levels, in this context, only within in- 
verted commas, in order to indicate my 
temporary misuse of the definition. 
However, this I found, in print, that I 
had failed to do, and for this I apolog- 
ise.* 

Mr. Warren, writing from Australia.1 

did indeed reproach both Wireless 
World and me, respectively, for permit- 
ting and committing the solecism of 
referring to the recording level in- 
struments as VU meters at all. in that 
this term should only be applied to 
instruments having certain, internatio- 
nally agreed, standards of impedance, 
sensitivity and ballistic response, which 
the simple instruments i had described 
did not, and were not intended to, meet. 
I accept this rebuke, and am happy to 
substitute the somewhat more lengthy 
term 'recording level meter' for these 
display instruments. However, these 
strictures could be more widely spread, 
in that there are a large number of 
commercially available instruments 
which have signal level meters referred 
co as VU meters, which also fall a long 
way short of the international 
standards. While il is obviously desir- 
able to prevent the corrupiion of 
specific descriptions by their careless 
use, I suspect thai this partir.uJar case is 

l:.xamm<i(lon ni the ■iri;>i".;i shmvs M' 
Linsley Mood did um- qooics. Ir un ixcess o: 
edaona! zftjl they were deleted - we are mjitv lut 
Ihis. - P R D 

going to prove a difficult battle to win. 
Finally, in describing ihe technique 

which ! had adopted to generate the 
desired recording pre-emphasis charac- 
terislic, 1 showed a family of curves in 
my Fig. 15. as being typical of ihe type of 
response which would be generated by 
the use of an under-damped second- 
order low-pass filter, for various values 
of "Q", Although the mathematical deri- 
vation of the transmission characteris- 
tics of such fillers is relatively straight- 
forward. and in the case of the circuit 
which 1 used, is shown elsewhere,2 the 
plotting of the frequency response, for 
various values of Q and frequency, is a 
laborious task in the absence of a suit- 
able computer programme, so, since an 
illustration was required, I used that of 
the active lead-f- lag system, for which J 
had previously determined the 
frequency response characteristics, and 
which are similar to those of the system 
1 had actually used, though not identi- 
cal. It had been my intention, in the text, 
to make clear the fact that the curves 
were typical rather than actual. Mr 
Good' has drawn my attention to my 
error in this, so. by way of penance. I 
have calculated the actual performance 
characteristics, and show these in Fig. S 
For convenience in calculation I define 
Q and I /a in these graphs. 

Because of the influence of the lag 
network, (VR,. R.2 and C,,). on the 
operation of the circuit, the actual 
resonant frequency of the circuit is 
lower than the value calculated from 
R,5. R17, c:;2 and C,.„ and decreases in 
frequency as well as increasing in mag- 
nitude. as the value of VR^+R.^ is 
reduced. This is a convenient charac- 
teristic from the point of view of suiting 
the h.f. equalisation peak response 
frequency to the characteristics of the 
beads in use. and is an additional reason 
for choosing this type of circuit in pre- 
ference to the more conventional in 
ductor based systems. 
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Reliability 
Principles of reliability prediction and factors affecting the life of components 

Reliability is tho responsibili;y of tho 
engineer concetnod with the dos~gn of a 
system or a sub-system. yot it seems to 
be one of the lease ~omderstood concepts 
which he has to uso. Enginatu-s in general 
seem to p refor not to get involved in any 

cak:ulaaioos of the reliabiltly of the 
equipment which they are dos1gning. The 

reasons ror this ~re probably a lack of 
understanding ot 1he techniques irwolved 
- considered 10 bo bordering on the 
" Black Arts" by some. and is probably 
ta rgaty due to the fact that the data used 
in tollebility prediction has boon derived 
statistically - and prediction infers 
crystal balls. But those who shudder at 

the thought of any·chmg statiStical should 
be reminded that even the valu~:~ of a 
rasistor is really n statistical $tOtement 
and not an exact value. 

MA NY IH-:StG ~ERS \\o'ill ~Hl)' .. 1 do n't 

need to do a ll ~hose calcu lations. I 
dc.<ign reliable equipment by using the 
best componenlS ... On the race of 11 thiS 
argument is quite sound. but it can only 
be aL all valid in a situat ion where cost is 
of no consequence. Cos~ and reliability 
are Closely related, and cost can be or 
~ual, if not gre:>ter importance. There 
is. also another aspect to be considered. 
The user of an equipmc;nt also has to 
maintain it. Nothing. howevtrr l'eliable. 
will \\'Ork for ever and a prediction 'of 
failure rate is a useful indication or 
future maintenance effort required and 
li l<ely store's ho ldings ( today's 
components will nor be available for 
ever. particularly in the rapidly 
developing world of electronics). These 
con~idcrations may be of no importance 
where Grandma's portable tclly is con· 
cerned. but it is a different SlOry where a 
data·processing installation or ~ 
telephone exchange is concerned. 

Certtdn aspects of ,·eHability calcu
lations can be a little involved. The 
object of this ankle is t.O pres-tent ~me 
of the fundamental ideas. Excellent 
works are available on the subjeCt. of 
which 1-efert!OCC$ 1 and 2 are considered 
by the aulhor to be 1.-hc best. 

What is reliability? 
Every component, \\'hetht.:r electronic, 
clcctro -mechankal or pu re ly 
mechanical. has a finite life. After a 
conaln period or operation there will be 
signs or deterioration in itS performance 
unul a point is reached where it no 

by H. R. Henly M.I. E.R.E. 

longer performs satisfactorily. We then 
say that it has reached the end of its lire. 
These last two sentences should pose 
some questions in the reader•s mind. 
Such a definition is ra.ther loose. Unless 
the device ceases to function comp· 
let:ely. that which means fa1lure for one 
application may not be so ror another. 
Aga in , in a cest sit ua tion where a 
device's paran'lete rs are bein g 
measured, the end-point of its life may 
be different to an application where 
negative feedback might mask the rau. 
off in performance Lo give nn extended 
life. We can c•cape this qu3ndary by 
recoenising that the test situation has 
the advantage that it yields the more 
pessimistic estimate of device life and 
furth cnnore, l.hnt it is appllca t.ion 
indcpendent. 

Reliability information comes from 
two mafn sources;. the compo nent 
manufacturer and the user. Firstlv fronl 
the component mttnufacturer, arld this 
applies mainly to active electronic 
components, e.g .. $emi-conduclors. 
Batches of components are tnken from 
the output of the production l ine 
according lOa pr~·determined sampling 
scheme. These componentS are placed 
on life.test durin8 whtch th~y are ox. 
posed to various types and levels or 
scress. nccording to the spcelrlcation of 
the devlce. and key param~lers are 
monnored. When any of these 
parameters fa ll outside prcscrJbed limits 
the compo,,cnt is deemed to hove failed. 
The cause or failure is dctermjned in 
order that t..he mechanism of failure can 
be better understOOd. In mO!\t cases this 
simple picture of life testing would be 
impractlc•l>lc due to lhe len~th of life of 
most electronic components: reliability 
data would not be available in time for it 
to be of any use to the designer. For this 
reason. accelerut.ed life testing is used. 
Cons iderable knowledge of th e 
relationship between the life or a 
compOnent and the ternp~rature or 
oper<1don. panicularly in the case or 
semi-conductor l'Ompont-rns. has been 
accu mulat ed. 1·hus by testin g 
components at a suitably elevated um· 
perature the life can !>e reduced to a 
IO\\'er. measurable \'<tlu~. and the 
compont:m's life u~ other lower tern per. 
ature~ may 00 COI'nputcd. 

As ~tated above. tho type of life test
ing conducted by component manufac
turers is app Hcnt ion·independcnc 

Furthermore, r..hc test environment is 
closely controlled and Lhe results which 
have been obtained over many 
thou•ands of device hours, enable the 
designer lO predict tho behaviour of his 
system even under different environ
mental a.nd operational conditions. One 
possible draw.baek with the rehability 
data produced by component munufac
turers Is that for economic reasons the 
number of devices of any one Lype that 
can be tested at a time is limited. Thus, iL 
still requires a considerable length of 
t ime for the number of d~viCC·hours of 
testing fo r any particular component to 
reach Lhe level required for the data to 
be statislically 'reliable·. 

The second mai n source of reHability 
information comes rrom component 
users. Jn general most large organi· 
sations in the electronic and eJectro
mechanical sphere keep some record of 
the reliability of the components which 
they usc. Sorne of the infonnatlon may 
have been accumula[ed over many 
device·years and is therefore 'reliable'. 
These data are, however, extremely 
applica tion -depe ndent an(l in the 
general case the publi~hed information 
drawn from these sources does not give 
details of environment, levels of stress, 
etc. under which the device concerned 
was operated. Indeed. the· published 
information may In fact be the grand 
average or many different applications, 
etc. 

Th is Information b;. in fnct, very 
valuable. Because iL is d rawn (rom a 
very wide range of applications and 
operating conditions. it tends tO present 
an average value and because in most 
cases the envit·onment is not defined, 
the net resu lt is ve ry muc h more 
pessimistic than tho data obtained from 
the manufacturer. Furthermore. be
cause or the very much greater number 
of device-years encompassed in thi~ 

type of tnformation one may have more 
(s~atistica.l) confidence in it. Although 
the method of derlvatjon of this info-r
mation is the very antithesis of [he 
scientific approa ch adopted by lhe 
manufacturcr•s quali~y control organi
zation. i.e .. it does not set out LO 

separate and control or limit the many 
factors which affect r'eliability, th h; is. Qf 

course, far more typica l of' many in
du.fitnal applications where little comrol 
can be exercised over. for example. 
environment. In many cases. particu-
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Reliability 

Principles of reliability prediction and factors affecting the life of components 

by H. R. Henly M I.E R E. 

Reliability is the responsibility ot she 
engineer concerned with the dos.gn ol a 
system or a sub-system, yet it seems to 
be one ot the least understood concepts 
which he has to use. Engineers in general 
seem to prefer no: to get involved in any 
calcolations ot the reliability of the 
equipment which they are designing The 
reasons lor this are probably a lac* ol 
understanding of the techniques involved 
— considered to be bordehny on the 
"Black Arts" by some, and is probably 
argely due to the fact that the data used 
in reliability prediction has been derived 
statistically — and prediction infers 
crystal balls. But those who shudder at 
the thought ol anything statistical should 
be reminded that even the value o' a 
resistor is really a statistics statement 
and not an exact value. 

Many designers will say "1 don't 
need to do all those calculations. I 
design reliable equipment by using the 
best components", On the face of it tins 
argument is quite sound, but it can only 
bo at all valid in a situation where cost is 
of no consequence. Cost and reliability 
are closely related, and cost can be of 
equal, if not greater importance. There 
is also another aspect 10 be considered. 
The user of an equipment also has to 
maintain it. Nothing, however icliable, 
will work for ever and a prediction of 
failure rate is a useful indication of 
future maintenance effort required and 
likely store's holdings (today's 
components will not be available for 
ever, particularly in the rapidly 
developing world of electronics). These 
considerations may be of no importance 
where Grandma's portable telly is con- 
cerned. but it is a different story where a 
data-processing installation or a 
telephone exchange is concerned. 

Certain aspects of reliabiliiy calcu- 
lations can be a little involved, The 
object of this article is to present some 
of the fundamental ideas. Excellent 
works are available on the subject, of 
which references 1 and 2 are considered 
by the author to be iho best. 

What is reliability? 
Every component, whether electronic, 
electro-mechanical or purely 
mechanical, has a finite life. After a 
certain period of operation there will be 
signs of deterioration in its performance 
until a point is reached where u no 

longer performs satisfactorily. We then 
say that it has reached the end of its life. 
These last two sentences should pose 
some questions in the reader's mind. 
Such a definition is rather loose. Unless 
the device ceases to function comp- 
letely. that which means failure for one 
application may not be so for another. 
Again, in a test situation where a 
device's parameters are being 
measured, the end-point of its ife may 
be different to an application where 
negative feedback might mask the rail- 
off in performance to give an extended 
life- We can escape this quandary by 
recognising that the test situation has 
the advantage that it yields the more 
pessimistic estimate of device life and 
furthermore, that it is application- 
independent- 

Reliability information comes from 
two main sources; the component 
manufacturer and the user. Firstly from 
the component manufacturer, and this 
applies mainly to active electronic 
components, e.g.. semi-conductors. 
Batches of components are taken from 
the output of the production ine 
according to a pre-determined sampling 
scheme. These components arc placed 
on life-test during which they are ex- 
posed to various types and levels of 
stress, according to the specification of 
the device, and key parameters are 
monitored. When any of these 
parameters fall outside prescribed limits 
the component is deemed to have failed. 
The cause of failure is determined in 
order thai the mechanism of failure can 
be better understood. In most cases this 
simple picture of life testing would be 
impracltcabic due to the length of life of 
most electronic components; reliability 
data would not be available in time for it 
to bo of any use to the designer. For this 
reason, accelerated life testing is used. 
Considerable knowledge of the 
relationship between the life of a 
component and the temperature of 
operation, particularly in the case of 
semi-conductor components, has been 
accumulated. Thus by testing 
components at a suitably elevated tem- 
perature the life can be reduced to a 
lower, measurable value, and the 
component's life ai other lower temper- 
atures may be computed. 

As stated above, the type of iife tesl- 
ine conducted by component manufac- 
turers is application-independent. 

Furthermore, the lest environment is 
closely conirolled and the results which 
have been obtained over many 
thousands of device hours, enable the 
designer ic predict the behaviour of his 
system even under different environ- 
mental and operational conditions. One 
possible draw-back with the reliability 
data produced by component manufac- 
turers Is that for economic reasons the 
number of devices of any one type thai 
can be tested at a rime is limited. Thus, it 
still requires a considerable length of 
time for the number of device-hours of 
testing for any particular component to 
reach the level required for the data to 
be statistically 'reliable'. 

The second main source of reliability 
information comes from component 
users. In general most large organi- 
sations in the electronic and electro- 
mechanical sphere keep some record of 
the reliability of the components which 
they use. Some of the information may 
have been accumulated over many 
device-years and is therefore 'reliable' 
These data are, however, extremely 
application-dependent and in the 
general case the published information 
drawn from these sources does not give 
details of environment, levels of stress, 
etc, under which the device concerned 
was operated. Indeed, the published 
information may in fact be the grand 
average of many different applications, 
etc. 

This information is, in fact, very 
valuable. Because il is drawn from a 
very wide range of applications and 
Operating conditions, it tends to present 
an average value and because in most 
cases the environment is not defined, 
the net result is very much more 
pessimistic than the data obtained from 
the manufacturer. Furthermore, be- 
cause of the very much greater number 
of device-years encompassed in this 
type of information one may have more 
(statistical) confidence in it. Although 
the method of derivation of this infor- 
mation is the very antithesis of the 
scientific approach adopted by the 
manufacturer's quality control organi 
zation. i.e.. ii does noi set out to 
separate and control or limit the many 
factors which affect reliability, this is. of 
course, far more typical of many in- 
dustrial applications where little control 
can be exercised over, for example, 
environment. In many cases, particu- 
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larlv with electro-mechanical com~ 
pOn~nts, this may be the only source uf 
information. 

Before pursuing t he sub ject of 
component life data further and its 
application to the predlclton of equip· 
ment life we should now look more 
closely at some of the terms used and 
how they arc related. We have spoken, 
thus far ruther loosely, o t' l'eliabili ty, 
when most published data tends to be in 
terms of 'failure rate' lind 'mean time 
between failures' (m.t.b.f.). 

Since the behaviour of most physical 
systems follows some sort o f exponen· 
tht11aw it will come as no surprise LO the 
reader that the probability o f a fai lure 
occurring Is also an expOnential func· 
tion of time. Reliability is the probability 
that a component. will perform its func,. 
tion correctly for a given period of time 
under the spt!Cified operating con
ditions. The term probability is used 
here in itS mathematical sense. where 
complete certainty that an event will 
occur is given the probability value I 
and complete certainty that [he event 
'kill not occur Is giveo the value zero. 
The probability of an event occurring 
must therefore always be betweenO and 
1'. 

We cannot simply consider the failure 
of a single component. since this is a 
single evem in time: instead, we must 
consider what happens In the general 
case where a number of a Qiven type of 
compOnent operates in an equipment. If 
we plot the number or failures against 
time we get a curve similar to that of Fig 
1 - often referred to as the 'bath·tub' 
curve. Thi s curve has three distinct 
areas, the fJrst bein¥ know·n as the 
burn-in period. During this time the 
number of failures is high and these are 
due to infanl mortalities caused by 
component weaknesses. for example 
fragile leads, leakages in case seals, high 
leakage cu rrents. e tc. for electronic 
equipment this period is typically of the 
order of 200-300 hours and is not amen· 
able to mathematical prediction. 

At the end of the burn-in period the 
number of failures will have fallen to a 
low level M d the failure rate - the 
number or failures per unit time - then 
remains sensibly constant for a very 
much longer period of time until the 
components near the end or their life, 
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Fig. 2. Effect of junction u.mperature and YOIIage on m.r.b.(. for silicon thyristors. 

the third area where. the railure rate 
rises due to 'wear-out• faiJures. 

ln this article we are concerned 
primarily with electrical applications 
and of the above period that represents 
the useful life per iod. Failure studies 
have s hown t hat in this period 
compOnents tend to fail randomly with 
time and that the number or failures 
after a gaven operating time is ex· 
ponentially related to time a nd the 
number of components in service. l 'hus: 
t'Jr= N ... e_,,.. . ....... ... . ... ..... ( 1) 
where Nr • number of failures after 
timet 
N1 = total number of the component in 
service and e = 2.71 828. the base of 
Naperian logarithms. 
The constant m was found to be the 
arithmetic average of the time Lo failure 
for the compOnent concerned or m.t.bJ. 
Equation (I) can be rewritten in the 
more useful form: 

R(t) = NIN ,•e· 'm where R (I) is the 
probability that the component 
will not fail within time t. (the prob· 
ability of survival). In this Form R(t!_ 
ranges in -vnlue from 0 (~ero prob
ability o f s urviva l) for t • oo to 1 
(complete certainly of survival) for L ~ 
0. From the above equation. i t will 
be seen that, in a similar fashion to lhe 
chargetdischar(;e curve for a capacitOr 
resistor c ircui t the control lin g 
parameter is the ' time~constnrn• m. For 
example. fort• m. R(t) = 0.37. That is. 
the probability or survival ror a time 
equal to the m.t.b.f. m is 0.37 (or 37'lll). 
The probability of survival for a time of 
r=0.2m is R{t) •c-0·2m'm=-e ·OJ = 0.82 
or 82%. Conversely, we can find the 
value of t for which the probability of 
survival is, say. 98\!b. By taking 
logarithms we can rearrange the equ
ation to give: 

Ft&. I. The "bath-tub" curve of failures 
plorted against time 

r= m!og.(l/ R) • mlog,. (1/0.98) = 0.02m 
That is to say we can be 98% certain th~t 
the component or equiprncnt will 
operate without failure for 0.02m hours. 
Alternatively one can use the last form 
of the equation in a similar way to find 
what the equipment m.t.b.r. must be to 
achieve a g iven surviva l time with the 
required level of confidence. 

FAl&.!Jiq£ t RATI 
It is seen from the above that the 

probability of survival, lhat is, of 
operation wJthout failure is determined 
by the parameter m. the m.t.b.f. It must 
be remembered that m.t.b.f. ls. as the 
tenn implies. an average value- which 
in turn implies that there will be 
components whos~ time to failure will 
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larly with electro-mechanical com- 
ponenis. this may be the only source of 
information. 

Before pursuing the subject of 
component life data further and its 
application to the prediction of equip- 
ment life we should now look more 
closely at some of the terms used and 
how they are related. We have spoken, 
thus far rather loosely, of reliability, 
when most published data lends to bo in 
terms of 'failure rale' and 'mean time 
between failures' (m.c.b.f.). 

Since the behaviour of most physical 
systems follows some sort of exponen- 
tial law it will come as no surprise to the 
reader that the probability of a failure 
occurring is also an exponential func- 
tion of time. Reliability Is the probability 
that a component will perform its func- 
tion correctly for a given period of time 
under the specified operating con- 
ditions. The term probability is used 
here in its mathematical sense, where 
complete certainty that an event will 
occur is given the probability value 1 
and complete certainty that the event 
will nor occur is given the value zero. 
The probability of an event occurring 
must therefore always be between 0 and 
I5. 

We cannot simply consider the failure 
of a single component, since ibis is a 
single event in lime: instead, we must 
consider what happens in the general 
case where a number of a given type of 
component operates in an equipment. If 
we plot the number of failures against 
time we get a curve similar to that of Fig 
1 - often referred to as Ihe 'bath-tub' 
curve. This curve has three distinct 
areas, the first being known as the 
burn-in period. During this time the 
number of failures is high and these are 
due to infant mortalities caused by 
component weaknesses, for example 
fragile leads, leakages in case seals, high 
leakage currents, etc. For electronic 
equipment this period is typically of the 
order of 200-300 hours and is not amen- 
able to mathematical prediction. 

At the end of the burn-in period the 
number of failures will have fallen to a 
low level and the failure rate - the 
number of failures per unit lime - then 
remains sensibly constant for a very 
much longer period of time untii the 
components near the end of their life, 
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the third area where the failure rate 
rises due to 'wear-out' failures. 

In this article we are concerned 
primarily with electrical applications 
and of the above period that represents 
the useful life period. Failure studies 
have shown that in this period 
components tend to fail randomly with 
time and that the number of failures 
after a given operating time is ex- 
ponentially related to time and the 
number of components in service. Thus: 

(0 
number of failures after 

iVf = Nre-"m 

where .N'j 
lime I 
Nt= total number of the component in 
service and e = 2.71828. ihe base of 
Naperian logarithms. 
The constant m was found to be the 
arithmetic average of the time to failure 
for the component concerned or m.t.b.f. 
Equation (1) can be rewritten in the 
more useful form: 

Fig. 1. The "bath-tub" curve of failures 
plotted against time 

PAILURE T 
RATE 

Fo;!-rc Rale / 
-ucrox constant | 

In'ont 5 
mctQ.ify 

or JSelu* "ire | Wcor ou* 
oor-od TIME ► 

R(f)=j\VN,= e-,m where R (I) is the 
probability that the component 
will not fail within time t, (the prob- 
ability of survival). In ibis form R(l) 
ranges in value from 0 (zero prob- 
ability of survival) for £ = co j 
(complete certainty of survival) for • - 
0. From the above equation, it will 
be seen that, in a similar fashion to the 
charge/discharge curve for a capacitor 
resistor circuit the controlling 
parameter is the 'time-constarH'm. For 
example, for i=m. R(t) = 0.37. That is. 
the probability of survival for a time 
equal to the m.t.b.f. m is 0.37 (or 37%). 
The probability of survival for a time of 
t = 0.2m is R(f.) »e-o-2"> ">=e-02 = q g2 
or 82%. Conversely, we can find the 
value of f for which the probability of 
survival is, say. 98%, By taking 
logarithms we can rearrange the equ- 
ation to give: 
r = mlOg^O/R) = mlog, (1/0.98) = 0.02m 
That is to say we can be 98% certain that 
the component or equipment will 
operate without failure for 0.02m hours. 
Alternatively one can use the last form 
of the equation in a similar way to find 
what the equipment m.t.b.f. must be to 
achieve a given survival time with the 
required level of confidence. 

It is seen from the above that the 
probability of survival, that is, of 
operation without failure is determined 
by the parameter m, the m.t.b.f. It must 
be remembered that m.t.b.f. is, as the 
term implies, an average value - which 
in turn implies that there will be 
components whose time to failure will 
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be less than m and also those whose 
time to failure will be grearer than m l t 

is a common misconception tha.t the 
m.t.bJ. m. when quoted for an equip
ment, is the tire which one can expect 

before a failure occurs. As one can see 
from the survival equation. one can 

only be 37% certain that such a life will 
be achieved. 

Failure rat~. which we have alreadv 
mentioned, is related to m.t.b.f. The 
average failure rate or a component is X 
• l / m.t.bJ. or l t m. per \mit t ime. If m 1s 

in hours then ~ is failu re rate/hour. 
Failure rate is usually expressed as the 
pereenc.age component failures per 1000 
hours. For example, in n da ta
processing installation. 500 integra ted 

circuits of a particular type were in 
service for five years. In this time only 
two failures were recorded. The per· 
centage failure was, thcrcfore.(2t500) 
X 100 • 0 .4%. The total number of 
operating hours was 43680 (5 )'I"S). Thus. 
failu re rate • (0 .4143680) x 1000 = 
0.0092%/ 1000 hours. This forrn is useful 
when comparing the perrormance of 

components. but must be converted t.o 
railures per unit time when perrorrning 
fa ilu res rate c.alculmi(')ns. 

Eq uipment reliability 
So rar we htlvc only considered what 
happens In t he liFe of a si ngle 
componenl or equipmen t. Jn practice 
we are concerned more with the 
reliability or equipment which contains 
numbers of different <:OmpQnents and 
systems which comprise more t han one 

equipment. These rwo cases arc in many 
respects the same and what follows can 
be applied to bot h. However, th e 
reliability of a system can be compli
cated by the presence of duplicate cle
ments (redundancy) such that the fail· 
urc o f a sint; lc~ one of t hese elements will 
not resu lt In f ailu 1·e o f the equ ip
ment. 

Since an equipment wi11 contain 
numbers or components o f vnrying 

types and Individ ua l relia bili t iC$ we 

would expect the ovcroll reliability to be 
lower than that of the worst (least 
reliable) component. 1'he relationship 
above gives the probability of a 
compooenl's life extending 10 time t. If 
we have two components with in · 
dlvldual probabilities of •urvival or R1( t) 
and R2(L) res pect ively. t hei r jo int 
probability u r survival to t ime t will be 
Rt(l) ,. R.(l) X R2 (I). If we substitute 

in th1s expres~ion the exponential 
relat ionship for R(t) we get: 
R,.(t) = exp(- J\1!) X exp(- :1.21) where 
h: and ~1 are the failure rales of the tv •. ·o 
components. 
Then R,. (!) e exp - (:1., + J\2)1 • exp 
(-:1.,;!). Clearly E = l\1 + J\,. and the 
m.t.b.f. of the combination is 
l l l\E= 1/ (J\. ~X,). This leads to a very 
slrnple rule~ to f ind th~ failure rutc of an 
equipmen t in w h ich fa i lu re o f t he 
equipment re$uiLS from the failure of 
any one of the constiluent components 
we simply fadd together the inrlh· idual 
l'nUure t:nes ()fall the comp~ncnts. For 
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Tnble 1 . Componcllt l1$ l o f 1ypical Qhoto· elec:lrlc sys:em di:.cv$sed a$ on examplo. 

Component lis-t fot Phot~lee1rfc Beam Control Unit 

Seetion Component 

1 Amplif ier Res stors t.4w 
composition 

Ca;>&C!lOr!l: 
polyiHyrrm u 

e lectrolytic 
Transntots 

low power 
150mW 

O·c<les Atgnal G~A.$ 
light source 

So!dered toims 
Pnnted c "CUlt 

board 

2 . Roley Driver 
Ou1pu1 tr..-nsformtr 
Resistors 

composition Yaw 
C3pecitOt5 

polys1yrcnc 
Tr\l llSiSlOt$ 

medium i):>wer 
Diodes ZO•lOt 
So.'derod Joints 
Prin:ed c ·•cvit board 
Relay (2 c / o contacts) 

3 . Powor Supply Power f fO•">sformer 
100V.O. 

Diodes pc)\Yet 
Capacn ors e!ecuofytle 
Po•Nor conn-ector 
Soldered Joims 

exarnple. let us consider t he case of u 

simple phOto·electric sys£em fn which a 
beam of modulated infra·red radiation 
is generated by a gallium arsenide d iode 
and is detected by a silicM d iode. A 
typical system with a self-contained 

mains power supply might contain the 
components shown in Table I. 

Summing t he joi t\t f ailure rate:; in the 

ri,;ht-hand column of Table I yields the 
overall failure rates of 0.6605/1000 
hours. The-m.t.b.f. will therefore be 
1000!0.6605 = 1511 hours. Using the 
$Urvi val equation we see that we could 
only expect around 100 hours (with 90$ 
confidence) or fault·frcc operation and 
this ignOI'¢S, for exnrnple. failu res due tO 

the build-up of dust on the optical sys. 
ttm. If this equipment were an vse in a 
process·Comrol m .. tallation with. say, 

n ine o ther ident ical equipmcms and a 
failutc ot any o"e ~qu i pmenl wou ld 

mean failure of the installation. then th~ 
()veral1 rattun~ rate would be ten time~ 
greatcr.1'he m.t.b.f, h; therefore redoced 
t o 151.4 hours. \ Vc could cxpe<.·t. w ith 

90% confidence. a J>eriod of fau lt-free 
operation of only 16 hours. 

Suppose that it ts essen tial that the 

Installation sha ll operate with 90% c~.r· 

t.c~inty for a minimum period of22 hours 

without a failure. We can use the survf .. 
val equaLion to find what ovcrnll m.t.b.f. 
Is r~qulred; in thi s ex amp le we g<lt 

m.t.b.f. • 22/ log,. (1/0.9)= ~08.83 , say 
209 ho:.~rs. This requires that the m.t.b.f. 
of the individual equiprnents must be •t 
least ten limes this value - 2090 hour:;, 

Qu.-ntity Unit Join t 
Failure Failure 
Rate Rate 
0/(,/ )000 o/o /1000 
hour$ hourt 

20 0021 00042 

9 0 0008 0.0001 
5 3 .33 0 1665 

6 0 .017 0.001 
I o.oos 0.00008 
2 0.02 0 .0004 

120 OtS 0 .216 

0.01 0.0001 
0 .1 0 .00 1 

6 0 021 0.0013 

3 0 .0008 0 .00002 

1 0 .6 0 .0 16 
2 0.7 0 .0 34 

30 0 l 8 0.054 
I 001 0.0001 
I l.57 0.0157 

1 0.2 0 .0 02 

• 07 OC28 
2 3.333 0066 
I 0.005 0 .00005 

30 0 18 0 .054 

A L t hi~ ~tage we mighL rca~o nably 

question lhe: design of l his u1~il and 
consider what ImprovcmcnL~. if any. we 

can make to its reliability. The fi~t step 
i:; lo examine Table l lO see ho \V Lhc 
fai lu re rates urc di~1ributed over l he 

differ.,nt parts of the equipment. There 
are three distinct pans to this equip
ment: the photo -cell. light source and 
a mplifier. the relay driver fl nd the power 

supply. T he joint failure rates and 
m.t.b.fs for each are showh in Table 2. 

TABL£2 
Approximate OlstribUliOn of Failure 

Rates 

1tem Failure mtbf 
rate houtl 

pho-oll 
light source 03894 2568 
uu<l omplifier 
retay I)I IV (U 0. 1:.!1 1 8258 
powtr supply () 1501 6662 

In th1s case the phmo·cell. light ~uurce 
and amplifier Co•llribULCS most to the 
unreliability of the system. One now ha~ 
to dec1de whether any wonhwhife 
Jmprovcrnentt; can be made. 
. T he m.t.b.f. of the rctny d r iver and 

power suppl:,' togclher is 3687 hours and 
lhis represents the highest m.t .b.f. 
which can be achie"ed - by reducing 
lht' rail ure (tl{~ O( the amplifier lU t.ur<). 

Although t his is nm pos.:sib le. th is <.:.al · 

culauon does enable- one to a;1swer the 

question 'is any i:np:-ovemem hkcly to 
be significa n t?·. tn t hi s case, ir Lhc 
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be less than m and also those whose 
lime to failure will be greater than m li 
is a common misconception that che 
m.'.b.f, m. when quoted for an equip- 
ment, is the life which one can expect 
before a failure occurs. As one can see 
from the survival equation, one can 
only be 37% certain that such a life will 
be achieved. 

Failure rale, which we have already 
mentioned, is related to m.t.b.f. The 
average failure rate of a component is X 
= l/m.t.b.f. or I.'m per unit time. If m is 
in hours then \ is failure rate."hour. 
Failure rate is usually expressed as che 
percentage component failures per 1000 
hours. For example, in a data- 
processing installation. 500 integrated 
circuits of a particular type were in 
service for five years. In this time only- 
two failures were recorded. The per 
centage failure was, lherefore,(2/500) 
X 100 - 0.4%. The total number of 
operating hours was 43680 (5 yrs). Thus, 
failure rate = (0 4/43680) x 1000 = 
0.0092%/1000 hours. This form is useful 
when comparing the performance of 
components, but must be converted to 
failures per unit time when performing 
failures rale calculations. 

Equipment reliability 
So far we have only considered what 
happens in the life of a single 
coinponeru or equipment. In practice 
we are concerned more with the 
reliability of equipment which contains 
numbers of different components and 
systems which comprise more than one 
equipment, fhese two cases are in many 
respects the same and what follows can 
be applied to both. However, the 
reliability of a system can be compli- 
cated by the presence of duplicate ele- 
ments (redundancy) such that the fail- 
ure of a single one of these elements will 
not result in failure of the equip- 
ment, 

Since an equipment will contain 
numbers of components of varying 
types and individual reliabilities we 
would expect the overall reliability to be 
lower than that of the worst (least 
reliable) component. The relationship 
above gives the probability of a 
component's life extending to lime t. If 
we have two components with in- 
dividual probabilities of survival of R((l) 
and R,(l) respectively, their joint 
probability of survival to time t will be 
RE(t) = R.C) x R' (I). If we substitute 
in this expression the exponential 
relationship for R(l) wo get; 
Rt.it) = exp(-V) X exp(-V) where 
\. and X. are the failure rates of the two 
components. 
Then R,. (f) = exp -(\ +\?)f = cxp 
(-X^f) Clearly F. = Xi +X^. and the 
in.t.b.f. of the combination is 
l/XE=l/(X.-r-Xj). fhis leads to a very 
simple rule; to find the failure rate of an 
equipment in which failure of the 
equipment results from the failure of 
any one of '.ho constituent components 
we simply add together -.he individual 
failure rates of all the components. For 
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Table 1. Component l-s. of Typical Oho.c-elecirc system discussed as c-example. 

Component list for Photo-eloctric Beam Control Unit 

Section 

* Amplifier 

2 Relay Driver 

3 Power Supply 

Component 

ResiSiors 'A vv 
composition 

Capacitors; 
pciysiyenc 
elecuclyiic 

Transistors 
low power 

1 50 mW 
D c-Jesrvcjnal QjiAs 

igh; source 
Soldered joinls 
Printed Circuit 

board 
Output transformer 
Resistors 

composition Vsw 
Capacito's 

pclystyrciio 
Transistors 

medium power 
Diodes Zcner 
Soldered Joints 
P'inted C'Cuil board 
Relay (2 c/O contacts) 
Power T'OlVSformer 

100 V A 
Diodes power 
Capacitors electtolyt-c 
Power connector 
Soldcec Joints 

Qunntity Unit Joint 
Failure Failure 
Rate Rate 
o/o/lOOO %/lOOQ 
hours hours 

20 0 02* 0 0042 

9 o ooos 0.0001 
R 3.33 0 1665 

6 0.017 0.001 
0.008 000008 

7 0.02 0 0004 
120 0 18 0 216 

1 0-01 0 0001 
O.l 0.001 

6 0 021 00013 

3 0.0008 0-00002 

t 0.6 0.016 
2 0.7 0.034 

30 0 18 0.054 
I 0 01 0 0001 
t 1,57 0.0157 

1 0.2 O.002 
4 0 7 0 028 
2 3.333 0 065 
1 C.005 0 00005 

30 0 18 0 054 

example, lei us consider I he case of a 
simple photo-electric system in which a 
beam of modulated infra-red radiation 
is generated by a gallium arsenide diode 
and is detected by a silicon diode. A 
typical system with a self-contained 
mains power supply might contain the 
components shown in Table ). 

Summing the joint failure rates in the 
right-hand column of Table I yields the 
overall failure rales of 0.6605/1000 
hours. The.m.t.b.f. will therefore be 
1000/0.6605 = 1511 hours. Using the 
survival equation we see thai we could 
only expect around 160 hours (with 90% 
confidence) of fault-free operation and 
this ignores, for example, failures due lo 
che build-up of dust on the optical sys- 
tem. If this equipment were in use in a 
process-control installation with. say. 
nine other identical equipments and a 
failure of any one equipment would 
mean failure of the installation, then the 
overall failure rale would be ten times 
greater. The m.t.b.f. is therefore reduced 
to 151.4 hours. We could expect, with 
90% confidence, a period of fault-free 
operation of only 16 hours. 

Suppose that it is essential that the 
installation shall operate with 90% cer- 
tainty for a minimum period of 22 hour.; 
without a failure. We can use the survi- 
val equation to find what overall m.t.b.f- 
is required; in this example we get 
m.t.b.f. = 22/102. (1/0.9)= 208 83. say 
209 hours. This requires thai the m.t.b.f. 
of the individual equipments must be at 
least ten limes this value — 2090 hours, 

At ihis stage we might reasonably 
question the design of this unit and 
consider what improvements, if any. we 
can make to its reliability, fhe first step 
is to examine Table 1 lo see how the 
failure rates arc distributed over the 
different parts of the equipment. There 
are three distinct parts to this equip- 
ment; the photo-cell, light source and 
amplifier, the relay driver and the power 
supply- The joint failure rates and 
m.t.b.fs for each are shown in Table 2. 

TABLE 2 
Approximate Distribution of Failure 

Rales 

Item 

plKUO-CCll 
light source 
u:i<l amplifier 
rcfay onvet 
power sjpulv 

In this case the photo-cell, light source 
and amplifier contributes most to the 
unreliability of the system. One now has 
to decide whether any worthwhile 
improvements can be made 

The m.t.b.f. of the relay driver and 
power supply together is 3687 hours and 
this represents the highest m.t-b.f. 
which can be achieved — by reducing 
the failure rate of the amplifier so zero. 
Although this is not possible, this cal- 
culation does enable one to answer the 
question "is any improvement likely to 
be significant?'. In this case, if the 

Failure mtbf 
rate hours 

0 3894 2568 

0.121 1 8253 
0 1501 6662 
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amplifier failure rate were zero the 
m.r.b.f. o! the system would be in· 
creased by a factor of 2.5. In practice. of 
course, we cannot ex.pect to achieve 
such a vast improvement., but at least 
the •cope is there. Had the ratio been 
much smaller, It is doubtful whether 
any practical improvement could be 
made which would be significant when 
compared with the rest of the system. 

Tl)e two components with the highest 
fa ilu re rates are the electrolytic 
capacitors and the •oldered joints. Pro· 
vided the required values are not htgh 
the electrolytic$ can be replaced by 
~ylar film types with a unit failure of 
0.0008%/1000 hours. This results in an 
overall m.Lb.f. for the amplifier of 4485. 
1'he overall .m.t.b.f. for the equipment 
be<:omes2023 hours; an improvement of 
34%. The likely cost of this modification 
would be small, so a worthwhile 
improvement would be obtained. ;As far as the other high failure rate 
~.o.r~ponent is concerned - the soldered 
JO,mts - a significant reduction could 
only be achieved by a pro·rata rcduc· 
t ion in the number of components. For 
l'.'f,~mple, if the amplifier could be 
reiy~ced by two operational amplifiers 
in dual-in-line Integrated packaaes. 
t!)en the numt>cr of soldered joln~s 
w?

1
uld be reduce?, to about 60, but there 

would be a co.nslderable reduction in 
the other components also. An estimate 
of theresulting'faJiure rate(assuming the 
integrated circuits to each have failure 
rates of 0.0005li.IIOOO hours) is 
0.109711000 hours. The resulting m.t.b.f. 
l'tthe amplifier is ~herefore 9115 hours, 
and the overall nu.b.f. of the equipment 
becomes 2625 hours, making the overall 
improvement due lO both modifications 
about 1.7:1. This second 'modification is 
quite drastic however and would only 
be considered at the design stage of the 
equipment . 

The time for which we could expect 
fault·free operation of ten units (with 
90% confidence) Is now increased to 27.7 
hours. Clearly this is a considerable 
improvement but it is still hardly a 
satisfactory situation. In the original 
example we quote the ease of ten such 
unitS-:lhe fai1ure·or any o ne unit causing 
system failure. In suph a situatiOI"'I we 
would be justified In looking for fur ther 
improvements: but some of these mtty 
nffect the design of the rest of the in· 
stallation and would require careful 
consideration. Redesigning the relay 
driver to eliminate the relay, ror 
example; although It would increase Its 
Intrinsic reliability, it would mean a 
drastic ehangc In the interface with the 
re>t of the system. Undoubtedly the 
power supply Is another high failure 
rate area with Its e1ecuotytic capacitors 
and high power li.vel devices. If the 
overaJI system design would permit. 
since 10 such photo·e1ectric units arc 
used. the use of a common power supply 
would make a significant change to the 
overall reliability. The joint m.l.b.f. for 
10 units would become (assuming the 
improvemenu to the amplifier dis· 

cussed above) 422 hours, nearly a 3:1 
improvement over t.he original situ ~ 
ation. 

Th¢ above example serves to bring 
out one or two important points. The 
overall railure rate of an equipment will 
be greater. sometimes very much 
~eater than that of any of the com· 
ponents used. Whether or not this 
overall failure rate is acceptable 
depends upon the system in which it is 
being used. Failure implies ma intenance 
and calculation of the expected annual 
maintenance cost is oflen r.he best 
criterion for determining whether the 
expected failure rate is acceptable or 
noL It may seem a defentlst attitude to 
even consider that a fai lure rate could 
be acceptable but we must not lose sight 
of another factor - that the capital cost 
and the failure rates of components arc 
closely related. For example, In the case 
of Lt.l. integrated circuits, when the 
costs and reliabilities of different pack· 
ages are compared it Is seen that by 
using Class A devices the cost is in · 
creased by a factor of :1:1 over that of 
industrial devices, whilst the m.t.b.f. is 
increased by a factor of 5. 

Unfortunately there is no easy 
solution to tllis problem. A process of 
triaJ and error must invnriably be used. 
employing a table similar to that of 
Table I , but with an additional column 

· giving the cost of each type of com· 
ponent. so that each component change 
will enable not only the effect upon 
reliability but also upon cost to be cal· 
culated. This table is inspected to iden
tify those componenls w hich 
significantly affect the overall failure 
rate and o.ltcrnative componen Ls Rnd/ or 
circuit. redesign considered to improve 
the reliability bearing in mind the effect 

·this might have on the overall capital 
cost. It may well pay to trade·off in· 
creased capital cost against reduced 
maintenance costs since thC' former is a 
'once only' cost wherca.s 'the lalter ls a 
continuing cost. 

It .has already been remarked that 
failure rate of an equipment is not 
always due to complete failure of a 
component but instead Is due to 
para~eters varying with ag~ and falling 
outstde acceptable limits. It follows 
therefore that a positive contribution to 
reliabilily can be made by proper atten· 
.tion to equipment. design. Electronic 
circuits should be designed to be as 
tolerant of component parameter 
''ariation as possible. Computer pro· 
grammes are available which enable 
circuits to be simulated and the effect of 
component parameter variations to be 
accurately determined as well us power 
dissipations and stress 1cve.ls. As well as 
making for a more reliable equipment 
these design techniques can lead to 
cheaper designs using wider tolerance 
components. The design or circuits 
which are tolerant of component par
amc.ter degradation is alsO very depen

·dent upon the equipment performance 
specification. Performance spec.ificat
!ons should not be unn~essarily tight 
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since this is immediately reflec.led in 
component tolerances. 

Choice of components 
The reliability of a component is deter
mined by various factors and the degree 
LO which these fa.ctors are operative in a 
given equipment must be decided by the 
equipment designer before an accurate 
assessment of reliability can be made. 
Some of the factors which affect the 
reliability of a component are: 
--component quality and type of con· 

struction 
--temperature 
-- vibration 
--humidity 
--electrical sLre.ss level. 

Component manuraeturers aim their 
products at various application fields 
and often have separate product lines 
for each - milita ry a nd aero·spacc, 
Industrial, domestic consumer, etc. Par
ticularly in the seml·conductor industry 
the specifications for each of these fields 
are well defined. For example, in the 
ease of t.t.l. inte&rared circuits the 
military product line differs from the 
industrial version In packaging a.s well 
as the performance testing to which the 
fin ished product is exposed (on a 
batch · sampl in g bas is). There are 
significant differences in the reliability 
obtained but there are also equally 
significant differences in cost. 

Capacitors are another example of a 
component field in which there are 
mony types of construction. Here the 
constraints on the designer are not only 
cost and reliability but also physical 
sl~e. maybe weight. and electrical per· 
formance. One may for example be 
faced with the quandary of requiring n 
silver-mica construction from stability 
considerations, a polystyrene in order to 
meet space requi.remcnts, etc. 

The effect of temperature upon the 
life or a component may be judged in a 
qualitative fashion by remembering 
that the rate at which a chemical reac· 
tlon takes place doubles for every 10•c· 
tise in temperature. Tn general, clce· 
trical components show an increase in 
their useful life as their operating tern·· 
perature is reduced. Fig, 2 shows the 
relationship between junction tempera
ture and m.t.b.f. for silicon transistors. 

At high temperatures other effects 
come into play which affect the 
mechanical .rructure of the device In 
addit ion to affec ting its elec trica l 
operation; for example, thermo·plastlcs 
soften and distort at temperatures 
around 95°C, meLal·glass seals rupture 
due to differential expansion and 
dieleetrics change their characteristics. 
Under these conditions it is difficult also 
to maintain stable tentperawre levels 
and thermal run·away often occurs. For 
these reasons elec~ronic equ ipment 
should be designed so that It operates 
well within the temperature ratings of 
Its components with adequate ventllat-
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amplifier failure rate were zero the 
m.t.b.f. of the system would be in- 
creased by a factor of 2.5. In practice, of 
course, wo cannot expect to achieve 
such a vast improvemcm. but at least 
the scope is chore. Had the ratio been 
much smaller, it is doubtful whether 
any practical improvement could be 
made which would be significant when 
compared with the rest of the system. 

The two components with the highest 
failure rates are the electrolytic 
capacitors and the soldered joints. Pro- 
vided the required values are not high 
the electrolytics can be replaced by 
Mylar film types with a unit failure of 
0.0008%/1000 hours. This results in an 
overall m.t.b.f. for the amplifier of 4485. 
The overall m.t.b.f. for the equipment 
becomes 2023 hours; an improvement of 
34%. The likely cost of this modification 
would be small, so a worthwhile 
improvement would be obtained. 

As far as (he other high failure rate 
component is concerned — the soldered 
joints — a significant reduction could 
only be achieved by a pro-rata reduc- 
tion in the number of components. For 
example, if the amplifier could be 
replaced by two operational amplifiers 
in dual-in-line integrated packages, 
then the number of soldered joints 
would be reduced to about 60, but there 
would be a considerable reduction in 
the other components also. An estimate 
of the resulting failure rale(assuming the 
integrated circuits to each have failure 
rales of 0.0005%/1000 hours) is 
0.1097/1000 hours. The resulting m.t.b.f. 
of the amplifier is therefore 9115 hours, 
arid the overall m.t.b.f. of the equipment 
becomes 2625 hours, making the overall 
improvement due to both modifications 
about 1.7.1. This second modification is 
quiie drastic however and would only 
be considered at the design stage of the 
equipment. 

The time for which we could expect 
fault-free operation of ten units (with 
90% confidence) is now increased to 27.7 
hours, Clearly this is a considerable 
improvement but it is still hardly a 
satisfactory situation. In the original 
example we quote the case of ten such 
units, the failure of any one unit causing 
system failure. In such a situation we 
would bo justified in looking for further 
improvements, but some of these may 
affect the design of the rest of the in- 
stallation and would require careful 
consideration. Redesigning the relay 
driver to eliminate the relay, for 
example: although it would increase its 
intrinsic reliability, it would mean a 
drastic change in the interface with the 
rest of the system. Undoubtedly the 
power supply is another high failure 
rate area with its electrolytic capacitors 
and high power level devices. If the 
overall system design would permit, 
since 10 such photo-electric units are 
used, the use of a common power supply 
would make a significant change to the 
overall reliability. The joint m.t.b.f. for 
10 units would become (assuming the 
improvements to the amplifier dis- 

cussed above) 422 hours, nearly a 3:1 
improvement over the original situ- 
ation. 

The above example serves to bring 
out one or two important points. The 
overall failure rate of an equipment will 
he greater, sometimes very much 
greater than that of any of the com- 
ponents used. Whether or not this 
overall failure rate is acceptable 
depends upon the system in which it is 
being used. Failure implies maintenance 
and calculation of the expected annual 
maintenance cost is often the best 
criterion for determining whether the 
expected failure rate is acceptable or 
not. It may seem a defeatist attitude to 
even consider that a failure rate could 
be acceptable but we must not lose sight 
of another factor — that the capital cost 
and the failure rates of components arc 
closely related. For example, in (he case 
of t.t.l. Integra(ed circuits, when the 
costs and reliabilities of different pack- 
ages are compared it ij> seen (hat by 
using Class A devices (he cost is in- 
creased by a factor of 3:1 over thai of 
industrial devices, whilst the m.t.b.f. is 
increased by a factor of 5. 

Unfortunately there is no easy 
solution to this problem. A process of 
trial and error must invariably be used, 
employing a table similar to that of 
Table 1. but with an additional column 
giving the cost of each type of com- 
ponent. so that each component change 
will enable not only the effect upon 
reliability but also upon cost to be cal- 
culated. This (able is inspected to iden- 
tify those components which 
significantly affect the overall failure 
rale and alternative components and/or 
circuit redesign considered to improve 
the reliability bearing in mind (he effect 
this might have on the overall capital 
cost. It may well pay to trade-off in- 
creased capital cost against reduced 
maintenance costs since the former is a 
'once only' cost whereas the latter is a 
continuing cost. 

Il .has already been remarked that 
failure rate of an equipment is not 
always due to complete failure of a 
component but instead is due to 
parameters varying with age and falling 
outside acceptable limits. It follows 
therefore that a positive contribution to 
reliability can bo made by proper auen- 
tion to equipment, design. Rlectronic 
circuits should be designed to be as 
tolerant of component parameter 
variation as possible, Computer pro- 
grammes are available which enable 
circuits to be simulated and the effect of 
component parameter variations to be 
accurately determined as well as power 
dissipations and stress levels. As well as 
making for a more reliable equipment 
these design techniques can lead to 
cheaper designs using wider tolerance 
components. The design of circuits 
which are tolerant of component par- 
ameter degradation Is also very depen- 
dent upon the equipment performance 
specification. Performance specifical- 
lons should not be unnecessarily tight 
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since this is immediately reflected in 
component tolerances. 

Choice of components 
The reliability of a component is deter- 
mined by various factors and the degree 
to which these factors are operative in a 
given equipment must be decided by the 
equipment designer before an accurate 
assessment of reliability can be made. 
Some of the factors which affect the 
reliability of a component are; 
— component quality and type of con- 

scruclion 
— temperature 
— vibration 
— humidity 
— electrical stress level. 

Component manufacturers aim their 
products at various application fields 
and often have separate product lines 
for each - military and aero-space, 
industrial, domestic consumer, etc. Par- 
ticularly in the semi-conductor industry 
the specifications for each of these fields 
are well defined. For example, in the 
case of t.t.l. integrated circuits the 
military product line differs from the 
industrial version in packaging as well 
as the performance testing to which the 
finished product is exposed (on a 
batch-sampling basis). There are 
significant differences in ihe reliability 
obtained but there are also equally 
significant differences in cost. 

Capacitors are another example of a 
component field in which there are 
many typos of construction. Here the 
constraints on the designer are not only 
cost and reliability but also physical 
size, maybe weight, and electrical per- 
formance. One may for example be 
faced with the quandary of requiring a 
silver-mica construction from stability 
considerations, a polystyrene in order lo 
meet space requirements, etc. 

The effect of temperature upon the 
life of a component may be judged in a 
qualitative fashion by remembering 
that Che rate at which a chemical reac- 
tion lakes place doubles for every I0oC" 
rise in temperature. Tn general, elec- 
trical components show an increase in 
their useful life as their operating tern-- 
perature is reduced. Fig. 2 shows the 
relationship between junction tempera- 
ture and m.t.b.f. for silicon transistors. 

At high temperatures other effects 
come into play which affect the 
mechanical structure of the device in 
addition to affecting its electrical 
operation: for example, thermo-plastics 
soften and distort at temperatures 
around metal-glass seals rupture 
due to differencial expansion and 
dielectrics change their characteristics. 
Under these conditions it is difficult also 
to maintain stable temperature levels 
and thermal run-away often occurs. For 
these reasons electronic equipment 
should be designed so that 11 operates 
well within the temperature ratings of 
its components with adequate vemilat- 



\VIREL£SSW0Rl0 FESAUARY 1_,8 

ion to remove excess heat. In calcu. 
lating the expecte<l operating tempera· 
ture of an equipment the efrect of ex
ternal sources of energy such as solar 
radiation should also be considere<l In 
addition to the expected range or 
ambient temperatures. 

At the other extreme, operation of 
equipment$ at low temperatures can 
also adversely affect the life expect
ancy. For example, differential con
traction of materials in seals. hardeninB 
of oils and grease in bearings. Complete 
failure of e lect rolytic capaci tors, 
primary and secondary cells (except the 
Nickel-Cadmium type) In which the 
e lectrolyte has a very much tower 
freezing point than the lead-acid type. 

Associated with the effects of 
operating temperature is the electrical 
stress level at which a component is 
operated. In t he case of semi
conductors. reduction of the applied 
bias and operating current and voltage 
levels results in a significant increase in 
useful life. Tungsten filament lamps 
which typically have useful lives of 
some 2.000 hours at full rating, show an 
increase of up to five times this value for 
a derating of only 10%. 

Closely associate<! with temperature 
is humidity. The absolute humidity is 
determined primarily by the a ir tem
perature and is highest at high temper· 
atures and generally decreases wi th the 
temperature. Of all the various en~ 

vironmental factors humidity bas prob
ably the greatest effect upon com
ponent life, and performance. Absor
ption of moisture by a material used a~ a 
dielectric or just as an insulanc causes 
a.n increase in Joss angle with conse· 
quent local generation of beat and 
reduction in performance. Absorption 
also leads to dimensional changes, 
lowering or nexural strength and, over a 
period or time, co rrosion of meta llic 
parts, which is exacerbated by galvanic 
action where the cont,act of dissimilar 
metals is involve<!. 

Any equipment which moves or in 
which there are moving parts will suffer 
vibration. The design of mechanical 
structures to minimise 1he effects or' 
induced vibration upon the componentS 
is a complex exercise. To be carried out 
effectively the precise nature of the 
induced vibration in individual com · 
ponents must be known, Jn certain 
cases the effects of vibration may be 
alleviated by the use or anti-vibration 
mounts. Joints of all kinds and connec~ 
tors are part•cularly vulnerable. as also 
are potentiometers~ variable capacitors, 
switches, lamps and lamp· holders. 

In this comext particularly one must 
aJso consider lhe effectS of maintenance 
work. This is one of many aspects of 
reliabihly where there is Intersection 
"ith the subject of maintainability. In 
this particular case any component 
which may be moved in the co urse o r 
testing may be subjected lO damage. 

For example. it is often necessary to 
remove printed circuit boards in order 
to mount them on extender boards or to 

effect a repair. Apart from affecting the 
electrical contact between the mating 
contacts of the edge connector due tO 
disturbance of -dirt and oxidation layers 
- which should be cleared anyway 
before re·insertion - physical damage 
may also occur during the removal/re-
placement process. Carerul selection of 
board connectors and design of their 
mounting plays an important part here. 
Similar problems arise where it is 
necessary to replace components. The 
quality or SOldered jointS must be COO• 

trolled and the damaging effects to 
printed-circuit t racks and the board 
minimised. 

It is, of course, an intractable problem 
as far as reliability is concerned to 
include the above and similar effects in 
any reliability equations at the design 
stage. unless one has available his
torical records for similar equipment 
operated and maiotained under similar 
conditions. However, one is able at the 
design stage to design with the 
maintainability of the equipment in 
mind. The process whereby a faulty 
component is located should be made as 
direct as possible thus minimising the 
amount of speculative board removal 
and replacement for testing which 
otherwise occurs in practice. 

It is not possible to consider these and 
other topics which affect reliability in 
greater detail within the scope of th is 
paper. The subject is very adequately 
and explicitly dealt with in reference 2, 
which also goes a long way towards 
formulating the whole process of 
reliability calculations. 

System reliability 
Much of the foregoing discussion on 
equipment reliability applies also to 
system reliability. The system designer 
will be concerned with Integrating a 
number of equipments into a complete 
system. When he has some control over 
the design of the individual equipments 
also, be will have the necessary data 
from which to assess the overall system 
reliability. A difficulty arises, however, 
with proprietary equipment, for 
example. a dig ital processor, w here the 
system designer must rely to a large 
extent UPOn lhe information provided 
by the equipment supplier, weighte<l .by 
any previous experience. 

The system designer's work does not 
start. when all the separate equipments 
comprising the system have been de· 
signed. it must stan, before any detailed 
design can begin, with the complete 
specification of the system for which he 
must state the required minimum over· 
a1J system perfo rma nce object ives. 
These objectives must include 
minimum reliability and maximum cost 
boundaries. It would be supcr·idealistic 
to suggest that such boundaries can be 
fixed absolutely at this early point in the 
design but an initial feasibility Study 
would indicate where they should be. 

The overall design of a system from a 
reliability point of view requires more 
than the simple integration or a number 
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of component equipmenu and the cal
culation of the overall reliabilities. In 
the earlier example of a pboto·electric 
system the reliabili~y which was calcu
late<! referred only, in this ease. to iu 
electrical performance. In practice the 
system desianer must consider the 
overall operation of the system. In this 
example, experience shows that in most 
industrial applicat ions of photo-electric 
systems a.n important contributory fac· 
tor to the un·reliability of the system. is 
the accumulation of dust on to the 
exposed optical surfaces. Prior know
ledge of this factor could be taken into 
account in the design of th e optica l 
system and any recorded data relating 
to failure due to this cause use<! when 
calculating the expecte<l m.t.b.f. 

Fur thermore. the remarks made 
above regarding the effects of maint.e
nance work on the reli ability of an 
equipment apply equally to a complete 
system. It is, therefore, equally imper
ative that the quality control of 
maintenance work should be at least~ as 
vigorous as that .employed a t the 
manufacturing stage. This considera· 
cion together with the rising cost of 
maintenance for complex electronic 
systems has made the employment of 
centralised repair depots economically 
viable . First -line servic ing is thus 
reduced to the task of identifying and 
replacing a faul ty module. 
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ion 10 remove excess heat. In calcu- 
lating the expected operating tempera- 
ture of an equipment the effect of ex- 
ternal sources of energy such as solar 
radiation should also be considered in 
addition to the expected range of 
ambient temperatures. 

At the other extreme, operation of 
equipments at low temperatures can 
also adversely affect the life expect- 
ancy. For example, differential con- 
traction of materials in seals, hardening 
of oils and grease in bearings. Complete 
failure of electrolytic capacitors, 
primary and secondary cells (except the 
Nickel-Cadmium type) in which the 
electrolyte has a very much lower 
freezing point than the lead-acid type. 

Associated with the effects of 
operating temperature is the electrical 
stress level at which a component is 
operated. In the case of semi- 
conductors, reduction of the applied 
bias and operating current and voltage 
levels results in a significant increase in 
useful life. Tungsten filament lamps 
which typically have useful lives of 
some 2,000 hours at full rating, show an 
increase of up to five times this value for 
a derating of only 10%. 

Closely associated with temperature 
is humidity- The absolute humidity is 
determined primarily by the air tem- 
perature and is highest at high temper- 
atures and generally decreases with the 
temperature. Of all the various en- 
vironmental factors humidity has prob- 
ably the greatest effect upon com- 
ponent life, and performance. Absor- 
ption of moisture by a material used as a 
dielectric or just as an insulanc causes 
an increase in loss angle with conse- 
quent local generation of heal and 
reduction in performance. Absorption 
also leads Co dimensional changes, 
lowering of flexural strength and, over a 
period of time, corrosion of metallic 
parts, which is exacerbated by galvanic 
action where the contact of dissimilar 
metals is involved. 

Any equipment which moves or in 
which there are moving parts will suffer 
vibration. The design of mechanical 
structures to minimise the effects of 
induced vibration upon the components 
is a complex exercise. To be carried out 
effectively the precise nature of the 
induced vibration in individual com- 
ponents must be known. In certain 
cases the effects of vibration may be 
alleviated by the use of anti-vibration 
mounts. Joints of all kinds and connec- 
tors are particularly vulnerable, as also 
arc potentiometers, variable capacitors, 
switches, lamps and lamp-holders. 

In this context particularly one must 
also consider the effects of maintenance 
work. This is one of many aspects of 
reliability where there is intersection 
with the subject of maintainability. In 
this particular case any component 
which may be moved in the course of 
testing may be subjected to damage. 

For example, it is often necessary to 
remove printed circuit boards in order 
to mount them on extender beards or to 

effect a repair. Apart from affecting the 
electrical contact between the mating 
contacts of the edge connector due to 
disturbance of dirt and oxidation layers 
— which should be cleared anyway 
before re-insertion — physical damage 
may also occur during the removal/re- 
placement process. Careful selection of 
board connectors and design of their 
mounting plays an important part here. 
Similar problems arise where it is 
necessary to replace components. The 
quality of soldered joints must be con- 
trolled and the damaging effects to 
printed-circuit tracks and the board 
minimised. 

It is, of course, an intractable problem 
as far as reliability is concerned to 
include the above and similar effects in 
any reliability equations at the design 
stage, unless one has available his- 
torical records for similar equipment 
operated and maintained under similar 
conditions. However, one is able at the 
design stage to design with the 
maintainability of the equipment in 
mind. The process whereby a faulty 
component is located should be made as 
direct as possible thus minimising the 
amount of speculative board removal 
and replacement for testing which 
otherwise occurs in practice. 

It is not possible to consider these and 
other topics which affect reliability in 
greater detail within the scope of this 
paper. The subject is very adequately 
and explicitly dealt with in reference 2, 
which also goes a long way towards 
formulating the whole process of 
reliability calculations. 

System reliability 
Much of the foregoing discussion on 
equipment reliability applies also to 
system reliability. The system designer 
will be concerned with integrating a 
number of equipments into a complete 
system. When he has some control over 
the design of the individual equipments 
also, he will have the necessary data 
from which to assess the overall system 
reliability. A difficulty arises, however, 
with proprietary equipment, for 
example, a digital processor, where the 
system designer must rely to a large 
extent upon the information provided 
by the equipment supplier, weighted by 
any previous experience. 

The system designer's work does not 
start when all the separate equipments 
comprising the system have been de- 
signed. it must start, before any detailed 
design can begin, with the complete 
specification of the system for which he 
must slate the required minimum over- 
all system performance objectives. 
These objectives must include 
minimum reliability and maximum cost 
boundaries. It would be super-idealistic 
to suggest that such boundaries can be 
fixed absolutely at this early point in the 
design but an initial feasibility study 
would indicate where they should be. 

The overall design of a system from a 
reliability point of view requires more 
than the simple integration of a number 
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of component equipments and the cal- 
culation of the overall reliabilities. In 
the earlier example of a photo-electric 
system the reliability which was calcu- 
lated referred only, in this case, to its 
electrical performance. In practice the 
system designer must consider the 
overall operation of the system. In this 
example, experience shows that in most 
industrial applications of photo-electric 
systems an important contributory fac- 
tor to the un-reliability of the system,is 
the accumulation of dust on to the 
exposed optical surfaces, Prior know- 
ledge of this factor could be taken into 
account in the design of the optical 
system and any recorded data relating 
to failure due to this cause used when 
calculating the expected m.t.b.f. 

Furthermore, the remarks made 
above regarding the effects of mainte- 
nance work on the reliability of an 
equipment apply equally to a complete 
system. It is, therefore, equally imper- 
ative that the quality control of 
maintenance work should be at least, as 
vigorous as that employed at the 
manufacturing stage. This considera- 
tion together with the rising cost of 
maintenance for complex electronic 
systems has made the employment of 
centralised repair depots economically 
viable. First-line servicing is thus 
reduced to the task of identifying and 
replacing a faulty module. 
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Microwave hybrid 
integrated circuit technology 

A review of microwave circuitry and systems progress 

~yR. Davies, Ph.D. and B. H . Newton, Ph.D .. Mullard Rosearch Laboratories, Redhi ll . Surrey 

This att£cte descnbe:s some of lh& 
processes and devices used 10 microwave 
hybrid integratod circui1 (m .i.c) 
IO¢hnology and COI'ISidors ex.nmple m .i.c. 
subasst)mblies wh•ch are currently in use. 
Stnce m.i.c. technology has inffucneod 
only the lower ponion of 1he rmcrowave 
sectton of th& electromagnetic frequency 
spectrum ... vnich ex1ends from 1 10 
300GHz (30cm to 1 mm wavelength). tho 
following text is concerned OJlly wi;h 
circuits for frequencies bt!~ween 1 and 
40GHz. 

wtm.E tNtl'IALLY almost dedicated to 
a radar role. microwaves now find 
npplic;nio ,,s in communica Lions, 
scientific, indust rial nnd even constuner 
nctivities. 1'he auract ions of 
microwaves are many and jnclude 
broad bandwidth potential. spectrum 
availability. simple aerials with high 
gain and directtvity and the exisumoe of 
low sky noise at these frequencies. 
However. they \'-'Cre initially excluded 
from most applications a::; a result of t he 
cost and compl exity of the basic 
compOnents. With the advent of solid 
slate devices. capable of generation and 
amplification at microwave 
frequencies. th e p01entiaJ wa$ very 
much increased. 1'he devices were 
uccompanicd by ba::;ic techn ica l 
ndvaruages as well as the well known 
advantages or im proved cost. siz.c. 
weight and lifetime. For example. the 
complex global s.tellite communicaliOn 
systems now in existence depend for 
1.hcir viability on solid S[ate. tow·nc.>ise 
amplifiers . 

.Solid sLate rn'icrowave devices lhus 
cnutbJed microwaves to find new 
applications. The potential of 
microwave techniques was further 
enhanced when these solid state devices 
were combined with microwavc
component!:i in flybrfd rl-l.i .c. !H.ib· 
ASsemblies. T hOst' "subassemblies nrc 
now making an impac L at the 
production stage nn<.l \Ve are finding 
that rnicrowavt technique$ are 
becoming increasingly competiti\'C in 
certain new fields. Traffic control. for 
example. is already an e•tablished area 
for microwave devices and systems. HS 
illu• lrated by the t1·nffic·lighl radal' un£1 
In Fig. I. In the co01munica tions field. 
new subas.sc.nblie:s include thosr US<.>d 
in the experimental television receiver 

systems which have been employed in 
Canada recently to recelve 12GHz 
satellite transm iss ions. Another 
example m.i.c. assemhly iS the 12(;Hz. 
to·•IOOM II?. frequency convcrL~r tihown 
in Fig. 2. 

lt is the object of this article to review 
the current status of subassemblies 
such as these in the light of device and 
circuit progr'ess. 

Developments and trends in 
microwave electronics 
Microwave technology devclo.ped 
around vacuum tube: de\'ic~s such ah 
triodes. klystrons. magn<H rons and 
travelling W(Jve lUbes. Waveguide and 
coaxial lech niques were fuiJy 
<:ompallblc with thes t: devices b u l 
resulted In large and cxp(ln}iive systems. 
The ad\'ent of microwave ~olid state 
devices offered the possibility or 
reliable. cheap and small componenL~ 

ror the ge:leration, amplification and 
de tection of microwave energy. 
Hnwcvcr. :;olid state devices were 
incom p a.t ib l l?. wit h wavcgui (l& 
components and consequently their 
pOtcn~ia1 was reduced. The Gunrl diode. 
for exa!nple, ha~ damensions of the 
order of micron~. but until fairly 
recently it was packaged and mounted 
in a 3crn waveguide. Furthermore, 
wnvcguides have proved an 
unsatisfactory bn~is ror miniaturisntion. 

The alternative, the coaxial 
transmission line. has an impedance 
level more compatible with that of 
'\Cmiconductor devices. but 
unfortunal.clv it is not suita ble fo l" 
hHcgrat ion "wiLh semiconduCto r 
devices. A planar ::itrucmrc is de.sirublc 
for this purpo$'! Sy distorting lhe 
coaxial line or the opt>n transmission 
line. as indicated in Fig. 3. a range or 
mlniaturised.open syj;tems hcs~ evolved~ 

.. fig. I. 1'ru{fl.c·fight ~'{tdar tm:t whiclt 
uses microw<Ave lrcqu(mcies. 

fig. 2. 12(jH=-tu-40Q.\1H= con••rtor for 
S(l/C'flll~ telt"YlSlOII, 
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Microwave hybrid 

integrated circuit technology 

A review of microwave circuitry and systems progress 

by R. Davies, Ph.D. and B. H. Newton. Ph.D.. Muliard Research Laboratories,. Redhill, Surrey 

This articie describes some ol the 
processes and devices used <n microwave 
hybrid integrated circuit (m.i.c J 
technology and considers example m .c. 
Subassemblies which are currently in use. 
Since m.i.c. technology has influenced 
only the lower portion of Die microwave 
section of the electromagnetic frequency 
spectrum, which extends from 1 to 
300GHz (SOcm to 1 mm wavelength), the 
following text s concerned only with 
circuits for freouencies between ' and 
40GH2 

wmii.h initially almost dedicated 10 
a radar role, microwaves now find 
applications in communications, 
scientific, industrial and even consumer 
activilies. The attractions of 
microwaves are many and include 
broad bandwidth potential, spectrum 
availability, simple aerials with high 
gain and directivity and the existence of 
low sky noise at these frequencies. 
However, they were initially excluded 
from most applications as a result of the 
cost and complexity of the basic 
components. With the advent of solid 
state devices, capable of generation and 
amplification ai microwave 
frequencies, the potential was very 
much increased. The devices were 
accompanied by basic technical 
advantages as well as the well known 
advantages of improved cost, size, 
weight and lifetime. For example, the 
complex global satellite communication 
systems now in existence depend for 
their viability on solid state, low-noise 
amplifiers. 

Solid state microwave devices thus 
enabled microwaves to find new 
applications. The potential of 
microwave techniques was further 
enhanced when these solid state devices 
were combined with microwave 
components in hybrid m.i.c. sub- 
assemblies. These subassemblies are 
now making an impact at the 
production stage and we are finding 
thai microwave techniques are 
becoming increasingly competitive in 
certain new fields. Traffic control, for 
example, is already an established area 
for microwave devices and systems, as 
illustrated by the traffic-light radar unii 
In Fig. I, In the communications field, 
new subassemblies include those used 
in the experimental television receiver 

systems which have been employed in 
Canada recently to receive 120Hz 
satellite transmissions. Another 
example m.i.c. assembly is the 12GHz- 
to-lOOMHz frequency converter shown 
in Fig. 2. 

It is the object of this article to review 
the current status of subassemblies 
such as these in the light of device and 
circuit progress. 

Developments and trends in 
microwave electronics 
Microwave technology developed 
around vacuum lube devices such as 
triodes. klystrons, magnetrons and 
travelling wave lubes. Waveguide and 
coaxial techniques were fully 
compatible with these devices bu| 
resulted in large and expensive systems. 
The advent of microwave solid state 
devices offered the possibility of 
reliable, cheap and small components 

for the generation, amplification and 
detection of microwave energy. 
However, solid state devices were 
incompatible with waveguide 
components and consequently their 
potential was reduced. The Gunn diode, 
for example, has dimensions of the 
order of microns, but until fairly 
recently it was packaged and mounted 
in a 3cm waveguide. Furthermore, 
waveguides have proved an 
unsatisfactory basis for miniaturisation. 

The alternative, the coaxial 
transmission line, has an impedance 
level more compatible with thai of 
semiconductor devices. bui 
unfortunately it is not suitable for 
integration with .semiconductor 
devices. A planar structure is desirable 
for this purpose By distorting the 
coaxial .ine or ihe open transmission 
line, as indicated in Fig. 3. a range of 
miniaturised, open systems has evolved. 

^ Fig. I. I'roffic-ligM mdarunit which 
uses microwave frequencies. 

Fig. 2. iO-400MHz convener for 
satellite fek'vision. 

# # 
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Examples are Uiplate, coplanar 
waveguide and microslot. su!;pended 
microstri p a nd trapped inverted 
microscrip (t.i.m.). Lumped elements 
have also found applications in tho 
microwave frequency rangeLl. 
Although mlcrostrip is often 
encountered, in combination wilh one 
of the other techniques. in 
subassemblies. we will concentrate on 
the microst rip technique since it is 
playing the majo•· role ~t this cimo. 

The microst rip sttUcLure supports a 
hybrid mode but It is permissible, at low 
microwave frequencies. to approximate 
its field configuration to that of a 
transverse electromagnetic (t.e.m.) 
mode. At these freq uencies t he 
tra nsmission lin e properlics can be 
derived by calculating the errective 
capacitance and inductance per unit 
length of the line by conformal mapping 
of the strip geometr~o3. Recently, 
microstrip structures have been 
constructed at freq uenc ies beyond 
12GHz' where d ispersion effeCt$ are 
significant.. a nd the l.e.m . 
represemat.ion ts inadequate. Here lhc 
siluation is far more complex and the 
hybrid structure must be solved. This 
problem has been the subject of 
substantial rcsenrch effort and as a 
consequence It is now possible to dosign 
a complete range of passive circuit 
e lement s including im pedance 
lransfo rmers, cavit ies, fi lters and 
directional couplet$. 

The micros lrip configurat ion is 
suitable for accommodating 
semiconductor dev ice c hips eilhcr 
directly or on the support inc ground 
plane immedi ately adj acent to the 
substrate. Thus we have the pos~ibi l ity 

of hybrid , microwave integral.C:d·clrcuit 
subassemblies. The realisation and 
performance of these components will 

Table. Eloctnc;{ll psopert•H ol commonly vs.ed 
substr1111 

Materhtl 

Illumine 
fused quam 
upphlre 

Dielectric 
constant 

9.6 
3.78 
9.3' 

11.5" 

Lou tangent 

lox 10-3 

1.2x 10- • 
O.lxJ0-
0 9xto- ' 

'parallel to A axis 
''parallel to C a"'l' 

fe rrite 14 .8 2.0x to - ' 
(e.g. Tront. 
Toch. Gt021) 

be discussed in ~he remainder of this 
arcicle. 

Technology 
As indicated in the introduction. a 
hybrid microwave integrated circuit 
consfsts of a number or semiconductor 
devices mo~nted either direct ly on or 
adjacent to a planar circuit. The planar 
circuit, commonly micro::;trip, consists 
of a metallic pattern, which defines l-hc 
passive circuit elements on one s urface 
of a dielectric substrate, the other side 
being completely covered by a metallic 
sheet. 

Microstrip cir c uit patterns are 
common!)• defined on 0.020in or 0.025i n 
t h ick d ielectric s ubstrales. At 
frequencies in excess of 12Giiz th inner 
substrates are sometimes used to 
suppress "surface wave'' modes and 

Fig. 3. M 1'ru'atutised mic:I"()WOV€ systems 

have evoh·ed. as the drawings show. 
(rom coaxial or open transmission tines 
which haw been distorted 
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over-moding effects. However~ careful 
eircuit design can prevent the 
excita tion of such modes on 0.025in 
alumina, even at 30 GHz•. 

The basic proceS$ for manu'facturlng 
m.i.c.s consists of the following steps: 
(a) substrate selection and processing 
{b) complete metallisation of the sub-

strate surfaces 
(c) defining the circuit panern 
(d) a plating process to produce con

ductors of the correct thickness 
(e) etching to remove the mcta lli· 

sation from the appropriate areas 
of the substrate 

(Q mounting the semiconductor 
chips 

(g) bonding and etching chips 
(h) trimming tho circuit components 

as required 
(I} pack~glng 

(j) passivation 
ft should be noted that processes (b). 

(c), (d) and (e) depend upon whether a 
thick o:- thin film metallisation is used. 
This will be discussed more fully later in 
the article. 

Tbe substrate 
The substrate is selected on the basis of 
Its low loss and high dielectric constant. 
A fine surface rinish is also required to 
provide close circui t tolerances. A 
further significnnt pa rame.ter is the 
temperat ure dependence o r t he 
dielectric consmnt. The para.mcLers of 
the basic substrate materials are 
summarised in the table shown. 

Alumina is the most widely used 
substrate material. However, rused 
quartz is cncounlercd where either fine 
definition or h i~h frequency operation 
is req ui red. Sapph ire is sC>rl'ICtlmes 
employed. because of its h igh dielecl ric 
eonst.ant. to minimise lhe surface area. 
Ferrite substrates are used when non· 
reciprocal elements such as isolators 
and circulators are required .. thou.uh the 
rcrrite is often used in the form of a puck 
inserted in a dielectric subscrate. Tenon 
and beryllia are al::;o suitable for tow loss 
subslratcs. and the laJter is somedmcs 
used :o provide a high thermal 
conductivity (2.~W tcm•c). The usc of 
beryllia . however, is very much 
restricted by its toxicity. 

Alumina can be used in the "a~ tire-d" 
~tate and c.an be cut into appropriate 
si~es using a diamond saw or laser. 
Ultrasonic drilhng can be used to drill 
holes in the substrale. and substratt's 
cun be thinn{'(l by a grinding process 
using diamond pastt>s. 

Before metal1 isntion. quartz a nd 
ferr ite have tO be poli shed usi ng 
methods similar to those used ror 
thinning alumina. Ferrite, however. 
requires some care. because 
intergranular holes may be formed 

Fig. 4. This display o( dt·awings .. 
shows t.h.e sequeuce of operations (()r 
/onning a ndcrowa\'e circuil on o 
substrate. 
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Examples are iriplate, coplanar 
waveguide and microslot. suspended 
microsirip and trapped inverted 
microscrip (t.i.m.). Lumped elements 
have also found applications in the 
microwave frequency range1-2. 
Although microstrip is often 
encountered, in combination with one 
of the other techniques, in 
subassemblies. we will concentrate on 
the microsirip technique since it is 
playing the major role at this time. 

fhe microstrip structure supports a 
hybrid mode but it is permissible, at low 
microwave frequencies, to approximate 
its field configuration to that of a 
transverse electromagnetic (t.e.m.) 
mode. At these frequencies the 
transmission line properties can be 
derived by calculating the effective 
capacitance and inductance per unit 
length of the line by conforma! mapping 
of the strip geometry3. Recently, 
microstrip structures have been 
constructed at frequencies beyond 
I2GHit where dispersion effects are 
significant-1 and the t.e.m. 
representation is inadequate. Here the 
situation is far more complex and the 
hybrid structure must be solved. This 
problem has been the subject of 
substantial research effort and as a 
consequence it is now possible to design 
a complete range of passive circuit 
elements including impedance 
transformers, cavities, fillers and 
directional couplers. 

The microstrip configuration is 
suitable for accommodating 
semiconductor device chips either 
directly or on the supporting ground 
plane immediately adjacent to the 
substrate. Thus we have the possibility 
of hybrid, microwave integraied-circuit 
subassemblies. The realisation and 
performance of these components will 

Table. Electncul propeniea of common'y used 
substrates 

Material Dielectric 
constant 

alumina 9 6 
(used quartz 3.78 
sapphire 9 3" 

U.5" 
•narallcl to A axis 
"parallel to C axis 

ferrite IA8 
(e.g. Trans 
Tech. G10211 

Loss tangent 

10x10 s 

1.2x10 ■' 
0.3X10-"' 
o.oxio-4 

2.0X10 

be discussed in the remainder of this 
article. 

Technology 
As indicated in the introduction, a 
hybrid microwave integrated circuit 
consists of a number of semiconductor 
devices mounted either directly on or 
adjacent to a planar circuit. The planar 
circuit, commonly microsirip. consists 
of a metallic pattern, which defines the 
passive circuit elements on one surface 
of a dielectric substrate, the other side 
being completely covered by a metallic 
sheet. 

Microstrip circuit patterns are 
commonly defined on 0.020in or 0.025in 
thick dielectric substrates. At 
frequencies in excess of 12GH7. thinner 
substrates are sometimes used to 
suppress "surface wave" modes and 

Fig. 3. Miniaturised microwave systems 
have evolved, as the drawings show. 
from coaxial or open transmission lines 
which have been distorted 
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over-moding effects. However, careful 
circuit design can prevent the 
excitation of such modes on 0.025in 
alumina, even at 30 GHz5. 

The basic process for manufacturing 
m.i.c.s consists of the following steps; 
(a) substrate selection and processing 
(b) complete melallisation of the sub- 

strate surfaces 
(c) defining the circuit pattern 
(d) a plating process to produce con- 

ductors of the correct thickness 
(e) etching to remove the metalli 

salion from the appropriate areas 
of the substrate 

(0 mounting the semiconductor 
chips 

(g) bonding and etching chips 
(h) trimming the circuit components 

as required 
(i) packaging 
(j) passivation 

ft should be noted thai processes (b). 
(c). (d) and (e) depend upon whether a 
thick or thin film metallisation is used. 
This will be discussed more fully later in 
the article. 

The substrate 
The substrate is selected on the basis of 
its low loss and high dielectric constant. 
A fine surface finish is also required to 
provide close circuit tolerances. A 
further significant parameter is the 
temperature dependence of the 
dielectric constant. The parameters of 
the basic substrate materials are 
summarised in the table shown. 

Alumina is the most widely used 
substrate material. However, fused 
quartz is encountered where either fine 
definition or high frequency operation 
is required. Sapphire is sometimes 
employed, because of its high dieleC.ric 
constant, to minimise the surface area. 
Ferrite substrates are used when non- 
reciprocal elements such as isolators 
and circulators are required, though the 
ferrite is often used in the form of a puck 
inserted in a dielectric substrate. Teflon 
and beryllia are also suitable for low loss 
substrates, and the latter is sometimes 
used to provide a high thermal 
conductivity ^.SW/cm^C). The use of 
beryllia. however, is very much 
reslrictod by its toxicity. 

Alumina can be used in the "as fired" 
state and can be cut into appropriate 
sizes using a diamond saw or laser. 
Ultrasonic drilling can be used to drill 
holes in the substrate, and substrates 
can bo thinned by a grinding process 
using diamond pastes. 

Before metallisation, quartz and 
ferrite have to be polished using 
methods similar to those used for 
thinning alumina. Ferrite, however, 
requires some care. because 
iniergranular holes may be formed 

Fig. 4. This display of drawings ^ 
shows the sequence of operations for 
forming a microwave circuit on a 
subs'ixilc. 
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during this process. Ho les in the 
substrate or the order of !11m to 211m 
diameter would preclude circuits 
requiring fine geometry'. 

i\1etallisallon 
The metallisation •hould provide low 
loss conductors which are f irmly 
attached to the substrate. The 
conductors should resist corrosion and 
should be capable of receiving a bond 
wire auachmenl from semiconduct-Or 
devices. 

Two basic processes, thick-film and 
thin-film, are employed for metallising 
the substrnte and producing the 
required conductor pattern. The thick 
fi lm technique Is simpler and potentially 
cheaper and consists essendaJiy of a 
printing process. The conductors, in the 
form of ceramic Inks. are extruded onto 
the ceramic substrate through fine silk 
or metal screens on which the required 
pattern is defined. The pattern is 
subsequently slntered at a high 
temperature (800°C). Circuits 
processed in this manner, ho,...,·ever.lack 
definition and often have a loss which is 
too high for many applications'·•. 

The thin f ilm process is most 
commonly encountered wday because 
of the precision and low lo<S it offers. 

Gold Is genera lly used as t he 
conducting metal because of its low 
electrical resistivity (2.31'!1-cm). high 
resislancc to corrosion and 
compatibility wlth thermo-compression 
bonding. However, gold makes a weak 
bond tO the substrate and a thin seed 
layer (about 200A) of chromium. 
nichrome, tjtanium or tantalum is used 
to improve the adhesion. When 
resistive elementS are required the 
nichrome-gold system is very attractive 
since resistors can be produced by 
exposing the nichrome seed layer. 

Alternative conductor systems 
involving copper and aluminium have 
the advantage that they do not require a 

· seed layer. Both metals, however. 
corrode rapidly to produce a mamly 
oxide layer which has to be removed 
before semiconductors can be attached. 
The metal layers are deposited. eiLh~r 
by a vacuum evaporation or sputtering 
proces,;. to a thickn~ss of about 2000A. 

••• 

Resistive e lements which are based on 
the nichrome·gold system and made by 
the evaporation technique. have im
proved stability due to the oxidation of 
the nichrome. This oxidation inhibits 
the diffusion of nichrome into the gold 
layer. 

In dual metallisation systems the seed 
layer can diffuse into the gold layer, 
especially at elevated temperatures, and 
a barrier layer Is often included. 
Platinum is most commonly used for 
this purpose but molybdenum and 
palladium are also employed. 

Circuit definition 
The required circuit Is magnified twenty 
times and defined on a "cut and strip" 
film. The film consists of two layers of 
material, one optically transparent, the 
other opaque. A positive (or negative) 
of the pattern can be prepared by 
removing the appropriate section of the 
opaque layer. A mask is then prepared 
by photographic reduction. Computer 
aided design (c.a.d.) techniques arc 
commonly applied to this part of the 
process. A computer. fed with the basic 

••• 
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Fig. 5. '/'ypica1 performance graphs 
j'or semiconductor devices now 
used 1'rt m.l.c. technology: (a) microwave 
power Lran~istor. (b) impatl 
oscillator, (C) lrapatt oscillator, 
(d) low noi•e llmp!ifiers. 
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component specification. generates a 
punched tape representing the circuit 
configuration. This tape is used to drive 
an automatic cutting machine to 
produce the desired pattern on the film 
material. The circuit pattern is 
transferred to the metallised substrate 
by the photolithographic process 
summarised in Fig.~. 

Devices 
Currently, most semiconductor devices 
used in rn.i.c. subassemblies are based 
on either silicon or gallium arsenide 
material. These devices are available for 
power scncratlon and low noise 
amplification. As an example, state-of
the-art ~rformance curves are given in 
Fig. 5. 

Varactors, limiters, switching diodes, 
impatt and trapatt diodes and bipolar 
transistors are commonly constructed 
using silicon technology. Chips of these 
devices are mounted on the circuit and 
wire bOnds are made t.o the various 
contacts. The chip is often mounted on 
the circuit by heatJng under ultrasonic 
abrasion. For rhis purpose it is not 

•oo 
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during this process. Holes in the 
substrate of the order of l.um to 2»im 
diameter would preclude circuits 
requiring fine geometry"- 

Metallisation 
The metallisation should provide low 
loss conductors which are firmly 
attached to the substrate. The 
conductors should resist corrosion and 
should be capable of receiving a bond 
wire attachment from semiconductor 
devices. 

Two basic processes, thick-film and 
thin-film, are employed for metallising 
the substrate and producing the 
required conductor pattern. The thick 
film technique is simpler and potentially 
cheaper and consists essentially of a 
printing process. The conductors, in the 
form of ceramic inks, are extruded onto 
the ceramic substrate through fine silk 
or metal screens on which the required 
pattern is defined. The pattern is 
subsequently sintered at a high 
temperature (SOO^C). Circuits 
processed in this manner, however, lack 
definition and often have a loss which is 
too high for many applications7 ^ 

The thin film process is most 
commonly encountered loday because 
of the precision and low loss it offers. 

Gold is generally used as the 
conducting metal because of its low 
electrical resistivity (2.3pfi-cm). high 
resistance to corrosion and 
compatibility with thermo-compression 
bonding. However, gold makes a weak 
bond to the substrate and a thin seed 
layer (about 200A) of chromium, 
nichrome, titanium or tantalum is used 
to improve the adhesion. When 
resistive elements are required the 
nichrome-gold system is very attractive 
since resistors can be produced by 
exposing the nichrome seed layer, 

Alternative conductor systems 
involving copper and aluminium have 
the advantage that they do not require a 
seed layer. Both metals, however, 
corrode rapidly to produce a mainly 
oxide layer which has to be removed 
before semiconductors can be attached. 
The metal layers are deposited, either 
by a vacuum evaporation or sputtering 
process, to a thickness of about 2OO0A. 

Resistive elements which are based on 
the nichrome-gold system and made by 
the evaporation technique, have im- 
proved stability due to the oxidation of 
the nichrome. This oxidation inhibits 
the diffusion of nichrome into the gold 
layer. 

In dual metallisation systems the seed 
layer can diffuse into the gold layer, 
especially at elevated temperatures, and 
a barrier layer is often included. 
Platinum is most commonly used for 
this purpose but molybdenum and 
palladium are also employed. 

Circuit definition 
The required circuit is magnified twenty 
times and defined on a "cut and scrip" 
film. The film consists of two layers of 
material, one optically transparent, the 
other opaque. A positive (or negative) 
of the pattern can be prepared by- 
removing the appropriate section of the 
opaque layer. A mask is then prepared 
by photographic reduction. Computer 
aided design (c.a.d.) techniques arc 
commonly applied to this part of the 
process. A computer, fed with the basic 

component specification, generates a 
punched tape representing the circuit 
configuration. This tape is used to drive 
an automatic cutting machine to 
produce the desired pattern on the film 
material. The circuit pattern is 
transferred to the metallised substrate 
by the photolithographic process 
summarised in Fig. 4. 

Devices 
Currently, most semiconductor devices 
used in m.i.c. subassemblies are based 
on either silicon or gallium arsenide 
material. These devices are available for 
power generation and low noise 
amplification. As an example, state-of- 
the-an performance curves are given in 
Fig. 5. 

Varaclors, limiters, switching diodes, 
impatt and trapatt diodes and bipolar 
transistors are commonly constructed 
using silicon technology. Chips of these 
devices are mounted on the circuit and 
wire bonds are made to the various 
contacts. The chip is often mounted on 
the circuit by heating under ultrasonic 
abrasion. For this purpose it is not 
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Fig. 5. Typical performance graphs 
for semiconductor devices now 
used in m.i.c. technology; /a) microwave 
power transistor, (b) impall 
oscillator, (cflrapatt oscillator. 
Id) low noise amplifiers. 
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necessary to metaUise the silicon if the 
surface of the mount is gold. A low 
resistance silicon-gold eutectic alloy is 
formed. The contacts on the other 
surface of the chip are suitable for 
thermocompression vtire bonds. 

Gunn and impau diodes, f.c.ts and 
high quality varactors are nil based on 
galllurn arsenide technology. Chip~ are 
usually mounted using a preformed 
gold·german ium alloy. and for this 
purpose tho chip is metallised with gold. 
The upper contact is again compatible 
with thermocompression bonding and lt 
is often gold metallised at the end of the 
process. 
·The process of a lloying the 

semiconductor devices into microstrip 
circuits is very important. Poor alloying 
or con l a<:ting appears as n loss 
resistance in series with the devica. 
Since the resistance of microwave 
devices is often very low, even a small 
loss can result in a considerably 
degraded performance. For example, an 
additional contact resistance ot only 
0.5!l can double the noise temperature 
in a parametric amplifier application 
and reduce the efficiency from 40\\ to 
about 25% for an S·band trapatt 
oscillator. 

The upper li mit on the ch ip 
temperature is commonly taken LO be 
20o.•c. Chips for oscillators a nd 
ampl ifiers should t herefore be 
connected to the heat reservoir via a 
low resistance path. Since the substrate 
is usually a poor thermal conductor, 
device chips are mounted directly on a 
gold·plated copper stud. Typical values 
of thermal resistance are in the range 10 
to too•ctw. 

Packaging and protection 
Semiconductor devices were initially 
mounted in sealed packages which were 
des igned to min imise parasi tic 
reaclanccs and thermal resis tances. 
They were small and expensive. Now 
unencapsulated semiconductor devices 
are, where possible, mounted directly in 
the circuit. Careful attention to the 
contact design and the usc of silicon 
rubber compounds for passivation can 
result in simple. reliable subassemblies 
which can survive the environment:) 
upplicablc to the consumer market. For 
applicat ions invo lving n wi<.le 
temperature range the complete circuit 
is sealed. This involves the usc of sealed 
rJ. connectors. 

Examples of microwave integrated 
circuits 
Five hybrid m.i.c. subassemblies. which 
employ the technology described above. 
are shown in Figs. 6 to 10. These 
examples are selected to demonstrate 
that s imple circu its can perform 
adequately ror systems applications. 
They extend from <imple o<cillators to 
rairly complex subassemblies. 

Fi&ure 6 •how• an X·band varactor· 
luncd Gunn oscillator. The circuit is 
conStructed on a ferrite substrate and 
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Fig. 6. An X-hand Gunn oscillator on a 
ferrite subsrrate. 

Fig. 7 • .'\n X·bat>d DoppJ•r module on a 
fenitc substrate. 

fig. 8. An X-band paramctncompli{ier. 
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includes a eircularor to provide output 
isolation. The Gunn diode chip is 
mounted on a gold tab to minimise the 
thennal resistance. It is series resonated 
by the wire which connects between the 
chip contact and the circuit and a 
vmactor diode chip. The necessary 
t.C I'Ilpel'atu rc stabilit.y is achieved by 
coupling the circuit co a micro$trip 
resonamr. 

The performance figures for t he 
o~cillator are as follows. The power, 
voltat;C and current ratings arc IOmW, 
8\' and IOOmA respectively. It has a 
centre fr~quency of 9.4GH1., an 
electronic tuning range (e.t.r.) of 
lOOM Hz and it requires a tuning voltage 
from 2 to 6V. Over t he e.t.r. the 
temperature stability is I MHz/ 4 C. 

Fi{:urc 7 is a simple Doppler rndar 
modu le which i's essen t ia lly an 
extension of the va ract or tU I)Cd 
oscillator. A detector diode is mounted 
on t.he third I)Ort of the circulator and 
the lransmitted and received 
frequencies are: pe-r:uitted to mix within 
l.his device. The unit shown is in the 
final stages of development and 
indicates the practicality of the m.i.c. 
approach. 

Figure I! is a photograph of a 
pa rametric arnplifier9 . This unit 
indicates the proble'l's o f applying 
hybrid technique:; to components which 
involve o. wide frequency range. U l"'der 
such conditio ns it is necessary [0 usu 
multiple substrates. a.nd these may ~till 

be combined with waveguide 
technology at frequencies around 
40GHz. 

Fi&urc 9 illustrates a subassembly 
which combines the microwave circuit 
(consisting of a Gunn local·oscillator. 
similar tO that in Fig. 6, and a double 
balanced rnixcr. on alumina) with two 
i.L arnplifiers, Ch ip capacitors und 
integrated resistors are used in this 
a~sembly. Figure JO. however. shows a 
900MHZ transistor amplifier in which all 
compone-nts are runy imegraLed on Lhe 

' continued on PJ19• 61 
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necessary to metallise Ihe silicon if the 
surface of ihe mount is gold, A low 
resistance silicon-gold eutectic alloy is 
formed. The contacts on the other 
surface of the chip are suitable for 
thermocompression wire bonds. 

Gunn and impatc diodes, f.e.ts and 
high quality varactors are all based on 
gallium arsenide technology. Chips are 
usually mounted using a preformed 
gold-germanium alloy, and for this 
purpose the chip is metallised with gold. 
The upper contact is again compatible 
with thermocompression bonding and it 
is often gold metallised at the end of the 
process. 

The process of alloying the 
semiconductor devices into microsirip 
circuits is very important. Poor alloying 
or contacting appears as a loss 
resistance in series with the device. 
Since the resistance of microwave 
devices is often very low, even a small 
loss can result in a considerably 
degraded performance. For example, an 
additional contact resistance of only 
0.5iJ can double the noise temperature 
in a parametric amplifier application 
and reduce the efficiency from 40% to 
about 25% for an S-band irapalt 
oscillator. 

The upper limit on the chip 
temperature is commonly taken to be 
200.,'C. Chips for oscillators and 
amplifiers should therefore be 
connected to the heat reservoir via a 
low resistance path. Since the substrate 
is usually a poor thermal conductor, 
device chips are mounted directly on a 
gold-plated copper stud. Typical values 
of thermal resistance are in the range 10 
to 1004C/W. 

Packaging and protection 
Semiconductor devices were initially 
mounted in sealed packages which were 
designed to minimise parasitic 
reactances and thermal resistances. 
They wore small and expensive. Now 
unencapsulaled semiconductor devices 
are. where possible, mounted directly in 
the circuit. Careful aiiention to the 
contact design and the use of silicon 
rubber compounds for passivation can 
result in simple, reliable subassemblies 
which car. survive the environments 
applicable to the consumer market. For 
applications involving a wide 
temperature range the complete circuit 
is sealed. This involves ihe use of sealed 
r.f. connectors. 

Examples of microwave integrated 
circuits 
Five hybrid m.i.c. subassemblies, which 
employ the technology described above, 
are shown in Figs. 6 lo 10. These 
examples are selected to demonstrate 
that simple circuits can perform 
adequately for systems applications. 
They extend from simple oscillators to 
fairly complex subassemblies. 

Figure 6 shows an X-band varactor- 
luncd Gunn oscillator. The circuit is 
constructed on a ferrile substrate and 

WJSF ESS WORLD FESRUAItv 1978 

.-.e 

/ 

c 

Fig. 6. An X-band Gunn oscillator on a 
ferrile substrate. 

y. 

Fig. 7. An X-band Doppler module on a 
ferrile substrate. 

Fig. 8. An X-band parametric amplifier. 

includes a circulator to provide output 
isolation. The Gunn diode chip is 
mounted on a gold tab to minimise the 
thermal resistance. It is series resonated 
by the wire which connects between the 
chip contact and the circuit and a 
varactor diode chip. The necessary 
temperature stability is achieved by 
coupling the circuit to a microsirip 
resonator. 

The performance figures for the 
oscillator are as follows. The power, 
voltage and current ratings are lOmW, 
8V and 100mA respectively. It has a 
centre frequency of 9.4GHz. an 
electronic tuning range (e.t.r.) of 
100MHz and it requires a tuning voltage 
from 2 to 6V. Over the e.t.r. the 
temperature stability is i 

Figure 7 is a simple Doppler radar 
module which i's essentially an 
extension of the varactor tuned 
oscillator. A detector diode is mounted 
on the third port of the circulator and 
the transmitted and received 
frequencies are permitted lo mix within 
this device. The unit shown is in the 
final stages of development and 
indicates the practicality of the m.i.c. 
approach. 

Figure « is a photograph of a 
parametric amplifier®. This unit 
indicates the problems of applying 
hybrid techniques to components which 
involve a wide frequency range. Under 
such conditions it is necessary to use 
multiple substrates, and these may si ill 
be combined with waveguide 
technology at frequencies around 
40GHz. 

Figure 9 illustrates a subassembly 
which combines the microwave circuit 
(consisting of a Gunn local-oscillator, 
similar to -hat in Fig. 6. and a double 
balanced mixer, on alumina) with two 
i.f. amplifiers. Chip capacitors and 
integrated resistors are used in this 
assembly. Figure 10. however, shows a 
900MHz transistor amplifier in which all 
components are fully integrated on the 

continued on page 67 
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CITIZENS' BAND 
l'l ~to correspondence on the subjec1 
ot the a 11oaation of a small pan ot the radio 
spectrum for citizen use I rec:ei"ed n reply 
from the Radio Regula tory Department of 
the Horne Office which stated t hat. "the 
Government has announced that th~ dii;:u.l~ 
vanwges out weigh the advantage~ and thnt 
it ho.$ no intentio n of introducing d t izetU ' 
rad!o In the UK." 

lt. would .seem that 'he officiltl •t rhudc• ha" 
now hardened and the Government and lUI 

advultts have been unimpressed b)' orgu· 
mtnt$ based on possible use$ in accldenL' 
and <hsasters a.'\d more imp1"6sed by reports 
of misU!oe in USA. prob!ems of rqulatlon. 
interference to other users .-.nd services 1nd 
poulble frustration of ' "'"'' enforcement 
effort.11. The dtrl.Cns· b~tnd lobby nppc3r$ to 
have fa \leU anti supporwrs will now have to 
consider whether to accept the nfri c.:\u.l hnc or 
lO increase political pt'e.ssttre upon ~tr.&. 
\V, <~. C. Aw;lin 
Neh.>oa~tle upon 1)'ne 

editor's note; At lcc:tst the e lecti'OrliCS an· 
dusuy ha.~ not g iven up hope. A worktng 
part)' of the Electronic Enalneering 
AMociaUon (~larch 1976 !Sl>-u~. ~ttrS. p. 61) 
has rec:entl)· made an interim !'epon on the 
po»lble sntrod.uction of CB in the- UK. and in 
this h.lb eomudcn:."d the scope or the ser"•ice. 
how It win be licensed, how the equlpmerH 
will be approved for use . .1nd the stnndnrds to 
which the t!'quipmem v.ri ll he designed :tnd 
rnanufactured . It seems the mMu racturcr·s 
arc J'Cudy If and when the <iovcrnmcnL 
eh(lnge.s its mind. 

AMATEURS' POWER 
LEVELS 
I Rt::ALLY must ta1<e i~sue with the arcatly 
uvcr•t:..tlnuued power leve1s qunf.cd hy your 
correspondent PaL Hawker ~~~ his Oeeeruber 
Jssuc 4'\Vorld o f Amateur Radio". I urn u t ' ' 
lo"s to un<krstancl how h!' can possibly I Mer 
powen~> of 50-JOOkW e.r.p . as hem& typical of 
those uc.ed on 432i\·1H;:. Even if an amateur 
dOoL'S mo.nage to achie,·e 400\V ou1pu1 at this 
frequency. which is doubtfuJ. he will hav# to 
fate a: lea...~t 2dB. anC probably motf. lOS$ in 
lht co.xiaJ C3ble feeding the antl.'nna. This 
will bring hiS po.'e: .lt the- antenna to around 
200\V. Many antennae have· 0\ tl'·t$tlmated 
&3\n figures and a fair esumatc o! the hiahest 
g~.am aerial being used regu larly in the Lon· 
don an1a woulcl have apptoxim:uely 1 idR 
gain. The f, r.p, would. t hu:;, be ubuut 10kW. 
To lnf1.:r an <mtpt•t power of I OOkW wuuld 
~UAAClll a n inslUihuion having 27dA s;nin 
w hich. frankly. is preposterou~ :u 1hi.!i 
ftequeney. 

l'he limitation of British amah:ur,; t <J ttn 
lnpu1 ot 150\V d .c. powc·r tS highly mt.cltldlntt 
since. auuming a class C e!fleiency pro. 
ductnll an u~tput of 100\V c.anier. when tully 
modu1attd with a.m. the output. in ~act. 
bl.:COmt.S ~IOOW p,e.p .. identical lO lhi: 
'T111x1mum equivalent pe.ak envelope power 
allowed for l'.s.b. fn r.-~any countrrcs thc•·c i~ 
f1w g•·~.·atcr legislation :'l~sin!\L manuf.lCt\rrt·r.:t 
forcing thtm to pt'Oduc<> adequntc filtering t<J 
li ~HP (.IOmcs t ic t v S(>t$ fr()m p lc kmi; uv 
fr1•qucnclcs d Hil lhtoy ;.l f e> not t hl::m~tfc,,lly 

llr.onM.'d w rccctn :. J tnust uls.i ~>t thai dorne1':· 
1ic 1\' nnd radio t'(jutptnen t must have lhe 
:oamt: ClillliKJftems "ined as '1rt l'iUPJJiicd 111 
~u pnKJucl..'d for the- Ge-rman m4rk<.•t. fur 

example. Whilst' t ngr(:C whh a.m. and f.m. 
being_ limhed in t.he way 1 hat It 1s already. J 
st."C oo reaso n why the rnting fo r c.w. should 
•~ot be f.he same 1!.$ (or to:.ll.b. 

1 wm admit tltat I have gone to extremes tn 
my o wn v.hJ./u .h.f. in~ullation and by using 
cable that ts extremely ex.pcnsi,·e can pro. 
duce an abso-lute maxtmum of around. 12kW 
c.r.p. on 432MH2:. Whitt being a long way 
short o! Pat Hawker's IOOkW. this ts 
adequate for rny purposes bul only just 
sufficient ior specialised OX working. whic;h 
i~ rny pnmary intere»t. 

As Public Relndcm~ ()rricl:r of the u K F:Vl 
Grm.JJ) (lo r1don) I wish tO state calegoric;.l!Jy 
tlla t there hlui ncvcr bccr'l a nv decision bv a nv 
comminee member or by the ..:o mmlllcc i~ 
g<.•neral ev(·n to consfder c1o~ing down the 
London <iB3L() 2m repeater. J must assume 
tha; ).lr Hawker hud fOI':knowledge of 3 
forged letter sent to Oi"o RSGa and not to 
him. [must criticise hl< making usc of mfor· 
matiun in a letter which WI:$ not authenti~ 
c-.ated. The :-lO\'Cmb(or i)SUe or 'he RSGB 
nagatine Rodio Cnmmurttcotion dc.lls with 
th!' nlatte-r at length, bur plea.M' rcsl assun.'tl 
that tht.- opinions o! the UK FM ( iroup {Lon· 

'doll) are most eertnfnly tO press rnr mo n: 
rcp<:atets on 2m in the Llmdon area. prdcr
l'lbly a further Lhn:<l. 

FinaUy, as far aoc atrh'l h1•igh t.s a rc con· 
ccm t:d. m;:my te:.u hBve been made at dif· 
fcren t power levels und height!' and h Lc. clear 
that for repeatcr:t to have an adequate 
coverage when u:Sed b)• mobile sta<:ions.. 
ht:",.ghts o! tOO 300ft above ground !eve! 3re 
~n:ial if transmt»ion• arc to be receh·ed 
adequately undeor a11 uarhc and obstacle 
conditions. The Pl'e:oJent height" employed by 
repeaters an• 1dc-at tor tht purpo!t.e :md in no 
W<\Y are th~y causinJ.; mtcr{crcnc~ other tharl 
relay ing that p r·oduced by unlic!'nscd pirate 
opcn ttors \\•hom the t>o~1 Ot't'ice s•!em to be 
either unprepared o r· 1.urable to locate and 
prosecute~ . 0 \'Cr 9!J' 'il u{ r·egutar users of 
repe3ter~ beha\'f' 115 one would expect of 
tll ('t)l . atl.d it is mo!<;;t undcnwc:ratic to t.hiok of 
closing down any forms or amateur radtu 
transniiss.ions bt."CliUW of the ~x1remely small 
mmorit~ of vandal OPf"'NIIlOTS. Perhaps next. 
<omeone rmght sugKeSt doing away wuh 
w.ephone hQ.'(es, in Ol'dcr to stop financial 
losses through thtlr vand.th!c.&tton. 
Allg,fS .-\. Mt:Ken:lcr Q,1:0SS 
t\ng<~S ,\ ·1c.l\cu.:!tt> ftlrHrtf«s Lld 
Umdon. ,\'3 

Pal HawJ?er (."0 1111-nt'rtf.s· To k(l~p il ~hort: 1 did 
not ~ay a m<1xunurn of :)0 100 kW e.r.p. was 
··lyplcar · o n u.h.f.; nor di<l l infer it w as e\·en 
ft-asib!e in the UK whh le;ta.,y-r:ued trans 
n::aers. J <lgr'e(' that only a few an:at~urS 
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currently exceed aboui 10k\V e.r.p. on 
.U2MIIt. llul does Angus ~lcKenzie deny 
d'llt some amphfiers tn current use arc CJ&P• 
able under two-tone or speech condidon< of 
up to lf.ay800W p.e.p. tnm averaget output? A 
transmi~slon lin e f()S~ of I ~2 d B may be 
difficult to achiev~ at u.h.f. but 1s fcasibte: 
strnllarl)' an ~terla l po" .. ·er-g:..il) of 20 or 21 dD. t 
mako that u mu:dmum ()(about 50 t<~ tsOkW 
(J>elll<.) e.r.p. So is ''50·100 kW" greatly over· 
cst i rm.tl~tl? 

t f1nd 11 dUra:u1L to take scmuus1y the 
suggesuon that I had .. foreknowledge" or. 01' 
us...'d uneUljcally. Lhat forged lett('r, J. hkt 
othe~ wu m1.!t.led - but. then. only a fe\\· 
months before I bad report~ a statement by 
:M chatrman or the UK F)-I Group Lond<m 
that "aomt of the th5ngs I hear through 
G03LO make me a.sharned to be as~j:ued 
with it. There hav!' been :;uggestion:. tlh,t 
C03LO »hot~ld be closed do\vn cornptcttly, 
and mnrc spcclfically th<tt it should be cluscc.J 
in the evenings··. Th:.\L hardly s.quarcs w il h 
Arli\IS McKenzie's categorica l swtement. 
Thrm.tuh no (;.rult of the UK F'M Group( or the 
RS<.iR) (iftn.o has undoubtedly grav\!1:-· 
d~ma,g~ the reputation c f ~mateur rad!n io 
thii countr)•.lf it cannel be clean~ up. ll will 
~'CnLuatty 00 d~'<l do•;\·n. ratrly ar un(a:rl)'. 

GEOMAGNETIC SENSE 
IN BIRDS 
~1R WJ<I,\TWORTH"S proposal (DN:emb~r. 
1977. IJ.:ttcr·,.) LIHH wir1g movenaent may b~ A 
ba~,; ror J.;_C()magneuc sense m bird:.. 1S most 
imere~ting. Howe\'er, any gener-al mc)(!cl ur 
sud\ a maanNic sense s.hould con~ide:r twa 
facts. Finrt 11 tht.> relaLi"·d~, targ~ current 
fiOWlt produced in tis.~ueJ' b)· musculor 
ae:dvhy and second is the remarkablt? be~ 
ha' iour or the- Emperor Penguin 

Co--ordln:atcd mu:;cular actt\·ity mu:- pro 
dUCt' potential gradien:s on the skm of more 
than 100 microvolt~ per mi11imr:trf' du1• tu 
current now from the acti \'C m uscles In to tht 
tis.sues Mound th em. Some mcdnu us nr 
\\10uld neeo<l to be po$~uJa~ed. th~refor·c.•. clip · 
uiJIC u ( :ttpn.rnung an.y signals P)'OdUCO<I hy 
wing mu''l.•m<.•nl if) a magtl<:tk fie ld fi'Otn th£
pmcndtll diN1.:rcncC produC{'d b) the mtbtle~ 
which mo"e the wmgs. l'ht.• currents 
a....sociattd wuh nu.scular comuc1ton ore 
SC\'Cf".ll ordt.'N of magrtitode lalger than tho~ 
generatfd In Mr Whatworth's mod1.:l .and 
both would be highlv oorreJated "'ith "'Ins; 
movcml-nt. 

The F.mperor Pen~uin breeds mtcnllia m ll 
rookery near Halley Bay in AllWTCtico Th~ 
pnsillnn or lhl: rookery appc:..rs to 1>1.· con 
ttl :liHI)' ~lnt~d w a majo r gconm~ndic ,tfH)• 
mid~· . ' l'h<' to<·atirm i~ 0 11 the winll·r ~(>fl n:c: 
dose to lhe cliffs of the Brun~ i<:r~ !ih~lf. 'l ht• 
to;Jograph) of the cliff£ and their diM:tnc., 
from thu .momalr 1s variable ir·om \'{'at to 
yeoar :t~ l«bergs ·calve d:mng thL' !lo'u:nmcr 
months. The birds have no con-.un; vi~ual 
no!crent.--.: fur the annu-a! r~l~tion of che 
rool<ery. 

\\'hen bN-Pdinr;. ane o! tht• 1m1r trOt\'(.+~ 
from the rookery to the edge ofthr ice. about 
100 tnllt:J nwav. to feed o n fbh It th~:n 
l'torurn~ to the ~ookcn· lo fct.-d t ltc l'lllck Orl 
the products o f th·c: s:on:d ft.~otl. llli<~ 
rcmor·knble jm~rn~y i~ made by walkm~ Ul' 
slidins btn ncvPr by flying.. Tlw prnuutn!(' 
(on• tinlbll til e hi~hly adal)t.ed fo r swimminJ; 
b u1 are u.t:ele~!t. ror Oy inf!' 

lr. a< wc-m~ pul'.'iiblt!.the Empero r PcrtllUIIl 
n<l.v!&"t\.'S to it." rookery by a ma;::nc1ic ~f"Me 
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CITIZENS' BAND 
IN response 50 correspondence or. the subject 
of the allocation of a small part of the radio 
spectrum for ciuzi'n use 1 received a reply 
from the Radio Regulatory Department of 
the Home Office which stated that, "the 
Government has announced that the disad- 
vaniagps outweigh the advantages and that 
it has no intention of introducing citizens' 
radio in the LK," 

It would seem that the official attitude has 
now hardened and the (iovernmenl and its 
advisers have been unimpressed by argu- 
ments based on possible uses in accidents 
and disasters and more impressed by reports 
of misuse in USA, problems of regulation, 
interference to other users and services and 
possible frustration of law enforcement 
efforts. The citizens' band lobby appears to 
have failed and supporters will now have to 
consider whether to accept the official line or 
to increase political pressure upon M?s. 
VV. G. Austin 
(Vewcosf/n upon Tym? 

Rdlfors note: At least the electronics in- 
dustry has not given up hope. A working 
party of the Electronic Engineering 
Association (March 197G issue, letters, p. 61) 
has recently made an interim repoit on the 
possible introduction of CB in the UK. and in 
this has considered the scope of the service, 
how it will be licensed, how the equipment 
will be approved for use. and the standards to 
which the equipment will be designed and 
manufactured It seems the manufacturers 
ate ready if and when the (Iovernmenl 
changes its mind. 

AMATEURS' POWER 

LEVELS 
i REALLY must take issue with the greatly 
over-estimated power levels quoted by your 
correspondent Pat Hawker m his December 
issue "World of Amateur Radio". I a:n at a 
loss to understand how he can possibly infer 
powers of-50-lOOkW e.r.p. as being typical of 
those used on •132MHz. Even if an amateur 
does manage to achieve -lOOW ouipui at this 
•requency. which is doubtful, he will have to 
face at least 2dB. and probably more, loss ir 
the coaxial cable feeding the antenna. This 
will bring his power at the antenna to around 
200W. Many antennae have over-estimated 
gam figures ends fair estimate of the highest 
gain aerial being used regularly in the Lon- 
don area would have approximately 17dB 
gain. The e.r.p. would, thus, be about I Ok W 
To infer an Output power of lUOkW would 
suggest an mslalhiiion having 27dB gain 
which, frankly, is preposterous a: this 
frequency. 

The limitation of Rriiish amateurs 10 an 
input of I SOW d.c. power is highly misleading 
since, assuming a class C efficiency pro- 
ducing an Output of 100VV carrier, when fully 
modulated with a.m. the output, in fact 
becomes -lOOW p.e.p., ideniicul to the 
maximum equivalent peak envelope power 
allowed for s.s.b. In many countries there is 
far greater legislation against manufacturers 
forcing them to produce adequate liitermg to 
stop domestic tv sets from picking up 
frequencies that they ate nm theoreucally 
licensed to receive. I must nsist that domes- 
tic tv and radio equipment must have the 
same components fitted as arc supplied m 
s?:s produced for the German market, for 

V 

example. Whilst I agree with a.m. and f m 
being limited in the. way that it is already. J 
see no reason why the rating for c.w, should 
not b? the same as for s.s.b. 

t will admit that I have gone to extremes in 
my own v.h.f./u.h.f. installation and by using 
cable thai ;s extremely expensive can pro- 
duct' an absolute maximum of around 12k W 
e.r.p. on •132MHz. While being ;= long way 
.short of Pal Hawker's lOOkW. this is 
adequate for my purposes but only jus; 
sufficient for specialised DX working, which 
's my primary interest. 

As Public Relations Officer of the UK KM 
Group (London) I wish to state categorically 
that there has never been any decision by any 
committee member or by !he eommiltee in 
general even to conside' closing down the 
London GB3LO 2m repeater. 1 must assume 
that Mr Hawker had foreknowledge of a 
forged letter sent to the RSGB and not to 
him. I must criticise his making use of infor- 
mation in a letter which was not authenti- 
cated. The November issue of the R5GR 
magazine Rnrfio Communication deals with 
the matter at length, hut please rest assured 
that the opinions of the UK FM Group (Lon- 
don) are most certainly to press for more 
repeaters on 2m in the London area, prefer- 
ably a further three. 

Finally, as far a> aerial heights are con- 
cerned. many tests nave been made at dif- 
ferent power levels and heights and i: is clear 
that for repeaters to have an adequate 
coverage when used by mobile stations. 
heights of ICO 3O0fi above ground level are 
essential if transmissions are to be received 
adequately under ail trafiic and obstacle 
conditions. The present heights employed by 
repeaters are ideal for the purpose and in no 
way are they causing sntcrforeiice other than 
relaying that produced by unlicensed pirate 
operators whom the Post Office seem to be 
either unprepared or unable to locate and 
prosecute. Over Sfl'-'o of regular users of 
repeaters behave as one would expect of 
Uietti. and it is most undemocratic to think of 
Closing down any forms Of amateur radio 
transmissions because" of the extremely small 
minority o" vandal operators. Perhaps next 
someone migni suggest doing away with 
telephone boxes, in order to stop financial 
losses through their vandaiisation. 
AdgMS A. VloKenzic GSOSS 
AtigMS ViCKchzip Facilities Lid 
London, \.1 

Pat Hawker conunems- To keep it short: I dm 
not say a maximum Of $0 100 kW o.r.p. was 
"typical" on u.h.f.; nor did I infer it was even 
feasible in the UK with legally-rated trans 
mitters. I agree that only a few amateurs 

cuiiemly exceed about lORW e.r.p. or. 
432Ml la. But does Angus McKenzie deny 
that some amplifiers in eurrcnl use are cap- 
able under two tone or speech conditions of 
up to say 800V.1' p.c.p. /not averugvi output? A 
iransmisaton line loss of 1-2 dB may be 
difficult to achieve at u.h.f. but is feasible: 
similarly an aerial power gain of 20 u: 21 dB I 
make that a maximum of about 50 to 80kW 
(peak) e.r.p. So is "30-100 kW" greatly over- 
eat i muled? 

I find it difficult to take seriously the 
suggestion that I had "foreknowledge" of, or 
used uneihlcally. that forged letter. I. like 
others was misled — but, then, only a few 
months before I had reported a statement by 
the chairman of the UK KM Group London 
that "some of the things I hear through 
GB3LO make me ashamed to be associated 
with it. There have been suggestions thai 
GB3LO should be closed down completely, 
and more specifically that It should be closed 
in the evenings". That hardly squares With 
Angus McKenzie's categorical statement, 
Through no fault of the UK KM Group (or the 
RSGB) GB3I.O has undoubtedly gravely 
damaged the reputation of amateur radio in 
this country. If it cannot be cleaned up. it will 
p.ventuaUy be closed down, fairly or unfairly. 

GEOMAGNETIC SENSE 

IN BIRDS 
MR WHATWORTH'S prnpnsai (December 
197". letters) that wing movement may he 
basis for geomagneue sense in birds is most 
mieresting. However, any general model ol 
such a magnetic sense should consider two 
facts. First is the relatively large cm rent 
flows produced In tissues by muscular 
activity and second is the remarkable be- 
huviuurof the Emperor Penguin. 

Co-ordinated muscular activity ftiay pro 
duce potential gradients on the skin of more 
than 100 microvolts per millimetre due to 
current How from the active muscles into the 
"issues around them. Some niechaiiism 
would need to be postulated, therefore, cap- 
able of separating any signals produced by- 
wing movcmeni In a magnetic field from the 
potential difference produced by the muscles 
which move the wings. I-he currents 
associated with muscular com ruction arc 
several orders 01 magnitude larger than those 
generated in Mr Wltalworth's model and 
both would be highly correlated with wing 
movemcnl. 

The Emperor Penguin breeds inleralia ::i a 
rookery near flalley Bay in Antarctica The 
position of the rookery appears iO be COJl 
stamly related to a major geomagnetic ano- 
maly. The location "s on the winter sea ice 
Close to the Cliffs of the Rrun: ice she f The 
topography of the cliffs and their distance 
from the anomaly is vanalxc from year to 
year as icebergs calve duiing the sumrnei 
months. The birds have no consian: visual 
reference for the annual relocation of the 
rookery. 

When hrefding. one of the pair travels 
FtOTd the rookery to 'he edge at" the ice. about 
11 IO miles away to feed on fish. It then 
returns to the rookery to feed the chick on 
'he products ot the stored food, liti" 
remarkable journey is made by walking or 
sliding but never by flying. The penguins' 
fore liinb-i ate highly adapted for swimming 
nut are useless for flying. 

If, as seems possible, the Emperor Penguin 
navigates to Its rookery by a magnetic sense 
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ar1d the local peculiarities of the earth's 
magnetiC field. then it must e1ther have an 
e:urd0rd1nary differential sensitivity to any 
c.m.f. produced by movement oi its s:naU 
ftippet5,0r JOMC different type o! mechanism 
must be constdered.. 
J.D. Do."..so" 
Bnruh Medical Aa:sociattOn 
and 
G. D. Oo:wson 
Vnivcr.~uy Collcac. L.ondcm 

DISTORTION IN LOW 
NOISE A M PLIF IERS 
IN his Otherwise Informat ive article o n 
Uiswrtlon In transistor amplifiers (August 
t977 iMUC), Mr Taylor i:; incor-rect in stating 
that the equation 

exp l ~coswt ' • o +4, cos..:t + 
o, co• 2<.>1 + . . . (I) 

cannot be solvtd anal)•titatly. 1'he required 
mathemaue&l tdtntlcy is t l !l 

expQ.cos6) -I,(~)+ :"f,t.~) cos(n&) (2) 
where thP coefficients 111 ()..) are n"~ otder. 
mo<bfied Bes$eJ func,kms whose vaJues may 
be round in standard tables 0 ~-: Thus the 
tlmp\itudt Of lhe n1n harmOI'!ic relative lO the 
flmdamentl\~ I$ s tven by 

where tht lest expressio n is an 
appto:<ima.tion. correct for ,;mall \'alues or 
cVIKT. ' l'hc exact value of t,h.d. m ay be 
easily calculated since success1vc 
coeffteients ate of rap1dly decreasing value. 

HowC:\'Cr. for approximate ealculations 
neither tab!es not computers J.re required. 
£qualion (3) shows'""' 1he second harmonic 
dLc;tOf\_t.On leve-l m per·cer.! is roughly given 
by 

(4) 

F\lrthe.r. since the Lh.d. is pte<lomi nam ly 
s.<:cond hru·monic. and since KT/e is 0.025 
volt~ a t room torrnpctature. we find i he 
remarkably $lmple num~ric~tl approximat ion. 

n-v (5) 

where n Is tht t.h.d. in percent and V the base 
dri,•e in mlllh·olta. As :vtr ·ray lor noticed from 
his numerical calcu1atfons. the distortion is 
I~ at lmVdrh•enndis l~•t IOrnV! 

To see the degree of approximation 
in,·oived. th-e accompanying figure compares .. --- ..... 

----AW<I~ 

-, 
L 
6' ,. 

.f--===t-.--;,lro --tf.----...!;r-~· 
f1A!t ~lh\IC (f'VI\1') 

the approximate und exact values of the 
second and third harmonic components D,. 
and D.a (note different scales) using ~uatioti 
(3). One can show numerically that the t.h.d. 
cut'I.'C llts between the ex-act and 
approximate D1 curves. Thus equation {5) is 
acx:urate to ,,. up to ISmV base drive ar:d is 
tess <han 3~ hlg.h at 25mV. 
P.O. £dsl•y 
Dcportmc.ru o( Fnainecring Science 
Urti1>01'$1ly o[ Oxford 
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D.- Ta)llo..,.epUu: 
lt is evident from Mr f.d_gley',s. letter that I 
sboukl have been more cautious in my choice 
of wor'ds when I stated that the foutier 
Serle,; expansion for th~ exponential base. 
emitter charrac1cristiC of a transistor eouid 
not be solved ana1yti~Uy. Mr Edgley is quite 
currcct In pointing out that a t able of 
modified Bessel Fun ction s allows a n 
anatyllcal solution. UnfonUnstely it i s 
Jlormally rH~CC~$ury to resort to recurrence 
rel ations tO deLtmnine the higher order 
fl.utctions (sec fo1· example Mr Edgley's rei. 2) 
und agaht the $Oh.tlt01l becomes laborious. 
The repetitive nature: of the calculations to 
determine t.h.d tts t'l funct ion of input signal 
amplitude ts ideally suited to a numerical 
cornpuung technique which. with a minor 
programme moc.Hr1C8tion, also allows the 
distortion performance of the long tailed pair 
input st~ 10 be calculated 

1 "'oUid now hkt to reply to the comments 
made by Mr Oytch and ~fr Bishop in their 
letter in the No\•tmber 1977 issue. 

When the destan of this pre-amplifier was 
inithned )Omt ume aeo I consulted a weU 
'known cttn.rldgc manufacturer to determine 
\vhet.her the h1pu1 bias cu rrent would 
Uumage the cnrtrid&e and was illform<Xl that. 
it would n(ll. It seems unlikely that. JOOnA of 
bias current will h:we a ny effect on the 
performttncc o f {~ maAnetic cart ridg(' and 
recently Shure hove been kind enough t.o 
conduct. tests with their Vl5 Mk I ll cartridge 
und ennfirrn dHH this i n in fact so. I f hc)\\:evcr 
the amplifier I$ adapted fo r use wit.h a 
'moving--coil Cartrid&t it \\'OUid perhaps be 
advi$able to a.c. couple the input to prevent 
damage to the cartridge. . 

1 have recel\·ed some correspondence 
concernin& the accuracy of the RIAA 
cqualJsatioo. t)piC.aUy -2.5 d.B at 20Hz and 
+ 2.5d8 at 20kH~ whh my original circuiL 
The discrepancy at low frequencies is 
primarily due lO lht 1~ capacitor and lkH 
resis.tor 10 Ute input drcuary giving a IO\V 
frequen<::y roll off at IOH7 ... rncrea.sing tbe 
capacitor to 47J1F brings the equalisation to 
within l .O(IR of the RIA A ch;:~ract.erisdc with 
the preferred values of components used in 
l he cquolisauon t\CLwork. Correct high 
frequency c.'q\llllliiUtum of 1.1 series feedback 
pre-amplifier prc~cms cer tain probl ems 
bccatiS(' it ls, not possible to obtain a gain of 
~ess than unl\)<'. 'l'hClit: pr<'Jhlem!;. become more 
severe as the senslt.lvlty is l'ed t•ced ~\ltd 
therefo~. ror n pttttlcular a mp}!f!et design. 
th<' accut~Cy 0( equahS3ltOn IS related to the 
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overload c.pnbilh.y. The high f requency 
equ.a1isation ar my anginal cirCtlil can be 
improved. however. to within UkiB of tJ:e 
RlN-\char.lcttrislic at 20kHz by shorting out 
R

1 
and mCTeaS1nJ; C, 10 75pf to maintain 

closed loop $tabUity. As yet I ha"-e not made 
a.n'' meas\Jrements with Jhis circuit 
m<kiification but cannot see an~· re3son why 
it should significantly effect the dlstort:on 
perforni#n.ee or the l'lmpllfier. 
£ric F. Taylor. 

DIRECT SEN SING OF 
RADIO WAVES? 
MR DONALD WOOL>. who writes in the 
December is~ue concerning the direct per· 
ception of electromn.enetic waves. might be 
interested to leQrn o( some ('xperimcnts 
came<! oul by A. F. Collins in 1902. These 
we.re aimed at verifying •'the C3SUal obser· 
vations rona sin<:t made that approaching 
ete<:.trlc4al SlOn'ns mantf~ted their presence in 
per$0ns aff'Uete<l "ith cenain forms of ner· 
vousness and othe-r pathotog_ical conditions. 
though the stonn influencing them might be 
many miles bey()nd. or even below. the 
horiton. To accomplish this task it was 
nccessa.ry. of course. to decide conclusively 
that electric waves exercised some behaviour 
or produced o. chnn¥e. molecular or other-· 
wise, on tho br1th1 cell~." 

Collins' technique wos to insert t.wo elec
trodes into th e b nain tO ~cc if it would act as a 
"cohcrc r' ' - I.e. to gcarch for a decrease in 
rC'SiSUUlCC under lhe lnfl uCJlCC Of eleClrO· 
magnetic rudiutlcm. lie experimented in· 
itially with udcad mammalian brain obtained 
rrom a s lauahter-house, and with the brain of 
a U\·e cat which. fn Collins' own words, .. wil· 
Unglylent itself to the subject,ror the inves 
tigatkm• to be made on bram matter in the 
thing state ... Coherence was obtained. and 
also some twilchin& of the base of the brain 
was~ In response to &.he application o(the 
e.:ecuoma;.netlc Stimulus. 

Eocouraged by Lhese result$, he repeated 
the experim~u on a human brain from a 
recently deceased ~r~n. and found that th(' 
rust-rt'tl m.._tertal In t.he cerebellum showed 
the greatest te$pon!e. Finally, he carried out 
some measurements of resistance to deter· 
mine t he efrect of 24 hours brain deteriorat· 
ion. but found tha t his instruments we re 
behaving very erratically. t hr. galvanr>meter 
n~edlu jumping nil over the seale-. ' 'This s tate 
continued for a row mi1\utcs. whcrt a peat of 
thunder awaked m~.: to the a ':tual cause. A 
storm waJJ approaching .... As th~ storm 
approached. the deflecuons grew more and 
more pronounctd. che needle quivering at 
either end of the sc.a1e alternately as though 
endowed with life. The "ery phenom~no::l 1 
sought to v""ry with a 2cm spark coil was 
h~ ptoduced by the lightning itself. ...• Jn 
these tests t was fa\'oured with circu:n· 
stances which. with me. mi~ht ne:\'er ocwr 
again. for the reason thtH A fresh human 
bram was neoesst\1)'. and that 1:m electrical 
storm should be in pro~:resR w hen all was in 
rcadjncss was quite rcm•rkable". 

Some othc.-r relevant •·emarks were m~tde 
by the editor of' t he jou•·nal The £reclr icia!l in 
1913. He wns comnumting on the experi· 
ments 1>e1·Cormcd by Pmf. Lefeuvre or 
Rennes.1·~ and vcl'ificd by I I. H. B. H ickman. · 
In these, the sciatic nerve or a fr og's leg was 
connected tu un oerlt'll (via a rectifier) and to 
earth. The inc()mlng e.w. telegraphy sigmd.s 
were then read from the Galvanic twitchings 
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and the local pecyliarities of ihe earth's 
magnetic field, then ii n;usi either have ar. 
cxiraordinary differencial sensitivity to any 
c.m.f. produced by movement ci its small 
flippers, or some different type of mechanism 
must be considered. 
J. D. Dawson 
British Medical Association 
and 
G. D. Dawson 
l/nivmity Coiloge, London 

the approximate and exact values of the 
second and third harmonic components D. 
and D, (note different scales) using equation 
(3) One can show numerically that the t.h.d. 
curve lies between the exact and 
approximate D, curves, "bus equation (5) is 
accurate to 1% up to 15niV base drive and is 
less than 3% high a; 25mV. 
R D. Edglcy 
Department of Fngiaeering Science 
University of Oxford 

DISTORTION IN LOW- 
NOISE AMPLIFIERS 
IN his otherwise informative article on 
distortion in transistor amplifiers (August 
i!)77 Issue), Mr Taylor is incorrect in Stating 
that the equation 

exp 
cV 
KT 

.COSMt ' = a +1« COSuf + 

(«,cos2«< + . . (1) 

cannot be solved analytically. The required 
mathematical jdemity is 1 

exp (\ cos fl) - f„{X) + 2& !„ (X) cos (nfi) (2) 
where the coefficients fn (X) ate n1- order, 
modified Bessel functions whose values may 
be found in standard tables - 3'. Thus the 
amplitude of the n" harmonic relative tc the 
fundamencaf is given by 

eV eV 1 eV 
l3> 

where the last expression is an 
approximation, correct for small values of 
eV/KT. The exact value of t.h.d. may be 
easily calculated since successive 
coefficients are of rapidly decreasing value, 

However, for approximate calculations 
neither rabies not computers are required. 
Equation (3) shows that the second harmonic 
drsiortion level in per-cent is roughly given 

Further, since the t.h.d. is predominantly 
second harmonic, and since KT/e is 0.023 
volts at room '.ermperature. we find the 
remarkably simple numerical approximation. 

n - v (5) 

where D is the t.h.d. in percent and V the base 
drive in millivolts. As Mr 1 uylor noticed from 
his numerical calculations, the distortion is 
1% at ImV drive and is 10% at !0mV! 

To sec the degree of approximation 
involved, the accompanying figure compares 

References 
1. G. N. Watson. A treatise on the theory of 
Bessel functions, 2nd ed.. 195S. (Cambridge 
University Press). 
2. M. Abramowilx and !. A Stegun. 
Handbook of Mathematical functions (Dover 
Publications). 
3. British Associates for the Advancement of 
Science, Bessel functions. Mathematical 
Tabies Vol. VI (1950) and Vol. X (1952). 
Cambridge University Press, 

Dr Taylor replies: 
It is evident from Mr Edgley's letter that I 
should have been more cautious in my choice 
of words when 1 stated that the Fourier 
Series expansion for the exponential base- 
emitter characteristic of a transistor could 
not be solved analytically, Mr Edgley is quite 
correct in pointing out that a table of 
modified Bessel Functions allows an 
analytical solution. Unfortunately it is 
normally necessary to resort to recunence 
relations to determine the higher order 
functions (see for example Mr Edgley's ref. 2) 
and again the solution becomes laborious. 
The repetitive nature of the calculations :o 
determine t.h.d as a function of input signal 
amplitude is ideally suited to a numerical 
computing technique which, with a minor 
programme modification, also allows the 
distortion performance of the long tailed pair 
input stage to be calculated. 

I would now like to reply to the comments 
made by Mr Dytch and Mr Bishop in their 
letter in the November 1977 issue. 

When the design of this pro-amplifier was 
initiated some time ago ! consulted a well 
known cartridge manufacturer to determine 
whether the input bias current would 
damage the cartridge and was informed that 
it would not. II seems unlikely thai. lOOnA of 
bias current will have any effect on the 
performance of a magnetic cartridge and 
recently Shure have been kind enough to 
conduct testa with their V15 Mk HI cartridge 
and confirm that this in in fact so. If however 
the amplifier is adapted for use with a 
moving-coil cartridge it would perhaps be 
advisable to a.c. couple the input to prevent 
damage to the cartridge. 

i have received some correspondence 
concerning the accuracy of the RIAA 
equalisation, typically -2.5 dB at 20Hz and 
-2.5dB at 20kH7. with my original circuit. 
The discrepancy at low frequencies is 
primarily due to the lOi-F capacitor and IkS! 
resistor in the input circuitry giving a low 
frequency roll off at iGHx. Increasing the 
capacitor to iVj.F brings the equalisation to 
within I.OdB of the RIAA characteristic with 
the preferred values of components used in 
the equalisation network. Correct high 
frequency equalisation of a series feedback 
pre-amplifler presents certain problems 
because it is not possible to obtain a gain of 
less than unity. These problems bpr.omp more 
severe as the sensitivity is reduced and 
therefore, for a particular amplifier design, 
the accuracy of equalisation is related to the 

overload capability. The high frequency 
equalisation of my original circuit can be 
improved, however, to within I.lldB of the 
KiAAcharacteristic at 20kHz by shorting out 
K and increasing C, to 75pF :o maintain 
closed loop stability. As yet I have not made 
any measurements with this circuit 
modification but cannot see any reason why- 
it should significantly effect the distortion 
performance of the amplifier. 
Eric F. Taylor. 

DIRECT SENSING OF 
RADIO WAVES? 
MR DONALD WOOD, who writes in the 
December issue concerning the direct per- 
ception of electromagnetic waves, might be 
interested to learn of some experiments 
earned out by A. F. Collins in 1902. These 
were aimed at verifying "the casual obser- 
vations long since made that approaching 
electrical storms manifesied their presence in 
persons afflicted with certain forms of ner- 
vousness and other pathological conditions, 
though the storm influencing them might be 
many miles beyond, or even below, the 
horizon. To accomplish this task it. was 
necessary, of course, to decide conclusively 
that electric waves exercised some behaviour 
or produced a change, molecular Or other- 
wise, on the brain cells." 

Collins" technique was to insert two elec- 
trodes into the brain to see :f it would act as a 
"Coherer" - i.e. to search for a decrease in 
resistance under die Influence of electro- 
magnetic radiation. He e.xpcrimcrUed in- 
itially with a dead mammalian brain obtained 
from a slaughter-house, and with the brain of 
a live cat which, in Collins' own words, "wil- 
lingly lent itself to the subject for the inves- 
tigations to be made on brain matter in the 
living state". Coherence was obtained, and 
also some twitching of the base of the brain 
was seen in response to the application of the 
electromagnetic stimulus. 

Encouraged by these results, he repeated 
the experiments or. a human brain from a 
recently deceased person, and found that the 
rusl-rcd material in the cerebellum showed 
the greatest response. Finally, he carried out 
some measurements of resistance to deter- 
mine the eri'ect of 24 hours brain deteriorat- 
ion. but found that his instruments were 
behaving very erratically, the galvanometer ' 
needle jumping all over the scale, "This state 
continued for a few minutes, when a pea! of 
thunder awaked me to the actual cause. A 
storm was approaching.... As the storm 
approached, the deflections grew more and 
more pronounced, the needle quivering at 
either end of the scale alternately as though 
endowed with life. The very phenomenon I 
sought to verify with a 2cm spark coil was 
here produced by the lightning itself In 
these tests I was favoured with circum- 
stances which, with me, might, never occur 
again, for the reason tha: a fresh human 
brain was necessary, and that an electrical 
storm should be m progress when all was in 
readiness was quite remarkable". 

Some other relevant remarks were made 
by the editor of the journal The Eiedrician in 
1913. He was commenting or. the experi- 
ments performed by Prof. Lefeuvre of 
Rennes. ' and verified by II. R. 15. Hickmar 
In these, the sciatic nerve of a frog's leg was 
connected to an aerial (via a rectifier) and to 
ear lb. The incoming c.vv, telegraphy signals 
were then read from the Galvanic twitchings 
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of the frog's !eg. The editor wrote . .. Pe.~..aps 
those who ,._.Tite 'scienufic' articles for our 
daHy contemporaries will sec in this an 
explanation of the twHchings which some 
folk feel at the a.pprnach. or a thunderstorm. 
H:ut. ll occurs to tiS that mu:illatory currem 
cannot in fact affect nerves nnd muscles. fur 
h If could. then in spit-e of the 'Skhl effect ' the 
nel~hboul'hood of a large wireless telegraph 
station \o\-ould be full of \fOtaries of St Vjtus 
during the Ges:patch of a meuage:' 
v. J. PI'Jllipo 
Skelly 
Swansea 
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MOBILE RADIO SPEC
TRUM UTILISATION 
YOUR ar..ic:lc '"HOml' Office sifts WARC 
Evidenc::(f . m the <Xtol)er 197i issue high
lla lH~ a numb~r of interesting poin ts. Pro
ntillent among them ar(! the v iews of an 
t\n~crican ru~nufac:.turer ln whit'h (a) they !-lee 
mobile md.io development movtng towards 
the v.se of digttal technlqve.s and (b) the-y 
consider 3ny chen :'I~! bJ.ndwtdth ofle!;...<>than 
25kHz as a backward sup. One infers from 
the text that the "'"'O pointS are linked. 

Undoubtedly trends in the evolution of 
mobile tadio indic.at.e thut cettain types of 
user. in particular those u,:ers requiring 
MCCUI'hy and speed of conununicath>r.: un a 
h&rgC: scale. will, durfns; t he next decade. 
move towards the USt nf nc:w Lechinques in 
which dig1tal me-thods wiU rorm a maju:- rote. 
Three points. however, tmerae: 
e Co.-., emionat speech methods wi11 un· 
dO\lbledly stdl remain the prime mode of 
communication for man)· y'-ars to come - in 
p<.~n.tculat \Vith the small usc:r. 
e The transmission by l'ndlo of hig_h speed 
di\t~, digital spe~ch. C:lC. Is Mill in a n~laliv!'ly 
cn1'ly stage of developm1.:1ll. 
e lnd~cations are that the digital method:> are 
currently wasteful in the usc of frequency 
$peetrum. Co:1seque:ntl)' doubt mu~"'t be ex
j)ressed as to the wiWt>m of *ilocating a 
common channel bandwidth standard. 
tld!quatc to accommndate tuda)·~s digital 
CO'llmunicau.on syste-ms. but considerably in 
excess of (hat :tcccpu:<.l as adequ:n~ for 
tr:tn~mitting speech or slow spl'cd data in· 
tc:lllgence. 

It $<!'eu'IS lik~ly th:tt future developments of 
dl$tlt<il tc-chrtique~ w111 pru<.luce methods 
CApable of operatjon in reduced bandwidt-hs; 
ll mi.)" howe\'cr be wrone 10 base aU ehunnel 
atlocutiw~.s a1: lhis ume on »UCh 3 possibthty. 
Ht>wcvc:-. 1 ~lie\.·e dtat a more realistic 
npproac:.h would be tO d1\'ide the avai!ablc
gpcctrum into c h::tnnc1 unhs suitable fur 
c:unventtOIHd speech comm unication -
I:.NkHz fur t-xarnple- nnd. whcte a need for 
t'l <::hannd ()f widcr bandwidth;,.; j ustified. tn 
combinE' 1he usc of two or mon.· adjacent 
choJ.nnel un!ts !'or the purpose.·. By this 
mel.hod. :l>Ubscquent chunges to .spect.rem 

pla.nrung. brought about by a reduction m 
band"1dth needs as development proceeds. 
could be implemented by merely adding 
other users in the vacated slot:~o. 

Certainly the use of digital techniques -
high !ipccd data . diKttat 5J}Ctch etc. - will 
&•'ow. but it is anticipated Lhat by the time 
more users. large or small, need Lo employ 
such techniques. the stale or the art may well 
be: wfficiently advance-d as to require a 
LOUlly different approach tO Spectrum p:an
nina. 
W. 1\L Pannell 
Sropl<ford 
Cambridgesl!i~ 

F.dltnr-'s nol e: Mr Pannell Is t he principal 
author of the ··Pannell rcpol't" on private 
mobile radio issued by Pyc: Ttlecommunicat~ 

ions last year(see February 1977 issue. p.31). 

TUMOUR ERADICATION 
BY R.F. 
Tl JC paragn.lph in P»t Hnwk~r·s column in 
rhn Nuvcrnber. 1977. i s~tue rcmindc<.l tfl (' of 
some cxpen mcnts I conducLed whl!n w<>r· 
king on the ionophone project at Plessey m 
the early 'fifue!S. As rudets of VJirele$$ 
\Votfd \\ill remember('"Loudspeaker wil'hout 
diaphragm." January. 1932) tht tonophone is 
\1 loud~peaker in which the conventional 
dhLphragrn is replaced by u column of ionised 
oir locatC<.l at the throat of an exponential 
ho•·n. The cxcitn.tion 1~ provided by a n 
amplitude modulated r.t. nrc. The power for 
Lhit wetS provided by two I!L38s operating in 
cla~~o~ C at20~1Hz. coupled to a sctf-resonant 
1ndttetance. Power input Wlb about 40 watL'>-

Ii.a\"11\& tried unsucee.~dUIIy to eli.rnioate • 
large: wart near my knuekh: w1th s;her 
nunue. tric:hloracet1e acid and finalh· a 
¥Oidcring iron. I concewcd the notio~ of 
empluymg r.L energy fl'om the ionophone 
oseillotor. About fi\•c seconds treatment ''.dth 
a 1<1tub tapping, a few turns up t he $elf · 
n•stln i.lnt secondary. gencruted CJlO\.Igh he~! 

In 1 he wart to k ill it, and hcuhng was com. 
pltte in two we-eks. 
J A. Con:fer 
Wm.-clesha.m 
Surrt>y 

£d•tor·$ note: Mr Carder's. cxpcneoce is 
interesting. but we would not like to Cn· 
cr>uroge readers in sclf· t rentment of this 
k hld. 

SYNTHESIZED F.M. 
TRANSCEIVER 
rr Wd~ good to sef" an nrticlt aimed at thl.'
nmateur fra ternity bul usmg currem tech· 
n(>h>gy. ''i7.:. th(~ c.m.o.s. variable d j~ide-r 
ch~tln m the synthes11:1.:r (November ;.1nd 
Oecemlx:r. J977 issues). Whi!e no; wishing to 
<:ritki~e m a~\y "'~~· Mr J.~urr~o·ster's article. 
which nb\'iuus~v re-!a.te1> to a transceiver now 
3tvll'\l him cxC:cllettt str\·lee. I feel the iol· 
to\\1r.g co~mer.:s m.ty ~ h~lpful to other 
poten:1al constructors.: 

1. The 4009(!h·idcr, usc:<l hc..-e toG.OSMHz. is 
p.unruntC'<'d by the mam•raccur~r to operate 
t(l :).OMH·t. ((11. IOV). (iM II .t bein~ot only ,l 

typict•l llJturc. Since the ·10S!) costs "'bout £6. 
sclcetion of a suit<tbll.' srunph• could be risk~·· 
or cxpcnst\'t>, • 

2. 11•(· <:E"t o{ 4059 phl~ :J·uff 4'l60 c.m.o.s 
i.e~ formmg the \'anabl~ dl\•~ct chain cos! 
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about £12. A vh.f. prt.sc.~ler is relatively 
ineq,ensi,·e - the Plessey SPSGSS •s guatan· 
t~ to 200MHz ( ... 32), Interfaces directly 
wah t.t.l. or c.n:.o.s .. draws :SOmW (typic-a1) 
and costs about £8. By using 8\lth a device 
t he v.c.o. cou ld be- operated at fina l 
(1•equency, avo id ing s pul'iOU$ ~~oignab> from 
th¢ us-ual multiplic::at!On process, thus saving 
1wo multipLiers in the trammhH:rchain, two 
multipliers in the receiver ch;a_ln. and the 
t:dsting + 4 prc.>scaler \1oreo\'er-. the 
~rtnmce frequency would be 2S/32kH~ ar.d 
the max1mum L'lput to the -4059 reduced to 
4.56MHz(still outside the JU3r$nteed !igtH·£-. 
but more 3ccept~ble th~n 6.0SMH:t). 

3. When changillg frequency In u syJnhes· 
l:t~r thc.•·e i5 always a period pno•· to locking 
when the \',c.o. i~ sweeping towards the 
new frequency. Although Unl!l may exist onty 
for about lOOms in a system ~uch as this with 
,a reference frequency around 1kHz. it will 
occur t."\ety time the transmiu.~:r ts energisecL 
The transmiutr would be capable of de
bverin,g full power while h .s ou;put i~ swept 
frorn receiver to. frequcnC>' tO transmitter 
frequency, i.e. over IO.iMllz. The block 
di:tgrnm given doe-s not indic::out the prcs~nce 
or a sultabie "inhibit IJlltll loekecl" drcuit for 
the transmiuer, and so op~ration couid cer
tainly cause interference to Other users, ~pan 
from Lhe operator unwiulnxly eontra\·eninA 
the 1enns of the amateur licence. 

4 Jt is essential to provide an adJustment 
for pulling the reference ('~tal to precisely 
che correct frequency . .!Jfncc: the typical 
manufacturing tol erance oC ::0.005% on 
cryMnl frequency reprc!lcnt:t~ :7.25kHz !U 

14$ Mllz. 
J. ;\, Shor-t 
Farnl.>o,-ough 
HartiS 

EXPERIMENTS ON 
PHASE AUDIBILITY 
SEVERAL readers have asked for fu r ther 
elltrlfic:.&tion of two poillt$ if\ my article on 
phase audibility (October 1977 is.sue, pp. 
79-31). T would therefo re Jike Lo add a few 
comments iO the record. as follows. 
Question: Were the Bo .. 901 loudspeaker 
IHU done··up close••. and we(e they '"blind .. ? 

An.ilwer. The single Bose :t~pC;a.ker. and also 
'he crosscd .over pair of Bose speakers. were 
compared with the live performance "up 
close··. that is, at a distance or ten feet from 
the listening jury. The tl!¥1.$ were a·un. blind, 
through a lit•UP gauze CUrLQ.in. Usleners 
could n.ol 1:x> fooled at this distance. but a 
rank ordering of quahty (best. equ~t. 'vorst) 
wu attempted. The essentiflll)' phase. 
eohetent playback was nol any more like the 
live performance than was the phase· 
dJstorted playback. 

\Vhetl the tests were run indoors, in a 
typtcal household en,rlronment. t he Bose 
~pcakers were able to fool tl~teners at. a 
dh1tunce of 35 fee!. (throu~h u lutgc. open 
doorway), but not any closer. The Magnepan 
spu_ktN fooled the llstener5 at :lS r<.-ct in
dOOC'S and 15 feet outdoors. but not at ten 
feet. -
Daniel Shone(ield 
Prlnctron. .'V.J. 
VSA 

J~<liHu• '$ note~: The fo llowing correctiOJlS 
~hol1ld be made to Dr Shancl'lcld's article. On 
~~c 79, mtddte column, the fin~:~l stX lines of 
tht eotumn should hav~ been p-nnted before 

WIRELESS WORIO. FEBRUARY * 9 7K 

r>r the frog's leg. Tne editor wrote. "Perhaps 
ihoje who write scieniinc' articles for nur 
daily conieinporaries wil'. see in this an 
explanation of the IwUchings which some 
folk feel at the approach of a ihunderstorm. 
Bui ii occurs to us that oscillatory current 
cannot in fact affect nerves and muscles, for 
it if could, then in spire n: the 'skin effect' the 
neighbourhood of a large wireless telegraph 
Station would be full of votaries of St Vilus 
during the despatch of a message. ' 
V. J. Phillips 
Shelly 
Swansea 
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MOBILE RADIO SPEC- 
TRUM UTILISATION 
YOUR article "Home Office sifts WARC 
Evidence" in the October 1977 issue high- 
lights i number of Interesting points. Pro- 
minent among them are the views of an 
American manufacturer in which (a) they see 
mobile radio development moving towards 
the use of digital techniques and <b) they 
consider any channel bandwidth of'ess than 
25kll2 as a'backward step. One infers from 
the text that the two points arc linked. 

Undoubtedly trends in the evolution uf 
mobile radio indicate that certain types of 
user in particular those users requiring 
security and speed of communication or. a 
large scale, will, during the next decade, 
move towards the use of new techinques in 
which digital methods will form a major role. 
Three points, however, emerge: 
• Conventional speech methods will un- 
doubtedly still remain the prime mode uf 
communication for many years to come — in 
particular with the small user. 
• The transmission by radio of high speed 
data, digital speech etc, is still in a relatively 
early stage of development. 
9 Indications are that the digital methods are 
currently wasteful in the use of frequency 
spectrum. Consequently doubt must be ex- 
pressed as to the wisdom Of allocating a 
common channel bandwidth standard, 
adequate to accommodate today's digital 
communication systems, but considerably in 
excess Of that accepted as adequate fur 
transmitting speech or slow speed data in 
tdligence 

It seems likely that future developments of 
digital techniques will produce methods 
capable of opeialion in reduced bandwidths; 
it may however be wrong ro base ail Ciiunnel 
allocolioriS at this time on such a possibility. 
However. I believe thai a more realistic 
approach would be to divide the available 
spectrum into channel units suitable for 
rnnventional speech communication — 
12- jkH/. lor example - and. where a need for 
a channel of wider bandwidth ts jusiified, to 
combine the use of two or more adjacent 
channel units for the purpose. By this 
method, subsequent changes to spectrum 

planning, brought about by a reduction in 
bandwidth needs as development proceeds, 
could be implemented by merely adding 
other users ir, the vacated slots. 

Certainly the use of digitai techniques - 
high speed data, digital speech etc. - will 
grow, but it is anticipated that by the time 
more users, large or small, need to employ 
such techniques, the state of the art may well 
be sufficiently advanced as to require a 
totally different approach to spectrum plan- 
ning. 
W. VI. Panned 
Sraplcforri 
Cambridgeshire 

Editor's note: Mr Rannell is the principal 
author o: ;He "Pamicll report" on private 
mobile radio issued by pye Telecommunicat 
ions last year (see February 1977 issue, p.31). 

TUMOUR ERADICATION 

BY R.F. 
THE paragraph in Pat Hawker's column in 
the November. 1977, issue reminded me of 
some expenraoilts 1 conducted when wor- 
king on the lonophone project at Plessey ;n 
the early 'fifties. As readers of Wireless 
World will remember ("Loudspeaker without 
diaphragm." January. 1952) the lonophone is 
a loudspeaker in which the conventional 
diaphragm is replaced by a column of ionised 
air located at the throat of an exponential 
horn. The excitation is provided by an 
amplitude modulated r f. arc. The power for 
this was provided by two EL3ss operating in 
class C at 20MHz. coupled to a self-resonant 
inductance Power input was about 40 wails. 

Having tried unsuccessfully to eliminate a 
large wart near nw knuckle with silver 
iiurate. trichloracelic acid and finally a 
soldering iron. 1 conceived the notion o: 
employing r.f energy from the lonophone 
oscillator About five seconds treatment with 
a stub tapping, a few turns up -he self- 
resonant secondary, generated enough heat 
in the wart to kill it. and healing was com 
plete in two weeks, 
j A, Carder 
Wrecdeshoni 
Surrey 
Editor's note: Mr Carder's experience Is 
interesting, hut we would not like to en- 
courage readers in self-treatment of this 
kind. 

SYNTHESIZED F.M. 
TRANSCEIVER 
IT was good to see an article aimed at the 
amateur fraternity but using current tech- 
nology. viz. the c.ni.O.S. variable divider 
chain m the synthesizer (November and 
December. 1977 issues). While not wishing So 
criticise m any way Mr Forrester's article, 
which obviously relates to a transceiver now 
giving him excellent service. I feel the fol- 
lowing comments may be helpful to other 
potential constructors: 

1. The 4059 divider, used here to6.08MHz. is 
guaranteed by the manufacturer to operate 
to 3.0MHz (at 10V), (iMHz being only a 
typical Figure. Since the 4059 costs about EG. 
selection or" a suitable sample could be risky 
or expensive. , 

2. ! Tie ser O! 4059 plus 3-u;f 1560 c.rr..o..s 
i.es forming the variable divide: chair, cost 

about £12. A vh.t. prescaler is relatively 
inexpensive — the Plessey SP8655 is guaran- 
teed to 200MHz (S- 32). interfaces directly 
with t.l.l- or c.m.o.s.. draws 50niW (typical) 
and costs about £8. By using such u device 
the v.c.o, could be operated at final 
frequency, avoiding spurious signals from 
the usual multiplication process, thus saving 
two mullipUeis in the transmllier chain, two 
multipliers in the receiver chain, and the 
existing *4 prescaler Moreover, the 
reference frequency would be 25'32kH7. and 
the maximum input to the 4059 reduced to 
4.56MH7 (still outside the guaranteed figure, 
but more acceptable than 6.08MHz), 

3. When changing frequency in a synthes- 
izer there i> always a period prior to locking 
when the v.c.o. is sweeping towards the 
new frequency. Although this may exist only 
for about 100ms in a system such as this with 
.a reference frequency around I kHz, it will 
occur every time the transmitter is energised 
The transmitter would be capable of de- 
livering full power while its output is swept 
from receiver l.o. frequency to transmitter 
frequency, i.e. over 10.7MHz The block 
diagram given does not indicate the presence 
of a suitable "inhibit until locked" circuit for 
the transmitter, and so operation could cer- 
tainly cause interference to other users, apart 
from the operator unwillingly contravening 
the terms of the amateur licence. 

4 It is essential to provide an adlustment 
for pulling the reference crystal to precisely 
the correct frequency, since the typical 
manufacturing tolerance of =0.005% on 
crystal frequency represents =7,25kHz at 
145 MHz. 
J. A. Short 
Farnbonwgh 
Hurls 

EXPERIMENTS ON 
PHASE AUDIBILITY 
SEVERAL readers have asked for further 
clarification of two points in my article on 
phase audibility (October 1977 issue, pp. 
79-81). T would therefore like to add a few 
comments to the record, as follows. 
Question: Were the Bose 901 loudspeaker 
tests done "up close", and were they "blind"? 
Answer: The single Bose speaker, and also 
the crossed-over pair of Rose speakers, were 
compared with the live performance "up 
close", that is. at a distance of ten feet from 
the listening jury. The tests were run blind, 
through a lit up gauze curtain. Listeners 
could not be fooled at ihis distance, but a 
rank ordering of quality (best, equai. worst) 
was attempted. The essentially phase- 
coherent playback was not any more like the 
live performance thaii was the phase- 
distorted playback 

When ihe tests were run indoors. In a 
typical household environment, the Bose 
speakers were able to fool listeners at a 
distance of 35 feet (through a large, open 
doorway), but not any closer. The Magnepan 
speakers fooled the listeners at 25 feet in- 
doors and 15 feet outdoors, but not at ten 
feet, 
Daniel Shanefield 
Princeton. N.J. 
USA 

Editor's note; The following corrections 
should be made to Dr Shanefield's article. On 
page 79, middle column, the final six lines of 
the column should have been printed before 
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the penUltimate line oft he first COIUffill (.lfte:r 
the word''But •.• ' ').On pageSO.firstcolumn. 
bnc 27 should reOld" . . ... don't have perfect 
cn-oug_h transducers to do the . . ··On page 
81. fttSt column, line 5 shoukS read·· .... did 
produce essentially coherent ....... Also on 
page 81 "Maanapan·· sllould be spe!t '' )<lag. 
oepan ... rcloren~ 13 should be doteted. and 
th('r'(: should be a note stating that the art.icle 
wa5 based on a paper presented to the 
Boston Aud10 Sociery (USA) in July 1976. 
Apologies for the-se crml'li. 

LONG DISTANCE U .H .F. 
RECEPTION 
1 AM one or a 1lumt>er of enthusiasts. both 
profcss,on•l and unconnected with radi<' 
cummunicotion. who ar~ experimenting with 
consistent IOnK dtslance u.h.f. receptjon 
parucuJarly o( television sign::t1s and usmg 
-.·t:ry high gain receiving systems. We have 
experimented with arnys or high gain 
Vagi aerials and ha,,.~ now begun to im.·es· 
tigate the charaett:risties of parabolic reflec• 
ton.. Unfonun.atety we are finding h almost 
ampossibte to find practical down-to-earth 
micJes on lhe subjt¢t in print and wonder if 
any of your many thousands of readers 
around t he globe- would 1ike to exchange 
details or experiments. umong which are 
OJ)llmum ~h:e or diSh, Optimum fQCU$ t O 
d1amcu:r f'Btlo. hei&ht above ground level. 
opumum low noise amplifier configutation. 
etc. 

So f'a1· with~ H\mporury 25ft diu meter dish 
a rew Ceet ubovt ground we havl! <:onfirmt:d 
tht~ pre<.:-i$e focusing effect and very high gain 
o f a parabola but it has been ~l m~attcr of many 
hours of ttdiou:c experimen t. Also tried was 
diversity at s.eJX~rt'lttd shes of recepuon over 
a 180 mile palh. wnh the result that the 
further the .separation of aerials the be!ter. at 
least up tO 3 mllt:t so far. Along the coast 
where we have been expenmenting the 
signal Jevels or the diStant 500kW !C!evision 
transmitter In ComW8:11 vary tremendous.iy 
depending on tht tropospheric propagation. 
rangiJlg from a couple or mtcrovo!ts to lens or 
mUJi\'oiLS ewer even shon periods of recep
tion. i.e. 24 hours. We would like to hear of 
similar attempts ntlung diStance recep tion of 
u.h.r. sig•toJson the bu~is of tlxchange ofidess 
a1td results. Someone Stlmcwhere must be 
spending countless hou•·s experimenting on a 
slrnilar basil$. 
Des Walsh £15CD 
Ballylynch 
Curri.c:h 011 StAfr 
Co. 'I'ippai'Ory 
Rop. of lrclo"d 

USEFUL 
TRICKS 

CALCULATOR 

BE.ING an owner of the CBM 4190 elec
truni<:: cah.::ul:ttor, I havt: discovered a couple 
of useful tnckl which 1 hts excellent machine 
wilt do and which 8re not mentfoned in t he 
rather briefC8~·1 handbook. 
l . The •·intesr(ltlon" f\metton com be used not 
o nly \0 fUld th..: un::• tt/ld(~r a curve, bu t also 
the <l.t'M 1111ldu 1.1loop. i.e. n cyclic: integral car~ 
be evatuat~d. 

Thb. IS cJonc s lrnpl)' by entering in the x and 
y oo ordiJlate:~~ uf u number o f points round the 
loop. in the s.amc wuy us: in the area·under .. 

(he--curve method. However. the first point 
entered mu:!lt be <.-ntered again 2t the end oi 
the- j(,'\IUcnce, to complete the loop. The first 
point ~n be anywhert on the loop. and tht> 
points c-an be entered either d ockwise o:-
and<lockw•se.. 

This facility w:11 be found ex~re.mely u~ful 
for calc-ulatlng the ··warl< done .. in pre-ssun:
,·olumc doa,grams. and for findm,g the hys
tcresi~ loss from B·H ~nd similar c-urves. 
2. A conversion rrom decimal to dcgrces 
mmutC:lh~ec:onds format 1S normally per· 
formed by ente.rin& the decimal nu•nber a lld 
usin g F.S . l~owev..:r. even when many 
numbers ne<·d to be converted. the F .8 o nlv 
needs to be u~cd nnce, at the begliHling of Lh'e 
St'(Jucuc.:c. ' l'hls ltt done as follows: t::nter the 
fi rst number and press f .S. 'l'his c!onverts the 
first number. Now ~lmpl)' emer the o ther 
number~. pn:sllln$; only (he = key <~fter each 
one. 

The only t\pparcnl problems with this 
method are thm numbers lik~ .25 must be 
entered as 0.2.5. and near. live numbers ar~ not 
perm~ble at all. 

It is worth mentionms; chat converting 
34·24-36 (dcgrces·mfnutH•seconds for-m:u) 
mto dcgrca Ccntls;rade gives an m:eresting 
answer of the order of 10-.l', This is of course 
completely us:clcu for most applications. 
l'eter Holy 
Wort hang 
Sw.:sex 

AUD IBLE AMPLIFIER 
DISTORTION 
PETF.R BAXANOAU. and Peter Walker 
ciCil!'iy :w.t mt1<':h scort by transfer d i.stor'tion 
a'l.'iE'~mtnt$ of ran umplifier's audib!e 
pel'foml~tncc. ( .. Audible omplifier distonion 
tSnot • m)'~terv··. t'ovt mbcr 1977 issu~). But. 
t!cspitt> the subjtcth(' experiments Mr 
Bax.anda'l has c,k\·lscd to ;;.scettain. to hil'> 
sali$faction. t.hat Interaction of sub-thrcs
hofd distortion with $ignat does not take 
plact' a< a rci ult ot 1he complex (and 
poorly~tmUC:rMood) process of tlw audhory 
n.'Spom;n. 1J1e volidity ut lht~ technique ( in 
t.mn..< o( li~tcrtiu~ to the diffel'ence sjgmtl as 
tmpos("(l to mc:~•surlng h) •·ests fittnly on the 
tlS!t.UmptiOtl th~1t IOUC'h intetaCttOil d()(~S not 
OCCU!', 

The study of l>lnauri'll lJCms ha~ d ertrl.\! 
shown, ho,vcvcr. thnt 1 his CAn indeed take 
plnce. T lw ttmr:-ohold of he-aring is a 
psycholo~IC<• I ra1 her thn1l pliystc<tl p hE.'no. 
menon: binaur~'l beat re-search has indtcat<-d 
that our bra ins tun detect and process 
~unds down tu at least 20dB belo\v 
th~hold. Consequently we httve to be 
(:are1'ul to define pr~cl)• wh:at we mean by 
-hearing .. .a. .ound It'$ 3ltogCt!'ter ~ier. 
pel'h~l>$. to talk fn cerm~of ~civing sounds 
\\'bt'n we are con~lous of tht'm (which is the 
meaning 1n which we normally use 
"hearing"') as\d monhoring soustds (for wan: 
of a benet term) when Wt detect and pf1.'Kes."i 
thE'm at IC\'C'I$ b<'lc>w thre~hoJd. 

Of cot•rSt:. the (liC'C tht'H we do .. monitor' .. 
~ound ttod th.u under <'erwin circ.:umstancb 
il c::u\ imtrac:l wll h ~UJ'>C I'· thresho!d sot•nds 
Sllch thut lh<:h· p('•·ceplion 1s niH~rf'd does not 
!l(<C(-5:s.arlly mean tiWt :;ub·th rcshold di~tm·· 
t ion lo {t\td lu umpllficr~'l produces audible 
de~tr\ldOtiO!l O( rtHI!OiC :o\iRO!\IS. Wlmt it does 
do. however. i:s Lbrt>w ft sotncwhm jaundiced 
light on Mr Baxnndnll's conclusion that the 
"true ~iJ;ni(i('~llCC" of urnplii'it>rs produc:ing 
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wral s ilence In transf~r distortion tests is. 
.. quite ines.capnbl)'. thM ~t.1Ch amplifiers are 
subjecttvcly pcrl\.'Ct ... You may we!l belie\·e 
this 10 be so. \lr Boxondall. and time may 
PI'O''t' yo u c~t bul.u )'et, the rt.-s-ponsc to 
your Oat a~rtlons can only be - .. non 
sequitur:· 
K.D. Howard 
O>.fond 
Reference 
1. <>..tt..'f. G . .. Audhory Seat-. in the Brain," 
Sciem~Jic Amcl'icart. 229. No. 4 (Octo ber 
1973). pp!l1·102. Offprtnl l'n. 12S2. 

AUDIO Is a prolific !)reeder o f fo lklore. so a 
reminder or the need tor ratio n alism is 
alway$ timely: we: litond o n the slippery slope 
o f supcti tltion o nce we abandon our belief 
that audio phenomena are matteu of 
physics. not m:t&iC. Mr Pt!ter Baxandall 
(November 1977. p.63) provides just such a 
necessary reminder. but untortunately 
throws oul&he baby with the bath water. 

The wires aoina to an electric bell a.re pact 
of an oscillation-determining circuit iovolv· 
ing milll·mlCrosc:<:ond transients (they cause 
radio interference) and it is by no nleans 
oo ... ;ously absurd to suppose that the high. 
frequency impedenee or the wi res cou1d 
aifcct the ac.tion of the bell to 11n extent thal 
can be hea.rd. On the contr:ary. it needs 
calculation basc.'CI on the mechanisms sup· 
posed to be octing befo re it can be concluded 
whether or not a si&t\ifiC~.tnt eff~ct is likely: 
::Jnd even then tho co nclusio n is vulnerable to 
\\*hether all relevant mechanisms have been 
correctly identified. 

Moreover in 11udJo we .ue l3rgely depr ived 
o f quantita tivi"! limits un tlt we have a comp· 
rchcnsive theory o r huw the ear and brain 
act. If such a lhcory ex ists I have yet to hear 
o f it, and the hlSLory of audio might be 
dcse:ribed as a century of undereslimating 
the sensitivity or perception by the human 
ear. 

It is of eourso taut010&lC411y eorrect that if 
lirtetarity and frequency respon~ sre the 
sole Slgnifieant properties_ then a1J amplifiers 
will sound alike if they have identical 
frequency response and are t('sted under 
conditions which include .. avoid(~ nee o f 
overloading". The difficulty is to define, 
withoulloglcO&I c:lrc:.u larity, whctl all forms o f 
•;overload"' (I.e. non-lincorily) have been 
ttvoidt.'d, as they were not in early ctass-B 
transistor nmpllfhu·R ~ or more J'CCent slew· 
rate limited ones, that pa:ascd all t he disfor
t lon lCi;ts that wore Initially thought suf. 
fident. tn each cnw our ears told us \Vhat we 
only afterwards learnt how to measure. 

Leinonen land ()tala' h1we reported meas·
\ l rernentg on a power amplifier which passed 
\\ith flying cotours total harmonic distortion. 
S)JPTE aa.nd CCif" intermodulation and 
dynamic intermodulatjon tests but showed 
u.~tedly tarKe frequency-transference 
of eo.et&Y m the noise·inltrmOdulation test. 
This fmding may be connected with thl: 
opinion or some listeners. accused in conse
quence or chelmlna to have ··solden cal'$''. 
t hat the subjective performance e>f this 
amplifier leaves ~omr:thlng to be desired. 
Peter Fclie~u 
0('JXU'frncml of Cybcmtttlc,4 
Vu•'vet'silyof Rcodtns 

R<'fcrcne"' 
l . Leinonen. E .. und Otala. M .. "Cortelations 
of Audio Oistorllon". AES :S6th Con,•cn ticm. 
preprint 1223 (0·1). Mnreh 1-4, 1 1177; Fig . 9. 
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thepenulUmaie line of :he first column (after 
the word But... "J.On page 80, first column, 
line 27 should read" don't have perfect 
enough transducers to do ihe " On page 
81, first column, line 5 should read " .... did 
produce essentially coherentAlso on 
page 81 "Magnapan" should be spelt "Mag- 
nepan". reference 13 should be deleted, and 
there should be a note stating that the article 
was based on a paper presented to the 
Boston Audio Society (USA) :n July 1976. 
Apologies for these errors. 

LONG DISTANCE U.H.F. 
RECEPTION 
I AM one of a number of enthusiasts both 
professional and unconnected with radio 
communication, who are experimenting with 
consistent long distance u.h.f reception 
particularly of television signals and using 
very high gain receiving systems. We have 
experimented with arrays of high gain 
Yagi aerials and have now begun to inves- 
tigate the characteristics Of parabolic reflec 
tors. Unfortunately we arc finding it almost 
impossible to find practical down-lo-earlh 
articles on the subject in print and wonder if 
any of your many thousands of readers 
around the globe would like to exchange 
details of experiments, among which are 
optimum size of dish optimum focus to 
diameter ratio, height above ground level, 
optimum low noise amplifier configuration, 
esc. 

So far with a temporary 25f( diameter dish 
a few feet above ground we have confirmed 
the precise focusing effect and very high gain 
of a parabola but it has been a matter of many 
hours of tedious exsierimenl. Also tried was 
diversity at separated sites of reception over 
a ;S0 mile path, with the result that the 
further the separation of aerials the better, at 
least up to 3 miles so far. Along the coast 
where we have been experimenting the 
signal levels of the distant 500kw television 
•transmitter in Cornwall vary tremendously 
depending on the tioposphenc propagation, 
ranging from a couple of microvolts to lens of 
millivollH over even short periods of recep- 
tion, i.e. 2<J hours We would like to hear of 
similar auempis at lung distance reception of 
u.h.f. signals on the basis of exchange of ideas 
and results. Someone somewhere must he 
spending countless hours experimenting on a 
similar basis. 
Des Wnfsh EUCD 
Ballylynch 
Cunich an Sin'r 
Co. Tipperary 
Rep. of Ireland 

USEFUL CALCULATOR 

TRICKS 

BCINC an owner of the C3M -1190 e'<ec 
Ironic calculator. 1 have discovered a couple 
of useful tncks which this excellent machine 
will do and which are not mentioned in the 
rather brief CRM handbook. 
1. The "integration" function can be used not 
only to find the area under a curve, hui also 
the area inside a loop, i.e. a cyclic: huegrai can 
be* evaluated 

Tins is done simply by entering in the .v and 
y co-ordinates of a number of points round the 
loop, in the same way as in the area-under 

the-cutve method. However, the first point 
entered must be entered again at the end of 
the sequence, to complete the loop J'lie first 
point can be anywhere on the loop, and "he 
points can be entered either clockwise or 
an li -clockwl se. 

This facility ws!J be found exsremely useful 
for calculating the "work done" in pressure- 
volume diagrams, and for finding the hys- 
teresis loss from B-H and similar curves. 
2. A conversion from decimal to degrees- 
nv.nutes-seeonds format :s normally per- 
formed by entering the decimal number and 
using F,8 However, even when many 
numbers need to be converted, the F.8 only 
needs to be used once, at the beginning of the 
sequence. This is done as follows: lints'- the 
first number and press F.8. This converts the 
first number. Now simply enter the other 
numbers, pressing only the = key after each 
one. 

The only apparent problems with this 
method are that numbers like ,25 must be 
entered as0.25. and negative numbers are nor 
permissible at all. 

It is worth mentioning that converting 
3-l-2'!-36 (degrcps-minutes seconds format) 
into degrees Centigrade gives an interesting 
answer of the order of 10". This is of course 
completely useless for most applications- 
Peter Holy 
Worthing 
Sussex 

AUDIBLE AMPLIFIER 

DISTORTION 
PRTFR BAXANDALL and Peter Walker 
clearly set much store by transfer distortion 
assessments of an amplifier's audible 
petfonnar.ee. ("Audible amplifier distortion 
is not a mystery", November 1!I77 issue), But. 
despite the subjective experiments Mr 
Baxandall has devised to ascertain, to his 
satisfaction, that interaction of sub-thres- 
hold distortion with signal does not take 
place as a result of the complex (and 
poorly-understood) process of the auduory 
response, the validity of this technique (in 
terms of lisienlng io cne difference signal as 
opposed to measuring it) rests firmly or. the 
assumption that such interaction docs not 
occur. 

The study or binatmal beats has clearly 
shown, however, that this can indeed take 
place The threshold of hearing is a 
psychological rather than physical pheno 
menon: bmaural beat research has indicated 
ibat our brains Can detect and process 
sounds down to at leas: 20dB below 
threshold. Consequently wc have to be 
careful to define precisely what we mean by 
"hearing" a sound It's altogether safer. 
perliHps, to talk in terms of perceiving sounds 
when wc are conscious of them (which is the 
meaning in which we normally use 
"hearing") and monitoring sounds (for want 
of a belter term) when we detect and process 
'hem at levels below threshold. 

Ot course, the fac that we do "monitor* 
sound and that under certain circumstances 
it can interact with super-threshold sounds 
sUCli thai their perception :s nllered does not 
necessarily mean that sub-threshold distor- 
tion in audio amplifiers produces audible 
degradation of music signals What i: does 
do. however, is throw a somewhat jaundiced 
'igln on Mr Baxandall's conclusion that the 
"'-rue significance" of amplifiers producing 

total silence in transfer distortion tests is. 
"quite inescapably, that such amplifiers arc 
subjectively perfect." You may well believe 
this to be so. Mr Baxandall, and time may 
prove you correct but. as yet, the response to 
your flat assertions can only be — nor. 
sequiur." 
K. D. Howard 
Oxford 
Reference 
1. Osier. G. "Auditory Beats in the Brain." 
.SYtinmi/Tc American, 229. No. •) (October 
1973). pp 94-102. Offpnnl No. 1282. 

AUDIO Is a prolific breeder of folklore, so a 
reminder of the need for rationalism is 
always timely: we stand on the slippery slope 
of superstition once we abandon our belief 
that audio phenomena arc matters of 
physics, not magic. Mr Peter Raxandall 
(November 1977. p.63) provides just such a 
necessary reminder, but unfortunately 
throws out the baby with the bath water. 

The wires going to an electric bell are pan 
of an oscillalion-decermining circuit involv- 
ing milll-microsecand transients (they cause 
radio interference) and it is by no means 
obviously absurd to suppose that the high- 
frequency mipedence of the wires could 
affect the action of the bell to an extent that 
can be heard, On the contrary, it needs 
calculation based on the mechanisms sup- 
posed to be acting before it car. be concluded 
whether or not a significant effect is likely: 
and even then the conclusion is vulnerable to 
whether all relevant mechanisms have beer, 
correctly identified. 

Moreover in audio we are largely deprived 
of quantitative limits until we have a comp- 
rehensive theory of how the ear and brain 
act If such a theory exists I have yet to hear 
of it, and the history of audio might be 
described as a century of underestimating 
the sensitivity of perception by the human 
ear- 

It is of course tautologlcally correct that if 
linerarity and frequency response are the 
sole significant properties, then all amplifiers 
will sound alike if they have identical 
frequency response and are tested under 
conditions which Include "avoidance of 
overloading". The difficulty is to define, 
without logical circularity, when all forms of 
"overload" (i.e. non-linearity) have been 
avoided, as they were not in early ciass-B 
transistor amplifiers, or more recent slew- 
rale limited ones, thai passed all the distor- 
tion tests that were Initially thought suf- 
ficient. In each case our ears told us what we 
only afterwards learnt how to measure. 

Leinoneh and Otala1 have reported meas- 
urements on a power amplifier which passed 
with flying colours tola', harmonic distortion. 
SMPTE and C.'ClF intermodulaiion and 
dynamic intermodulatior. tests but showed 
unexpectedly large frequency-transference 
of energy :n the noise-intermodulation test 
This finding may be Connected with the 
opinion of some listeners, accused in conse- 
quence of claiming to have "golden ears", 
that the subjective performance of this 
amplifier leaves something to be desired. 
Peter Fellgelt 
Department of Cybernetics 
U»i (versify of Reading 

Reference 
I. Ldnonen, E.. and Otala. M,, "Correiations 
of Audio Distortion": AES fi6lli Convention, 
preprint 1223 (G-l). March !-4,1977; Fig.9. 
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)lOST OF rnE radio aid~ so far dcscnbed 
are situated Wlthin the airways where 
thev can be ()f utmost u.se to uircraft 
flying with in the system. It is not. 
howevcl'. generally I'CaHsed t hat busi· 
ness and private aircraft movements 
outweigh those of the schedu led 
airlines. and piiOL~ of these s-naller 
aircraft often cover routes nol served by 
convenient ly situated v.o.r/d.m.e. faci
lit-ies or even suitable n.d.bs ror use 
with the radio compass. 

Area navigation. as opposed to 
hopping from beacon to beacon within 
the airways. entails planning the route 
using pre-selected turning points. or 
waypoints. for the purpose, most of 
them not served by <:t radio aid. Since the 
weather may preclude !'ecognition of 
these waypoin ts by map reading. other 
means have tO be provided, One such 
method is known as RNav. It makes use 
or v.o.r. and d.m.e. information which 
is fed to a computer provided with the 
means of off·selling a convenierlt 
v.o.r.id.m.~. station from its existing 
position to where you want it ll.,, b~. 
Thus a pilot may "move" the nearest 
v.o.r.fd.m.c. station to, for example, (I 

fanner's field.ln llS simplest fonn RXav 
makes use of the aircrafl'S existing 
v.o.r./d.m.e. equipment to wh1ch is 
added n computer with setting knobs 
fo r entcrin~ the !>oaring and distance of 
the shift from th" exist.io>g to the 
"ghost" position of the g round facilities. 
More advanced versions have a 
readout. with keyboard emry and the 
ability to store a number of waypoints. 
At any time th~ pilot may ascertain 
distance to run and time to go for Lhe 
next waypoint. This remarka ble na vi· 
galion aid is, of cours~. very convenient 
to use but in movlng l..hc v.o.r.ld.m.c. 
facilit~· 10 a place of the pilot's choosing· 
it takes with it all the erron; associated 
with v.o.r. 

Decca Navigator. More accurau~. t h<'n 
RNav but heavit!r und far costlier is the 
Decca =--:avigator, a system invented by 
an American who. beUevc it or not.. 
came to Britain and set up a company lO 

de·vctop it because there was no support 
for h im in the USA. Like v.o.r. the Oecca 
Navigator i~ n phase com pari son aid but 
here the similurity ends. 1t oporntcs in 
the 70·130kHz bnnd and the g round 
arrangement consiSts of a master 
transmitter and three .sla\'C stations 
positioned some 50-100nm from it at 
roughly 120' intervals (Fig. 4). The 
complete imilallaLion is known ns a 

Fig 4. D(.i(..'(.'C chairt showing th¢ Master 
~ration • . \J. wad I lie> Red. Grc<."n and 

Purple (R. 0 P) :tlavt> stu-tio.11s. In rJu,. 
in tc:re:;t of d<mty tmly th~ hyped>olic 
phase patt<:'t'll l!ti'llcratcd h~ l h<' 
Pw·p!~ I Maswr buseHne is show11. 
Similar poHems orp gcm!,·atc:d ,,. 

Rt'd/ Mo.<!Prortd G~n/ \lW>t<'r 

baseCmes 

by Alan Bramson 
M .R Ae.S 

Radio 
on the 
flight 

deck-2 
Concluding with area 

navigation systems and 
landing aids 

Decca ch<tln and a number of them 
cover certain areas or the world. 

The method of operation is as follows. 
The carrier waves of the master and its 
three slaves are phase-locked and if one 
imaginel'S wave relation,:;hips along the 
basel! nc between the master and one 

ss 
slave it will be realised that a number of 
intersections will exist at half-wave 
intervals. A phase comparison meter 
equipped with some form of counter 
would be able to delel'mine position 
along the baseline. Looking at the 
system in plan form the half waves can 
be imagined as concentric circles based 
upon each of the four transmitters. This 
is shown in Fig. 4. The three slave 
stations are named Red, Green and 
Purple and the in tersection of Red/Ma
ster, Green/Master and Purple / Master 
half-waves creates three hyperbolic 
patterns in the sense that each 
hyperbola is the locus of all points with 
a constant phase difference. • The 
patLCms are known respectively as Red, 
Green and Purple, and the complete 
hyperbolic la ttice covers a considerable 
area. 

ln the aircraft is a receiver capable of 
accepting transmissions from the three 
slave stations and their master. Phnse 
comparison units determine the posi
t ion of the aircraft on the Red, Green 
and Purple latt ice lines so that a fix can 
be obtained from the intersection of 
these Jin es. a nd l h e rest of the story is a 
matter of presentation. 

ln its earlier forms the informatiOn 
was conveyed on three Decca Meters 
and readings from them had to be 
re la ted to spec-ial maps overprinted with 
the Red. Green and Purple hyperbolic 
patterns in those colours. Now the 
entire system i.s automatic. there is a 

• For a full explanation lie(> ··Hyperbolic 
radio na\'igation systems'"' by f . S. S[rfnger. 
W1reless \Vor!d, Au~tust 1969. pp. 353-3.57. 
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most of the radio aids so far described 
are siluated within the airways where 
they can be of utmost use to aircraft 
flying within the system. It is not, 
however, generally realised that busi- 
ness and private aircraft movements 
outweigh those of '.he scheduled 
airlines, and pilots of these smaller 
aircraft often cover routes not served by 
conveniently situated v.o.r/d.m.e faci- 
lities or even suitable n.d.bs for use 
with the radio compass. 

Area navigation, as opposed 10 
hopping from beacon to beacon within 
the airways, entails planning the route 
using pre-selectcd turning points, or 
waypoints, for the purpose, most of 
them not served by a radio aid. Since the 
weather may preclude recognition of 
these waypoints by map reading, other 
means have to be provided- One such 
method is known as RNav. It makes use 
of v.o.r. and d.m.e. information which 
is fed to a computer provided with the 
means of off-setting a convenient 
v.o.r./d.m.e. station from its enisling 
position to where you want it to be. 
Thus a pilot may "move" the nearest 
v.o.r./d.m.e, station to, for example, a 
farmer's field, in its simplest form RNav 
makes use of the aircraft's existing 
v.o.r./d.m.e. equipment, to which is 
added a computer with setting knobs 
fur entering the bearing and distance of 
the shift from the existing :o the 
"ghost" position of the ground facilities. 
More advanced versions have a 
readout, with keyboard entry and the 
ability to store a number of waypoints. 
At any lime the pilot may ascertain 
distance to run and time to go for the 
next waypoinl. This remarkable navi- 
gation aid is, of course, very convenient 
to use but in moving the v.o.r . d.m.e. 
facility to a place of Iho pilot's choosing" 
it lakes with it all the errors associated 
with v.o.r. 

Decca Navigator. More accurate than 
RNav but heavier and far costlier is the 
Decca Navigator, a system invented by 
an American who. believe it or not. 
came to Britain and set up a company to 
develop it because there was no support 
for him in the USA. Like v.o.r. the Decca 
Navigator is a phase comparison aid but 
here the similarity ends. It operates in 
the 70 130kH/. band and the ground 
arrangement consists of a master 
transmitter and three slave stations 
positioned some 50-100nm from it at 
roughly 120' intervals (Fig. 4). The 
complete installation is known as a 

Fig4. Decca chain showing (he Master 
sroJion. M, cind rhe Rtd, Given and 
Purple /H. C Pt slave s'alion.s. in the 
in I west of clan.'y mii'v the hyperbolic 
phase pai fern generated by ihe 
Purple /Master base/me is shown- 
.Si milar pal ferns arc gcnercied in- 
Red Master and Green Maniei 
baselines, 

by Alar Bramson 
M.R Ao.S 
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Decca chain and a number of thern 
cover certain areas of the world. 

The method of operation is as follows. 
The earner waves of the master and its 
three slaves are phase-locked and if one 
imagines wave relationships along the 
baseline between the master and one 
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slave it will be realised that a number of 
intersections will exist at half-wave 
intervals. A phase comparison meter 
equipped with some form of counter 
would be able to determine position 
along the baseline. Looking at the 
system in plan form the half waves can 
be imagined as concentric circles based 
upon each of the four transmitters. This 
is shown in Fig. 4. The three slave 
stations are named Red. Green and 
Purple and the intersection of Rod/Ma- 
ster. Green/Master and Purple/Master 
half-waves creates three hyperbolic 
patterns in the sense that each 
hyperbola is the locus of all points with 
a constant phase difference.' The 
paitCms are known respectively as Red. 
Green and Purple, and the complete 
hyperbolic lattice covers a considerable 
area. 

in the aircraft is a receiver capable of" 
accepting transmissions from the three 
slave stations and their master. Phase 
comparison units determine the posi- 
tion of the aircraft on the Red, Green 
and Purple lattice lines so thai a fix can 
be obtained from the intersection of 
these lines, and the rest of the story is a 
matter of presentation. 

In its earlier forms the information 
was conveyed on three Decca Meiers 
and readings from them had to be 
related to special maps overprinted with 
the Red. Green and Purple hyperbolic 
patterns in those colours. Now the 
entire system is automatic, there is a 

• For a full explanation see "Hyperbolic 
radio navigation systems" by F. S. Stringer, 
Wireless World. Augusi 1969, pp. 353-357. 
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moving map display and the charts are 
made up In rolls like a large film cassette 
some 12ln wide. 

Decca is very accurate, some of the 
equipment bel.ng capable of providing a 
position to within a few hundred yards. 
However, It has been a long time 
attaining its present state of near 
perfection and events have tended to 
overtake the ald. Furthermore, there 
are nol many Decca chains, so itS 
coverage is limited. 

Doppler. Unlike most of the other aids 
this equipment requires no ground 
stations. It measures forward and 
sideways $peed by directing ·radio 
signals to the surface, receiving them at 
the aircraft and computing the resultant 
frequency shift, which is proportional to 
speed. The measurements are red into a 
computer and displayed as miles flown 
and drift to port or starboard. The 
equipment. which for some time found 
ravour with the airlines. is accurate in 
distance but rather Jess so when 
measuring $1deways displacement re
sulting from wind effect. Also it can be 
troublesome when operating over 
smooth water. Now inertial navigators 
are being carried by the larger jet 
aircraft (two of them at £60,000 each) 
but these are not radio aids, being based 
upon accurate measurement of accefe .. 
ration and deceleration on a gyro
stabilised platform. 

Omega. The latest fashion in long range 
radio navigation Is Omega, a v.Lf. 
hyperbolic aid • comparable with Decca 
which operates simultaneously on iO.Z. 
11.33 and 13.6kHz. Eight phase locked 
stations are situated all over the world 
and they provide time-synchronised 
tranSmissions corrected for ionosphere 
diumal Changes. Not all stations are 
available at once but at least three of 
them may be received in any part of the 
world. Apa" from inserting the time 

.a~d date int.o the equipment there is 
little else a pilot need do. A multi-posi
tion switch allows him to obtain more or 
less instant readouts for such parame
ters as d istance from a particular point, 
bearing to or from that point, time to 
run for next waypoint, ground Speed, 
v.ind velocit-y, position expressed as a 
latitude and longitude and so fonh. 
Unlike most Other aids Omega does not 
suffer from cumulative errors with time. 
It was originally developed jointly by 
Britain and the USA for long range 
submarine navigation but since it 
weighs considerably less than inertial 
navigation equipment and costs about. 
one ftfth or its price, Omega would 
appear to have a bright future. Marconi 
have recently won a contract from Pan 
Am for 105 sets. 

Landlng aids 
At the end of the flight, assuming it is 
instrument Oying weather, comes the 
moment of truth: the landing, perhaps 
at a time when cloud base is but a few 

hundred feet from the ground and 
visibility might be reduced to 600 
metres.. a djstance covered in about 
seven seconds at passenger jet ap
proach speeds. Even when aircraft 
approacbed at 60-70 knotS an instru
ment Iandin& demanded some radio 
equipment and the earliest bad weather 
landings were conducted by fl~ing 
overhead the airfield using the direction 
finding service when a lad in the control 
tower (and I am quite serious about 
this) stuck his head out of the window 
and shouted "engines overhead" at the 
appropriate moment. This being con· 
fi rmed to the pilot he would fly a timed 
downwind leg before turning back 
towards the airfield and setting up a 
gentle rate of descent. On the way in 
frequent bearin&S were obtained by a 
frantically keying radio operator but 
fo"unately thl!$0 were the days of 60 
knot approaches and there was time to 
think. V.d.f. (the v.hJ homer already 
described) has allowed the bearing 
procedure to be speeded up, although it 
is only re&arded as a cloud break as 
opposed to a precision landing aid. Very 
accurate are radar approaches as 
pioneered by the wa"ime GCA and 
developed to today•s precision radar. 
The charm or radar approaches is that 
nothing more Lhan a v.h.r transceiver is 
required In the aircraft. The d isadvan· 
tage is that.. radar procedures are 
relatively slow at the very time when 
the aim is to avoid stacking over the 
non .. directional beacons and get the 
aircraft on the runway with a minimum 
of delay. The key to speed is a matter of 
moving away from ground monitored 
procedures and giving the man at the 
controls pilot-interpreted aids. One of 
the earliest was standard beam ap
proacb. an audlo aid where the pilot 
strained to hear dots and dashes or. 
when on the beam, a steady note. It was 
demanding and could be something of a 
trial at the end or a long and tiring flight. 

The present day landing aid in 
widespread use Is instrument landing 
system (i.l.s.). The ground insta llat ion 
consists or a "loca11zer" transmitter 
operating in the 108-112MHz band with 
aerials situated upwind of the runway 
being served. The aerials produce two 
radiation patterns, on the right 
modulated at 150Hz and on the left at 
90H•- These patterns overlap to form a 
beam s• wide centred on the runway. In 
the aircraFt the "noV'' receiver (used for 
v.o.r. re<:Cp(ion) feeds the signals to an 
instrument which is often combined 
with the v.o.r. indicator except that, in 
the i.l.s. mode, it senses the tone 
modulation at opposed to phase 
differences. Usin& the vertical needle 
shown in Fig. 2. this part of the 
equipment wHJ with great precision 
guide the pilot along the runway 
extended centre line, full deflection of 
the needle left or right representing only 
2~o. 

Situated within a few hundred metres 
of the runway threshold Is the glide path 
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transmitter operating In the 329.3 to 335 
MHz band, its frequencies being paired 
with those or the localizer so that 
selection or the U.s. for a particular 
runway automatically sets up the 
gtidepath receiver in the aircraft. The 
glidepath aerial system radlates two 
patterns, the upper lobe modulated at 
90Hz and the lower one at 150Hz. They 
overlap to form a beam littJe more than 
I o in depth which is directed down the 
approaCh path to the runway like a 
guiding selll'Chlight inclined at an angle 
with the horlzontaJ of 2~0 to 31f2'> 
according to local terrain. Signals from 
the g lidepath transmitter are received in 
the aircraft and displayed by a 
horizontal needle which crosses the 
left/right deviation needle of the v.o.r. 
indicator when l.l.s. is fitted. If he is 
above the glidepath the needle will give 
a "fly down" command to the pilot and 
so forth. So that he might be aware of. 
his progress towards the runway the 
ground installation Includes two _mar
ker beacons transmitting narrow 
vertical beams on 75MHz. They operate 
a blue "outer marker'' light on the 
instrument panel at about 4nm from the 
runway threshold followed by an amber 
"middle marker" light, the middle 
marker being at a d istance of 3500ft 
(distances vary slightly from airport to 
airport). Localizer indications are 
similar to v.o.r .. I.e. "fly left", "on 
heading" and "Oy right" commands are 
given by the deviation needle or, to use 
its name when operating in the U.s 
mode, localizer needle. Glidepath 
arrangements, marker beacons and 
some of the Indications provided are 
shown in Fi&. 5. 

The aid i,s very accurate and relatively 
simple to use, particularly when the 
information is presented to the pilot on 
one of the plctorlal displays that these 
days form part of a modern flight 
system. 

Flight d irector systems 
The Oight director Is so closely related 
to radio that brief mention should be 
made here. Modern night decks w ere 
becoming so clutte red with instru
ments it was not easy to find room for 
new radio equipment as It became 
available. But that was not the only 
problem. Pity the poor pilot - how 
much could he watch at any one time. 
So was evolved the integrated flight 
system presenting radio navigational 
information pictorially in conjunction 
with the gyro Instruments that are 
essential for basic Instrument flight, i.e., 
the control of aircraft auitudl(. balance 
and heading. But the scope of the 
equipment does not end here. The 
information may be linked via a 
compULcr tO the autopilot which will 
then fly the aircraft from radio beacon 
to beacon and down the i.l.s. guidance 
system. Current Oight syscems are 
cle•red to a decision height o r only lOOft 
above the runway while autoland, 
which incoporates a radio altimeter and 
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moving map display and the charts are 
made up in rolls like a large film cassette 
some 12m wide. 

Decca is very accurate, some of the 
equipment being capable of providing a 
position to within a few hundred yards. 
However, it has been a long time 
attaining its present stale of near 
perfection and events have tended to 
overtake the aid. Furthermore, there 
are not many Decca chains, so its 
coverage is limited. 

Doppler. Unlike most of the other aids 
this equipment requires no ground 
stations. It measures forward and 
sideways speed by directing radio 
signals to the surface, receiving them at 
the aircraft and computing the resultant 
frequency shift, which is proportional to 
speed The measurements are fed into a 
computer and displayed as miles flown 
and drift to port or starboard. The 
equipment, which for some time found 
favour with die airlines, is accurate in 
distance but rather less so when 
measuring sideways displacement re- 
sulting from wind effect. Also it can be 
troublesome when operating over 
smooth water. Now inertial navigators 
are being carried by the larger Jet 
aircraft (two of them at £60,000 each) 
but these are not radio aids, being based 
upon accurate measurement of accele- 
ration and deceleration on a gyro- 
stabilised platform. 

Omega. The latest fashion in long range 
radio navigation is Omega, a v.J.f. 
hyperbolic aid' comparable with Decca 
which operates simultaneously on 10.2, 
11.33 and 13.6kHz. Eight phase locked 
stations are situated ail over the world 
and they provide time-synchronised 
transmissions corrected for ionosphere 
diurnal changes. Not all stations are 
available at once but at least three of 
them may be received in any part of the 
world. Apart from inserting the time 
and date into the equipment there is 
little else a pilot need do. A multi-posi- 
tion switch allows him to obtain more or 
less instant readouts for such parame- 
ters as distance from a particular point, 
bearing to or from that point, time to 
run for next waypoint, ground speed, 
wind velocity, position expressed as a 
latitude and longitude and so forth. 
Unlike most other aids Omega does not 
suffer from cumulative errors with lime. 
It was originally developed jointly by 
Britain and the USA for long range 
submarine navigation but since it 
weighs considerably less than inertial 
navigation equipment and costs about 
one fifth of its price, Omega would 
appear to have a bright future. Marconi 
have recently won a contract from Pan 
Am for 105 sets. 

Landing aids 
At the end of the flight, assuming it is 
instrument Hying weather, comes the 
moment of truth: the landing, perhaps 
at a time when cloud base is but a few 

hundred feel from the ground and 
visibility might be reduced to 600 
metres, a distance covered in about 
seven seconds at passenger jet ap- 
proach speeds. Even when aircraft 
approached at 60-70 knots an instru- 
ment landing demanded some radio 
equipment and the earliest bad weather 
landings were conducted by flying 
overhead the airfield using the direction 
finding service when a lad in the control 
tower (and I am quite serious about 
this) stuck his head out of the window 
and shouted "engines overhead" at the 
appropriate moment. This being con- 
firmed to the pilot he would fly a timed 
downwind leg before turning back 
towards the airfield and setting up q 
gentle rale of descent. On the way in 
frequent bearings were obtained by a 
frantically keying radio operator but 
fortunately these were the days of 60 
knot approaches and there was time to 
think. V.d.f. (the v.h.f homer already 
described) has allowed the bearing 
procedure to be speeded up. although it 
is only regarded as a cloud break as 
opposed to a precision landing aid. Very 
accurate are radar approaches as 
pioneered by the wartime GCA and 
developed to today's precision radar. 
The charm of radar approaches is thai 
nothing more than a v.h.f transceiver is 
required in the aircraft. The disadvan- 
tage is that radar procedures are 
relatively slow at the very time when 
the aim is to avoid stacking over the 
non-directional beacons and get the 
aircraft on the runway with a minimum 
of delay. The key to speed is a matter of 
moving away from ground monitored 
procedures and giving the man at the 
controls pilot-interpreted aids. One of 
the earliest was standard beam ap- 
proach, an audio aid where the pilot 
strained to hear dots and dashes or. 
when on the beam, a steady note. It was 
demanding and could be something of a 
trial at the end of a long and tiring flight. 

The present day landing aid in 
widespread use is instrument landing 
system (U.S.). The ground installation 
consists of a "localizer" transmitter 
operating in the 108-112MHz band with 
aerials situated upwind of the runway 
being served. The aerials produce two 
radiation patterns, on the right 
modulated at 150Hz and on the left at 
90Hz. These patterns overlap to form a 
beam 5° wide centred on the runway. In 
the aircraft the "nav" receiver (used for 
v.o.r. reception) feeds the signals to an 
instrument which is often combined 
with the v.o.r. indicator except that, in 
the i.l.s. mode, it senses the tone 
modulation as opposed lu phase 
differences. Using the vertical needle 
shown in Fig. 2, this part of the 
equipment will with great precision 
guide the pilot along the runway 
extended centre lino, full deflection of 
the needle left or right representing only 
2W\ 

Situated within a few hundred metres 
of the runway threshold is the glide path 
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transmitter operating in the 329.3 to 335 
MHz band, its frequencies being paired 
with those of the localizer so that 
selection of the i.l.s. for a particular 
runway automatically sets up the 
glidepath receiver in the aircraft. The 
glidepath aerial system radiates two 
patterns, the upper lobe modulated at 
90Hz and the lower one at 150Hz. They 
overlap to form a beam little more than 
\z in depth which is directed down the 
approach path to the runway like a 
guiding searchlight inclined at an angle 
with the horizontal of 2,.40 to SVi" 
according to local terrain. Signals from 
the glidepath transmitter arc received in 
the aircraft and displayed by a 
horizontal needle which crosses the 
left/right deviation needle of the v.o.r. 
indicator when l.I.s. is filled. If he is 
above the glidepath the needle will give 
a "fly down" command to the pilot and 
so forth. So that he might be aware of. 
his progress towards the runway the 
ground installation includes two mar- 
ker beacons transmitting narrow 
vertical beams on 75MHz. They operate 
a blue "outer marker" light on the 
instrument panel at about -Inm from the 
runway threshold followed by an amber 
"middle marker" light, the middle 
marker being at a distance of 3500fi 
(distances vary slightly from airport to 
airport). Localizer indications are 
similar to v.o.r., i.e. "fly left", "on 
heading" and "fly right" commands are 
given by the deviation needle or, to use 
its name when operating in the i.l.s 
mode, localizer needle. Glidepath 
arrangements, marker beacons and 
some of the indications provided are 
shown in Fig. 5. 

The aid is very accurate and relatively 
simple to use, particularly when the 
information is presented to the pilot on 
one of the pictorial displays that these 
days form part of a modern flight 
system. 

Flight director systems 
The flight director is so closely related 
to radio that brief mention should be 
made here. Modern flighi decks were 
becoming so cluttered with instru- 
ments it was not easy to find room for 
new radio equipment as it became 
available. But thai was not the only 
problem. Pity the poor pilot — how 
much could he watch at any one time. 
So was evolved the integrated flight 
system presenting radio navigational 
information pictorially in conjunction 
with the gyro instruments that are 
essential for basic instrument flight, i.e., 
the control of aircraft altitude, balance 
and heading. But the scope of the 
equipment does not end here. The 
information may he linked via a 
computer to the autopilot which will 
then fly the aircraft from radio beacon 
to beacon and down the i.l.s. guidance 
system. Current flight systems are 
cleared to a decision hoighi of only 100ft 
above the runway while autoland, 
which incoporares a radio altimeter and 
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Ovtrl•p of 90 anQ 150 H& 
transmisslot\1 torm a 1°deep glldt p•th 

Fig 5./nstrumenc landing system 
transmission. Insert shows how the 
90Hz (upper lobe) and 150Hz emiU10ns 
ovedap to form~ 1.2° beam anglad 2\i" 
to3W {rom the ho1izontal. Tn rhe 
interest of clan'ty the vertic at Jocolizer 
needle which provides runway 
~ntre-line information has be~n 
omitted. It is read iiJ conjunction wirh 
the horizontal dot .scale on tlt~ 
instrumenr {ace(f"ig 2 .. January). 

autopilot throttle control. is a present 
day reality capable of landing an 
aircraft in visibility thaL makes ta>cying 
back to the passenger terminal a 
problem - but that is another story. 

Price of equipment 
What does it all cost"/ Starting with light 
aircraft, a 72.0·channel communications 
set and a nav receiver with v.o.r. would 
vary in price from £700 to £1,800. while 
one can pay between £750 and £2.400 Cor 
a modem a.d.f. instaUation. D.m.c. is 
expensive at £1.900 to £3.,000, and a 
t ransponder (wlthout encoding alti
meter) could add between £400 and 
£1,800. From personal experience J can 
tell you that the most reliable avionics 
are not always the dearest but. bearing 
in mind a well equipped touring aircraft, 
light single or twin·engined. would 
require the navigation and communica
tions sets to be duplicated. one would 
think in terms of spending some £6.500 
minimum. RNav would add onother 
£1.200 to £6,000 according to scope and a 
good autopilot will set you back £4.000. 
All this represent.'$ a high propOrtion or 
the total cost of the aircraft. Hi&hor up 
the scale large transport jets might 
carry £200.000 of radio equipment or 
even more. 

1 Whereas most of the radio designed 
for smaller aircraft is direct mounted 
with the c.abinets and their controls 

situated in the instrument panel. large 
aircraft banish the main installation to 
radio racks away from the night deck 
and control it by indirect switching 
usually posi~ioned on the central 
pedestal which canies the power levers 
and some of the other controls. 

Thefurure 
It would be a very unwi$c: man who 
claimed an intimate knowledge of what 
the future holds for aircraft radio. But 
cerroin facts ar~emergins. For example, 
there is a continued move away from 
things mcehanical to electronics -
v.o.r. displays that dispense wilh 
moving needles and displny a bearing, 
sa>'· as a digital readout. I.Ls. is likely to 
be replaced by a microwave landing 
system (see No>'ember 1977 News) 
which will allow the pilot a number of 
approach paths to the runway. not just 
one. And instruments as we know them. 
not just those relating tO the radio but 
engine and flight instruments as well, 
may soon be replaced by cathode-ray 
displays. A joinc Hawker Slddeley-BAC 
project. has produced a very compre· 
hensive VC\0 fligh[ deck using seven 
c.r.t..s in p1ace of all but a few standby 
instruments. If a c.r.t. falls In flight the 
display may be ""';tched to one of the 
others while the tube is removed and 
replaced like an electric light bulb. The 
cathodc·ray flight deck is lighter in 
weight nnd likely to be ch•aper than 
present day instrumentation. 

The moving map display and "'head 
up" instrument projecdons. which 
appe:tr on the windscreen. etrc ac an 
advanced stage of development and 
navigation by satellic..c opens up 
exciting new possibilities. Bu~ having 
regard tO the astonishing pace of 
aircraft radio devetopn1ent this past 
twenty years who is to stty what the 
future holds. 2 
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Fig 5. Jnstrumenr ianding system 
transmission, insert shows how the 
90Hz (upper lobe) and 150Hz emissions 
overlap to form a 1.2° beam angled 2'4C, 

to 314* from the horizontal. In the 
interest of clarity the vertical localizer 
needle which provides runway 
centre-line information has been 
omitted. It is read in con/unction with 
the horizontal dot scale on the 
instrument face (Fig 2, January). 

aulopiloi throttle control, is a present 
day reality capable of landing an 
aircraft in visibility that makes laxying 
back to the passenger terminal a 
problem — but chat is another story. 

Price of equipment 
What does it all cost? Starting wii h light 
aircraft, a 720-channel communications 
set and a nav receiver with v.o.r. would 
vary in price from £700 to £1,800. while 
one can pay between £750 and £2,400 for 
a modern a.d.f. installation. D.m.e. is 
expensive at £1.900 to £3.000. and a 
transponder (without encoding alti- 
meter) could add between £400 and 
£1,800. From personal experience I can 
tell you that the most reliable avionics 
are not always the dearest but, bearing 
in mind a well equipped touring aircraft, 
light single or twin-engined, would 
require the navigation and communica- 
tions sets to be duplicated, one would 
think in terms of spending some £6,500 
minimum. RNav would add another 
£1,200 to £6,000 according to scope and a 
good autopilot will set you back £4,000. 
All this represents a high proportion of 
the total cost of the aircraft. Higher up 
the scale large transport jets might 
carry £200,000 of radio equipment or 
even more. 

Whereas most of The radio designed 
for smaller aircraft is direct mounted 
with the cabinets and their controls 

situated in the instrument panel, "argc 
aircraft banish the main installation to 
radio racks away from the flight deck 
and control it by indirect switching 
usually positioned on the central 
pedestal which carries the power levers 
and some of the other controls. 

The future 
It would be a very unwise man who 
claimed an intimate knowledge of what 
the future holds for aircraft radio. But 
certain facts are emerging. For example, 
there is a continued move away from 
things mechanical to electronics — 
v.o.r. displays that dispense with 
moving needles and display a bearing, 
say, as a digital readout, l.l.s. is likely to 
be replaced by a microwave landing 
system (see November 1977 News) 
which will allow the pilot a number of 
approach paths to the runway, not just 
one. And instruments as we know them, 
not just those relating to the radio but 
engine and flight instruments as well, 
may soon be replaced by cathode-ray 
displays. A joint Hawker Siddeley-BAC 
project has produced a very compre- 
hensive VCI0 flight deck using seven 
C.r.l.s in place of all but a few standby 
instruments. If a c.r.t. fails in flight the 
display may be switched to one of the 
others while the tube is removed and 
replaced like an electric light bulb. The 
cathode-ray flight deck is lighter in 
weight and likely to be cheaper than 
present day instrumentation. 

The moving map display and "head 
up" instrument projections, which 
appear on the windscreen, are at an 
advanced stage of developmenl and 
navigation by satellite opens up 
exciting new possibilities. But having 
regard to the astonishing pace of 
aircraft radio development this past 
twenty years who is to say what the 
future holds. 
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CIRCUIT IDEAS 

Precision timer 
THIS circuit gives an audlb.le tone lasting 
half a second at pre·selected times of 2, 
4, 8, I 6. 32 and 64 seconds. Two gates of 
the first i.e. arc used as a square wave 
generotor. A variable resistor or 500kP. 
enables the generator to be set precisely 
against a known frequency. Where 
gates are being used as inverters lhe 
inputs ore connected together. The 

100< 

1M 

Non linear a-to-d 
conversion 

~ 
" lu 

TnE Ferranti ZN425E has become a 
popular device ror low cost analogue to 
digital conversion. A simple modificat· 
ion to the usual circuit enables the i.e. tO 
perform non-linearly as though pre
ceded by a compression amplifier. 

lf the internal fixed reference voltage 
is not used and an external source is 
connected to tlH~ VM~ .... input whose vol
tage rises linea,·ly from zero aL the start 
of each conversion, the d igital output 
will be proportional to the square root 
of the analogue Input voltages as shown 
in (a). If the reference voltage reaches a 
plateau during the conversion period, a 

squal"e wave, vht a spare in\'ert.er, clocks 
the binory counter wh ich is advanced 
one count on the negative going transi 4 

t ion of each Inp ut pu lse. The s ix 
outputs of the counter go to the selector 
switch, the output of which is used to 
trigger o flip.nop on the positive going 
edge. 

The flip·rlop is used to reset the 
counter to zero and is set itself by the 
next positive going clocking pulse. 

4.70'1. 

•.• a 

~ .... ······ 
5 .. ·· 
~ .. ·· ;! 
2 .: 
o tsc 

lhPU'T VOLTAG! COJN'T f>'EillOD (0- 255) 

~ / b 

~ 0 ~ 
•' g .... ··· 

0 t .•. o. 

I~PUT \IOU AGE COUNT PER!CC (0-255} 

Counling r-rom z.cro then resumes at the 
next negative going clocking pulse. 
Two gates of tho sec.:ond i.e. are used as 
an aud io f,·equency oscillator which 
drives o cryst.t\learplece through a spare 
inverter. The oscillator is normally off 
and is switched on for the half second 
that the counter is being re-set. 

J . M. Osbome, 
London S.E.IS. 

• 

o-o 
3 - 9V 
•mA 

linear respon-Se will be obtai ned from 
that point (b). Either an analogue ramp 
generator or a second ZN425E can '!le 
used with Its clock and reset inputs in 
parallel with those or the main i.e. 
J. P. FitLGerald, 
London W.S. 
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CIRCUIT IDEAS 

Precision timer 

This circuit gives an audible tone lasting 
half a second at pre-selected times of 2, 
4. S. 16. 32 and 64 seconds. Two gates of 
the first i.e. are used as a square wave 
generator. A variable resistor of oOOkii 
enables the generator to be set precisely 
against a known frequency. Where 
gates are being used as inverters the 
inputs arc connected together. The 

square wave, via a spare inverter, clocks 
the binary counter v/hich is advanced 
one count on the negative going transi- 
tion of each input pulse. The six 
outputs of the counter go to the selector 
switch, the output of which is used to 
trigger a flip-flop on the positive going 
edge. 

The flip-flop is used to reset the 
counter to 7.ero and is set itself by the 
next positive going clocking pulse. 

Counting from zero then resumes at the 
next negative going clocking pulse. 
Two gates of the second i.e. are used as 
an audio frequency oscillator which 
drives a crystal earpiece through a spare 
inverter. The oscillator is normally off 
and is switched on for the half second 
that the counter is being reset. 

J. M. Osborne, 
London S.E.I5. 
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/ 

Non linear a-to-d 
conversion 
Tin- Fcrranti ZN425E has become a 
popular device for low cost analogue to 
digital conversion. A simple modificat- 
ion to the usual circuit enables the i.e. to 
perform non-linearly as though pre- 
ceded by a compression amplifier. 

If the internal fixed reference voltage 
is not used and an external source is 
connected to the VKtinput whose vol- 
tage rises linearly from zero at the start 
of each conversion, the digital output 
will be proportional to the square root 
of the analogue input voltages as shown 
in (a). If the reference voltage reaches a 
plateau during the conversion period, a 

f s.a 

linear response will be obtained from 
that point (b). Either an analogue ramp 
generator or a second ZN425E can -be 
used with its clock and reset inputs in 
parallel with those of the main i.e. 
J. P. EitzGerald, 
London W.5. 

INPUT VOLTAGE COUNT PERIOD (C-SSs; 

INPUT VOLTAGE COUNT PEH CD (0-256! 
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Variable-speed radio control motor then ready for the next input pulse. The 
output circuit includes fold back eur· 
rcnt/ vohage protection as well ns 
limned base drive to the output trnnsis· 
tor. These may be adjusted to su it ~he 
mot.or nnd output t ransistor by al~cring 
1hc componen ts mark ed wi th a n 
asterisk. Jl't'ull protection is not rcquir~d 
the dotted component. rnay he left out. 
The scmiconduclor types are not criti
cal: in the proLotype an OC2S was used 
fur Tr1• 

PROPOM IIU~AI rndio control s~1'tem~ pro 

duce control p~,.~tses c,·cry 20ms v~.·hose 
length can be varied from l-to·2ms. Thi~ 
circult removes the first 1 ms and ex
l>ands the remaining 0-to-J rn~ to pro
duce O·tO·:i:Oms pulses which drive the 
motor. The motor m<•Y tlH~•·cfore b~t 
driven aJI o r the time. none oi the time. 
or any I.Hnoum bet -;,veen. Pulsing the 
motor in th1s wax i::; more efficient than 
acljusling serieS re-sistors. anti gh·cs 
~moolher control. especially at ver)· tow 

s~•· 

ov 
, ... v~·, 

oV ___!i,J..L_ 

10k 

••• 

The rising edge of nn incoming pulse 
turns Tr1 on via the O.l11f' capacitor. 
This holds Tr, off for the first lms. The 
remainder of the pu lse turns oo Tr2 
which acu; a~ a r urrent source and 
removes a com rolled umount or c.h arg~ 
from dlE~ l1lf capacitor T r(ln::;iswrs Tr3 
and Tr_..tum orf allowinu Tr~ to d rive t he 
motor until the lOOk!l resistor has 
rttcharged the t F c:npacitor and TrJ 
re-saturates. This cuts off the motor 
dn\·e after a time proportional to the 
width of the input pulse. 1·he circuit is 

M. Weston. 
t::psom. 
Surrey. 
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* Ad1u!'.i to tuit 
meter 
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P iJ!..S£ SHOf:tT!",.,EM 

Simplified multiplexing 
A SIMPI..I. method of multiplexing thre~ 
or mor~ displo:Jys is to ga te ·" 7490. 
cnunter output via a i 40J, and 1 hrn '"' ir<" 
OR th• outputs. The 740h ore •witched 
on in rotation by the p(')sitiv~ enable 
:iignnl which also swnches the display~ 
on in tum. lr common cathode displays 
arc used the segmem and dtspluy tnJblc 
s1~nnts must be- inverted. The use of 
7400s iS cheaper than using I n:;x in· 
vcrtcrs. l f the displays .arc tndi\'idunl 
umts l h~ s~gmcnlS rn ui\1 he p:lrullel ~.o~<.l 

tv(;N hCr. 
G. A. Bobker. 
ijury. 
Lanes. 
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Variable-speed radio control motor 

HKOPOKTIonai radio conirol systems pro- 
duce control pulses every 20ins whose 
length can be varied from 1 -to-2ms. This 
circuit removes the first 1 ms and ex- 
pands the remaining 0-tu-ln;s to pro- 
duce 0-lo-20ms pulses which drive the 
motor. The motor may therefore be 
driven all of the time, none of the time, 
or any amount between. Pulsing the 
motor in this way is more efficient than 
adjusting scries resistors, and gives 
smoother control, especially at very Sow 
speeds. 

The rising edge of an incoming pulse 
turns IT; on via the (J.IuK capacitor. 
This holds Tr, off for the first Ims. The 
remainder of the pulse turns on Tr, 
which acts as a current source and 
removes a controlled amount of charge 
from the 1 jF capacitor Transistors Tr, 
and Tr, turn off allowing Tr, to drive the 
motor until the I00kl2 resistor has 
recharged the F F capacitor and Tr, 
re-saturates. This cuts off the motor 
drive after a time proportional to the 
width of the input pulse. The circuit is 

J L 

_iIL I  

I 

T 

then ready for the next input pulse. The 
output circuit includes fold back cur- 
rent-voltage protection as well as 
limited base drive to the output transis- 
tor. These may be adjusted to suit the 
motor and output transistor by altering 
the components marked with an 
asterisk. If full protection is not required 
the dotted component may be left out. 
The semiconductor types are not criti- 
cal: in the prototype an OC2S was used 
for Trs. 
M. Weston. 
Epsom. 
Surrey. 
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Simplified multiplexing 
A siMPi.i. method of multiplexing three 
or more displays is to gate a 7-f90 ■ 
counter output via a "401, and then wire 
OR the outputs. The "401 s are switched 
on in rotation by the positive enable 
signal which also switches the displays 
on in turn. If common cathode displays 
are used the segment and display enable 
signals must be inverted. The use of 
7400s is cheaper than using HEX i::- 
veners. If the displays are individual 
units the segments must be paralleled 
together. 
(i. A. Bobker. 
Bury, 
Lanes. 
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Universal matrix 
decoder 

AN" inconvenience when experimenting 
with mat.rix surround·sound is that a 
separate deeoder is nonnally used for 
each system. However, the decoding is 
always done by a matrix of the follow
ing form, 

-.[~: 
'41 

where the coernclents Clu to Clu vary in 
amplitude from 0 to I and in phase from 
Q0 to 360°. Rewridng them in the form 
are • btc + /Crt. rhe decoding equation 
becomes, 

[t]- [t: ~: 
Ra bu C.tl 

Triple-voltage power 
supply 
LOGIC systems frequently require an
cillary analogue circuitry which cannot 
be fed from a 5V power supply. This 
simple circuit is suitable for obtaining 
± 12V and +5V regulated supplies from 
a single transformer. 

A standard Douglas MT3A T trans
former has been modified by isolating 
half of tho secondary winding. This is 
achieved by unsoldering the ends of the 
windings at tile l5V tapping and con· 
necting tllem to separate tags. 

Three d.c. outputs are provided which 
are suitable for use with series stabil· 
isers. The current ratings have been 
sclecled with D. practical circuit in mind~ 
but within the limitations of the trans· 
former tlley may be apportioned to suit 
individual applications. 

Because tile connection of the + ISV 
rectifier Is unconventional it is worth 
noting that purists may wish to isolate 
the windings at the 24 V tapping, and to 
use bridge recliners throughout. 
J. A. Hardco.stle. 
Huyton, 
·Liverpool. 

If the b and c coefficients are made 
variab le between - I a nd + I , a ny 
required decode matrix can be set up. 
The ~ and <> + 90° quadrature signals 
are derived by the well known all pass 
networks used In commercial decoders. 

WIRELESS WOfiLO. FEBRUARY 1978 

If required, several sets of coefficient 
potentiometers or fixed resistor dividers 
can be made on plug-In boards. 
D. Hamill, 
Hamlll Electronics Ltd, 
London SW20. 

r---------~+---------~---------o+t8V200mA 

24V 
50Hz 
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Universal matrix 
decoder 

an inconvenience when experimenting 
with matrix surround-sound is that a 
separate decoder is normally used for 
each system. However, the decoding is 
always done by a matrix of the follow- 
ing form. 

where the coefficients a-; to a,2 vary in 
amplitude from 0 to i and in phase from 
0° to 360°. Rewriting them in the form 
a,c - brc + lcK. the decoding equation 
becomes, 

nelwc-ks 

LO 

R O 

Gl! "12 
RK 021 "32 
W "31 
RB "41 "S3 

bn bn 
RF bii "31 hr, 
LE i*. 

[RB bii "41 *>42 

L 
jL 
R 

_JR_ 

If the b and c coefficients are made 
variable between —1 and +1. any 
required decode matrix can be set up. 
The 6 and <> + 90° quadrature signals 
are derived by the well known all pass 
networks used in commercial decoders. 

If required, several sets of coefficient 
potentiometers or fixed resistor dividers 
can be made on plug-in boards. 
D. Hamill, 
Hamill Electronics Ltd, 
London SW20. 

Triple-voltage power 
supply 
logic systems frequently require an- 
cillary analogue circuitry which cannot 
be fed from a 5V power supply. This 
simple circuit is suitable for obtaining 
± 12V and + 5V regulated supplies from 
a single transformer. 

A standard Douglas MT3AT trans- 
former has been modified by isolating 
half of the secondary winding. This is 
achieved by unsoldering the ends of the 
windings at the 15V tapping and con- 
necting them to separate tags. 

Three d.c. outputs are provided which 
are suitable for use with series stabil- 
isers. The current ratings have been 
selected with a practical circuit in mind, 
but within the limitations of the trans- 
former they may be apportioned to suit 
individual applications. 

Because the connection of the +18V 
rectifier is unconventional it is worth 
noting thai, purists may wish to isolate 
the windings at the 24 V capping, and to 
use bridge rectifiers throughout. 
J. A. Hardcastle, 
Huyton, 
Liverpool. 
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TEST OUR STRENGTH · ! 

Accuracy and Simplicity·· 
All packed into one remarkable, lightweight tester. 

Engineered with a light touch to simplify your task on site, 
the new Plessey Telegdata Telegraph Circuit Tester - TCT1 0 
makes light work of testing your circuits and machines. 

Look at the unique advantages offered by this new very comprehensive 
tester, designed to the high standards of accuracy and reliability 
demanded by modern telegraph and telex administrations. 

0 Well laid oul c:>ntrols. Simple clear ::J Measurements in 1% or 2% steps 
marking Don't delay- send today for a complete 

0 50/330 bauds. Crystal or variable cootrol specification of the Telegraph 
l Codes selection by switclt. Sor 8 Circuit Tester. TCT10 

unit and parity 
0 Output compatible with V28 

Full range of double and single current 
telegraph signals 

0 .. Fox .. and 09S test messages 
fl Switch selection of any 5 or 8 unit 

characters 

8 LED Display 
Speed synchronisation. bias. start/ stop 
and peak distortion measurements 

PLESSEY 
CONTROLS 

Plessey Controls Limited 
Sopers Lane, poole, Dorset . 
United Kingdom BH 1 7 7ER 
Tel: Poole (02013) 5161 Telex: 41272 . ' 

WW...O.S7f>~OR FUkTH£R DETAILS 

,.i I ..,a 
·.1 I 
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TEST OUR STRENGTH 

Accuracy and Simplicity 

All packed into one remarkable, lightweight tester. 

Engineered with a light touch to simplify your task on site, 
the new Plessey Telegdata Telegraph Circuit Tester - TCT10 
makes light work of testing your circuits and machines. 

Look at the unique advantages offered by this new very comprehensive 
tester, designed to the high standards of accuracy and reliability 
demanded by modern telegraph and telex administrations. 

□ 

U 
r 

□ 

□ 
□ 

J 
□ 

Well laid out controls. Simple clear 
marking 
50/330 bauds. Crystal or variable control 
Codes selection by switch, 5 or 8 
unit and parity 
Output compatible with V28 
Full range of double and single current 
telegraph signals 
"Fox" and Q9S test messages 
Switch selection of any 5 or 8 unit 
characters 
LED Display 
Speed synchronisation, bias, start/stop 
and peak distortion measurements 

□ Measurements in 1% or 2% steps 
Don't delay - send today for a complete 
specification of the Telegraph 
Circuit Tester. TC110 

CONTROLS 
Plessey Controls Limited 
Sopers Lane, Poole, Dorset 
United Kingdom BH17 7ER 
Tel: Poole (02013) 5161 Telex: 41272 
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Valves from 
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HOUSE 
OF POWER 

Pinnacle Eler.tronic Components, Elewon House, Cr ay Avenue, St. Mary Cray, Orpington, Kent BR5 30J. Phone: Orpington 71531 Telex: 896141 
Northern/Midlands Sales Office: 11 Palmyra S11uare, Warrington. Phone: Warrington 50145. Telex: 627349 
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Valves are finished 

* 

their best friends should tell them! 
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P .c. b. layout for 
high-speed Schottky t.t.l. 

Requirements of printed-board design for low inductance and effective decoupling 

A great d eal has been writteo on the 
subject of logic design and quite 
comprehensive books appear almost 
monthly. In general, however, the 
published material neglects an extremely 
important area a nd one which probably 
gives the most trouble to ptac•ising 
engineers. This area, which is dealt with-.: 
in the present article. is concerned .. vith 
the layout of logic on printed circuit 
boards in order to ensure reliabfe 
operation. The impetus for writing this 
a rticle comes from the author's own 
experience of the lamentable lack of 
understanding of these basic 
considerations. 

1'1' SHOUl.O no~ be concluded from the 
preamble that the subjecL is a d ifficult 
one; indeed the mathematics employed 
in the present paper is extremety elem
entary. The problems are caused rather 
by the historical progression from anal 
ogue to digital techniques with the 
consequent carrying out of well-tried 
~natogue practices in to the digital en
vironment. Unfortunately. the 
requirements fol' digital circuitry are 
frequently opposite to those needed by 
the analogue variety a nd hence there is 
a need for a complete reconsideration of 
the requirements. 

Low inductance bussing · 
To understand the criteria which deter
mine how the supply and GND lines 
should be distributed to the t.t.l., first 
take the case of a t.t.l. gate driving its 
output line from low to high. For the 
gate to d rive lheoutput Jine high it must 
pass current in to it. The output Jine 
must. be considered as a uansmission 
Jine of impedance Z., if its Jength ex
ceeds lOcm. In practice. z., \l.'ill be in the 
region of !OOQ and for a single logic 
signal changing from low to high the 
instantaneous outpul curre.nt will be 
g iven by l • ., 5i l00 = 50mA. Th is 
current must be obtained from the sup4 

ply rails in a t ime c9mparabte to the 
riset in' e of the s ignal. If, for Schottky 
c.t.L .rr(min) ::::::: 1.5ns, t hen ChMrge must be 
rransCerred from the decoup1ing capa
citor to the gate and hence to lhe outpm 
line i n this t ime. Remember that cha;tge 
is obstructed t'rorn fi (Jwing into the gate 
by t.he inductance. L, of the loop A.BCD 
in Fig. 1. lf this is approximately 2cm 

by D. Walton, B.Sc. (Hons) . Ph. 0. 

A +;V 

~NO 

D 

Fig I . Example of gate, with 
decoupling, producing a low-to-high 
transit ion. 

square with reasonable. track width 
then, using the formula for parallel 
wires, L = I n(a/r) tl•n/4o;;. '"'~OnH. The 
e.m .f. droppe<l across L will then be 
g iven by F. = - Ldildt. Therefore. 

30 X lQ-io X 50 X lQ- 3 

E 1.5x 10-• 

=I vol t 

This is a considerable voJt.age and it 
should be remembered that it is the 
result of a single ga.te switching. If all 
four gates in a pack switch together the 
currents , .... m be additive and the rail will 
fall by 4 volts. 

The first requirement of a power d is
tribution systt!m must thctcfore be low 
inductance tie t,veen the Lc. and che 
decoupling capacitor. This is achieved 
by the track layout shown in Fig. 2(b). 
where a Jow inductance path from C co 
the i.e. is provided by keeping Lhe 
v,x: and GND Lracks close together. 

+>V 

lC I 
L,.--

(oJ <bJ 

Fig. 2. Two ways of' laylng out supply 
lines. Preferred melhod, giving lo w e1· 
inductance, is at (b). 

Manufacturers of i.cs usuaHy specify 
one decoupling capacitor for.ever.y 5- lO 
i.CS which, with the l rack 1ayOI,Jl Of fig 
2(a) results in prohibiLively high in 
ductance between che capacitor and the 

worst-case positioned i.e. The safest 
course is to provide the t.rack layout as 
in Fig. 2(b) buL also to put one capacitor 
adjacent to each i.e . Clear]y, this can be 
achieved by having on~ capacitor for 
each pair of i.cs. 

Decoupling capacitors 
The foregoing argument shows that 

the c-apacitor is better thought or as a 
reservoir capacitor \Vhich supplie$ the 
Jocal, instantaneous current demands 
as i.cs Switch. T his means chat the 
importanl parameter for such a 
capacitor is the inst.anLaneou!i current 
which it can supply. Some. manufac .. 
turers specify capacitors for i.e. decoup
li ng by giving the maximum pu lse 
risc time, which corresponds to a 
maximum current for a given size of 
capacitor. For instance, a 47nF capac
tior specified at 50V I !J.S can supply a 
current given by 

. dv -~ 50 •= C.(i;=17xiO x
10

_6 

= 2.5A. 

which is adequate in lhe conlext of the 
previous calculation. 

The other chec.k to make is that the 
current drawn from the capacitor does 
not cause it::; voltage and hence the rail 
volLage to fall exccssiveJy. If the local 
demand is equal to 10 gates switching, 
Lhe current demand will beSOO.mA: to. be 
safe, assume that this demand lasls for 
IOns, and design for a voltage drop at 
the capacitor of50mV. 

Thus. 
dv 

i • c.dt 

50 X J0-3 

0.5= CIOX JO·• 
C= lOOnF. 

TI1is suggests that ''-'e should provide 
approximately,lOOnF' for each pair of 
packages. 

It m ight l)e thought chat radio 
frequenc.y type capacitors are necessary 
for t.. t .l. dccoupling~ but this is not so. To 
show why requires more space than can 
be spared in an article of chis cype buc 
essentially it: is because the frequently 
adopted model o f a capacitor. which 
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P.c.b. layout for 

high-speed Schottky t.t.l. 

Requirements of printed-board design for low inductance and effective decoupling 

by O. Walton, B.Sc. (Hons), Ph.D. 

A great deal has been wriuen on the 
subject of logic design and quite 
comprehensive books appear almost 
monthly In general, however, the 
published material neglects an extremely 
important area and one which probably 
gives the most trouble to practising 
engineers. This area, which is dealt wit" 
in the present article, is concerned with 
the layout of logic on printed circuit 
boards in order so ensure reliable 
operation "ne impetus for writing this 
article comes from the author's own 
experience of the lamentable lack of 
understanding of these basic 
considerations. 

ri should not be concluded from the 
preamble that the subject is a difficult 
one; indeed the mathematics employed 
in the present paper is extremely elem- 
enlary The problems are caused rather 
by the historical progression from anal- 
ogue to digital techniques with the 
consequent carrying out of well-tried 
analogue practices into the digital en- 
vironment. Unfortunately. the 
requirements for digital circuitry are 
frequently opposite to those needed by 
the analogue variety and hence there is 
a need for a complete reconsideration of 
the requirements. 

Low inductance bussing 
To understand the criteria which deter- 
mine how the supply and GND lines 
should be distributed to the t.t.l.. first 
take the case of a l.l.l. gate driving its 
output line from low to high. For the 
gate to drive the output line high it must 
pass current into it. The output line 
must be considered as a transmission 
line of impedance Zn if its length ex- 
ceeds 10cm. In practice. 7... will be in the 
region of 100f> and for a single logic 
signal changing from low to high the 
instantaneous output current will be 
given by I,, = 5/TOO = 50mA. This 
current must be obtained from the sup- 
ply rails in a lime comparable to the 
risetime of the signal, if. for Schottky 
t.t.l.. f.,.nin, 1.5ns, then charge must be 
transferred from the decoupling capa- 
citor to the gate and hence to the output 
line in this time. Remember thai charge 
is obstructed from flowing into the gate 
by the iiiduciatice, L. of the loop ABCD 
in Fig. I. If this is approximately 2cm 

+sV 

GND 

Fig I. Example of gate, with 
decoupling, producing a low-io-high 
Irunsilion, 

square with reasonable track width 
then, using the formula for parallel 
wires, L = ln(G/r) ^3()nH. The 
e.m.f. dropped across L will then be 
given by F. = —Ldi/dt- Therefore. 

30xl0-;,x 50x10"'' 
l.SxIF5 

= I volt 

This is a considerable voltage and it 
should be remembered that it is the 
result of a single gate switching. If all 
four gates in a pack switch together the 
currents will be additive and the rail will 
fall by 4 volts. 

The first requirement of a power dis- 
tribution system must therefore be low 
inductance between the i.e. and the 
decoupling capacitor. This is achieved 
by the track layout shown in Fig. 2(b). 
where a low inductance path from C to 
the i.e. is provided by keeping the 
V,-(: and GND tracks close together. 

+sv 

ic; IC 
I 1- 
I I 
I I 
I I 

GND 
GNO 
laJ !Si 

Fig. 2. Two ways of laying out supply 
lines. Preferred method, giving lower 
mduclance, is or fh). 

Manufacturers of i.es usually specify 
one decoupling capacitor for every 5—10 
i.es which, with the track layout of Fig 
2(a) results in prohibitively high in- 
ductance between the capacitor and the 

worst-case positioned i.e. The safest 
course is to prov'ide the track layout as 
in Fig. 2(b) but also to put one capacitor 
adjacent to each i.e. Clearly, this can be 
achieved by having one capacitor for 
each pair of i.es. 

Decoupling capacitors 
The foregoing argument shows that 

the capacitor is belter thought of as a 
reservoir capacitor which supplies the 
local, instantaneous current demands 
as i.es switch. This means that the 
important parameter for such a 
capacitor is the instantaneous current 
which it can supply. Some manufac- 
turers specify capacitors for i.e. decoup- 
ling by giving the maximum pulse 
risetime, which corresponds to a 
maximum current for a given size of 
capacitor. For instance, a 47nF capac- 
lior specified at 50V/us can supply a 
current given by 

i=clr47xl0"',xi^ 
= 2.5A. 

which is adequate in the context of the 
previous calculation. 

The other check to make is that the 
current drawn from the capacitor does 
not cause its voltage and hence the rail 
voltage to fall excessively. If the local 
demand is equai to 10 gates switching, 
the current demand will be 500mA: to be 
safe, assume that this demand lasts for 
10ns. and design for a voltage drop at 
the capacitor of 50mV 

Thus. 

■ ndv 
i- C- 

0.5 = C 

df 

.50 x 10 
10X10 1 

C= lOOnF. 

This suggests that we should provide 
approximately.lOOnF for each pair of 
packages. 

It might be though: that radio 
frequency type capacitors are necessary 
for t.t.l. decoupling, but this is not so. To 
show why requires more space than can 
be spared in an article of this type bur 
essentially it is because the frequently 
adopted model of a capacitor, which 
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proposes that it possesses a lumped 
series inductanC-e', break:; down in t ho 
case of a single applied step. There is 
therefore no reason for Lhe designer to 
be afraid to employ non-ceramic capa. 
citors provided they have adequate 
V/J!S ability. In the author's experience 
l)lF tantalum beads per,form well as 
decoupling capacitors. 

Transmission-line model 
The best way to think of the power 
distribution system is as a transmission 
line, with each package conncCIOO to an 
ideal voltage source via an impedance 
equal to the tra nsmission line lmped· 
ance•. This impedance muSt be sufn. 
ciemly low for negligible voltaJie tran· 
sients to be produced on the line by 
gates switching within the package. 
The impedance of a t ransmission line ls 
given by Z.·v~ where l. and C arc 
the inductance and capacitance per unit 
length respectively. To calculate z. for 
the case of two tracks close together: 

1.= ~'<>1n2 
41: • 

wnere 11, is 5. A and rare tak~n as 2mm 
and 0.5 mm. Therefore 

L• 0.6~1Tirn. 

If a IOOnF capacitor is p laced every 
Scm along this line, then: 

C= 100 X 20 nF m· 1 • 2~F m· 1 

Therefore z..,0,5!1. 
An instantaneous current demand of' 

200mA - corresponding to 4 B•tes 
switching - will prod uce a voltage 
transient of IOOmV. This is on ly just 
acceptable and suggests that the value 
ofC should be increased. Note however, 
that laying out the tracks with wider 
spacing and using smaller capacitOr$ -
IOnF for every few i.cs. which is not 
uncommon, will create a situation much 
worse than this. 

Auto-deeoupling In 1.1.1. 
In the context of the preceding remarks 
some readers may wonder how systems 
whoch they have seen or have worked 
with managed to function a1 all, since It 
is common to see most or all of the 
above design guidelines violated. To sc<t 
the anS\ver to this. consider the struc· 
ture of the t.t.l. gate output circuit, 
when this is driving the following gate 
input low, as in f'og. 3. 

HV 

r,, I FtecC'Ivlrg 
I gate 
I 

R 

' I 
I l T'l 

,,, 

""" 
Fig. 3. Totem-pole t.t.l. oulpu£ ~tu~;:<t 
driving StlCCeedlng gate low. 

According to the specification for. 
say, a 7400 the typicai values of i and R 
are I.OmA and 4kf! respectively. When 
lhe gate output is low it sinks a current 
i. given by i= (Yc;:-Yt~e - Yc;~~(".:~ 1 >) I R. 
where Yw is the base·emitter voltage of 
Tr1 and Vu ... ~n is the collector saturat~ 
ion voltage ofTr,. 
Jf Vbl' and Vel("'~; = 0.7 volt.~. to take a 
worst--case example. and V«=5 volts 

h . 3.6 
ten r=R 

r-.;ow consldt:r what happens if the rail 
voltage drops~ due to a transient load 
imposed by the output of another gate 
swnehing. When Vee drops there is no 
change(to a good approximation) in the 
v .. drops. Suppose the rail drops by 10% 
then: 

Therefore 

. 5-1.4 
11 = --n:-

4.5-1.4 
il R 

i1-o2 0.5 I I~ 
ft - 3.6 - • /XI, 

In Other wor(.h; a 10% change ~n Vee 
produces ~ 14<:1', change in t he curretu 
load placed on the rail. In effect what is 
happening is that each gate output 
which is holding ttnother input low acts 
as a 'reservoir' of current and when the 
rail voltage drops as another gate drives ' 
its output h1gb all the other gat•s give 
up some or llteir current to assist. This is 
what I would call the 'good neighbour· 
lincss effect' in t.t.L In general, some 
gates on a voltage bus wtU be low and so 
act as current supplies. The problem 
arises when none or only a few are in 
this state - a critical sit.uatton for a 
badly designed system and one which 
could cause a failure. It should be ~em· 
embered that a logic system should 
work for all possible combinations of 
states wh1ch can occur in practice and a 
hi!Ulrd of this type could have serious 
consequences. It is therefore insuffi ~ 

cient to demonstrate that a system 
·work~· because if the pO\ve: distribut~ 
ion system is badly designed there is 
always the chance or an untested situ
~tion bringing about a failure of the 
system. It is assumed that in a logic 
system of reasonable size it is impos
sible to test a ll possible combinational 
sit\.\ations, and doubly impossible to test 
uU possible ch:-.nges of sil uation l 

The problem with Schouky t..U. js 
that the increase in speed does not at! ow 
Lime For the •good neighbo orliness 
errect' to act. consequently one is many 

• A pacKage :n the C:l'lltrc of a power bt•s will ~I!(' 
two linCt: in parullt'l and hcncc h<ttl'lh.: inped<tnc:l:. 
\V~· will ;.:lOi)l lln: 'Wm:-.~· l'lt\llrl' I'm· lhtt ;m rpmw. (~f. 
t h lllilrt;Ufllt.l\t. 
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times worse orr with Schonky than with 
ordinary t.t.l. Schottky Is a less for· 
giving family than conventional t.\.1. 
and much more care must therefore be 
taken with power distribu tion to ensure 
reliable performance. 

The current spike 
As just described, the malnciUse 
of tran~ient current demands in a 
Schottky Lt.l. system is the Initial cur. 
rent surge when a gate switches into its 
transmission line load. The manufac· 
rurers· data overlooks the mechanism 
entirely. There is another cause of t.ran· 
sient current demand which results 
rrom the 'push-pull' design of the t.t.l. 
output stage shown fn Fig. 4. The cur· 

Pig. 4. T.t.,l. out,p •-d. con[1'8LAr<Jtion Jaa(ln 
to curren t spil?e a t transmission. 

· rem spike is produced because, on the 0 
to 1 transition, the upper transistor 
turn~ on while the Jower t ransistor is 
st ill turning off. This leads to a current 
surge of !OmA with duration of about 
IOns'. Provided the design guidelines 
laid down in t.he earlier sections with 
regard to power supply bussing and 
decoupling have been followed, this 
small additional hazard will be taken 
care of. In fact~ since a JogJe gate is 
driving a transmission line which Is a 
resistive rather than a capacitive load, 
there is no need to provide a totem pole 
output and this must be regarded as one 
of the bad features of the t.t.l. family, 

lnterconnexions 
To implement a system successfully 
using the t.t.l. family it is necessary 10 
interconnect correctly between logic 
gates. 
Transmission lines.. The correct model 
to use for interconnexion between logic. 
gates is a tWO·w ire transmission line. h 
is impossible to understand how a signal 
travels from gate to gate without taking 
the return path into consideration. In· 
de<."<! it is impossible for a signal to travel 
withoul a return path! Cons ider the 
two-wire transmission lin~ shown in 
Fig. 5, in \~hich a zero riso·tlmo Is pro· 

A 

I : 

- i - c 

n 

v 

D I 
Fig. 5. Two-wire transmtssion line. 
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proposes chat it possesses a lamped 
series inductance, breaks down in the 
case of a single applied step. There is 
therefore no reason for the designer to 
be afraid to employ non-ceramic capa- 
citors provided they have adequate 
V/ijs ability. In the author's experience 
]fiF tantalum beads perform well as 
decoupling capacitors 

Transmission-line model 
The best way to think of the power 
distribution system is as a transmission 
line, with each package connected to an 
ideal voltage source via an impedance 
equal to the transmission line imped- 
ance*. This impedance must be suffi- 
ciently low for negligible voltage tran- 
sients to be produced on the line by 
gales switching within the package. 
The impedance of a transmission line is 
given by Z. \' UC. where I. and C arc 
the inductance and capacitance per unit 
length respectively. To calculate Z,. for 
the case of two tracks close together: 

4r r 

where u0 is 5. A and r are taken as 2mm 
and 0.5 mm. Therefore 

L - 
If a lOOnF capacitor :s placed every 

5cm along this line, then: 
C= 1(H) x 20 nF m-1 = 2nF m~1 

Therefore Z^O.SSJ. 
An instantaneous current demand of 

200mA - corresponding to t gates 
switching - will produce a voltage 
transient of lOOm.V. This is only just 
acceptable and suggests that the value 
of C should be increased. N'ote however, 
that laying out the tracks with wider 
spacing and using smaller capacitors - 
lOnF for even,1 few i.es, which is not 
uncommon, will create a situation much 
worse than this. 

Auto-decoupling In t.t.l. 
In the context of the preceding remarks 
some readers may wonder how systems 
which they have seen or have worked 
with managed to function at all. since it 
is common to see most or all of the 
above design guidelines violated. To see 
the answer to this, consider the struc- 
ture of the 1.1,1, gate output circuit, 
when this is driving the following gale 
input low, as in Fig. 3. 

DtSvtng 
sate 

+ sV 

' Hecoivirg gate > q 

Fig. 3. Totem-poie t. tJ output stage, 
driving succeeding gate iovv. 

According to the specification for. 
say. a 7400 the typical values of i and R 
are 1.0mA and 4ki2 respeciively. When 
the gale output is low it sinks a current 
i, given by i=(VK-v:tl. - v(;h(.ao) / it. 
where Vbe is the base-emi'ter voltage of 
Tr, and , is the collector saturat- 
ion voltage of Tr,. 
If Vfo and VCBwi = 0.7 volts, to take a 
worst-case example, and V. = 5 volts 

. 3.6 
then 

Sow consider what happens if the rail 
voltage drops, due to a transient load 
imposed by the output of another gate 
switching. When Vcc drops there is no 
change (to a good approximation) in the 
Vbo drops. Suppose the rail drops by 10% 
then: 

. _ 5-1.4 
'' R 

4.5-1.4 

Therefore 

<i 
i, 

0.5 
3.0 

R 

-14%. 

In other words a 10% change in Vc, 
produces a 14% change in the current 
load placed on the rail In effect what is 
happening is that each gate output 
which is holding another input low acts 
as a 'reservoir' of current and when the 
rail voltage drops as another gate drives 
its output h:gh all the other gates give 
up some of their current to assist. This is 
what I would call the 'good nelghbour- 
linoss effect' in t.t.l. In general, some 
gates on a voltage bus will be low and so 
act as current supplies. The problem 
arises when none or only a few are in 
this state — a critical situation for a 
badly designed system and one which 
could cause a failure. It should be rem- 
embered thai a logic system should 
work for all possible combinations of 
slates which can occur in practice and a 
hazard of this type could have serious 
consequences. It is therefore insuffi- 
cient to demonstrate that a system 
'works' because if the power distribut- 
ion system is badly designed there is 
always the chance of an untested situ- 
ation bringing about a failure of the 
system. It is assumed that in a logic 
system of reasonable size it is impos- 
sible to lest all possible combinational 
situations, and doubly impossible to test 
all possible changes of situation! 

The problem with Schotlky t.i.l. is 
that the increase in speed does not allow 
lime for the 'good neighbouriiness 
effect' to act. consequently one is many 

• A package at the conire ot a power bus will see 
two linos in pnralkl end hence r.a't the impCiliincc. 
We will iHopi wium' I'H'.in- fer Ihi; jjiirptiwi of 
ihinarguniflnt. 
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times worse off with Schouky than with 
ordinary t.t.l. Schotlky is a less for- 
giving family than conventional t.t.l. 
and much more care must therefore be 
taken with power distribution to ensure 
reliable performance. 

The current spike 
As Just described, the main cause 
of transient current demands in a 
Schouky t.t.l. system is the initial cur- 
rent surge when a gale switches into its 
transmission line load. The manufac- 
turers' data overlooks the mechanism 
entirely. There is another cause of tran- 
sient current demand which results 
from the 'push-pull' design of the 1,1.1. 
output stage shown in Fig, 4. The cur- 

Fiy. 4. T.I.I, output configuration If.uds 
to current spike at transmission, 

rent spike is produced because, on the 0 
to 1 transition, the upper transistor 
turns on while the lower transistor is 
still turning off. This leads to a current 
surge of 10mA with duration of about 
10ns1. Provided the design guidelines 
laid down in the earlier sections with 
regard to power supply bussing and 
decoupling have been followed, this 
small additional hazard will be taken 
care of. In fact, since a logic gate is 
driving a transmission line which is a 
resistive rather than a capacilive ioad, 
there is no need to provide a totem pole 
output and this must be regarded as one 
of the bad features of the t.t.l. family. 

Interconnexions 
To implement a system successfully 
using the t.t.l, family it is necessary to 
interconnect correctly between logic 
gates. 
Transmission lines. The correct model 
to use for interconnexion between logic. 
gates is a two-wire transmission line. It 
is impossible to understand how a signal 
travels from gate to gate without taking 
the return path into consideration. In- 
deed it is impossible for a signal to travel 
without a return path! Consider the 
two-wire transmission line shown in 
Fig. 5, in which a zero rise-lime is pro- 

Sieo 
t 

V 

D t 
— c 

Fig. 5. Two-wire transmission line 
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pagating to the right with velocity c. 
A.head of the step there is no curren[ in 
the wires and no vo ltage d ifferences 
between them.llchind the step there is a 
cur:rent. i in the d irection of AB and a 
current -i in the direct ion of DC \Vit h a 
voltage d ifference V between the wires .. 
It can be shown2 tha[ V = iZ0 , where 2 !t 

'= \ /[ 7<:: = V'jV( whe~·e Zn = cha rac
teristic impedance of line. L = induc[
ance per unit length of line, C = cap
acitance per unit length of line, ~ = per
meability of medium bet ween wires. t 

permittivity of medium between \vires. 
The velocity of propagat ion c = I I VLC 
= 11\1~ 

These cqu arions are tn le for a nv 
rwo-cOnduc[or sys [e m where t he 
r esistance of the conductors can be 
neglected. and the medium between the 
conductors is we l1-bellaved. These con
d itions are met by tracks on a prin ted 
circuil board fo r any t rack width which 
can be manufactured. The step which 
we have just described is a t ransverse 
electrom~gnetic disturbance. S ince the 
equation relating current and voJtage 
on a transmission line is V = iZ.,. it 
foJiows that [he effect of a transmission 
Hne on the driving circuit can be con4 

sidcrcd in tenns or a resistance R = Zn. 
connected in place of the line. This 'vas 
the procedure followed earlier in calcu
lating the current drawn from the sup
ply rail by a gate as it switches . 

t he impedance z (l depends on [h e 
cross-sectional geomet-ry of the con· 
ductors employed and its calculation is 
ext reme ly d ifficul t e xcep t for ver y 
s·imple cases. It is, ho,vcvcr, a relatively 
slowly varying function of the. geome
tty0 (usually logarithmic) and therefore 
this need nm worry us too much. For a 
t rack on a printed circuit board laid out 
according to the design rules evo lved in 
this paper a value of z(> or around 150Q 
can be assumed. 

One key fea[ure of a bo~rd of logic 
which distinguishe.s it from most anal-

.fig. 6'. A bad layola giving high 
i ndu<.:L(HWC ond f ew odjnccnt signaJ 
retur-n pa ths. wh ich I<Ul<is i () cross-tal l?. 

ogue syslems is that there are a mult i
plicity o f signal paths from variou~ 
points scaLtered about the board to 
various other similar poims. t t js essen
tial that each of these signal rou tes has 
an adjacent return path. The si_mplest 
way. conceptually, [0 achieve th is is to 
provide a g round plane on one s ide of 
t.he board , In practice th is is difficult 
since it usually requires mulli-layer 
const ruct ion, with the increased cost 
and complexity which [his entails, in 
order to accommodate the signal in[er
connexions. ·w ith Schottky t.t.l. it is not 
necessary to go to t his ext rerne; all that 
is required is a ground grid laid ou t so 
that a signal line is never more than one 
inch away from its retur n path. 

Ground loops. It might be argued that 
this scheme leads to gro un d toops 
which. from our experience with anal
ogue systems (e.g . audio equipment) are 
to be avoided. The plain fai:r is though, 
that on a log ic board, ground loops are 
of no irnpotta rlce. The reasons for th is 
are somewhat complex but it is prob
ably useful to note one ~imple argum
ent. In a high-gain amplifier. induct ion 
of a few mi11ivolts at the inpu[ due to 
ground loop pickup can lead to an out
pm of the same order as tht'. slgnal. ln 
logic this is not [he case; a few millivolts 
into a gate input make no difference 
whatsoever. Hundreds of millivolts of 
no ise are requ ire d befo re we will 
signifi cant ly degrade the noise 
immunity of a t .t .t. system. 

It is probably v~luable to exam ine a 
situation where a logic board has been 
laid out in o rder to a void ground toops. 
A possible layou[ of power and ground 
connexions. whic.h is quite commonly 
adopted in 1..he industry, is sho\vn in Fig. 
6. Now, if circuit A sends a st ep to 
circuit B there i~ no adjacent return 
path . In practice, s ince a fas t s tep 
requires a re turn pat h it wil! simpJy usc 
ndjacenr signa 1 lines as t'c tu rns. resul
t ing in the induction of [ransien t no ise 
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on these other signal Jines. A further 
consequence is that the input to B will 
take a longer t ime to settle ' 'vith a con
sequent reduction in the speed of the 
system. As was explained earlier, the 
layout of Fig 6 is also bad from the point 
of viC\\' of placing excessive inductance 
in the way of charge t ravelling between 
i.cs and decouphng capaci[ors. 

Recommended layout 
A recommended scheine for laying out a 
printed circuit board is shown in f ig. 7. 
The power rails are r un as close to
gether as possible along the columns of 
integrated circuit packages and are 
in terconnected at the top and bottom of 
the board. These provide l'emr n paths 
for log ic signals travelling parallel to 
them. T o provide ret urn pa ths for 
signals t ravelling a'cross the board the 
ground pins of the packages are con. 
nected together from left to right .. Thin 
track. of the same th ickness used for 
signa) ioterc.ormexions can be used for 
th is. A tontulum bead 10~1' decoupling 
capacitor is provided between each pair 
of i.cs. ~mice also that ground con
nexions are brought out a t regular in· 
te-rvals across t he edge connector, 
These provide return pat hs for signals 
travelling on and off the board. 

lf all these design rules are followed a 
reliable system will result and the con
sequent savings in servicing and testing 
wHI amply rep.ay a lit tle consideration 
g iven to board layout at the design 
S[age. 
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pagaiing 10 the right with velocity c. 
Ahead of the step there is no current in 
the wires and no voltage differences 
between them. Behind the step there is a 
current i in the direction of AB and a 
current -i in the direction of DC with a 
voltage difference V between the wires. 
It can be shown2 that V = iZ0, whore Z. 
* V L/C= /u/e where 2,, = charac- 
teristic impedance, of line, I. = induct- 
ance per unit length of line, C = cap- 
acitance per unit length of line. g= per- 
meability of medium between wires, t 
permittivity of medium between wires. 
The velocity of propagation c = 1/ y'LC 
= i'/Vi". 

These equations are true for any 
two-conductor system where the 
resistance of the conductors can be 
neglected and the medium between the 
conductors is well-behaved. These con- 
ditions are met by tracks on a printed 
circuit board for any track width which 
can bo manufactured. The step which 
we have just described is a transverse 
electromagnetic disturbance. Since the 
equation relating current and voltage 
on a transmission line is V = iZ0, it 
follows that the effect of a transmission 
line on the driving circuit can be con- 
sidered in terms of a resistance R = 2. 
connected in place of the line. This was 
the procedure followed earlier in calcu- 
lating the current drawn from the sup- 
ply rail by a gate as it switches, 

The impedance Z,. depends on the 
cross-sectional geometry of the con 
ductors employed and its calculation is 
extremely difficult except for very 
simple cases. It is, however, a relatively 
slowly varying function of the geome- 
try1 (usually logarithmic) and therefore 
this need not worry us ton much. For a 
track on a printed circuit board laid out 
according to the design rules evolved in 
this paper a value of 2^ of around 150i! 
can be assumed. 

One key feature of a board of logic 
which distinguishes it from most anal- 

ogue systems is that there are a multi- 
plicity of signal paths from various 
points scattered about the board to 
various other similar points. It is essen- 
tial that each of those signal routes has 
an adjacent return path. The simplest 
way. Conceptually, to achieve this is to 
provide a ground plane on one side of 
the board. In practice this is difficult 
since it usually requires multi-layer 
construction, with the increased cost 
and complexity which this entails, in 
order to accommodate the signal inter- 
connexions. With Schotlky U.I. it :s not 
necessary to go to this extreme; all that 
is required is a ground grid laid out so 
that a signal line is never more than one 
inch away from its return path. 

Ground loops. It might be argued that 
this scheme leads to ground loops 
which, from our experience with anal- 
ogue systems (e.g. audio equipment) are 
to be avoided, The plain fact is though, 
thai on a logic board, ground loops are 
of no importance, The reasons for this 
are somewhat complex bin it is prob- 
ably useful to note one simple argum- 
ent, In a high-gain amplifier, induction 
of a few millivolts at the input due to 
ground loop pickup can lead to an out- 
put of the same order as the signal. In 
logic this is not the case: a few millivolts 
into a gate input make no difference 
whatsoever. Hundreds of millivolts of 
noise are required before we will 
significantly degrade the noise 
immunity of a t.t.l. system. 

It is probably valuable to examine a 
situation where a logic board has been 
laid out in order to avoid ground loops. 
A possible layout of power and ground 
connexions, which is quite commonly 
adopted in the industry, is shown in Fig, 
fi. Now, if circuit A sends a step to 
circuit B there is no adjacent return 
path. In practice, since a fast step 
requires a return path it will simply use 
adjacent signal lines as returns, resul- 
ting in the induction of transient noise 

on these other signal lines. A further 
consequence is that the input to B will 
take a longer time to settle with a con- 
sequent reduction in the speed of the 
system. As was explained earlier, the 
layout of Fig 6 is also bad from the point 
of view of placing excessive inductance 
in the way of charge travelling between 
i.es and decoupling capacitors. 

Recommended layout 
A recommended scheme for laying out a 
printed circuit board is shown in Fig. 7. 
The power rails arc run as close to- 
gether as possible along the columns of 
integrated circuit packages and are 
interconnected at the top and bottom of 
the board. These provide return paths 
for logic, signals travelling parallel to 
them To provide return paths for 
signals travelling across the board the 
ground pins of the packages are con- 
nected together from left to right. Thin 
track, of the same thickness used for 
signal interconnexions can be used for 
this. A tantulum bead I0uF decoupling 
capacitor is provided between each pair 
of i.es. Notice also that ground con- 
nexions are brought out at regular in- 
tervals across the edge connector. 
These provide return paths for signals 
travelling on and off the board 

If all these design rules are followed a 
reliable system will result and the con- 
sequent savings in servicing and testing 
will amply repay a little consideration 
given to board layout at the design 
stage. 
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Microcomputer design- 4 
Practica l real isatio n of a microcomputer system 

by C. D. Shelton, B.Sc.(Eng.), ACG I. M.Ph il. Ph. D., 
in association with Shelton Instruments Ltd and NASCO Ltcl 

Fig. 1. Complete cir'cuit diagram of the 
universal asynch1·onous 
receiver-transmitter (u .a.r.t.j and 
associated {ttncrions. A l>breviations: 
KBD. telep>inter J>eyl>oard: PTn, paper 

~~h:(!>--1 tupe reader; SJ, serial input: SO. serial 
~---+---+-+-4)1: output; DB, data bus. Type number of 

u.a.u.L: U>16402CPL 
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Microcomputer design — 4 

Practical realisation of a microcomputer system 

by C. D. Sheiton, B.Sc.(Eng.)- ACG1, M.Phil. Ph.D., 
in association with Sheiton Instruments Ltd and NASCO Ltd 

+5V Fig. I. Complete circuit diagram of the 
universal asynchronous 
receiver-transmitter tu.a.r.'.) and 
associated functions. Abbreviations; 
KBD. teleprinter keyboard; PTR, paper 
tape reader: SI, serial input: SO. serial 
output; DD. data bus. Type, number of 
u.a.u.I.; IM6402CPL. 
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TillS ~101'.-Til the deS<:ripl ion Of those 
peripherals of the ffiicrocomputer sys· 
tem outlined in the January issue is 
completed by a circuit diagram or the 
universal asynchronous receiver· 
transmitter (u.a.r.t.). As explained last 
month, the purpose of the u.a.r.t. iS to 
provide a t ransformation between the 
S·bit parallel data within the computing 
system and the type of seri~d digital 
information which can be handled by 
periphera l devices such as the a udio 
cassette recorder. The u.a.r.t.. is ~hown 
in Fig. I, and it wiil be seen that this has 
connections <o the 8-bi< da<a bus or the 
computer system on the right (labelled 
00. to DB;) and conne<:<ions for the 
serial input and output inrormatlon on 
the left ( labelled SI and SO. ne~:a<ed). 

Clock arrangements 

As also mentioned last month. the 
ra<e at whk h I he data is shifted into and 
out or the u.a.r.t. is detennined by a clock 
pulse signal applied to the receiver and 
transmitter clock connections on the 
u.a.r.t. (pin 17.1abelled RCP. and pin 40. 
labelled TCP). The!'<! are in fact <hree 
clock pulse generators available tu the 
system. The Firs< o f <hese is provided 
elsewhere in the computer by a cry:nal 
osciltator and divider chain , which pro
duces • 5kH< clock sig nal, and lhls i• fed 
to the u.a.r.t. by a link a!=i ~hown at the 
bonom of the diagram. The ~~cund 
clock generator is a· circuit at the bot· 
10m left of Fig. 1. This i> a simple 
oscillator based on a 555 i.e. which can 
be adjusted to operate at 1760Hz, ond as 
shown this signal can be fed 10 pins 17 
und 40 on the u:a.r.t. by means of the 
link. Th< third clock generator is any 
extcrnttl source the user may care to 
apply. and <his again is fed in to p.ns 17 
and <10 on the u.a.r.t. by the link "" 
shown at the bouom r ight. 
A~ ulready mentlor'led, since a stop bit 

and a start bit a re added 10 the l>yte, 
there are 10 bits in each word transmit· 
ted. This. however. can be increased to 
II bits byaddinganotherstop bit. which 
can be done by applying -:; V 10 pin 36 
on <he u.a.r.t. by means or the I Ok!l 
resistor and removable link. 

Serial digital information is recorded 
on the audio cassette recorder in lhe 
form of a modulaled lone. ThiR tone i• 
}>I'Ovid cd by the 5kHz clock sig nul 
shown in Fi(~. 1. which i~ rnodulntcd by 
g:uting it with the serial da ta t'n"'CI'J:;i l''lg 

fro1n SO o n the u.a.r.l. The rc!tulting 
mudu latcd 5kH z signal goes to the 
"Cassette ou.<" terminal. The playback 
signal from the c~sscue r ecorder 
(applied to <he terminal"casseue tn ") Is 
therefore a series of bursts or Skill. tone 
corre!tpondmg to the serial dnta st~enm. 
'l'o convert these tone bursts h)IC"k to 
convuntional 1ogic levels th~re is u tone 
dotccLor circuit. This is shown nt the top 
of Fig. l , und is made up from ti 555 l.c. 
cmd as~ocinted componen ts. 

Tho serial input. to the u.a.r.t. is con~ 
noclCd by a link to whichever source is 
ehoscn by the user. 

Peripheral4-visual display 

In any computer system of this type it is 
required <hat the user be presented with 
data from the machine. For programme 
development this mny mean the pre
sen tation of scverA1 h undred c ha~ 
racters. At the same tim~;J: the co::;t- of 
displaying alphunum<:ric characters 
s hou ld be mi nimised. The me<hod· 
chosen for this project 1:; a "memory 
plane peripheral" and is no1 sited on 
ports a:; conventional i/o but consist:. ">f 
logic which shares a. section of the 
memory. This logic is designed 10 pre· 

continued fro m pag• 60 

one a lum ina subs t r a te. A nod iscd 
aluminium capacitu1·s ranging f rom 2 to 
400pF. and nich rome resistors ranging 
from 4 to 200!!. are used. 
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., 
sent a composite video s ignal t.O a 
domes:LIC television receiver in such a 
way that the contents of this memory 
section are interpreted as characters. 
Any possible conllic< of access to <he 
memory bet ween <he processor and the 
logic has been resolved by giving the 
proc.essor absolute priority . As a con ~ 

ce:ssion lO appearance the v ideo signnl is 
blnnked during c.p.u. access. ll Is •• 
though a sectio n of memo ry is exactly 
n1apped on to a visible plane. 

(To be continued) 
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this month the descripiion of (hose 
peripherals of the microcomputer sys- 
tem outlined in the January issue is 
completed by a circuit diagram of the 
universal asynchronous receiver- 
iransmitler (u.a.r.t.). As explained last 
month, the purpose of the u.a.r.l is to 
provide a transformation between the 
S-bil parallel data within the computing 
system and the type of serial digital 
information which can be handled by 
peripheral devices such as the audio 
cassette recorder. The u.a.r.l. is shown 
in Fig. I, and it will be seen that this has 
connections to the 8-bit data bus of the 
computer system on the l ight (labelled 
DBo to DB;) and connections for the 
serial input and output information on 
the left (labelled SI and SO. negated). 

Clock arrangements 

As also mentioned last month, the 
race at which the data is shifted into and 
out of the u.a.r.c. is determined by a clock 
pulse signal applied to the receiver and 
transmitter clock connections on the 
u.a.r.l. (pin 17, labelled RCP. and pin 40. 
labelled TCP). There are in fact three 
clock pulse generators available to the 
system. The first of these is provided 
elsewhere in the computer by a crystal 
oscillator and divider chain, which pro- 
duces a 5kHz clock signal, and this is fed 
to the u.a.r.l. by a link as shown at the 
bottom of the diagram. The second 
clock generator is a circuit at the bot- 
tom left of Fig. I. This is a simple 
oscillator based on a 555 i.e. which can 
he adjusted to operate at 1760Hz, and as 
shown this signal can bo fed to pins 17 
and 40 on the u:a.r.t. by means of the 
link. The third clock generator is any 
external source the user may care to 
apply, and this again is fed into pins 17 
and 40 on the u.a.r.l by the link as 
shown at the but torn right. 

As already mentioned, since a slop bit 
and a start bit are added to the byte, 
there arc 10 bits in each word transmit- 
ted. This, however, can be increased to 
11 bits by adding another stop bit. which 
can be done by applying - 5V to pin 36 
on the u.a.r.l. by means of the I0ki2 
resistor and removable link, 

Serial digital information is recorded 
on the audio cassette recorder in the 
form of a modulated tone. This tone is 
provided by the 5kHz clock signal 
shown in Fig I, which is modulated by 
gating it with the serial data emerging 
from SO on the u.a.r.l. The resulting 
modulated 5kHz signal goes to the 
"cassette out" terminal. The playback 
signal from the cassette recorder 
(applied to the terminal "cassette :n") is 
therefore a series of bursts of 5kl 1/ lone 
corresponding to the serial data stream. 
To convert those lone bursts back to 
conventional logic levels there is a tone 
detector circuit. This is shown at the top 
of Fig. 1. and is made up from a 555 i.e. 
and associated components. 

The serial input to the u.a.r.l. is con- 
nected by a link to whichever source is 
chosen by the user. 

Peripheral 4—visual display 

In any computer system of this type it is 
required Ihfst the user he presented with 
data from the machine. For programme 
development this may mean the pre 
sentalion of several hundred cha- 
racters. Ac the same time 'he cost of 
displaying alphanumeric characters 
should be minimised. The method 
chosen for this project is a "memory 
plane peripheral" and is not sited on 
ports as conventional i/o but consists if 
logic which shares a section of the 
memory. This logic is designed to pre- 
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sent a composite video signal to a 
domestic television receiver in such a 
way that the contents of this memory 
section are interpreted as characters. 
Any possible conflict of access to the 
memory between the processor and the 
iogic has been resolved by giving the 
processor absolute priority. As a con- 
cession to appearance the video signal is 
blanked during c.p.u. access. It is as 
though a section of memory is exactly 
mapped on co a visible plane. 

(To be continued} 

continued from page 50 
one alumina substrate, Anodiscd 
aluminium capacitors ranging from 2 to 
400pF, and nichromc resistors ranging 
from 4 to 200<», are used. 
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Mysteries of Sporadic E 
JUST why and when those curious 
clouds or ionizauon form some !OOkm 
above the Earth - the Sporadic E (Es) 
phenomenon - is still one of the un
solved mY$teril!$ of radio physics. In the 
UK, there Is o pronounced Es •·season", 
in other countries nearer the TropicsJ 
such as India, the Es paths can open 
almost daily. Such conditions provide 
v.h.f. paths up to almost 2000km and 
very occasionally "two-hop" paths can 
double t.hi$ maximum dis~ance. 
Amateur exploitation of Sporadic E 
dates back tO the 1930s and I remember 
the sensation when E. Menzies, G5MQ. 
in Liverpool first worked an Ita lian 
station on 56MHz on July 2. 1938 shat· 
tering previous conceptions of v.h.f. 
distances. Todny such contacts are 
accepted as a normal pan of the Es and 
tropospheric scene. But if more was 
known of the basic mechanisms that 
give rise to the Ionized clouds. it might 
be possible to predict in advance just 
when they are likely to occur. 

Regular observations made over a 
number of years by Ron Ham at Stor
rington, Sussox show that although the 
1977 r::s season was a little shorter (May 
4 to August 5) than in 1976. it was 
observed more frequently (in the range 
65 to 73 Mliz) t han in any of the 
previou~ four years . .June 1977 showed 
16 disLurbances, representing more than 
half the days of the month. But Ron 
Ham is still unable to prove or disprove 
any direct. connection between sunspot 
activity and Es disturbances. 

Martin Harrison, G3USF, however, 
believes there may be a connection 
between the onset of an Es discurbaJlce 
and the str:.ngc phenomenon of 
.. sweepers··: atmospherics that are 
observed to sweep rapidly over· a 
frequency spectrum several megahertz 
wide in a mnttcr of seconds and are 
heard most frequently between about 
25 and 30 MHz (though occasiona llv as 
high as 150MHz or as low as 2MHz). 
Sweepers were first reported by the 
Americans N. C. Gerson and W. H. 
Gossard In 1958 and more recent obser
vauons have been made by A. K. Sen 
and S. K. Trchan of the University of 
Calcutta aided by a number of observers 
including VU2KX at Berhampore and 
VU2SA at New Delhi. Both chesc 
studies have suggested a firm link bet· 
ween "sweepers" and the sun; but the 
possible link with the onset of Sporadic 
£ conditions appears to have been 
suggested for the first time bv Professor 
Harrison, G3USF. • 

Three European 50MHz beacon 
stations. ZB2VHf (50 .090MHz) in 
Gibraltar, FX3VIIf (50.100MH<) in 
France and SB4CY (50.140MHz) in 
Cyprus should all be in operation by t.he 
time these notes artl published and 
should provide nn e xcelle nt oppor4 

tunity, particularly for amateul's ill 
southern Africa, for transequatorial 
propagat.ion. 

News and views 
"Oscar6 is dead. Long live Oscar 7" that 
is the gist of the latest communique 
from the University of Surrey AMSA T 
Telecommand. Martin Sweeting. 
G3YJO reports that following cell fail
ure In the Nicsd battery of Oscar 6 last 
June, the spacecraft was shut down 
indefinitely. Soon afterwards the 
downlink telemetry became garbled 
and the satellite failed to respond to 
ground command. the transponder fal
ling silent a week later. Although the 
telccommnnd station continued to 
track Oscar 6 It was heard only briefly 
on Lwo occasions and now. after some 
4% yeArs of operat ion. mus[ be 
considered dead. Oscar 7 continues to 
function Well although more orbits are 
being switched to Mode B where the 
battery drain !s greater. so easing the 
problem of almost total sunlight at this 
time of the year. Unfortunately some 
operators continue to use excessive 
uplink powers on 432MHz; IOOW e.r.p. is 
recommended, lOW may be enough. 

In several West European countries. 
including Germany and Holland. a 
number or amateur station~ are now 
u<ing rejuvenated Hellschreiber (" Feld
fernschreiber") machines on 3.5MHz 
producing curious matrix-type tapes of 
w ritten messages. ·rhe HeHschreiber 
system. which produces a distinctive 
rhyt.hmic"grlnding" signal, was used by 
che Germans i n W o rld War 2 and 
subsequently by news agencies. 

Almost fifty repeater stations are now 
operational in the UK. The UK FM 
Group (Western) recently brought two 
more u.h.f. repeaters into operation on 
433MHz.. GB3CR operates from Pont-y
Bodkin, Mold, Chester. serving Chester 
and pans of the W!rral; GB3LI operates 
from Seaforth serving the City of 
liverpool and the whole of Merseyside. 
It is also hoped to build an amateur cv 
repeater for the 1.3GHz band and the r.f. 
equipment ror t his is already be in g 
assembled. The Group •ecretary is Gor
don Adams, G3LI!Q (2 Ash Grove , 
Knutsford, Chc<hlrc WA I68BB).A man 
wus recently successfully prosecuted in 
Corwen Maaistrates' Court by chc 
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Home Office in a case which arose ouc 
of jamming and abuse of the Moel·Y· 
Pare repeater. Local amateurs located 
by direction·findin& the unauthorised 
transmitter. The report (WoAR. 
December) that the UK FM Group were 
considering closing dowo GB31.0 is 
wrong; h appears to have originated in 
the "dirty tricks department" of an 
anti-repeater sroup. 

The gigahertz president 
ON Saturday. January 2t, Lord Wallace 
of Coslany wUI install as his successor. 
the 44th president of the RSGB, Dain 
Evans. Ph. D., G3RPE. 

Dr Evans ls known an<.l respecced for 
his tremendous e nthusiasm for e n
couraging more amateur operacion in 
the microwave band..c; above lGHz.. with 
the IOGI!z band as h1s own special 
interest. In OcLobor 1970 he launched 
the first regular monthly column to 
appear in any amateur journal 
specifically devoted to the world of the 
gigahertz. As a result, he has seen int
erest and activity grow steadily in the 
UK. and more recently m many count· 
ries throughout the world. 

Bul his first experiments with radio. 
though showing the same ingenuity 
chat Jed him to examine dozens of dif
r~rent dust bin lids tu lese th e ir 
$;Uitability COT U$8 aS l"lliCTQWaVC rertec .. 
tors , wns on far more mundane 
frequencies. A~ a t.~n-year .. old 
<ehoolboy he invested 6d in a pair of 
government-surplus headphones and 
made a crystal set using the "blue" on a 
Blue Gillette razor blade as the detector. 

In September 1969 he first contacced a 
French IOGH~ station across the En
glish Channel on Cape Griz Nez while 
using 15mW s.h.f. power to a 10-inch 
dish aerial. But he recalls as his most 
interesting operation ''sitting on a 
beach in Holland chatting to English 
amateurs whi le using only 2mW on 
lOGHz." His ambi tion i~ Lo rna ke some 
IOOOkm contacts on th is band. 

In brief 
The ITU has ullottcd the callsign series 
P4A to P4 ;t; to Netherlands Antilles ... 
Eric Hubbard, GSOX, often known as 
" Oxo," has died; he was one of t!te 
amateurs who in tho early 1920s were 
allowed to operate on 440 metres .. . 
Another old-umer who has joined. the 
"silent key$" I$ Reg Radford. Gil~. 
who began his many years with BBC 
Engine<!ring in the dllys of 2LO ... A 
te1evision receiver dC$igned to operate 
without interrerence in strung r.f. Helds 
has been built for the FCC by Texas 
Instrument$ and is a-ttracting consider- · 
able i ntcrcst .•. 'I' he Home Office has 
resumed the Issue of "special event" 
licences, in cluding GB3MSA for the 
Poldhu stntlon p:Hticipating in the 
K.Ml CC 75th anniversary until January 
22. 

PAT HI\WKER. G3VA 
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Mysteries of Sporadic E 
JUST why and when those curious 
clouds of ioniKation form some 100km 
above the Earth — the Sporadic E (Es) 
phenomenon — is still one of the un- 
solved mysteries of radio physics. In the 
UK, there is a pronounced Es "season", 
in other countries nearer the Tropics, 
such as India, the Es paths can open 
almost daily. Such conditions provide 
v.h.f. paths up to almost 2000km and 
very occasionally "two-hop" paths can 
double this maximum distance. 
Amateur exploitation of Sporadic E 
dates back to the 1930s and I reinember 
the sensation when E. Menzies, G5MQ, 
in Liverpool first worked an Italian 
station on 56MHz on July 2. 1938 shat- 
tering previous conceptions of v.h.f. 
distances. Today such contacts are 
accepted as a normal pan of the Es and 
troposphcric scene. But if more was 
known of the basic mechanisms that 
give rise to the ionized clouds, it might 
be possible to predict in advance just 
when they are likely to occur. 

Regular observations made over a 
number of years by Ron Ham at Stor- 
rington, Sussex show that although the 
197? Es season was a little shorter (May 
4 to August 3) than in 1976, it was 
observed more frequently (in the range 
65 to 73 MHz) than in any of the 
previous four years. June i 977 showed 
16 disturbances, representing more than 
half the days of the month. But Ron 
Ham is still unable to prove or disprove 
any direct connection between sunspol 
activity and Es disturbances, 

Martin Harrison, G3USF, however, 
believes there may oe a connection 
between the onset of an Es disturbance 
and the strange phenomenon of 
"sweepers": atmospherics thai are 
observed to sweep rapidly over-a 
frequency spectrum several megahertz 
wide in a matter of seconds and are 
heard most frequently between about 
25 and 30 MHz (though occasionally as 
high as 150MHz or as low as 2MHz). 
Sweepers were first reported by the 
Americans N. C. Gerson and W. H. 
Gossard in 1958 and more recent obser- 
vations have been made by A. K. Sen 
and S. K. Trchan of the University of 
Calcutta aided by a number of observers 
including VU2KX at Berhampore and 
VU2SA at New Delhi, Both these 
studies have suggested a firm link bet- 
ween "sweepers" and the sun; but the 
possible link with the onset of Sporadic 
E conditions appears to have been 
suggested for the first lime by Professor 
Harrison, G3USF, 

Three European 50MHz beacon 
stations. ZB2VHE (50.090MHz) in 
Gibraltar, FX3VHF (50.100MHz) in 
France and 5B4CY (50.140MHz) in 
Cyprus should all be in operation by the 
lime these notes are published and 
should provide an excellent oppor- 
tunity, particularly for amateurs in 
southern Africa, for transequatorial 
propagation. 

& 

News and views 
"Oscar 6 is dead. Long live Oscar 7" thai 
is the gist of the latest communique 
from the University of Surrey AMSAT 
Telecommand. Martin Sweeting, 
G3YJO reports that following cell fail- 
ure in the Nicad battery of Oscar 6 last 
June, the spacecraft was shut down 
indefinitely. Soon afterwards the 
downlink telemetry became garbled 
and the sateilite failed to respond to 
ground command, the transponder fal- 
ling silent a week later. Although the 
telecommand station continued to 
track Oscar 6 it was heard only briefly 
on two occasions and now, after some 
4vi years of operation, must be 
considered dead. Oscar 7 continues to 
function well although more orbits are 
being switched to Mode B where the 
battery drain is greater, so easing the 
problem of almost total sunlight at this 
time of the year. Unfortunately some 
operators continue to use excessive 
uplink powers on 432MHz: 100W e.r.p. is 
recommended. I0W may be enough. 

In several West European countries, 
including Germany and Holland, a 
number of amateur stations are now 
using rejuvenated Hellschreiber ("Feld- 
femschreiber") machines on 3.5MH2 
producing curious matrix-type tapes of 
written messages. The Hellschreiber 
system, which produces a distinctive 
rhythmic "grinding" signal, was used by 
the Germans in World War 2 and 
subsequently by news agencies. 

Almost fifty repeater stations are now 
operational in the UK. The UK FM 
Group (Western) recently brought two 
more u.h.f. repeaters into operation on 
433MHz. GB3CR operates from Pont-y- 
Bodkin, Mold, Chester, serving Chester 
and parts of the Wirral; GB3LI operates 
from Seaforth serving the City of 
Liverpool and the whole of Merseyside. 
It is also hoped to build an amateur tv 
repealcrfor the 1.3GHz band and the r,f. 
equipment for this is already being 
assembled. The Group secretary is Gor- 
don Adams, G3LEQ (2 Ash Grove. 
Knutsford, Cheshire WA1B 8BB). A man 
was recently successfully prosecuted in 
Corwen Magistrates' Court by the 

Home Office in a case which arose out 
of jamming and abuse of the Moel-y- 
Pare repealer. Local amateurs located 
by direction-finding the unauthorised 
transmitter. The report (WoAR. 
December) thai the UK FM Group were 
considering closing down GB3LO is 
wrong; it appears to have originated in 
the "dirty tricks department" of an 
anti-repeater group. 

The gigahertz president 
ON Saturday, January 21. Lord Wallace 
of Coslany will install as his successor, 
the 44th president of the RSG8, Dain 
Evans. Ph.D., G3KPE. 

Dr Evans is known and respected tor 
his tremendous enthusiasm for en- 
couraging more amateur operation in 
the microwave bands above I GHz, with 
the 10GHz band as his own special 
interest. In October 1970 he launched 
the first regular monthly column to 
appear in any amateur journal 
specifically devoted to the world of the 
gigahertz. As a result, he has seen int- 
erest and activity grow steadily in the 
UK, and more recently in many count- 
ries throughout the world. 

Bui his first experiments with radio, 
though showing the same ingenuity 
that led him to examine dozens of dif- 
ferent dustbin lids to test theii 
suitability for use as microwave reflec- 
tors. was on far more mundane 
frequencies. As a ten-year-old 
schoolboy he invested 6d in a pair of 
government-surplus headphones and 
made a crystal set using the "blue" on a 
Blue Gillette razor blade as the detector. 

In September 1969 he first contacted a 
French 10GHz station across the En- 
glish Channel on Cape Griz Nez while 
using ISmW s.h.f. power to a 10-inch 
dish aerial. But he recalls as his most 
interesting operation "sitting on a 
beach in Holland chatting to English 
amateurs while using only 2mW on 
iOGHz." His ambition is to make some 
1000km contacts on this band. 

In brief 
The ITU has allotted the callsign series 
P4A to P4Z to Netherlands Antilles . . . 
Eric Hubbard, G50X, often known as 
"Oxo," has died: he was one of the 
amateurs who in the early 1920s were 
allowed to operate on 440 metres . . 
Another old-timer who has joined, the 
"silent keys" is Reg Radfovd, G2IM, 
who began his many years with BBC 
Engineering in the days of 2LO ... A 
television receiver designed to operate 
without interference in strong r,f fields 
has been built for the FCC by Texas 
Instruments and is attracting consider- 
able interest . . . The Home Office has 
resumed the issue of "special event" 
licences, including GB3MSA for the 
Poidhu station participating in the 
KMICC 75th anniversary until January 
22. 

PAT HAWKER. G3VA 
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Automatic impedance plotter 
Finding impedance variations at 20M Hz in surface wave transducers 

by T. F. North, Physics Department. Che lsea College. University of London 

A problem tha t ohen aristts H\ 
e iOClfO·I COUShCBI WOrk IS th e need to 
know the electrical impedance o f a 
component undo1 specific operating 
condiuons and 1\$ var .a t ion with 
frequency. In stimulating ncmat c liqu d 
c.ystals w ith mechanical surface waves tn 
particular. l needed to knowhow tne 
~mpedance o f a n anter-digital 
surface-wave transducer varied Wlth 
frequency '" the range 18 to 70MHi. 

MEASVRIN<: IM I•EOA.'lCE var iat ions of a 
componen t is a s tra ig htforwa rd 
procedure using a standard radio fre
quency bridge. Bu\ a large change 
within a narrow frequency rang~ makes 
an au<omn\IC plo t ting system more 
approprla\e. ln the circuit of Fig. I R is a 
standard resist.or of negligible indue· 
tance a nd peak-to-peak potentials v . 
and v ., at bolh terminals of the resistor 
are measured. Provided the phase 
change across the component under 
teSt is small. h follows that its impe
dance is Z1• V,Rt (V1-V,). As an iniual 
step a method was sought or varying 
the signal strength to maintain (V1- V2) 

constant. The use of f.e.t. attenuators 
introduced distortion into the wa ve
form Hnd so an nlternative procedure 
was adopted of attenuating \he average 
signal level by chopping the contin
uous .. wove signal with <t va riable 
ma,·k·to·spuce rat io. 

The wideband ga\c employed to chop 
the r.f. signal Is g iven in f ig. 2. With the 
gating Input in the up position, the 
diodes are all . rcverse~biased and so 
ther~ is no signt(l t ransmission. On 
pulling the gate input down. the diodes 
become conducting so that the input 
and output potentials must now botll be 
one diode·vOltage drop abo,·e and 
below the rcspecth·e junctions between 
the d iodes and res1.stors; hence the gate 
will allow the pas.age or the signal. 

Such a system of gating the r.r. signal 
worked satisfactorily but a simpler 
proced1.1re is to mt:asul'c V1 and V:~ and 
then at ten ua tc both by t h e s ame 
propon ioaH\I ity f<lCtor <'i so th a.t 
a (V1-V2) rema ins consta nt: Z is now 
proportional to .,v,. This proportional 
attenuation i~ achieved by chopping 
both voltages with a variahlc mark
space rat io of " (1 -<>) and in\cgrating 

the result inQ: wave to produce the 
voltages a V1 and uV1, Fig. 3. 

Negative voltages - 1'1 and - v, are 
measured by dc\cction in 0 1 and 0 2 and 
the outputs from Illese d iodes fed in to 
volu:tge fol lower operational amplifiers 
IC1 and IC, \0 pro,•ide a high input 
impedance to the system. There is no 
need to smooth the detected signal. The 
frequency range under study being well 
outside the frequency range of the 741 
op-amp. Diodes o, and D, introduce an 
offset 1n the vollages between the 
inputs and outputs of these voltage 
followers equttl and opposite to t he 
voltage d rops across 0 1 and D1• Po ten 
tials nt the outputs o f IC1 and ICz are 
thus equa l to - V1 a nd - V2. 

Whe n the output o r fCs is satu rated 
ncgmively d io<.lel) Da a nd 0 6 a re revers~ 
biased and the vol\ages at points A, and 
A1 will be - V1 and - Vt respect ively. 
However. when the output oi IC~ is 
sa.turatcd posiuvely D~ and o , w i11 raise 
the potentials a\ A and B until o, and D, 

I I 
~: w C::o :npone -: 

$1'1:f . ..:nee-
~O'ICroHOf a s· 

I I 
J. 

..___ .... ~ 

conduct. The voltaMe drops ac•·oss these 
diodes are balanced by that across o. so 
that points A1 and A1 will now be at zero 
potential. The voltages a\ points A, and 
A, are integra\ed by R, and C1 and R 10 
and C, respectively to give voltages aV1 

and "V1. The last-mentioned voltage 
n V2 is amplified in the u nity-gain 
voltage follower JC, to provide a low 
tmpedance outpuL A constan t voltage 
of2.7V Is added co it by the zener diode, 
fed by_c::onstant·current source, and the 
rcsuhing voltage compar·ed w it h 2Y1 in 
the d ifferential amplifier IC,. Capacit ive 
negative feedback across this amplifier 
li mits its frequency response to wen 
below the chopping frequency and 
o·onders the system stable. The ou~put or 
this amplifie r is u sed to vary the 
chopping mark·\O·Space ratio, n:(I-a). 

Positive feedback through R,. causes 
TC. to oscillato a\ a frequency of 
approxima<ely lOkHz. capacitor C, is 
continually charging or d ischarging 
lhrough R1s $0 there is a triangular 

Fig. I. Impedance o( component is 
plotted by atrem~ating averuge signal 
lovcllhrough ir. A chopped e. w. signal 
with vartablc murll··space ratio can 
achieve this. 

Fig. 2. A \'<ll'iablc amount ofr.(. signal 
can be passed th rough Cl statldard 
resi~tance using o s ingle wideband 
chopper, avoidinR the distort ion of an 
{.e. t. ortenuator. 

o-t 
- , !,ltllJ\Il r-.• Ou t :U.. t" 
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Automatic impedance plotter 

Finding impedance variations at 20MHz in surface wave transducers 

by T. F. North. Physics Departmeni, Chelsea College. University of London 

A oroblem inai often arises «n 
eleciro-acoustica work s the neec! to 
know the electrical impedance of a 
component undei specific operating 
conditions and its var atior. with 
frequencv. In stimulating noinat c liqu d 
crystals with mechanical surface waves " 
particular, I needed to know now me 
mpeoance o' an mter-digital 

surface-wave transducei varied with 
freouency m the range 1 8 to 70MHz. 

Measurinc iMftDANCF variations of a 
component is a siraightforward 
procedure using a standard radio fre- 
quency bridge. Bui a large change 
within a narrow frequency range makes 
an automatic plotting system more 
appropriate. In the circuit of Fig. 1 R is a 
standard resistor of negligible induc- 
tance and peak-io-peak potentials V, 
and at both terminals of the resistor 
are measured. Provided the phase 
change across the component under 
test is small, it follows that its impe- 
dance is Z\ = V2R/iVl-V2). As an initial 
step a method was sought of varying 
the signal strength to maintain (V, - V2) 
constant. The use of f.e.t. attenuators 
introduced distortion into the wave- 
form and so an alternative procedure 
was adopted of attenuating the average 
signal level by chopping the contin- 
uous-wave signal with a variable 
mark-to-space ratio. 

The wideband gate employed to chop 
the r.f. signal is given in Fig. 2. With the 
gating input in the up position, the 
diodes are all reverse-biased and so 
there is no signal transmission. On 
putting the gate input down, the diodes 
become conducting so that < he input 
and output potentials must now both be 
one diode-voltage drop above and 
below the respective functions between 
the diodes and resistors; hence the gate 
will allow the passage of the signal. 

Such a system of gating the r.f. signal 
worked satisfactorily but a simpler 
procedure is to measure V, and V2 and 
then attenuate both by the same 
proportionality factor a so that 
a(V| —V'2) remains constant; Z is now 
proportional to aV',. This proportional 
attenuation is achieved by chopping 
both voltages with a variable mark- 
space ratio of a(l--«) and integrating 

the resulting wave to produce the 
voltages aV. and uV,. Fig. 3. 

Negative voltages -V< and -V2 are 
measured by detection in D, and Da and 
the outputs from these diodes fed into 
voltage follower operational amplifiers 
iC, and IQ lo provide a high input 
impedance to the system. There is no 
need to smooch the detected signal. The 
frequency range under study being well 
outside the frequency range of the 741 
op-amp. Diodes D4 and D; introduce an 
offset in the voltages between the 
inputs and outputs of these voltage 
followers equal and opposite to the 
voltage drops across D, and D-.. Poten- 
tials a: the outputs of IC, and IC, are 
thus equal to -Vt and -V?. 

When the output of ICi is saturated 
negatively diodes Da and De are reverse 
biased and the voltages at points A, and 
A2 will be -V, and -V, respectively. 
However, when the output of IC, is 
saturated positively D-, and D,; will raise 
•he potentials at A and R until D7 and D, 

conduct. The voltage drops across these 
diodes are balanced by that across D& so 
that points A, and A2 will now be at zero 
potential. The voltages at points A: and 
A2 are integrated by R, and C, and R10 
and Q, respectively to give voltages oV, 
and (iV2. The last-mentioned voltage 
uV2 is amplified in the unity-gain 
voltage follower IC, to provide a low 
impedance output. A constant voltage 
of 2.7V is added to it by the zener diode, 
fed by constant-current source, and the 
resulting voltage compared with 2V( in 
the differential amplifier 1CV Capacitive 
negative feedback across this amplifier 
limits its frequency response to well 
below- the chopping frequency and 
renders the system stable. The output of 
this amplifier is used to vary the 
chopping mark-lo-space ratio, a;(l—a). 

Positive feedback through R:, causes 
IC8 to oscillate at a frequency of 
approximately 10kHz. Capacitor CA is 
continually charging or discharging 
through R,s so there is a triangular 

;w 
alC-f 

C.-nncno". 
unae- 

•«fS! 

r 

Fig. I. Impedance of component is 
plotted by attenuating average signal 
level through it. A chopped e.w. signal 
with variable mark-space ratio can 
achieve I his. 

Fig. 2. A variable amount of r.f, signal 
can ik'. passed through a standard 
resistance using a Single wideband 
chopper, avoiding the distortion of an 
fe.t. artenualor 

■- c 
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wave at their junction. which is fed into 
one input of the saturating amplifier 
lC,. The points at which the vo ltage 
level at its other ioput C\ll th.is triangu· 
tar wave dcterrojnc the momcn ts at 
which it change's from saturating at one 
palarity to the other. !\CCordingly this 
voltage level determines the mark-to· 
space ratio of its output. , 

Procedure for ploHing the imp~dance 
of the transducers in question is to 
slowly sweep l.hrough the frequency 
range of interest by changing the 

Fig. 3. Sume auenuatiort of VI ortd V2 is 
obtained by chopping both with a 
vaTia.hle marh-space ratio of C\(1 - o.) 
and inte£,rOLing t () produc~ ( X V,<m<t <.\'V:.~. 

oulpu t frequency of the sigmd genera
tors by hand. '!'he X in put o f an XY 
plotter- is driven by a frequency-to-volt .. 
age converter consisting of a commer
cial 1:10.0 frequ~ncy divider. which 

Turntable war, first casualties 
Garrard and Strathearn arc~ in u o ubk•. 
St.rathearn's autocrat ic c hief executive , 
Graham Bish, has been r eliev ed of his duties 
as executive chaitman. t hough he r ernains a 
director. 'i"h~ reason givetl was of ill-hcallh. 
The company ha!5 now swal!uwed at !east £7 
miUiOJ\ of taxpayers·· money, and as the rest 
of the turntable industl'y produces (Wer 
newer models the St!"athearn units are as 
they were four years ~go. 

Recently Strathearn asked t he Northern 
Ireland Oe-ve1opmcrn Agency for further 
funds "to develop its marketing operation. 
and future production eapacity ," according 
to a spokesman. The N IDA dedincd, and 
catted fol' an examination uf Stra thcarn ·s 
viability. The subsequent report showed that 
t he company <!Outd not survive, and h. ap· 
pears that the Minister of State fol' Northern 
ireland is not prepared tu intervene to k~cp 
the firm going. However. lhe directo rs have 
been given a Pci'iOd of gr<\ce tO prep<m~ a case 
ror kc~..:pina Strath~fu•n ()ptm. 

Garrard, by comparison. look like p~ra · 
gons of efficiency. All the same. 48Q jobs are 
to be lost of which :{35 arc indirect labour. 
such as cleaners and cleriCal s taff. ~md 145 are 
directly employed in making t urntables. Of 
the 145, a large number are working shifls. so 
the total of dlrcctlaboor redundancies could 
be as high as 290. The total workforce is 2,000. 

Therl! arc several reasons for Garrard 's 
plight. One is t he depre!;sed hom~ market. 

According to BREMA. "There is little sign of 
the a nt1cipa.led. seasonal pic:kup.'' Any dis· 
poosable !ncumc people have left after lnfla. 
t.ion snd wage freezes have taken t heir toll is 
b~ing spem on something other than hH i. 
· Even if ttH::re had been a !Hlrmal pr6· 
Christmas rush. however. Garrard say they 
\'t'OtLid not have been ready. Production of the 
new rang~. for which they wou?d have had to 
stan taking trade order!; at Harroga~e at the 
begin1ling of September. djdn't start und1 the 
end -of Oclober. two months behind sclledulc. 
They blame poor delh•eries of components. 
i!lcluding som:>: !rum Jup~ul. <uld. privately. 
poor lab<>ur rdau<H~s. 

However. there seems to ha~e been very 
little labour troltb}e at Gsrrard's, wllich the 
local ~mjon represemarive:s say has beu et 
wages and working conditions tha1l rnost 
t'a<: toncs in the distr icl. The local orguniS{:r of 
th E;! AUEW told Wireless WOI'ld that in the 
four yean> he had been in Swindon he coutd 
only re~l,ember having to go there once. tl:lld 
th<~l w'<.t.S over a small maue:r that wus easily 
resolved. The unions add lhat. ~ts soon as 
Christmas is over they wiU , ... am to look al 
lhc books. bul tllCy h ave Uule:• doub t thal 
they will find the main cause t)f the iay-ofrs 
WJ.$ lack of consumer demand. 

T1lat does no1 appear to have affected the 
Japanese mak(:rS. whn, Garrard CQmplain, 
went on Ll,e Mtensive, taking large ads io t he 
colour supplements. One wOndei-s what was 
co pre,•esn Garrard doiflf;;. the ::a me. 

t r iggered a I!J.S monostable unit 
(SNi1121) . The integra~ed output of this 
is proportional to frequency. T he Y 
input of the recorder is driven by the 
out put of IC3• and point A1 of the circuit 
monit ored with an oscilloscope. This 
enables bot h the detected signal level Y 1 
and the mark·to·space ratio of che 
chopping LO be seen. Jn practice the 
signaJ level can be set so a s to maintain 
t h•s ratio at about unity. The system is 
calibrated by using carbon resiswrs of 
kn()wn value. 

Last July Cs rrsrd held a pr{'SS IU!lCh at 
which they previewed the nc,o,.· range. Mil· 
naging direc~or Derek Moon made clear his 
<Ulitude to Japanese imports: ·'This indus tl'y 
used to emploY 48.000 peuP!e more t han it 
does nnw . .. Protec.t your home industries. 1 
.say to government, and if ' hat means tariffs 
for a while then let 's have a lariff barrier. I do 
wam a brea thing space frum Japan Jnc. Give 
us a couple of years and we'll beat the hell uut 
of them too.'' 

Garra rd has $Uffered quite a bit ~t the 
hands of the J apal\ese. In 1972 they had L 71h% 
of lhc world tutntable maf'kel. By 1976 that 
had dtopp-ed to 7W;!G, lhough they say t hey 
ha\'(~ managed l() hold their share this year. 
Together Garrard and Plessey had invested 
£2.5 mWiOI\ in OCW pt OdUClS i;~ 2 1,~ ,)'C.aFS, 
though they admillCd to mistakes. At the 
July preview they sajd, "CosmeticaJiy I ~1Sl 
yeal''s range didn'l match up:• 

There-arc .signs. as w(: pointed out in our 
Harrogate report (November 1977. p.57) that 
this year's don•t match up eit her. The coUap· 
se of the home market hardly explains the 
troubles of a company lhat {'xJ)Orts 70-80% of 
its j)I'Oductjon. The European and American 
markCL'i have not. been so depressed. A com· 
pany that wants relief from the pressures of 
compet.itjon is in trouble, whether ft knows it 
o: 1tot. DSR's Roger Allan. who lived in J apan 
fol' many years, told us in an interview la!)t 
y<~ar "I'm totally for free trade. If the world 
' '<'I!!H protectionis t ft woul d he a disast~:·-.[1 
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wave a* their junction, which is fed into 
one input of the saturating amplifier 
iCs. The points at which the voltage 
level at its other input cut this triangu- 
lar wave dctormine the moments at 
which it changes from saturating at one 
polarity to the other. Accordingly this 
voltage level determines the mark-io- 
spaoe ratio of its output. s 

Procedure for plotting the impedance 
of the transducers in question is to 
slowly sweep through the frequency 
range of interest by changing the 

Turntable war, first 

Ciarrard and Slrathearn art; in trouble. 
Strachearn's autocratic chief executive, 
Graham Bish, has been relieved of his duiie.'; 
as executive chairman, though he remains a 
director. The reason given was of ill-health. 
The company has now swallowed ai least £7 
million of taxpayers' money, and as the rest 
of the turntable industry produces ever 
newer models the Straihearn units are as 
they were four years ago. 

Recently Straihearn asked the Vonhern 
Ireland Development Agency for further 
funds "to develop its marketing operation 
and future production capacity." according 
Lu a spokesman. The N1DA declined, and 
called for an examination of Stralhearn's 
viability. The subsequent report showed that 
the company could not survive, and it ap- 
pears that the Minister of State for Northern 
Ireland is not prepared to intervene to keep 
the firm going. However, the directors have 
been given a period ofgrace to prepare a case 
for keeping Straihearn open. 

Garrard, by comparison, look ike para- 
gons of efficiency. All the same. -ISO jobs are 
to be lost of which 335 are inuircc: labour, 
such as cleaners and clerical staff, and 145 are 
directly employed in making turntables. Of 
the 145, a large number are working shifts, so 
the total of direct labour redundancies could 
be as high as 290. The total workforce is 2,000. 

Tnere are several reasons for Garrard's 
plight. One is the depressed home market. 

Fig. 3. Same o I leu nation o! VI and V2 is 
obtained by chopping both with a 
variable mark-space ratio of c»(l—n) 
and integrating CO produce u V" end a 

ouipul frequency of the signal genera- 
tors by hand. The X input of an XV 
plotter is driven by a froquency-td-volt- 
age converter consisting of a commer- 
cial l:10U frequency divider, which 

casualties 

According to RRHMA, "1 here is little sign of 
the anticipated seasonal pickup." Any dis- 
posable income people have left after Infla- 
tion and wage freezes have taken their Loll is 
being spent on something other than hi-fi. 

Even if there had been a normal pro- 
Christmas rush, however. Garrard say they 
would not have been ready Production of the 
npw range, for which they would have had to 
start taking trade orders at Harropate at the 
beginning of September, didn't start until the 
end of October, two months behind schedule. 
They blame poor deliveries of components, 
including some from Japan, and. privately, 
poor labour relations. 

However, there seems to have been very 
little labour trouble at Garrard's. which the 
local union representatives say has better 
wages and working conditions than most 
factories in the district. The local organiser of 
•he AUEW told Wireless World thai in the 
four years he had been in Swindon he could 
only remember having to go there once, and 
that was over a small matter that was easily 
resolved. The unions add that, as soon us 
Christmas is over they will want to look at 
the books, but they have Ullle doubt Lhul 
they will find the mam cause of the lay-offs 
was lack of consumer demand. 

That does not appear to have afi'ected the 
Japanese makers, who, Garrard complain, 
went on the offensive, taking large ads in the 
colour supplements. One wonders what was 
to prevent Garrard doing the same. 

triggered a lps monosiable unit 
CSN74121), The iniegratea output of this 
is proportional to frequency. The Y 
input of the recorder is driven by I he 
output of lC:f. and point A, of the circuit 
monitored with an oscilloscope. This 
enables bot h the detected signal level V| 
and the mark-to-space ratio of the 
chopping to be seen. In practice the 
signal level can be set so as to maintain 
this ratio at about unity. The system is 
calibrated by using carbon resistors of 
known value. 

Last July Garrard held a press lunch at 
which they previewed the new range. Ma- 
naging director Derek Moon made clear his 
altitude to Japanese imports: "This industry 
used to employ 48,000 people more than i; 
does now ... Protect your home, industries, 1 
.say to government, and if that means tariffs 
for a while then lot's have a tariff barrier. I do 
want a breathing space from Japan Inc. Give 
us a couple of years and we'll beat the hell out 
of them loo." 

Garrard has suffered quite a bit at the 
hands of the Japanese. In 1972 they had 1712% 
of the world turntable market. By 1976 that 
had dropped to 711%, though they say they 
have managed to hold their share this year. 
Together Garrard and Piessey had invested 
C2 5 million in new products in 214 years, 
though they admitted to mistakes. At the 
July preview they said, "Cosmetically lust 
year's range didn't match up." 

There are signs, as we pointed out in our 
Harrogate report (November 1977. p.57) that 
this year's don't match up either. The collap- 
se of the home market hardly explains the 
troubles of a company that exports 70-80% of 
its production. The European and American 
markets have not been so depressed. A com- 
pany that wants relief from the pressures of 
competition is in trouble, whether It knows it 
or not. BSR's Roger Allan, who lived in Japan 
for many years, told us in an interview last 
year "I'm totally for free trade, if the world 
went protectionist it would be a disasten'f"] 
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heat. Moulded into this stand is provision 
for six alternative bits, and two small 
sponges for cleaning bits. 

This sturdy plastic stand is a useful 
addition to any household or workshop. 
The SK3 and SK4 kits comprise of a full 
instruction card mounted with either the 
CX miniature soldering iron or the larger 
X25 general purpose iron. Included in 
both of these kits is the safety stand. 

AI the range of Antex soldering irons 
are made on the principle of putting the 
heating element inside a shaft, then the 
desired bit is eased over the shaft, giving 
maximum heal transference, this is why 
so often a smali Antex iron can do the job 
of a larger conventional iron. The 
precision made slide on bits are slit to 
make them easily interchangeable. 
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Topics from Radar 77 - 2 
Further extracts from the I EE conference 

The last issu0 summarized s ix. ·papers 
from the mternattonal radat cont'ereoce. 
Radaf 7 7, which this year was O(ganised 
by the lEE. The papers included 
descrip,tions of a man-portable radar. and 
rada1 systems for automatic tl)IJisioc't 
avoidance and the detection of sea states 
and oceanic winds. The follo .. ·:ing ' ext is 
also basad Ot) extracts selected f ~·om th e 
ccnterence papers. 

,\,. A \\'AV£.Lf:NGi H of lO.um. one has the 
option in radar of using eithcr ' pho
todetection or radio .frequency detec· 
tion using metal-oxide-metal point con
tact diode<. Compari<ons' by the Royal 
Signa ls and Radar Establishmen t at 
Malvern have sho\vn that. assuming all 
radiation entering these detectors is 
·signal·, for heterodyne detect ion the 
signal-to-noise ratio performance with 
r .f. detection is 'everywhere better' than 
with photodetection. F;or photodetec
tion the signal ooise is proportional to' 
the incident field, but for r.f. detect.ion it 
is proportional to the power. For bo~h 
syst.ems. per forrnance is great ly im· 
proved by using heterodyne detection 
at the receiver. In practice one can 
achieve a recejve( performance in 
which background fluctuations are the 
dominant noise source in the receiver 
system. 

Harmonic radar detection 
Plessey Radar Research Centre have 
been invest igating systems using har
monic radar detection!». The difference 
betv.•een harmonic radar a1)d cmn:en
t ional rad~r is that the receiver detects 
radiation generated by the t('trget at 
frequencies v.lhich are harmon ics of the 
incident radiation frequency_ ;..1anv 
mao-made objects g~ncratc harmoniC 
frequencies when illuminated by a 
radiation flux. but most natural objects 
such as vegetation, the grourld and the 
sea do not. However, t he frequency 
conversion efficiency from the man
made objects usually rest ricts appli
cations to relatively short range detec
t ion systems. 

The main adv(!ntagc with harmoniC 
radar is that it is free from environmen
t al clutter. Harmonic generation al'ises 
from non-linearities in the ele-ctromag
netic t ransfer characteristics in objects 
such as semiconductors . and metal-to-

by Ray Ashmore 

metal j1.,1nctions. Furt.her informa.tion 
regarding the theory of harmonic 
rad iation can be obtained from the L\tlay 
and June 1974 issues of \Vi ,.eles:; l.Y'orid. 

F or a scmico nduct o,. d iode t.he 
transfer characteristic is exponential 
and resullS in a. rich harmonic spectrum. 
Since it has been found that the con
version loss is less for low harmonics. 
for the most favourable range law. a 
second-harmonic receiver should be 
used. For a typical metall ic target, be· 
cause the transfer characu~ristics are 
symmetrical and the power series con· 
tains only odd-ordct terms, the l'eceiver 
must be a third harmonic type. Results 
confirm that the t hi rd harmonics 
received from rnet.a11ic targets a1·e 
much lower than the second harmonics 
from electronic targets. 

Non-li neari ty in metal j unctions is 
tho.ught to arise from. among other 
things, electron tunnelling through the 
oxide barrier existing at the metal sur
faces. Th is non-lirlcarity, hmvever. is 
sensitive to small movements of the 
contact :;uriaces. This causes the har
monic signals to fluctuate and make it 
impossible to give a fixed value of har
monic ·cross-section' to the object:;, 
except- bx usin.g a stalisti(:al definit ion. 
The observed cross-sections have been 
found to vary considf;:rably for difft!rent 
tY()es or object. 

App1ic..'ltions for harmonic radar in
clude collision avoidance. locat.i ,lg tar
gets close to the surface oflhe sea and 
non·destructive test ing. to loc.::~te the 
presence of cracks in 1netal structures. 

Radar in geophysic.al prospecting 
The use of radar for dete(:ting and to· 
cat illg subsurface geological strata and 
man·made artefa(:t~ has t'C!ccnt lv 
1'eceived considerable attention in tech
nical reports. pan iculady fn the USA. 
For th is appl ica tion , co nventio nal 
a.m.ic.w. has been found to:be the mo::>t 
suitable for long range prospecting. For 
shon range prospecting, f.m./ c.,v. was 
fourid to requ ire h ig hly cornplcx 
rccei vers. especi<11ly ac frequencies be
low about JGHz. and consequent ly 
other modulation t.echniques had to be 
developed. 

One of these tech n iques. pse udo
baseband pulse radar. '-Vas the subject of 
a paper10 presented by the Plessey Ra
dat• Research Centre. There are two 

methods o f generat ing pseudo
baseband pulses. One method ttans: 
mils a discrete harmonicallv-related 
spectrum related to a pulse t .. rain, and 
depends upon a computer processor to 
recol'lstruct the received information 
i n t o- the time doma in. T he. other 
l'lC:thod, which is suitable for portable 
radars. uses a pulse gcnen\lor providing 
a real t ime pulse t rain. The latter 
method was used b)' the Plessey team 
investigating subsurface interfaces bet· 
\'.:een strata . and has resul ted in a 
number of short-range high-resolution 
radars being developed. · 

In general. the pulse generator pro
duces a cosine: squared funct.i.on having 
a tiJTie duration between 0.5 and \Ons. 
depending on the application. The re
turn signals from the interfaces are 
passed through a sa mpling head and 
tran:;lated from the nanosecond time 
regiOt\ to the millisecond time region. 

The antenna is a. cl'itical elernent jn 
the desjgn because clutter greatly re
duces the system dynam ic range. Most 
applicat ions require the antenna to be 
operated well clear of the front s itrface 
of the rada r . The radar is then 
physically moved to scan the target and 
the signal return is stored for ana lysis. 

In the field trials a series Oflaboratorv 
measu,·emenls were carried out a~t 
frequencies from l OOMHz. t o 15GHz on 
coal a nd sla te samples from South 
Derbyshire. From these measur·ement.s 
it was conc.luded that the attenuation 
c haract erist ics of UK geo log ical 
materials tend to be sigrl i fi cantty hig-her 
than those reported by other authors' 
and that. as expected. water content 
and impurity level al'e the function:; of 
material attenuation. In addition the 
re:jult.:; :;howed that the antenna design 
feature used, a successive subtractiOJl 
cechnique, has enabled a s ignificant 
improvement in the dynamic range 
which can be ach ieved. 

Detection of burled objects 
On e paiH~r n from the Quee n Mary 
College, Univc.r.ity of London, pro 
posed the use of f.m./c.w. radar for tlH~ 
detection,of buried objects such as pipes 
and cables, some o f which may be plas
tics. Tn the latter case corw entiona l 
metai detector:; faiL A prototype radar 
developed by the investigators at [he 
College openated in a linearJy·swepl 
frequency band f1'01n 2 to 4GHz. \Vith 
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Topics from Radar 77 — 2 

Further extracts from the I EE conference 

by Ray Ashmore 

The asi issue sumrnari/ed six papers 
t'om the imemat'Onsl 'adar coeferenco. 
Radar 7 7, which ihis year was organised 
by the IEE ' he papers mcludec 
descriptions of a man-portable radar, and 
radar systems (or automatic collision 
avoidance and the detection o' sea states 
and oceanic winds. The following text is 
also based on extracts selected from tna 
ccnterence papers 

at a v'avELfcNGTH of lOum, one has the 
option in radar of using either'pho- 
lodetection or radio-frequency detec- 
tion using metal-oxide-meia! point con- 
lact diodes. Comparisons by the Royal 
Signals and Radar Establishment at 
Malvern have shown that, assuming all 
radiation entering these detectors is 
■signal", for heterodyne detection the 
signal-lo-noisc ratio performance with 
r.f, detection is 'everywhere belter" than 
with photodetection. For phutodelec- 
t:or. the signal noise is proportional to 
the incident field, but for r.f. detection it 
is proportional to the power. For both 
systems, performance is greatly im- 
proved by using heterodyne deleelion 
at the receiver. In practice one Can 
achieve a receiver performance in 
which background fluctuations are the 
dominant noise source in the receiver 
system. 

Harmonic radar detection 
Plessey Radar Research Centre have 
been investigating systems using har- 
monic radar detection"'. The difference 
between harmonic radar and conven- 
tional radar is chat the receiver detects 
radiation generated by the target at 
frequencies which arc harmonics of the 
incident radiation frequency. Many 
man-made objects generate harmonic 
frequencies when illuminated by a 
radiation flux, but most natural objects 
such as vegetation, the ground and the 
sea do not. However, the frequency 
conversion efficiency from the man- 
made objects usually restricts appli- 
cations to relatively short range detec- 
tion sysicms- 

The mam advantage with harmonic 
radar is that It is free from environmen- 
tal clutter. Harmonic generation arises 
from non-linearities in the electromag- 
netic transfer characteristics in objects 
such as semiconductors, and metal-to- 

metal junctions. Further information 
regarding the theory of harmonic 
radiation can be obtained from the May 
and June 1974 issues of Wireless Wond. 

For a semiconductor diode the 
transfer characteristic is exponential 
and results in a rich harmonic spectrum. 
Since it has been found that the con- 
version loss is less for low harmonics, 
for the most favourable range law. a 
second-harmonic receiver should be 
used. For a typical metallic target, be- 
cause the transfer characteristics are 
symmetrical and the power series con 
tains only odd-order terms, the receiver 
must be a third harmonic type. Results 
confirm that the third harmonics 
received from metallic targets are 
much lower than the second harmonics 
from electronic targets. 

Non-linearity in metal junctions is 
thought to arise from, among other 
things, electron tunnelling through the 
oxide barrier existing at the metal sur- 
faces. This non-linearity, however, is 
sensitive to small movements of the 
contact surfaces. This causes the har- 
monic signals to fluctuate and make it 
impossible to give a fixed value of har- 
monic "cross-section' to the objects, 
except by using a statistical definition. 
The observed cross-sections have been 
found to vary considerably for different 
types of object. 

Applications for harmonic radar in- 
clude collision avoidance, locating tar- 
gets close to the surface of the sea and 
non-destructive testing, to locate the 
presence of cracks in metal structures. 

Radar in geophysical prospecting 
The use of radar for detecting and lo- 
cating subsurface geological strata and 
man-made artefacts has recently 
received considerable attention in tech- 
nical reports, particularly in the USA. 
For this application, conventional 
a.m./c.w. has been found to be the most 
suitable for long range prospecting. For 
short range prospecting, f.m./c.w. was 
found to require highly complex 
receivers, especially at frequencies be- 
low about 1 GHz, and consequently 
other modulation techniques had to be 
developed. 

One of these techniques, pseudo- 
baseband pulse radar, was the subject of 
a paper'" presented by the Plessey Ra- 
dar Research Centre. There are two 

methods of generating pseudo- 
baseband pulses. One method trans- 
mits a discrete harmonically-related 
spectrum related to a pulse train, and 
depends upon a computer processor to 
reconstruct the received information 
"nto the time domain. Th& other 
nethod. which is suitable for portable 
radars, uses a pulse generator providing 
a real time pulse train. The latter 
method was used by the Plessey team 
investigating subsurface interfaces bet 
ween strata, and has rcsuilcd in a 
number of short-range high resolution 
radars being developed. 

In general, the pulse generator pro- 
duces a cosine squared function having 
a time duration between O.i) and 10ns. 
depending on the application. The re- 
turn signals from the interfaces are 
passed through a sampling head and 
translated from the nanosecond time 
region to the millisecond time region. 

The antenna is a critical element in 
the design because clutter greatly re- 
duces the system dynamic range. Most 
applications require the antenna to be 
operated well clear of the front surface 
of the radar. The radar is then 
physically moved to scan the target and 
the signal return is stored for analysis. 

In the field trials a series Of laboratory 
measurements wore carried out at 
frequencies from lOOMHz to 15GHz on 
coal and slate samples from South 
Derbyshire. From these measurements 
it was concluded thai the attenuation 
characteristics of UK geological 
materials tend to be significantly higher 
than those reported by other authors 
and that, as expected, water content 
and impurity level arc the functions of 
material attenuation. In addition the 
results showed that the antenna design 
feature used, a successive subtraction 
technique, has enabled ;-i significant 
improvement in the dynamic range 
which can be achieved. 

Detection of buried objects 
One paper' from the Queen Mary 
College, University of London, pro- 
posed the use of f.m./c.w. radar for the 
detection of buried objects such as pipes 
and cables, some of which may be plas- 
tics, In the latter case conventional 
metal detectors fail. A prototype radar 
developed by the investigators at the 
College operated in a linearly-swept 
frequency band from 2 to '1GHz. With 
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this system, which is potentially man· 
por~able, small plastic objects were 
detected at depths of about 25cm in wet 
sand. For polystyrene foam buried in 
sand vertical and horizontal resolutions 
of about 4 and 20cm respectively have 
been· achieved. 

The choice of operating frequency 
was a compromise. A low microwave 
frequency Improves ground penetration 
but limits resolut ion because. for a 
constant-aperture antenna, the ground 
illumination increases as the frequency 
increases, ana tor a constant percentage 
swept ba.ndwldth the range resolution 
decreases us the cen tre frequency ae
creases. 

T he antenna needed to have a 
radiat.ion patt.crn wjth a relatively nar
row beam wldU> at the ground surface, 
and one that remains relatively in· 
dependent or frequency over the swept 
band. It also had to have a low input 
v.s.w.r. which was either frequency 
independent over the band or exhibited 
a desired variation. In addition, the 
antenna pattern needed to have low 
side-lobes and the antenna had to be 
compact. 

It was concluded that improvements 
in system performance should be 
achieved by using a bistatic system 
having a microwave amplifier fo llow· 
ing the receiver antenna. Signal proces· 
sing techniques coula also be used to 
further reduce range side-lobes asso · 
ciated with the g round returns, and, 
where Lhe an tenna is at. a constant 
height above the ground, cancellation 
techniques could be attempted. These 
features would certainly be required if 
the radar is to detect objects buried in 
clay soil at depths in excess of 20cm. 

The detection or electricity {'Ylons 
and cables 
The potential hazard of light aircraft 
and rotary-wing aircraft strik ing elec· 
tricity cables has long been the concern 
of military aviation authorities in many 
countries. As a result, the role of .such 
aircraft is severely restricted. particu~ 
!arty in dar kness o r bad weather con
ditions. Line cables may be detected by 
the interference generated by them, but if 
the cables arc not current-carrying they 
will not be seen by the aircraft . The 
R"-~earch Laboratory of Marconi-EIIiot 
Avionics Systems Limited . on behalf of 
the Royal Signals and Radar Establish· 
ment. has been investigat ing the 
possibiiiUes of detecting pylon cables by 
racial'. Il ls possible by using a simple 
pulsed radar. generating at short cen
timetric or millimetric wavelengths for 
example. to detect a straight power 
cable at several points along itS length. 
The detection pointS will be a main 
return (broadside nash), wlti<:h. is nor
mal to the cable ana is due to the cable 
acting as a cyUndrieaJ rod, and a secon
daty return which is detected on e it her 
side of the broadside nash, and is due to 
the wrapped construct ion. Tertiary de
t..eetion points could also be detected at 
an angle of approximately 40' to nor· 

Hughes' US Anny Fircfindcr •·adar 
AN!TPQ-36 can locate artillery after 
only one firln(l and predict target 
location before impocL 

mal. but these could be observed only at 
very short range& It was decided that a 
Q-band, experimental pulsed radar 
should be used, operating a t 
approximately 35GHz. The radar used a 
h igh powered magnetron transmitter 
with a pulse length or lOOns and a p.r.f. 
of 200 puolscs per second. The aerial 
system had u fla t plate Cassegrain 
sca nne r wi th a 3<1B bandwidth of 
approximately I • and it could be 
mechanically scanned over several de· 
grees in bo th elevat ion and azimuth 
planes. Using this radar. targets as close 
as 150m could easily be detected. 

The field trials showed that it is pos· 
sible to detect power cables by using 
pulsed Q·band radar equipment, and 
·that the mag.nltude of the broadside 
return is similar to that produced by the 
supporting pylon. The fact that. in a 
plan presentation, the secondary 
returns an lie on the same straight line 
as the broadside return and the two 
adjacent pylons, is considered an ad
vantage to n pilot in discriminating 
between cable r~turns and those from 
trees and Other more randomly spaced 
obstacles. 

Radar on the battlefield 
A radar system has been developed by 
the US army to determine automati· 
cally the location of hostile artillery 
afrer it has fired only once". 

The system. called Fircfinder, is de· 
signed to locate simultaneoUS frre from 
numerous weapons on a battlefield. It
employs two different radars~ types 
AN/ TPQ-37 and AN/ TPQ-36, which 
both employ electronic scanning an
tennas ~nnbllna rapid repositioning of 
the antenna beam anywhere over a 90° 
azimuth sector. They will also scan a 
few degrees in elevation . 

The AN/TPQ -37 hns successfully 
located artillery in livt! ri re ~.,s~s at 
rtu\gc;e; beyond 30km. Phase shifter de
vices in itS phase scan system are intc
gra(ed into rnodular arrays that include 
stripline power dividers and d ipole 

.radiating clements. The final power 
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amplifier in the system's transmitter is a 
travelling wave tube controlled by a 
shadow gri<l and. in each position. the 
transmitter Is pulsed at a fixed p.r.f. to 
form a train of coherent pulses. The 
radar receiver USC$ a gallium-arsenide~ 
f.e.L preamplifier for each of the pulse 
channels. After frequency conversion~ 
the channels arc dm~·multiplexed into 
a single channel by using s.a.w. delay 
lines. The train of pulses is then coded 
by frequency modulation and the f.m. 
signal transm itted to the operations 
shelter over couxial cablt~. at its inter
mediate frequency. 

The AN/TPQ-36. which also scans in 
azimuth nnd elevation, has a range 
a pproximately half t ha t of the 
AN/TPQ-37.lt used a series end-feed to 
distribute the r.f. power in the horizon
tal plane and ferrit~. phase shifters to 
electronicatJy scan in azimuth. For 
elevation scanning. r .f. power is dis
turbed through Individual waveguides 
which have radlatlng elements in the 
fonn or slOtS cut in the narrow walls. 
Electronic scannin& is carried out using 
the frequency dispersive characteristics 
of the wavtguides by changing the 
radiated frequency. The transmitter and 
receiver systems are similar to those in 
the AN/TPQ-37. 

Each radar scans the horizon of the 
surveillance $ector, with a single row o f 
beams senrchlng the sector a few t imes 
each second. Targets ar~ tracked by 
upda ting mcasu ,.cmcn ts of range , 
azimuth, elevation. doppler a.nd 
amplitude several times each second. 
When there are multiple targets. each 
target is tracked for a few seconds and 
time-related to the search process. The 
system diseriminates between returns 
to reject those done to birds, aircraft 
and other sources of clutter. 

The wea.pon ·loeating process is so 
rapid that the position of the hostile 
artillery is usually determined before 
the projectile Impacts. The radar system 
computer can nlso extrapoJate forn·ard 
along the t ra,ie<:tOry to indicate to the 
operator the expected impact point as 
well as the artillery position. 
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Ihis system, which is potentially man- 
portable, small plastic objects were 
detected at depths of about 25cm in wet 
sand. For polystyrene foam buried in 
sand vertical and horizontal resolutions 
of about 4 and 20cm respectively have 
been" achieved. 

The choice of operating frequency 
was a compromise. A low microwave 
frequency improves ground penetration 
but limits resolution because, for a 
constant-aperture antenna, the ground 
illumination increases as the frequency 
increases, and for a constant percentage 
swept bandwidth the range resolution 
decreases as the centre frequency de- 
creases. 

The antenna needed to have a 
radiation pattern with a relatively nar- 
row beam width at the ground surface, 
and one thai remains relatively in- 
dependent of frequency over the swept 
band. It also had to have a low input 
v.s.w.r. which was either frequency 
independent over the band or exhibited 
a desired variation. In addition, the 
antenna pattern needed to have low 
side-lobes and the antenna had to be 
compact. 

It was concluded that improvements 
in system performance should be 
achieved by using a bistatic system 
having a microwave amplifier follow- 
ing the receiver antenna. Signal proces- 
sing techniques could also be used to 
further reduce range side-lobes asso- 
ciated with the ground returns, and, 
where the antenna is at a constant 
height above the ground, cancellaiio:! 
techniques could be attempted. These 
features would certainly be required if 
the radar is to delect objects buried in 
clay soil at depths in excess of 20cm. 

The detection of electricity pylons 
and cables 
The potential hazard of light aircraft 
and rotary-wing aircraft striking elec- 
tricity cables has long been the concern 
of military aviation authorities in many 
countries. As a result, the role of such 
aircraft is severely restricted, particu- 
larly in darkness or bad weather con- 
ditions. Line cables may be delected by 
the interference generated by them, but if 
the cables arc not current-carrying they 
will not be seen by the aircraft. The 
Research Laboratory of Marconi-Elliot 
Avionics Systems Limited, on behalf of 
the Royal Signals and Radar Establish- 
ment, has been investigating the 
possibilities of detecting pylon cables by 
radar12. It is possible by using a simple 
pulsed radar, generating at short cen- 
timetric or millimetric wavelengths for 
example, to detect a straight power 
cable at several points along its length. 
The detection points will be a main 
return (broadside flash), Which-is nor- 
mal to the cable and is due to the cable 
acting as a cylindrical rod. and a secon- 
dary return which is detected on either 
side of the broadside flash, and is due to 
the wrapped construction. Tertiary de- 
tection points could also be detected at 
an angle of approximately 40" to nor- 

»4 

Hughes' US Anny Fire finder radar 
AN/TPQ-36 can locale artillery after 
only one firing and predicf target 
location before impact. 

mal, but these could be observed only at 
very short ranges. It was decided that a 
Q-band, experimental pulsed radar 
should be used, operating at 
approximately 35GHz. The radar used a 
high powered magnetron transmitter 
with a pulse length of 100ns and a p.r.f. 
of 200 pulses per second. The aerial 
system had a flat plate Cassegrain 
scanner with a 3dB bandwidth of 
approximately I" and it could be 
mechanically scanned over several de- 
grees in both elevation and azimuth 
pianos. Using this radar, targets as close 
as 150m could easily be detected. 

The field trials showed that it is pos- 
sible to detect power cables by using 
pulsed Q-band radar equipment, and 
that the magnitude of the broadside 
return is similar to that produced by the 
supporting pylon. The fact that, in a 
plan presentation, the secondary 
returns all lie on the same straight line 
as the broadside return and the two 
adjacent pylons, is considered an ad- 
vantage to a pilot in discriminating 
between cable returns and those from 
trees and other more randomly spaced 
obstacles. 

amplifier in the system's transmitter is a 
travelling wave lube controlled by a 
shadow grid and, in each position, the 
transmitter is pulsed at a fixed p.r.f. to 
form a train of coherent pulses. The 
radar receiver uses a gallium-arsenide, 
f.e.t. preamplifier for each of the pulse 
channels. After frequency conversion, 
the channels are time-multiplexed into 
a single channel by using s.a.w. delay 
linos. The train of pulses is then coded 
by frequency modulation and the f.m. 
signal transmitted to the operations 
shelter over coaxial cable at its inter- 
mediate frequency. 

The A.N7TPQ-36, which also scans In 
azimuth and elevation, has a range 
approximately half that of the 
AN/TPQ-37- It used a series end-feed to 
distribute the r.f. power in the horizon- 
tal plane and ferrile phase shifters to 
electronically scan in azimuth. For 
elevation scanning, r.f. power is dis- 
turbed through individual waveguides 
which have radiating elements in the 
form of slots cut in the narrow walls. 
FJectronic scanning is carried out using 
the frequency dispersive characteristics 
of the waveguides by changing the 
radiated frequency. The iransmiller and 
receiver systems are similar to those in 
the AN/TPQ-37. 

Each radar scans the horizon of the 
surveillance sector, with a single row of 
beams searching the sector a few times 
each second. Targets are tracked by 
updating measurements of range, 
azimuth, elevation, doppler and 
amplitude several times each second. 
When there are multiple targets, each 
target is tracked for a few seconds and 
time-related to the search process. The 
system discriminates between returns 
to reject those done to birds, aircraft 
and other sources of clutter, 

The weapon-locating process is so 
rapid that the position of (he hostile 
artillery is usually determined before 
the projectile impacts. The radar system 
computer can also extrapolate forward 
along the trajectory to indicate to the 
operator the expected impact point as 
well as the artillery position, 

Radar on the battlefield 
A radar system has been developed by 
the US army to determine automati- 
cally the location of hostile artillery 
after it has fired only once13. 

The system, called Fircfindor, is de- 
signed to locate simultaneous fire from 
numerous weapons on a battlefield. It 
employs two different radars, types 
AN/TPQ-37 and AN/TPQ-36. which 
both employ electronic scanning an- 
tennas enabling rapid repositioning of 
the antenna beam anywhere over a 90' 
azimuth sector, They will also scan a 
few degrees in elevation 

The AN/TPQ-37 has successfully 
located artillery in live fire tests at 
ranges beyond 30km. Phase shifter de- 
vices in its phase scan system are inte- 
grated into modular arrays that include 
stripline power dividers and dipole 
radiating elements. The final power 
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Single-sideband transceiver design 
Underground application uses simple ceramic sideband filter 

by B. A. Austin, B.Sc. (Eng.) 

Research Laboratories. Chamber of Mines. Johannesburg 

An investigation of underground radio 
communication showed the need for a 
t(anscoivor opetatlng at around 1 MHz 
and with an r.f power capability of l W. 
The requiremoms of such::~ rransoeiVer 
are eonsidO(Od and certa.n circuit cetails 
diSCUSSed 

For underground use. a suppressed· 
carrier modulation system must be used 
to obtain maximum usable transmitter 
po"er. and a double·s•deband sup· 
pressed carrier transmitter is simple to 
de-sign, adjust and manuf"-Clure. Recep. 
tion of d.s.b. s.c. signals with fairly 
simple dotc<:tors. however. presents a 
prol>lcm. Use of a single sideband, o n 
the other hand, docs not require such 
complication in the receiver but docs 
require a n'IOrtt complex t ransmitter. Of 
three oomrnonly·used s.s.t. genera lion 
systems, only the filter melhod does not 
require careful circuit adjustmen t. 
Because filter-type s.s.b. generators are 
expensive it was necessary to exam ine 
olher possibilities. particularly in view 
of the tm''ironmenL 

Transceiver requirements 

The transceiver was required for opera· 
tion in deep gold mines. shielded from 
surface noise by a. mass of rock imper. 
vlous tO electromagnetic propagation. 
There ts no channel congestion in t.his 
environment, and this makes ic possible 
co accept transmiuer characterist ics 
which would bC: rl<'>n-ideal elsewhere. 
~ost imJ')Ortont of these i~ t he gerlera_. 
tion of an s.s.b. signal by the filter 
method which is of sufflcient qual ity to 
simplify the receiving circuirry, but 
docs not requ1re excessive rejection of 
<he unwanted sideband. Acceptance or 
this Immediately simplifies the require
ments of the sideband filter. 

A cemmtc fllter element appeared to 
De sullable and the manufacturer's 
specification for a single·section filter 
type SFO·~B Is shown in Table 1. 

Table I. Slnglo-sec:tion SF0455B filter 

C•Nft 
h<:qiHI'IC't' 

'"' • SG •' 

lht<ldwioth 
(- 3d8) 

kH< 
4 !5 ..,., •• 9 (m;,,.,) 

To obtain t• r <.: fcrr.nce againl;·l which 
\'ilrious niter combinations may be: 
compared it is necessary to define the 
fi lter ~hapc facwr tn term:; of Lwo 

c 

meaningful a nd mensurable ba nd · 
widths. For this r1lt.er. whh skirts that 
are not pttrt.icularly steep, the shape 
factor is defined as - 30d8 bandwi lh 
divided by - 3d8 l>andwilh. Coupling 
the two sections of the filter via a 68pF 
capacitor gave a shape factor or 6.35. 
Because the shape factor is a measure of 
attenuation for the unwanted sideband. 
it enabl6 an assessment to be made of 
various fiher configurations. 

To improve skirt selectivity of the 
cen>mlc filter It Is necessary to cascade 
sections with suiLablc <:oupHng as show 
in fig. I. The results or this are shown in 
Table 2. Six filter ijJements design a led A 
co F were selected at random and 
measurements were mt~.de cts deta iled in 
che table. The centre frequen-cy is 
fc = VI( -!klil~,...,.; ··X f ( - 3dB)10wor and 
<he bandwidth (measured JdB down) is 
giv~n l>y BIV • f (-3dB)upp•' - f 
(- 3dB), • ., Comparison between three 
cascaded filters all coupled by 56pF 

c 

Fig. I. Two cascadC'd 455kHz cer()mic fiJleN>. Thr's arrangement improves 
selecrlvlty bul incrc...-'0-Ses rhe insertion loss. 

oou:Ne :.:e. .a~~l! 
OC:WI•!OI" 1 

V\ 
~· .... o 

,~s.c.t:!e.::. 455\~t 
~..,. .... m·.c. f te-ri 

~ 
~ ...., 

"'-' 
~ 

CO..Ol<a ~ a.ncf'd -oc:"' •to~ 2 

V\ 

Fig. 2. 903.10hflz $.S.b. modvlc. A~., v~<:iUat<>J' frequency of 451.55kH;; was found 
I<> provide oprhmHn lower sidel><md s uppression for I kH:. 
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Single-sideband transceiver design 

Underground application uses simple ceramic sideband filter 

by B. A. Austin, B.Sc. (Eng.) 

Research Laboratories. Chamber of Mines. Johannesburg 

An investigation of underground radio 
communication showed the need for a 
transceiver ooeratmg at around 1 MHz 
and with an r.i power capability of 1 W- 
The requirements of such a transceive* 
ate considered and certain circuit details 
discussed 

For underground use, a suppressed- 
carrier modulation system must be used 
to obtain maximum usable transmitter 
povver. and a double-sideband sup 
pressed carrier transmitter is simple to 
design, adjust and manufacture. Recep- 
tion of d.s.b. s.c. signals with fairly 
simple detectors, however, presents a 
problem. Use of a single sideband, on 
the other hand, does not require such 
complication in the receiver but does 
require a more complex transmitter. Of 
three commonly-used s.s.b. generation 
systems, only the filter method does not 
require careful circuit adjustment. 
Because filler-type s.s.b. generators are 
expensive it was necessary to examine 
other possibilities, particularly in view 
of the environment. 

Transceiver requirements 

The transceiver was required for opera- 
lion in deep gold mines, shielded from 
surface noise by a mass of rock imper- 
vious to electromagnetic propagation. 
There is no channel congestion in this 
environment- and this makes it possible 
to accept transmitter characteristics 
which would be non-ideal elsewhere. 
Most important of these is (he genera- 
lion of an s.s.b. signal by the filter 
method which is of sufficient quality to 
simplify the receiving circuitry, but 
does not require excessive rejection of 
the unwanted sideband. Acceptance of 
this immediately simplifies the require- 
ments of the sideband filter. 

A ceramic filler element appeared to 
be suitable and the manufacturer's 
specification for a single-section filter 
type SFD-455B is shown in Table 1. 

Table I. Single-section SFD-455B filter 

LOSS Ce"U6 
IraqufOCv 

kill 
15S 

BailOwioih 
(-303) 

kHi 
4 fi -P 1 

ClB 
9 m.ix \ 

o obtain a reference against which 
ious filter combinations may be 
ipared it is necessary to define the 
>r shape factor in terms Of two 

3*3 

v.. 

r 

meaningful and measurable band- 
widths. For this filter, with skirts that 
are not particularly steep, the shape 
factor is defined as — 30dB bandwilh 
divided by -3dB bandwilh. Coupling 
the two Sections of the filter via a 68pF 
capacitor gave a shape factor of 6.35. 
Because the shape factor is a measure of 
attenuation for the unwanted sideband, 
it enables an assessment to be made of 
various filler configurations. 

To improve skirt selectivity of the 
ceramic filter it is necessary to cascade 
sections with suitable coupling as show 
in Fig.I. The results of this are shown in 
Table 2. Six filler elements designated A 
to F were selected at random and 
measurements were made as detailed in 
the table. The centre frequency is 
fc= v7(-3dB)ul.P,. xr (—3dB)lowP and 
the bandwidth (measured 3dB down) is 
given by BW = f (-3dB)Upper -f 
(—3dB)nwi Comparison between three 
cascaded filters all coupled by 5GpF 

3 <3 V... 

Fig. 1. Two cascaded 455)?Hz ceramic fillers. This arrangement improves 
selectivity bu! increases Die insertion loss. 

Ol-'Slc ~:i JiiseC 
'AOdu later 1 

two 
.aSCadet; -ICD'-lZ 
.e-amic r tcr = 

cniioi." ba anceu 
~oau'alo' 2 

input A 
'-U 

A 

/ \ / \ 
OUlDul 

Fig. 2. y<)3.IOhH2 s.s.b. module .An Oscillator frequency of 451.55kHz was fou 
lo provide optimum tower sideband suppression for I kHz. 
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:;hows slight variation in bandwidth and 
insert ion loss, both of which are within 
"cceptabl~ li mits. Decreasing c to 
obtain n narrower bandwidth achieves 
this but a t the expense of the filter shape 
factor which incr~nscs rapidly. 

Transceiver 
The $YSLCm w Cu) c.le~ignc:d to operate at 
IMHz :: lOOkHz. A block diagram is 
shown in Fig.:!. A crystal oscillator 
frequency of 451.55kHz was found to 
produce optimum lower sideband sup· 
pression for 1kHz. and also gave 
acceptable perfonnance when the I kHz 
was replaced by speech, band·limited 
between 300Hz and 3kHz. Lower side· 
band au.cnuation is between 20 and 
24dB at lkHt In and varies ei[her side 
of this frequency, decreasing as the 
300Hz limit is ap,,roached. The ~ignal at 
the output of the filter is upper sideband 
• t 45J.55kH<. This is m ixed w it h 
45 1.55kllz f1·om the crystal oscillator in 
the second bo.lanced modulator to 
produce u.s.b. at 903.10kHz and the 
Original auc.JiO frequency com.ponents 
which are easily filtered out. The 
903.10kH< signal is then linearly ampli· 
lied in the following stages. 

ln th4! receive mode lhe incomjng 
u.s.b. s5gnalis fed through the system in 
the same direction. No switching of 
signal or oscillator lines is necessary in 
this generator-detector stage. To pro· 
vide suitable signal routing around the 
s.s.b. rnodulc a mult.i·pol~ push-button 
swttch was used which provided the 
push-to•tnlk fnclllt)'· AJI circuitry was o f 
standard de~i{;n with Motorola MC 1496 
balanced moduluto1·s being used in the 
s.s.b. rno<lulo. Because low power con. 
sumption Is Jmponan t in portable 
t.oquiprnenL t hese dcviC(!S w~re u.S(.:d in 
preference to the Plessey SL640, w hich 

i 
-i:::ro:=~ftOn•/t•"'>O>c.

(rcc:k.n;- .:&rn•utot-..1• t'F~) 

fig. 3. Bloch diagro m of transceiver 
which uses scandard units throughout. 

d.issipatt:s approxirnatcly Lwicc as much 
PO\VCt . 

A simple but effective s.s.b. trans· 
ceiver was designed to fulfil a particular 
expcrimcntn.1 role. This unit, though not 
generating high-quality s.s.b. has been 
proved cnpable of producing excellent 
results, and has shown that inexpensi-..·e 
ceramic filters have characteristics 
suitable for this type of application. 

Table 2. Two SF0-4$$8 filttrs ln easeade 
C<otr< 

C frequent>' !Mt.dwldth Lou Sha.pt Sampl-(' 
pF kHz. kH& dB factor 

50 <t5$ 60 
56 115~ 20 
S6 455.41 
4/ >1&501 
33 45$.8/ 
22 456.42 

3.94 
:t.~O 
.-t.:w 
3.67 
3,. 
1.81 

18 2.54 
1 1 vn 
12 2.50 
12 2.65 
' 1.5 3.84 
13 4.05 

A~B 
1.:& 0 
E& F 
E& F 
E&F 
E&F 

M.a"imt~m 6tvpb11ml at t.a•\uatlorl w-aa sroond <!OdB. 
wl1iC:h euult:l btl ht•proved by cascading three or 
100I'C filt('r t !OC:tlor.s IU 1he expense or inere::~ 
m$rthm ~,. U 

Vtr out in the cold 
An Ameri~n study say5 that the home "'ideo 
tape tt'COrdCr industry wil! grow from $90 
million m 19iG to S3J8 million in 1981. Ac· 
cordinJ; to Steve Cour~l l o f Cre}uive 
Strat<:gtcs Inc ... Untlke other~ who have been 
very optimistic. UbOI.ll potential consumer 
sales. our rcStlai'CI\ lndlertu:s that substantial 
j}ellt't ra tion ur lite homc market is still years 
;1\\' ;.ty." Ocurin& in mind that the market 
:Hul'lCd f rorn ~cro, tl compound annua l 
gwwth rate- or28% is rathc:r less than might 
have been expected. Reasons include high 
pnns and eompotitJon from o thel' fonns of 
ent~rtainment. 0 
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DMLS succeeds again 
The list of successful ~rials of Plessey•s 
Doppler microwave landing system (DMLS) 
n<.M' i.ncludes those cai'Tied O\U at Bcm ( Bc!p) 
airport. Land.Jng ~)'.$l f':n" currently in u.w are 
almOS( use'ess tt Bem, wh~h 1S surrounded 
by mountainous country end tli sa1d to offer 
the greatest cballen&e of any scenario so far 
tnvestigated. In lii)llC of tht- fact thst i.he 
runway under test Is onty about one third the 
siz~ of the avcr•ge runv.•ay, 50 automattc 
landings we.•·e made ~;nd & rurt.her 50 tracked 
nights. Mo1-e flyhtSJ confirmed chat the req· 
uired coverage was obtained and a 30° offset 
wa~ round t.o be practicable. 

The ncxl set of OMt..S tr ials is scheduled 
for January at Tchrnn. 0 ' 

Th e year's hi fi and other 
shows 
Before current errons to put some order 
mto lhe annu.al hf·ri exhibition chaos have 
even begun. several show organisers ha\•e 
announced da.tes ror the coming year. The 
first will take place at the Exctlsror Hotel 
near Manchester Alrpon. between January 19 
and 22. There v.11l, according to the organ
i.ser.s. be 40 exhibitors and 1eetures and film 
shows.. On the flr'jt day the hours from l l a.m. 
to 4p.m. will be ror the tnde. a nd the show 
will be open to9p.m. on that a l\d the next two 
days. closing at ?p.m. on the Sunday. 

From May 2 to G Lhc Spring High fidelity 
Exhibition will b(l held at the Cunard Hotel. 
Hammersmith, the los~ t wo days being open 
to lhe public. 

The Harroga~e f!Utumn show will be at the 
exhibition complex Instead of the local hotels 
us in previOU$ yc:o"'· from August 19 to 22. 
the firllt two days open to the public. 

The Audio Fair at 01)·mpia Y<'ill be held 
between September 12 and 18. 

The 59th A£S convention goes to Harn· 
bu.rg betwc.-en f'ebNary 28 and March 3. 

A three day semfn.ar and exhibition on the 
use of mia'Oproee$$01'$ will take place at the 
Wes:l Centr@ Hotel. London. from Febtuary 8 
spOnsored by elght journals run by l PC 
Busin~s Press1 Including \Vireless World. 

The All-electronics Show at Grosvenor 
House, Park Lane. Londo n , i:<> from 
Febru~uy 14 to 16, and wf11 be opened by Clive 
Sinclair, of pocket tv ft\me. Over 200 stands 
have been sold. 

Another rn lcr~>proccssor show, this time 
organised by the I ERE. will be held at the Old 
Swan Howl. llorrogatc. on April 11 and J 2. 
The I ERE as c~llln~ fo r papers. 

Al the Mctropo1c Converu ion Centre, 
Brighton. the ~lcctrlcal Research Associa
tion is holding a sdcnce nnd security con
fe rence between September 12 end 14. It will 
deal '4'ith the application of te<:hnolog.y to 
preventing fire, noo:l. technical railure. bur
glary. thelt and $ilbotaac. 

ln 1979 thcte wU! be u seven day exhibition 
starting on St:p\lmber 20 ~longside the 
World Administtath·e Radio Conference in 
Geneva. It will be the Third Wortd Te-lecom· 
rnvnication F.xhibition. 5ponsored by the 
Swiss Go,·ernment. The Electronic En
gineering AS.SOCiation wuuld like to hear 
from any DriliS.h firm5 wi!ihing to participate 
in the exhibition :).$4 jolm venture. 

11~ November, 1979. the (in;t Electronics 
Components Industry Fair will be he ld a t 
Olympia from the 20th to the 23rd, sponsored 
by the newly forme<! Elecr,·onic Compooen.t~ 
rndustry federaliOn. 'this replaces t he ln· 
temational london t:le-ctro rllC compone nts 
Show (ILECS). 0 
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shows slight variation in bandwidth and 
insertion loss, both of which are within 
acceptable limits. Decreasing c to 
obtain a narrower bandwidth achieves 
this but at the expense of the filler shape 
factor which increases rapidly 

Transceiver 
The system was designed to operate at 
1MHz 2:100kHz. A block diagram is 
shown in Fig.3. A crystal oscillator 
frequency of 451.55kHz was found to 
produce Optimum lower sideband sup- 
pression for IkHz. and also gave 
acceptable performance when the 1kHz 
was replaced by speech, band-limited 
between 300Hz and 3kHz. Lower side- 
band attenuation is between 20 and 
24dB at 1kHz in and varies either side 
of this frequency, decreasing as the 
300Hz limit is approached. The signal at 
the output of the filter is upper sideband 
at 451.55kHz, This is mixed with 
451.55kHz from the crystal oscillator in 
the second balanced modulator to 
produce u.s.b. at 903.10kHz and the 
original audio frequency components 
Which are easily filtered out. The 
903.10kHz signal is then linearly ampli- 
fied in the following stages. 

In the receive mode the incoming 
u.s.b. signal is fed through the system in 
the same direction. No switching o( 
signal or oscillator lines is necessary in 
this generator detector stage. To pro- 
vide suitable signal routing around the 
s.s.b. module a multi-pole push-button 
switch was used which provided the 
push-to-talk facility. All circuitry was of 
standard design with Motorola MCI496 
balanced modulators being used in the 
s.s.b, module. Because low power con- 
sumption is important in portable 
equipment these devices were used in 
preference to the Plessey SL640. which 

Fig. 3. Block diagram of transceiver 
which uses standard units throughout. 

dissipates approxirnaiGly twice as much 
power. 

A simple but effective s.s.b. trans- 
ceiver was designed to fulfil a particular 
experimental role. This unit, though not 
generating high-quality s.s.b. has been 
proved capable of producing excellent 
results, and has shown that inexpensive 
ceramic fillers have characteristics 
suitable for this type of application. 

Table 2. Two SFD-455B filters in cascade 
Centre 

c frequency Bandwidth Loaa Shape Sample 
pF kHz kHz dB (sctor 

58 455.60 3.94 :8 2.54 ARB 
56 4S5 20 3.90 11 2.4/ CRD 
56 455.41 4.20 12 2 50 £&f 
4' 455,61 3.67 12 2 65 t&F 
33 455.97 3 14 11.5 3 84 E&F 
22 453.42 •.87 13 •1.05 ESF 

Majdmum Mupbarul aiienuaiiori ivas around 40dB. 
whidi could be Improved Dy cascading three or 
nrorc lll'.ci sccuor.5 nt the expense of increased 
iM-s^nlon 'oss." I 

Vtr out in the cold 
An American study says thai ihe home video 
Upe recorder industry will grow from $30 
million m i97(i to $318 million ill 'SSI. Ac 
cording lo Steve Cotirell of Creative 
SlrulcgiCs Inc. "Unlike others who have been 
very optimistic about potential consumer 
sales, our research indicates that subsiamlal 
penetralion of the home market is still years 
away." Beating in mind that the market 
started from zero, a compound annual 
growth rate of 28% is rather less than might 
nave been expected. Reasons include high 
prices and competition from other forma of 
fintenalnmem, □ 
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DMLS succeeds again 

The list of successful trials of Plessey's 
Doppler microwave landing system (DMLS) 
now includes those carried out at Bern (Help) 
airport. Landing systems currently in use are 
almost useless at Bern, which :s surrounded 
by mountainous country and is said to offer 
the greatest challenge of any scenario so far 
investigated. !n spite of the fact that the 
runway under test is only about one third the 
size of the average runway, 50 automatic 
landings were made and a further 50 tracked 
flights. More flying confirmed that the req- 
uired coverage was obtained and a 30' offset 
was found lo be practicable. 

The next set of DMLS trials is scheduled 
for January a: Tehran. Q 

The year's hi fi and other 
shows 
Before current efforts to put some order 
into the annual hi-fi exhibition chaos have 
even begun, several show organisers have 
announced dates for the coming year. The 
first will take place at the Excelsior Hotel 
near Manchester Airport between January 19 
and 22. There will, according to the organ 
isers, be -10 exhibitors and lectures and film 
shows. On the first day the hours from I la.m. 
to 4p.m. will be for the trade, and the show 
will be open to 9p.m. on that and the next two 
days, closing at 7p.ni. on the Sunday. 

From May 2 to 6 the Spring High Fidelity 
Exhibition will be held at the Cunard Hotel, 
Hammersmith, the last two days being open 
to the public. 

The Harrogate autumn show will be at the 
exhibition complex instead of the local hotels 
us in previous years, from August 13 to 22, 
the first two days open to the public. 

The Audio Fair at Olympia will be held 
between September 12 and 18. 

The 59ih AES convention goes lo Ham- 
burg between February 28 and March 3. 

A three day seminar and exhibition on the 
use of microprocessors will lake place at the 
West Centre Hotel, London, from Februarys 
sponsored by eight journals run by TPC 
Business Press, including Wireless World 

The All-electronics Show at Grosvenor 
House., Park Lane, London, is from 
February 14 to 1R. and will be opened by Clive 
Sinclair, of pocket tv fame. Over 200 stands 
have been sold. 

Another microprocessor show, this time 
organised by the I ERF., will be held at the Old 
Swan Hotel, Harrogate, on April 1! and 12. 
The IERE is calling for papers. 

At the Metropole Convention Centre, 
Brighton, the Electrical Research Associa- 
tion is holding a science and security con- 
ference between September 12 and 14. It will 
deal with the application of technology to 
preventing Tire, flood, technical failure, bur- 
glary, theft and sabotage. 

In 1979 there will be a seven day exhibition 
starting on September 20 alongside the 
World Administrative Radio Conference in 
Geneva. It will be the Third World Telecom- 
munication Exhibition, sponsored by the 
Swiss Government. The Electronic En- 
gineering Association would like to hear 
from any British firms wishing to participate 
in the exhibition as a joint venture. 

In November, 1373. the first Electronics 
Components Industry Fair will be held at 
Olymp.a from lhe20:h to the 23rd. sponsored 
by the newly formed Electronic Components 
Industry Federation. This replaces the In- 
ternational London Electronic components 
Show(IL.ECS).n 
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Absorption watt
meter 
The TE·7 absorption wattmeter 
Introduced by All<\1 Pro4ucts Ltd 
b: dcs:igned for radio U$e in the 
frequency range 1 to 500MHz. It 
houses a convcct ion·coolcd t er
minating lo~d of 500 r'l l\d allows 
continuous d.is:sipation up to 15\V 
and tmemutttnt dissip:.tton up to 
2!W. :\tl50MHz il has a 5.w.r. of 

. ""--

WW301 

better th:ul 1.2:1. The unit uses a 
~ak·readin& detenor and dis· 
ptays r.m.s. power ir. ranges of 0 
toSW and 2 to25W.It hn1a BNC 
input connector but oth~r tyJ)<'S 

may be fiucd. Provision txjsts fo r 
1'-mpling the r.f. for usc wilh 
frtquency meters- and In these 
eases it gives;) ~ignal mu.•nuation 
or 33dB. Th~.: case is of •·obust 
mc-Lal construction a 1\d measures 
onJy 65 x 120 x 50mm. Price is 
£:24 65. AII·M Producu Limited, 3 
Wcsthilt Cl ose, Hi gh wu!'lh , 
Swindun, Wiltshire. SN61SY. 
\VW301 

Distribution blocks 
lb.il- rnou 1Htd terminal~. in a 
range from Highland !:.lectrO:tics 
limited, ftt the DL'l ra!l462i7/l 
and are avddflb!e in grey. brown 
m gree:nty(:lluw colours. Half Qf 
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which is supP!ied as standard. fi l.S 
ov~r the main cable stud and 
ellows tho t ttble to be connected 
in either direction. Highland 
Elettromc:s limited. Highland 
Bouse. 8 Otd Steint, Brighton. 
East Sussex BNI tEJ. 
WW302 

lmpatt diode bias 
supplies 
Constant·currcnl power $Up· 

plies. in a series from Avtech 
Electrosys ttoms. are fntendcd for 
bjasing impalt·diode oscillator 
OUld amplifier circuiti in IO\"' and 
medium power apphcatJons. Tht 
output!\ frorn the Model AV·lOO 
rnay be ndj usted from JO to SOmA 
for load vohtlgel) in the- range 0 to 
JOOV. ~odel AV·IOOP has an ad· 
ditional (acility pro\'idjng a 

pul$ed output ior pul5cd·mOdt' 
impatt diode operation. Mod..:l 
AV-lOl ls Identical to LheAV·IOO 
except that it requires a diteet 

mput voltage of 15V, Inste-ad or a 
mains supply. The!le model$, 
which all have meters and short· 

WW303 

drcuit prott."<'tion, measure 4 2 X 

3 x 2.75in and wci&h I.S1b. ~lodel 
1\ V-l02 is n smal!cr. low·cost unit 
without a mete•·· It requires a 
din~t !npu;: volla&e of 115V but 
otherwise he.s Simtlar speciOca· 

t.ionl'l to the o'her models. The 
AV·l02 rncasure!l only- 2.25 X 
1.38 >< l.l~in and weighs only 
O.Stb. Prices. without v.a.t. and 
duty. range from t6i to tt9S. 
l yon5 lrtslruments Limited. 
Hodde~tdon. t-Jcrts. 
W"W303 

Matched quad 
op-amps 
Th~ OP·09 quad npe'!"at•onttl 
amplifit)f, !ren-t Dovrns (TrirnpOL) 

Ltd. h1u1 an mpul o!rset voltage of 
500~V maximum and a c.m.r.r. of 
lOOdB minimum. It also h11s a 

guar<tntced matched c.m.r :r. of 
94dB mlnirnum and an inpu t 
offset o;.•()!Lagt malch of i50pV 
maximum. The individual 
~mphfiers in the OP·09 are 
claimed to be a.~ reliable as the 
OP-02 op.amp. which is in wm-

mon use. Tu optimise perfor· 
manee in accivc rilter applica· 
til>nll poshlve-guin~ and 
:H:gatlvc. go ill8 s lew nne~t arc~ 
equBI. Roums (Trlmpot) Limited, 
tloldford House. 1'1/ 27 High 
Street. Hounslow. Middlesex. 
TW3 1TE. 
WW3M 

Service tool set 
A twenty· p!t'Cf.• precision tool set . 
!rom Jonard lndusuies Corp .• 
indudM the major tools essential 
for the production. service and 
nqnill' of electronic equipment. 

WW30S 

Thu set lnduc.h:~ th ree t~· rx:~ of 
pli(>r, four screw d rivcrll. in· 

eluding .s Philips iype, lwo 
twttz.ets and two needle files. ln 
addition there ~~a sold€mn~ Iron 

a nd core, ~ •nagnifier. a burn· 

i$ht•r. an alignment tool a.nd two 
nut d.rh·ers. The comp!etc set is 
con tamed m a leather CitSC mea· 

:.utina eleven Inches Jong ~Y six 
irlCh('S wide. The ca.se. including 
the-loots. wei&hs:only2lb Jonard 
JndU.)trie-s Corp .. Precision Tools 
DiVhllon. 134 Marbledall.: Road. 
Tuckahoe, Now York 10707. 
USA. 
WW30S 

1 h.c range comprises a 6nun pitth 
Low-cost cermet 

block wttha60A busbir. ~nS.nm 
block , ... ith u 102A b'IJ&bar and a 

trimmer 
IOmm block with a H2A husbar. 

The S~nes 803~ cermet tnmme-r. 

Cable l>i:t.C~ ror these lCrnu nals 
fl'om ( irc<·:lWO(XII::Icctro •ll¢3, is a 

arc 4. JO end 16nun: resp.ectivcly. 
'~i1\ lnng r(.0C::t<tt\$!ular, mulll·turn 

The rest of lhe range en•btcs the 
device ha\·ing a height of only 

U5er to contlCCt onto one o r two 
0.2lln. Re:x:.-tt\nCt \'elucs ~wail· 

MS ~tuds with 1 by 70mm • or 2 by· 
able ron~e rrum lOU to SMn wi~h I 

70mm:- cables with eithcr2.4,6or 
a rcsi~;wnce tulc•·ance of :: 10'%. A 

L

_8 __ w_~_v_•_· _•_••_h __ w_·•_Y __ '_o_• __ m __ •x_i_·--------------------------------------------------------f•_r_,,_."_"_·'_"_'_"_'_l_•d_,_·r_a_d_j_"_'_' '_n_c_"_'~~ I mum t;able cla mp facility of 
enab1cs the 1rfmmcr 10 provide 

l 6mm:. An i nsu l ated cove r. WW302 adju$tmcnt wtthin-=:0.05~ of th~ 
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Absorption watt- 
meter 
The TK-7 absorption wattmeter 
■ntnxiuced by All-MProducts Ltd 
is designed for radio use in the 
frequency range I to 500MHz. It 
houses a convection-cooled ter- 
minating load of 500 and allows 
continuous dissipation up to 15W 
and mtermltlcnl dissipation up to 
25W. At 150MHz it has a s.w.r. of 

-v. 

J 

WW301 

better than ! .2:1 - The unit uses a 
peak-reading detector and dis- 
olavs r.m.s. power in ranges of 0 
10 5W and 2 to 25 W. It has a BNC 
input connector but other types 
may be fitted. Provision exists for 
sampling the r.f. for use with 
frequency meters and in these 
cases it gives a signal attenuation 
of 33dB. The case is of robust 
metal construction and measures 
only 65 x 120 x 50mm. Pnce is 
£24.65. All-M Products Limited, 3 
Westhill Close. Highworlh. 
Swindon. Wiltshire. SN6 7BY. 
WW301 

Distribution blocks 
Rail-mounted terminals, in a 
range from Highland Electronics 
Limited, fit the DIN rail 46277,T 
and are available in grey, brown 
or green, yellow colours. Half o: 
the range comprises a 6mm pitch 
block with a 60 A busbar, an 8mm 
block with a I02A busbar and a 
lOmm block with a 112A busbar. 
Cable sizes lor these terminals 
are 4.10 and i6;nm-respectively. 
The rest of the range enables the 
user to connect onto one or two 
M8 studs with 1 by 7llmnr or 2 by 
70mm cables with either 2.4.6 or 
8 ways, each way to a maxi- 
mum cable clamp facility of 
IBmmC An insulated cover. 

Which is supplied as standard, fits 
over the main cable stud and 
allows the cable to be connected 
in either direction. Highland 
Electronics Limited. Highland 
House. 8 Old Steine, Brighton, 
East Sussex B.N1 1EJ. 
WW302 

Impatt diode bias 
supplies 
Constant-current power sup- 
plies. In a series from Avtech 
Electrosystems. are intended for 
biasing impati-diode oscillator 
ami amplifier circuits in low and 
medium power applications. The 
outputs from the Model AV-100 
may be adjusted from 10 to 50mA 
for load voltages in the range 0 to 
100V. Model AV-100P has an ad- 
ditional facility providing a 
pulsed output for pulsud-modc 
impatt diode operation. Model 
AV-iOl is identical to the AV-l()0 
except that it requires a direct 
input voltage of 15V. instead of a 
mains supply. These models, 
which all have meters and short- 

circuit protection, measure4.2 X 
3 x 2.75in and weigh 1.51b. Model 
AV-1U2 is a smaller, low-cost unit 
without a meter. It requires a 
direct input voltage of 115V out 
Otherwise has similar specifica- 
tions to the other models. The 
AV-102 measures only 2.25 x 
1.38 x 1.13m and weighs only 
0.51b. Prices, without v.a.l. and 
duty, range from £67 to £198. 
Lyons Instruments Limited. 
Hoddesdon. 1 lerts 
WW303 

Matched quad 
op-amps 
The OP 09 quad operational 
amplifier, from Bourns (Trimpol) 
Ltd. has an input offset voltage of 
500.uV maximum and a C.m.r.r. of 
lOOdB minimum. It also has a 
guaranteed matched c.m.r.r. ol 
94dB minimum and an input 
offset voltage match of 750yV 
maximum. The individual 
amplifiers in the OP-09 are 
claimed to he as reliable as the 
OP-02 op-amp which is in com- 

1 
riH 

W- 

\VW303 
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mon use. To optimise perfor- 
mance in active filler applica- 
tions positive-going and 
icga'.ive-going slew rates are 
equal. Bourns (Trimpot) Limited, 
Holdford House. 17/27 High 
Street, Kounslow, Middlesex. 
TW31TE, 
WW304 

Service too! set 
A twenty-piece precision tool set, 
from Jonard Industries Corp., 
includes the major tools essential 
for the production, service and 
repair of electronic equipment. 

WW305 

The set includes three types of 
pher, four screw drivers, in- 
cluding a Phiijps type, two 
tweezers and two needle files. In 
addition there is a soldering iron 
and core, a magnifier, a burn- 
isher. an alignment tool and two 
nut drivers. The complete set is 
contained :n a leather case mea- 
suring eleven inches long by six 
inches wide. The case, including 
the tools, weighs only 21b, Jonard 
Industries Corp., Precision Tools 
Division, 134 .Marblcdale Road, 
Tuckahoe. New York 10707. 
LSA. 
WW305 

Low-cost cermet 
trimmer 
The Series 8035 cermet trimmer, 
from Greenwood Electronics, is a 
Siin long rectangular, multi-turn 
device having a height of only 
0.25ih. Resistance values avail- 
able range from 1011 to 5M9. with 
a resistance tolerance of = 10%. A 
fifteen-turn slider adjustment 
enables the trimmer to provide 
adjustment within:0.05% of the 
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full sc~le. The 803.5 1s tully sealed 
and will whhSland t'I:Utumated 
sol~nng and all known indust
rial clcdn.ng so1vtnts. Contact 
resistance ls l'$ maximum with a 
va.rl.ition 0( less 1han 0.25~. ·rhe 
temperature codtlclertt or re$ist· 
ance uc : 100 for un operadng 
range of -SS tO 1-12$•C. Al 25°C 
lhetrimmcrhws a power n .ttmgof 
o.;sw and Ju~ m3xlmum input 
voltage 1S :400V. Price is 36p in 
large q ua ntities. Greenwood 
F.lec lro n ic5 l.lmi tt.:d. Portman 
Road. Reading. !Jerk• RC3 I NE. 
\V\\1300 

D.i.l. ceramic 
capacitors 
Low-profile, multl·layer ceramfc 
capadtors introduced by Sprague 
are av.Ulab~ In 2-. 4·. 8-. 14- and 

16-pin d.U. pneknKc~. The pack 
ages, register..:U •s Multi·Cornp 
MonolylhJc Ceron1lc Capacitors. 
permit cloMr stackmg nr p.c.bs. 
Complete dcuuls are given in a 
document En~fneel'in& Bulletin 
No. 62428 whfeh Is ava.1l.able on 
request from Spraaue Electric 
(UK) IJrntte<l. 1~9 High Str""t. 
Yiewsley. W, Drayton, Midd
lesex. 
WW307 

F.m. tuner head 
The first f.m. vuracr.r)r mnet• head 
from n ··an~c to be in troduc.cd by 
Astcc Eui'OJ>c Ltd Is the UM I J7!. 
h is 0. COIYIJ}I:lC, , (u lly •Sh lcldcd 
device Intended for r.m. radio 
applicatiOn$. T he device wi ll 
cover a frequency runJ:;e from 88 
to t08MHt by applying a tuning 
voltiigc of 2 to 20V. :\iain 
spt-ct!ic:atlomc are 12mA current 
cqnsumpcion. 2Ch.W power gain 
and a noise tiaure or 7d8 maxi
mum. The Ul\~ measures 
only20 x 37 x 71mmandtnaybe 
provided wh.h automatic 
frequency cont.rot. Astec 
F.:uropc Umlted • .iA ShC>Ct Street., 
Windsor. Derks. 
WW308 

L.c.d. multimeter 
Full-scate reodina:.- of I 9999 on a: 
Jiquld-cry$tAt displ:~.y . w tth a 
maximum error oi O.OS!" arc pro
vided by the Advance OM~t9 

muhimet er alternattr114 and 
direct voltage and current from 
lOi!.V and IOnA. r~iot.tance from 
100:n9 and • separate ranat or 
lOa. The a-~o-d con,·eru·r l'la true 
r.o.s.. type which can cope wtth 
c;res: factors of 4 at full sca:e. 
Additional meuurements are 
posstble by the use of a lempera
ture probe for use btl ween -
209 C and t20°C. a r.r. probe wuh 
dete.ctor a nd u 40kV probe. A 
p rinte r inte rrac.e providei ~~ 
parallel b.c.d. ovtp\ll. Ouuld 1\d· 
vance Limited. Roebuck Rc)nd. 
f-JaitHlult, E.o;sex. 
W\'o'3()(l 

Paper tape 'eader 
A portab,e. photoelectric paper· 
tape read-er. availat>;e frum 04t8 
Precision (Equipment) Ltd, hM 
been designed to be U.1>4."<1 by ser· 
\ice engineers for fault diaan<Kis.. 
The unit. which I$ ba.r.t'd on th~ 
recently announced DP203 :.ape 
reader. is ~pable of reading In)' 
known five. six or <!ighHraek. 
punched-paper tapes. ineludm~e 
tyPesetting and advanced 
sprocket types .. Reading speeds 
are up tu 250 charaetur~ pet' 
second and t.he feed is bidlruetio 
nat Plug-in c.mo.t~. Lc:s enable 
o utput changes to be made. tan d 
input ch~ngcs are implc.ncn~cd 
by adding or removmg $Oidered 
bars between p.c.b. truck~ The 
unit is ruggedly built. and th~..: 
infnlred Lc.ds and photoseniors 

WW308 
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are unaffected by ambient Hght. 
Oata Precision (Equipment) 
Limited. 81 Goldsmith Road, 
Wol<ing. Su.rrey. 
\V\\1310 

Close tolerance 
capacitors 
A mnge or metallised-film poly· 
carbo !\ate capacitors. m anufac· 
rured by Wingrove & R<Jgers Ltd, 
h uv(~ capt1Citance v.a lu e 
tulcranc.es or ~0.5%. Capucitor 
vnlues down to50pF arc available 
in several sxia l and radial fOI'· 
lh(tl:i. The axial ca pacitors c<ln be 
s upplied whh nylon q r sleeved 
metal cases, sleeved meta l ca!;es 
with glass end seals. o r in wrap 
and end sea!ed forms. The radial 
capacitO!'S, which howe nylon 
caae.s ar.d are epoxy-resin filled. 
may be of the standard OT low 
pro(lle ~ype. Polar Capacitors 
ltmited, Dom\"llle Road. LJ\·er 
pool U34AT. 
\V\\1311 

Infrared illuminator 
1'he Type R'fSA infrared 
il hnnin~tor. from ITT Com· 
I>Ot\C!ltS, is capable o f .sharp tocuJo> 
and ~\ very small minimum spot 
site. h .s adj ustable lens system 
allows a focus r:u\g~ givmg "~pot 
sizes" from a 0.2rn line to a L2m 
d iamett!r c ircle a.t l OOm ra nge 
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(N.B. for u sharp focus the "spol" 
is n line). At a $man spot size. the 
maximum uscf\tl range is ISOOm. 
The unl l em ploys a putsed. 
double-heterostructure lots<'r and 
operAte~ In the 1\ear in f rared 
wavelength rc~ io n of the 
f requency spectrum. Co nse
quently tts beam is virtually in· 
vi~iblc. In niJh.t vision applica 
tiOns lht RTGA may be used to 
lllumlnlte areas which arc 
shielded from natural l ight 
$OUt'CH such u the Slats or the 
moon. rrr Compone!llS Group 
Eun,pe, Eltetron De\•ice Product 
Group, Brixham Road, Paignton. 
Devon. 
WW312 

Pocket cable 
strippe' 
The AS MK02 pucket tool, in 
nd(Jitlon to iL'i prime function of 
!!tripping cables. c~n a!so be used 
ror slitting cable insulations 
longltudtnolty. lt has an adju.st · 
~ble cuttEn" blade which can be 
-ttl by turning a knurled screw to 
m:\lc:h the preci~ thickness of 
in1ulatlon to be !i"lripped. T he 
ca.bl~ ll retain~ by a spring
loaded clamp such lhu. b;· 
rotating th~ Loot around the 
eablt. the blade cuts through the 
huulculon. The MK02 i$ suha b!e 
for round cnble from 4.5 t-o 
28 .. ";1nm in diameter To .slit the 
cable hHll(ltudinally lhe cuttfng 
bl~dc Is tun1ed through 90° . by 
<ltprcll~ina A knob nn t he side <Jf 
th e LOOI. :md ttu~ tool Is pushed 
tlhmg tho cnblc in .':l ter,d o( aro~md 
it. 'l'o .usist in peeling <lff tht 
more·difficult•to·rernovc insula
t ion.s. n retracing ripping blade is 
ho\ls~d in the hundle. AD En
&lnt.'C'ring Co .. Apern Works. S1. 
Albans Road. Watford Wl.l2 4AN. 
\ V\\1313 

Static r.a.ms 
A rangt of n-channel. m.o.s. 
<UtUC r.l.tl\$ 10 plastic d.i.l. p~ck

agts hat bc.'Cn 1\01\0unccd by NEC 
Elec;ronteJ (Europe). The 22·pin 
pP021 OJ Is ft 256-word by 4·bit 
dt\•lcc hn \'II\~ un :'tCCess t ime 
ran~lng fro•n 450 1.0 250ns. The 
r.a.m., which II\ compatible with 
tho lntc12101 family, ha~ a powt:!r 
dlsSij>ation of 220mW and 
ti..'(IUi tf't n SV powet supp~y. Tht.• 
IG·pin ~ PD2 10 1 is a IK by ! ·bit 
r.a m, havln£ lhe same access 
lime range tand (upply require-
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full scale. The 8035 :s fully sealca 
and will withstand auiumated 
soldering and all known indust- 
rial cleaning solvents. Contact 
resistance is !% maximum with a 
variation of less than 0.25%. The 
temperature coefficient of resist- 
ance :s rlOO for an operating 
range of—55 to + 1259C. At 25cC 
Ihe trimmer has a power rating of 
0.75W and Its maximum input 
voltage is 300V, price is 36p m 
large quantities. Greenwood 
F.lectrunics Limlied, Portman 
Road. Reading. Berks RG3 1NE. 
\VW306 

D.i.L ceramic 
capacitors 
Low-profile- multi-layer ceramic 
capacitors introduced by Sprague 
are available In 2-. -1-. S-. 14- and 

% 

% 

16-pin d.i.!. packages. The pack- 
ages. registered as Multi-Comp 
Monolythic Ceramic Capacitors, 
permit closer stacking of p.c.bs. 
Complete details are given in a 
document Engineering Bulletin 
No. 6242B which is available or. 
request from Sprague Electric 
(LK) Limited, 159 High Street. 
Viewsley, W. Drayton, Midd- 
lesex, 
wvm? 

F.m. tuner head 
The first f.m. varactor tuner head 
from a range to be introduced by 
Astcc Europe Ltd U the UM117L 
It is a compact, fully-shielded 
device intended for f.m. radio 
applications. The device will 
cover a frequency range from 88 
to 108MHz by applying a tuning 
voltage of 2 to 20V Main 
Specifications are 12mA current 
consumption, 20dB power gain 
and a noise figure of 7dB maxi- 
rnum. The UMI17I measures 
only 20 X 37 x 73 mm and may be 
provided with automatic 
frequency Control. Astec 
Europe Limited. 4A Sheet Stree;. 
Windsor. Berks. 
WW30S 

L.c.d. multimeter 
Full-scale readings of 19999 on a 
liquid-crystal display, with a 
maximum error of 0.05% are pro- 
vided by the Advance DMM9 

multimeter alternating and 
direct voltage and current from 
IOuV and IOnA. resistance from 
lOOmfi and a separate range of 
10a. The a-to d convener is a iruc 
r.n.s. type which can cope with 
cres: factors of 4 at full scale. 
Additional measurements are 
possible by the use of a tempeia- 
ture probe for use between — 
20~C and 12y:c:. a r.f. probe with 
dotocior and a 40kV probe A 
printer interface provides a 
parallel b.c.d output. Gould Ad- 
vance Limited. Roebuck Road. 
HaimiuU. Essex. 
WW309 

Paper tape reader 
A portable, photoelectric paper- 
tape reader, available from Data 
Precision (Equipment) Ltd. has 
been designed to be used by ser- 
vice engineers for fault diagnosis. 
The unit, which is based or. the 
recently announced DP203 tape 
reader, is capable of reading any 
known five, six ur eight-track, 
punched-paper rapes, including 
typesetting and advanced 
sprocket types. Reading speeds 
arc- up to 250 characters per 
second and the feed is bidirectio 
nal. Plug-in c.mo.s. i.es enable 
output changes to he made, and 
input changes are impiemenied 
by adding or removing soldered 
oars between p.c.b. tracks The 
unit is ruggedly built and the 
infrared l.e.ds and photosensors 

are unaffected by ambient light. 
Data Precision (EquipmenL) 
Limited. 81 Goldsmith Road, 
Woking, Surrey. 
WW310 

Close tolerance 
capacitors 
A range of metallised-film poly 
carbonate capacitors, manufac- 
tured by Wingrovc & Rogers Ltd, 
have capacitance value 
tolerances of -0.5%. Capacitor 
values down tooOpF are available 
in several axial and radial for- 
mats, The axial capacitors can be 
supplied with nylon or sleeved 
metal cases, sleeved metal cases 
with glass end seals, or in wrap 
and end sealed forms. The radial 
capacitors, which have nylon 
cases and are epoxy-resin rilled, 
may be of the standard or low 
profile type. Polar Capacitors 
Limited, Domville Read. Liver 
pool LI 3 4AT. 
WW3I1 

Infrared illuminator 
The Type RT5A infrared 
illuminator, from ITT Com- 
ponenis, is capable of sharp focus 
and a very small minimum spot 
size. Its adjustable lens system 
allows a focus range giving "spot 
sizes" from a 0.2m line to a 1.2m 
diameter circle at JOOm range 

' 
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<\".S. for a sharp focus the "spot" 
is a line). At a small spot size, the 
maximum useful range is 1500m. 
The unit employs a pulsed, 
double-heterostruclure laser and 
operates in the near infrared 
wavelength region of the 
frequency spectrum. Conse- 
quently us beam is virtually in- 
visible. In night vision applica- 
tions the RT5A may be used to 
illuminate areas which are 
shielded from natural light 
sources such as the stars or the 
moon. ITT Components Group 
Europe, Electron Device Product 
Group, Brixham Road, Paignton, 
Devon. 
WW3I2 

Pocket cable 
stripper 
The AB MK02 pocket tool, in 
addition to its prime function of 
stripping cables, can also be used 
for siitting cable insulations 
longitudinally. It has an adjust- 
able cutting blade which can be 
>et by turning a knurled screw to 
match the precise thickness of 
insulation to be stripped. The 
cable is retained by a spring- 
oaded clamp such thai, by 

rotating the tool around the 
cable, the blade cuts through the 
insulation. The MK02 is suitable 
for round cable from 4.5 to 
28.5mm in diameter To slit the 
cable longitudinally the cutting 
blade is turned through 90°. by 
depressing a knob on the side of 
the tool, and the tool is pushed 
along the cable instead of around 
it. To assist in peeling off the 
more-difficuit-to-remove insula- 
tions. a retracing ripping blade is 
housed in the handle, AB En- 
gineering Co.. Apem Works. St. 
Albans Road. Watford WD2 4 AN. 
WW3I3 

Static r.a.ms 
A range of n-channel, m.o.s. 
■UUlc r.a.ms in plastic d.i.l. pack- 
ages has been announced by NEC 
Electronics (Europe). The 22-pin 
|iPD210i is a 256-word by 4-bit 
device having an access time 
ranging from 450 to 250ns. The 
r.a.m., which is compatible with 
the Intel2!0i family, has a power 
dissipation of 22UmW and 
requires a 5V power supply. The 
16-pin n PD2101 is a IK by I-bit 
r.a.m. having ihe same access 
lime range and supply require- 
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ment but its power d issipation is 
l$0mW, Th1s device is compat· 
ib!e with th~ Intel 2!02AL fflmi ly1 
1"he 1 8-pin JJPD211 1 is :;~t~o a 256· 
word by 4·bit device which is 
compatible with the lntel 21 II 
family. It has the ume t:tcce-ss 
time range a!'ld power require· 
ments as the other devices but h,s 
power dissipation is typically 
200mW. The 22·pin ~PI>110 fam· 
ily is compatible wnh 22 -pin 
dynamic: r . .a.ms and th.ey have 
power requirement-S of + 12V, 
T5V and - SV and powt; d is 
s:ipa:tions o(470mW. They ha\C a 
stonge capacity o( 4K by l·bit. 
~EC Electronics (Europe). •3 
Civic Square. MotherwtU. Mll 
ITH, Scotland. 
WW314 

Dual-tTace 
oscilloscope 
The DJ2 osdlloscope. tl'latlurac· 
tured by Oartron htstrumcnts 
l td, i s a 17 MH 7. ;nstrumcnt 
which opemtes amomadcall,y in 
'he chopped or uhcrnatc $WCCP 
modes uccon.hng to t he sweep 
speed. The 0 12 ha:o a scngitivtty 
trcm1 lO•nV/cm to 30V/cm or, 
with c.a~cudt.'tl amplificrt.. l mV/ 
em with a bandwidth ft·om2H~ w 
JOMI Iz. The Y a mplifier t>e•·for· 
mancc is up to l MHz on both 
channels and these a rc calibrated 
from tomVtcm to SOV/cm. Tl'ii · 
gering is also av~nlablc on both 
channels . The c .r.o. has a five· 
inch. h~l ical post d e!lecllon 
accelerato r und Is used t'H an 
overall open.Hin~ voltage or 
3.6kV. tiT hlstrument Service~. 
F.c.tinburg_h \V(ly, Har low. E$$tX. 
W\Y315 

Photovoltaic cells 
A family of silicon photovoh.aic 
cells. inuoduced by ~ational 
Semtconductor;s Ltd. compn.~es 
h.igh·stabihty, rus;h-effieieney dt 

WW316 

WW315 

W\113 17 

vlce1 which, it is claimed. have 
excellent shon-circu1t current 
lineAnht8 over .. wide r.mge of 
illumlnauon. Devices in the 
ran1e have tow leakage currcn~ 
(IOf'A maximum when re\·erse 
biaJed by only t.SV) and res.pon.se 
ro.tes. or typally 8 liS- The cells 
are normally of n-on·p con.st.t"Ue
tlon. but re..-enc polarity p·n c;:el!s 
t":'n be provided 'ft1th a ch01ce or 
t ltht r a low.c.apachance. high· 
spec..'CI800·t)-pt material or a: 700-
type m~terial gi ving h igher 
open·cfrc.-uil \'Oltage~. National 
Semi conductors or Canada. 
Sutmford HouSP. Stamford "'ew 
Road, Ahrincham. Cheshite 
WI\ I. IDR. 
WW316 

D.i.l. switches foT 
p.c.bs 
The Boss (binary option selection 
$WitCh) f(lffiily Of IOW•COSt p .c .b. 
"wltcht:~. (I'Om Molc-x t:: lectronics 
l.intttcd, lH\$ b~"'r1 (!('signed t'or 
appllc:atlo•ts when~ manual pro· 
gr(•rnmlng of eleclronic equip
•nent I~ required . When p.c.b.· 
mounted. d iH o n lit e :switch 
bMnH raise thtrn from the boal'd 
~o ollow flux residues t o be 
1·emoved. A Uouble-lcvcr design 

enab!es the swilch to make low· 
stre."-S. high-force contacts. Brief 
etec.ui cal specificauons include tt 
S\.\it.ehing rating al 30V de. (open 
cu-cuit)of50mA maximum, and s 
non-switching tating of lOOmA 
r.m_<;. at 50V d.C:. ma:dmum. Con
tact resisumce,. measured with a 
c~:ll 00\\1 of lOmA, is lOOmO. 
Sing1e·pole. double· throw and 
doub!e·pole, sing!e-throw ver
sions .ue- available. Molex Ef.ee· 
tronics Li:nited.. 1 Holder Road, 
;\ldershot. HantsGU12 4lt.H. 
W\\1317 

Heat-pipe poweT 
semiconductor 
A range of power semiconduc
tors known as "uanscalem" d~
YiCCS has been introduced by 
RC~-Ele~~r!) ·Oplks & Oev1cer;, a 
d iviswn of RCA Solid Sta re 
Europe. The devices have heat 
pipes bonded dltectly to large 
sitlcon. wafers which are capable 
ofhitndling currents up- lO at least 
400A. These heat pipes rninimiz~ 
lh<· thenn al resistance and in
crcusc lhe rodiator fin efficiency, 
tht:r~by allo\o.lillg the devices to 

be ~ig.ni fica nlly srnallcr and 
lighter than convemionai devices 

?9 

having similar powe r ratings. 
Typically, site reduction is by a 
factor o( four and weiiht redue· 
lion by a factor or seven. Jn addi· 
tion the devioes offer Improved 
resi-li-t.amcc againsL overload.s and 
high-current liUr&es. The tir.st 
••transcalent" d6viccs available 
from RCA are the P95000EB 
series or 250A, 500\V reciJrl<:rs. 
which have btoekin& volt3&ts up 
10 1200V, the !'9MOOE8 .. .; .. of 
400A, SOOW thyristors. havana 
blOCking VOila& .. up 10 1200V, 
and the ~££4 IOOA. 500\11 
n-p-n transi.!.tor. All o( t.hese de· 
via!s: can be supplied with nldla· 
tor snuctur" to accommodate 
air or liquid cooling. Thermal 
resistances are about 0. 1 'o 
0.2eC/W and the operating 
ambient temperatures at full 
ratings range up to $0°C. RCA 
Limited. Solid State Europe. 
Sunbury·on·Thames .. Middlesex 
1WI67tiW. 
ww:us 

T.t.l. latch and 
flip-flop 
Two device.s just announc(td by 
' l''exas instrumen ts al'e a low· 
power Schottky u.t. lntch ond a 
flip.flop. The SN~·I L $/74 LS37:l 
comprises eJght tra nsparent o. 
type latcheli sueh that when Its 
enable iJt high the Q output$ will 
follow its dat.a lnpul:t. When the 
enable Is low the output w ill be 
latched at Lh~ hWCl o r the data 
(D) that w a:t 5Cl. up. The 
SN54LSI74l.S.l74 ha• e ight c'<l,ge· 
triggered D·type flip·OopJ. On 
the positlve tran$Jt ion of the 
clock, the Q o utput$ will be set to 
the logjc stat.es that were set up 
at the D ·inpuu. lntearated 
Cireult Department. Texas In· 
5t.ruments Umited, Man;on Lane. 
Bedford, MK41 7PA. 
WW319 • 

Closed-ciTcuit t v 
tubes 
Two camera tubes, :-.iewvicon 
types XQ1276 •nd XQ1442 frOm 
Mul!ard. have hl&h sensitivities 
and will enable do:icd--circWt t\' 
cameru to work in dim twiUght 
(I lumen/metre') , Type X(Jl276 
has a spectral responae In the 
ncar infrored reaion and a 
screen di. mttcr of 2t3in, It Is 
interchangeable with vidicons 
StiCh as lhC XQ1271. The XQI442 
is fitted with o fibre-optic t\'\Ce. 
plate to e11abte hl&h efficiency 
coupling l Obe nehleve<t w he1\ the 
t ube is used w ith a s lt,lllal'ly 
COltpled lmilgc hn enalfier. This 
tub4.1 is mcehanicn lly i n. 
terchangcabh~ w ith the Ncwvl. 
con type XQI440. Mullard 
Um!ted, Mull .:trd Hou ~e. To r· 
r ington rlace. l.ondOil WCl ~ 
7110 . 
WW.!lO 
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ment but iis power dissipation is 
ISOrr.W. This device is compat- 
ible wilh file IiUel2102AL Juinily. 
The IH-pin nPD2l i 1 is also a 25(1- 
word by 4-bit device which is 
compatible with the Ir.ie! 2111 
family, k has the same access 
time range and power require- 
ments as the other devices but its 
power dissipation is typically 
200mW. The 22-pin ;<PD110 fam- 
ily is compatible with 22-pln 
dynamic r.a.ms and they have 
power requirements of + I2V, 
-5V and —5V and power dis 
sipaiions of 470mVV. They have a 
storage capacity of 4K by 1-bit. 
NEC Electronics (Europe). 43 
Civic Square. Motherwell. ML1 
ITH, Scotland. 
WVV314 

Dual-trace 
oscilloscope 
The DI2 oscilloscope, manufac- 
tured by Dartron Instruments 
Ltd, is a 17MHz instrument 
which operates automatically in 
the chopped or alternate sweep 
modes according to the sweep 
speed- The D12 has a sensitivity 
from lOmV/cm to 50V/cm or, 
with cascaded amplifiers. ImV/ 
cm with a bandwidth from 2Hz to 
lOMIlz. The Y amplifier perfor- 
mance is up to 1MHz on both 
channels and these are calibrated 
from lOmV/cm to 50V/Cni. Trig 
gering is also available on both 
channels. The c r.o. has a rive- 
inch. helical post deflection 
accelerator and is used at an 
overall operating voltage of 
3.6kV. ITT Instrument Services. 
Edinburgh Way, Harlow, Essex 
WW315 

Photovoltaic cells 
A family of silicon photovoltaic 
cells, introduced by .National 
Semiconductors Ltd, comprises 
high-stability, high-efficiency de 

apt 
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viCes which, h is claimed, have 
excellent short-circuit current 
linearities over a wide range of 
illumination. Devices in the 
range have low leakage currents 
(10|^\ maximum when reverse 
biased by only 1.5V> and response 
rates of typically 8 .'-s. The cells 
ate normally of n-on-p construc- 
tion. but reverse polarity p-n cells 
car, he provided with a choice of 
either a low-capacitance, high- 
speed 800-type material or a 700- 
type material giving higher 
open-circml voltages. National 
Semiconductors of Canada. 
Stamford House, Stamford New 
Road, Altrincham. Cheshire 
WAN 1DR. 
wwsie 

D.i.l. switches for 
p.c.bs 
The Boss (binary option selection 
switch) family os low-cost p.c.b. 
switches, front Molex Electronics 
Limited, has been designed for 
applications where manual pro- 
gramming of electronic equip- 
ment is required When p.c.b.- 
rnounted. ribs on the switch 
pases raise them from the board 
to allow flux residues to be 
removed- A double-lever design 

enables the switch to make low- 
stress, high-force contacts Brief 
electrical specifications include a 
switching rating at 30V d.c. (open 
circuit) of 50mA maximum, and a 
non-switching rating of lOOmA 
r.m.s. at 50V d.c. maximum. Con- 
tact resistance, measured with a 
current flow of lOir.A, is lOOmO. 
Single-pole, double-throw and 
double-pole, single-throw ver- 
sions are available. Molex Elec- 
tronics Limited, 1 Holder Road, 
Aldershou Hants GUI 2 4RH. 
WW317 

Heat-pipe power 
semiconductor 
A range of power semiconduc- 
tors known as "transcalent" de- 
vices has been introduced by 
RCA Electro-Optics & Devices, a 
division of RCA Solid Stare 
Europe. The devices have heat 
pipes bonded directly to large 
silicon wafers which are capable 
of handling currents up to at least 
400A, These heat pipes minimize 
the thermal resistance and in- 
crease the radiator fin efficiency, 
thereby allowing the devices to 
be significantly smaller and 
lighter than conventional devices 

having similar power ratings. 
Typically, size reduction is by a 
factor of four and weight reduc- 
tion by a factor of seven. In addi- 
tion the devices offer improved 
resistance against overloads and 
high-current surges. The first 
"transcalent" devices available 
from RCA are the ?95000EB 
series of 250A, 500W rectifiers, 
which have blocking voltages up 
to 1200V, the P95400EB series of 
400A, 500W ihyristors, having 
blocking voltages up to 1200V, 
and the P95200EE4 100A. 50OW 
n-p-n transistor. All of these de- 
vices can be supplied with radia- 
tor structures to accommodate 
air or liquid cooling. Thermal 
resistances are about 0.1 to 
0.2*C/W and the operating 
ambient temperatures at full 
ratings range up to 50oC. RCA 
Limited. Solid State Europe, 
Sunbury-on-Thamcs. Middlesex 
TW16 7HW. 
WWII 8 

T.t.L latch and 
flip-flop 
Two devices just announced by 
Texas instruments are a low 
power Scholtky t.t.l. latch and a 
flip-flop. The SN54LS/74LS373 
comprises eight transparent D- 
type latches such that when its 
enable is high the Q outputs will 
follow its data inputs. When the 
enable Is low the output will be 
latched at the level of the data 
(D) that was set up. The 
SN541.S/741-S374 has eight edge- 
triggered D-type flip-flops. On 
the positive transition of the 
clock, the Q outputs will be SCI to 
die logic states chat were se' up 
at" the D "inputs. Integrated 
Circuit Department, Texas In- 
struments Limited. Manton Lane. 
Bedford. MK41 7PA. 
WW3I9 

Closed-circuit tv 
tubes 
Two camera lubes. NewvlcOn 
types XQ1276 and XQ1442 from 
Mullard, have high sensitivities 
and will enable closed-circuit tv 
cameras to work in dim twilight 
(l lumen/metre'). Type XQ1276 
has a spectral response in the 
near infrared region and a 
screen diameter of 2.'3in It is 
interchangeable with vidicons 
such as the XQ1271. The XQI442 
is fitted with a fibre-optic face- 
plate to enable high efficiency 
coupling to be achieved when the 
tube is used with a similarly 
coupled image intensifier. This 
tube is mechanically In- 
terchangeable with the Newvi- 
con type XQ1440. Mullard 
Limited, Mullard House, Tor 
ring:on Place. London WC1E 
7I1D. 
WW320 
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A Jaguar in my boot 
No. it 's nothing to do with a tiger in the 
t.ank or even a nodding dog on the rear 
window ledge. The Jag. in questi(!n was 
a four-wheeled conveyance, not lite 
motorway equivalcnL of a set of planer 
ducks, and it was desperately trying to 

. get into the boot of my car. It seemed 
like that, anyway, although !;ince Twas 
blinded by spray from the truck in front 
and blinded by the Jag's main beam 
headlightS from behind I wouldn't wunt 
tO swear tO it. Alii really wunted to do at 
that moment was to extend a pair Of 
wings and get out of it. 

·ntere ~ally ought to be some way of 
helping Incompetents such as the 
aforementioned Jag. driver to achieve 
their own. personal set of wings. 
accompanied by a harp. but since that 
approach is frowned upon by the De· 
partment of Environment somebody 
must come up with sorne kind of gndgct 
to repe1 attack from the rear on wet. 
foggy days. And. smce lunatics often 
ha~'bour delusions LO the effect that they 
arc Napoleon .. '\..I bert £inslcln or, worse. 
Stirling Moss, it is no good lighting up a 
lot of sign~ saying, "Careful'" or even 
·•watch It, buster." At best they will 
think you guilty of lese majest"· or. at 
worst. th1nk it only applies to the ot.her. 
bad. d rivers. 

As a matter of fact. you may be sur
prised to learn that I have already come 
up with the answer. There arc any 
number of devices which t.ell you when 
there is ice or fog about (though I find I 
can usually sec the fog for my,sclf, 
thunks very much) but very little has 
been proposed to actually do anything 
about it when spotted. The only deve
lopment to help in a case like this Is the 
car-born<: radar co nnec ted lO t.he 
accelerator and brakes. so that If one 
approaches the car in front too closely 
and too fa st. you r anc hors a re 
automatlcally thrown overboard. 
Sounds line, but Its's not likely to be 
cheap and most dt·ivers don 'L liko their 
ears bei ng t.aken over by machines. 

As 1 said earlier, it isn't. a bit of good 
just warning people. You can do that 
until you're blue in 1M face and still 
have maniacs charging about at 90 
m.p.h. in dense fog. So what you've got 
to do is moke it impossible. All you need 
is a fog and ice detector (photoelectric 
for fog- temperature and humidity for 
lee) and something to make the road 
surface come up like a lot of little mole· 
hills when you want to slow people 
down a bit. lnflat.ablc tubes. like aircraft 
de-ic.ers, would to the trick, but. Lhe 
details of how to tnake them and how to 
justify the cost I will have to leave to 
someone else. 1 enn't be expected to do 
everything for the D.o.E. 

What's in a name? 
At an impressionable age. I watched the 
march of television northwards from 
Ally Pal ly, via Sutton Coldfleld , to 
Holme Mo•s. From S.C .• I was able to 

receive n fairly poor picture (80 miles -
4-stage t.r.f.) but from H.M. the face of 
Leslie Mitchell was displayed in all itS 
IMnochrome glory. I went to Holme 
:vtoss. which is really the name or a 
Pennine hill, not. a transmitter. an d 
gazed at. Lhi:; nuw monument LOman's 
progress. There It stood. 750ft tall, on 
the top or a small mountain near Holm· 
fi rth. I cou lil only see the top by lying on 
my back. a position which was man· 
datory anyway after puShing my bike 
up the road to the top. 

T he names g iver'l t.u these earl y 
transmitters were evocat.lve of granl'j. 
cur- Wcnvoc, Pontop l>ike, Rowridge. 
The Wrekin. Caradon Hill and so il 
remaiuec.l until the smatter stations \\tere 
built. with names like Korth Oldham 
and Halifax. But the final stage in the 
debasement of the image is now upon 
us. A Press Statement from Auntie S..eb 
last week informs us that a relety station 
at Wi ncobank in Sherfield is now on the 
air. What a sad decline! And how far 
from the ringing names of yesteryear. 
Would Kubla Khan have decreed his 
sta tely pleasure dome at Wapping 
Broadstairs or Penge? Of course not. 
And the screw Is turned by the descrip· 
tion of the service :u·oa which. we ai'C 
told, encompusses not the plains of East 
Yorkshire or Lhc mountains of Wales. 
bu t S tandon Drive, Woodbury Roa<l 
and Fife Street. If further proof of the 
BSC's possession of feet of clay Is 
needed, the IO..St sentence of the prcs.
reJeuse gives lt: "The suuion is at Bar· 
row Road, adjacent to the gasworks." 

Remote control 
lo common whh the major-ity of offices 
in the Smoke. and probably everywhere 
else in the count-ry. we're in the middle 
of th~ annual rash of ·day~ off. on 
account of a number of variations on 
the theme of respiratory mnlfunctlon. 
Colds. even. 

I've been so afflicted myself. albeit 
less drastically and for a shorter time 
than my more vulnerable colleagues, 
and white 1 was ]anguishing there at 
home. pining for the office and sup· 
ported only by the thought tha t they 
were able to go to the canteen for lunch. 
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while I had to content myself with 
rough, homely fare such as go me soup. 
chicken and the kind of pudding people 
might commit murder for~ it Slr\lCk !"t 
(if 1 can remember wh:lt I was talkmg 
about at the start of this sentence) that 
the day of the commuter must nearly be 
over. Every dog has his day. so they say. 
and British Rail has nearly had its . 

It's all so Illogical. In a period when 
communi~tion and easy access to 
compmer renninals can be provided, it.'s 
a nonsensE:! that au those thousands of 
official troglodytes should wear their 
individual little grooves deeper every 
day tO get to the office, simply because 
the 'paperwork' is there. or because 
they have to attend a sales meeting. If 
eycball·tO·eyeball confrontation is es· 
sentlal, then a television method o f 
some sort should suffice. 

Think of the rates the big companies 
could save, too. Instead of a couple of 
million a year in Central London, a few 
thousand a year for the hire of the 
terminals and a suite at Ctarldge•s for 
the M.D. - he's Still got to have 
somewhere for the drinks cupboard and 
four walls for his Stubbs·surrogate 
horses. 

Computers + 1 0 ... ? 
It all depends on where you stnrt from. I 
suppose.lf the little ones. had eome first. 
they would now be called computers 
and the Swansea -type giants 
megacompu ters. IL seems ra ther a 
shame that. although "!VIicro" bas a 
prec1se meaning in electronics, it is 
orten used as a rather va"ue prefix 
meaning 'very small', which can change 
its meaning as time passes. A micro· 
computer of today could very well be 
classified as a minicon1putcr in a couple 
of years' time wilhout anything about it 
bein& changed at all. "It's all a matter of 
relatlvcs .. " as someone I know used to 
say. but then he has some very peculiar 
relatives indeed. (His Uncle Arthur has. 
been known to eat coal - and he'• the 
bright one.) 

Where was I? Oh. yes - compute~. 
Yes, well whnt t was coming to was the 
di fference between processors and 
computers- a diStinCtion which seems 
to become more blurred with every bit 
of paper that cro.ses my desl<. I tend not 
to delay these bits of paper very long on 
their way across, but I have noticed as I 
pass ihem on to more technical col· 
lcngucs that 'computer' seems to hold 
more attraction as a name than 'pro
cessor•. As t see it. a microprocessor cnn 
be the central processing unit or a 
microcornpuu:~r and, in the computing 
field. is incompl~te without its pro
grttmme memory, read/write memory, 
input/output buffers and latches, input 
keyboard or whatever and some kind of 
output display or recorder. Of course, it 
i• usable without some of the peripheral 
equipment in the proces.• control appli
cation, for which h wa~ originally in· 
Lended. but used in that way it Is a 
controller, not a computer. 

I 
I 
I 
I 
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A Jaguar in my boot 
No. it's nothing to do with a tigor in the 
tank or even a nodding dog on the rear 
window ledge. The Jag. in question was 
a four-wheeled Conveyance, not the 
motorway equivalent of a sec of plaster 
ducks, and it was desperately trying to 

.get into the boot of my car. It seemed 
like that, anyway, although since T was 
blinded by spray from the truck in front 
and blinded by the Jag's main beans 
headlights from behind I wouldn't wan- 
to swear to it. All 1 really wanted to do at 
that momonl was to extend a pair of 
wings and get out of it. 

There really ought to be some way of 
helping incompetents such as the 
aforementioned Jag. driver to achieve 
their own. personal set of wings, 
accompanied by a harp, but since that 
approach is frowned upon by the De 
partmenr of Environment somebody 
must come up with some kind of gadget 
to repel attack from the rear on wet, 
foggy days. And. since lunatics often 
harbour delusions to the effect that they 
are Napoleon, Albert Einstein or, worse. 
Stirling Moss, it is no good lighting up a 
lot of signs saying. "Careful" or even 
"Watch it, buster." At best they will 
think you guilty of lese majeste. or. at 
worst, think it only applies to the other. 
bad, drivers. 

As a matter of fact, you may be sur- 
prised to learn that 1 have already come 
up with the answer. There arc any 
number of devices which tell you when 
there is ice or fog about (though I find 1 
can usually see the fog for myself, 
thanks very much) but very little has 
been proposed to actually do anything 
about it when spoiled. The only deve- 
lopment to help in a case like this is the 
car-borne radar connected to the 
accelerator and brakes, so that if one 
approaches the car in front too closely 
and loo fast, your anchors are 
autoniacically thrown overboard. 
Sounds fine, but iis's not likely to be 
cheap and most drivers don't like their 
airs being taken over by machines. 

As I said earlier, it isn't a bit of good 
just warning people. You can do that 
until you're blue in the face and still 
have maniacs charging about at 90 
m.p.h. in dense fog. So what you've got 
to do is make it impossible. All you need 
is a fog and ice detector (photoelectric 
for fog — temperature and humidity for 
ice) and something to make the road 
surface come up like a lot of little mole- 
hills when you want to slow people 
down a bit. Inflatable tubes, like aircraft 
de-icers, would to the trick, but the 
details of how to make them and now to 
justify the cost I will have to leave to 
someone else. 1 can't be expected to do 
everything for the D.c.E. 

What's in a name? 
At an impressionable age. I watched the 
march of television northwards from 
Ally Pally, via Sutton Coldfield, to 
Holme Moss. From S.C., I was able to 
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receive a fairly poor picture (80 miles — 
4-scage t.r.f.) but from H.M. the face of 
Leslie Mitchell was displayed in all its 
monochrome glory. I went to Holme 
Moss, which is really the name of a 
Pennine hill, not a transmitter, and 
gazed at this new monument to man's 
progress. There it stood, 750ft tall, on 
the lop of a small mountain near Holm- 
firth. I could Only see the top by lying on 
my back, a position which was man- 
datory anyway after pushing my bike 
up the road to the top. 

The names given to these early 
transmitters were evocative of grand- 
eur — Wenvoe. Pontop Pike. Rowridge. 
The Wrekin, Caradon Hill and so it 
remained until the smaller stations were 
built, with names like North Oldham 
and Halifax. But the final stage in the 
debasement of the image is now upon 
us. A Press Statement from Auntie Reeb 
last week informs us that a relay station 
at Wincobank in Sheffield is now on the 
air. What a sad decline; And how far 
from the ringing names of yesteryear. 
Would Kubla Khan have decreed his 
stalely pleasure dome at Wapping 
Broadstairs or Penge? Of course not. 
And the screw is turned by the descrip- 
tion of the service area which, we are 
toid, encompasses not the plains of East 
Yorkshire or the mountains of Wales, 
but Standon Drive, Woodbury Road 
and Fife Street. If further proof of the 
BBC's possession of fee: of clay is 
needed, the last sentence of the press 
release gives it: "The station is at Bar- 
row Road, adjacent to the gasworks." 

Remote control 
In common with the majority of offices 
in the Smoke, and probably everywhere 
else in the country, we're in the middle 
of the annual rash of days off, on 
account of a number of variations on 
the theme of respiratory malfunction. 
Colds, even. 

I've been so afflicted myself, albeit 
less drastically and for a shorter time 
than my more vulnerable colleagues, 
and while 1 was languishing there at 
home, pining for the office and sup- 
ported only by the thought that they 
were able to go to :he canteen for lunch. 

while I had to content myself with 
rough, homely fare such as game soup, 
chicken and the kind of pudding people 
might commit murder for, it struck me 
(if 1 can remember what ! was talking 
about at the start of this sentence) that 
the day of the commuter must nearly be 
over. Even,- dog has his day, so they say, 
and British Rail has nearly had its. 

It's all so illogical. In a period when 
communibalion and easy access to 
computer terminals can be provided, it's 
a nonsense that all those thousands of 
official troglodytes should wear their 
individual little grooves deeper every 
day to gel to the office, simply because 
the 'paperwork' is there, or because 
they have to attend a sales meeting. If 
eyeball-io-eyeball confrontation is es- 
sential, then a television method of 
some sort should suffice. 

Think of the rates the big companies- 
could save, too. Instead of a couple of 
million a year in Central London, a few 
thousand a year for the hire of the 
terminals and a suite at Claridge's for 
the M.D. — he's still got to have 
somewhere for the drinks cupboard and 
four walls for his Slubbs-surrogate 
horses. 

Computers + 10~6? 
It all depends on where you start from, I 
suppose. If the little ojies had come first, 
they would now be called computers 
and the Swansea-type giants 
megacomputers. It seems rather a 
shame that, although "Micro" has a 
precise meaning in electronics, it is 
often used as a rather vague prefix 
meaning 'very small', which can change 
its meaning as lime passes. A micro- 
computer of today could very well be 
classified as a minicomputer in a couple 
of years' time without anything about it 
being changed at all. "It's all a matter of 
relatives." as someone 1 know used to 
say, but then he has some very peculiar 
relatives indeed. (His Uncle Arthur has 
been known to eat coal — and he's the 
bright one.) 

Where was IV Oh. yes — computers. 
Yes. well what I was coming to was the 
difference between processors and 
computers — a distinction which seems 
to become more blurred with every bit 
of paper that crosses my desk. 1 tend not 
to delay these bits of paper very long on 
their way across, but I have noticed as I 
pass them on lo more technical col- 
leagues that 'computer' seems to hold 
more attraction as a name than 'pro- 
cessor'. As I see it. a microprocessor can 
be the central processing unit of a 
microcomputer and. in the computing 
field, is incomplete without its pro- 
gramme memory, read/write memory, 
input/output buffers and latches, input 
keyboard or whatever and some kind of 
output display or recorder. Of course, it 
is usable without some of the peripheral 
equipment in the process control appli- 
cation, for which it was originally in- 
tended, but used in that way it is a 
controller, not a computer. 



WIRELESS WOAlO, FEBRUARY 1 0 '18 

Now ... 
the next 
generation of 
bench DMMs! 
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Mooellll 

"'' ~"··~func1ions and rangtt for 
most measurcmel'lt needs 100~ V tO 1200V 

oc. IOOyVto 1000Vac.0•1l)to20MO. 
Model 179 is a ful1 -fune1ion. mult~·fetturt modol 

offering me same advantages etth• 178. Plus 
TRMS AC. t OpV Sensitivity; Hi and Lo Ohms: AC ond DC 

Current Yet n 'sstiU ha1f the price you'd expect. Only t 199 

Two New Keithley Models offer uncomprom•sing 
performa nce and outstanding value I 

Both 'models feature designed·in reliability 
Rugged circuits use a minimum of parts- h1gh quality. otf·thwhelf 
parts - carefully assembled and tested by Ketthley 
Outs-tonding ovetload p.rotecti-oo and rugged mechanical doaign 1c.tttl 
both units going even ahef sevete abuse One·veac accuracy 
specifications mm•mise tectllibratcon costs. 

e Accuracv 3YJ's can't m3tel'l: 0·4% + 1 digit on de 
volts and ohms 

e l arge, b right 20.000-courlt l.ED d spluy then 's (lt..uck 
and easy to (Cad. 

e Convenient bench sit~ that won't got " loJt" yet 
doesn' t crowd. 

e Exceptiontll (eliabllhy . 

A beuery option, usef installable. gets you off "line" for crhicel 
mOtl$t lfements 01 fot field I)$P.. 

FOf'comp.lete specifications on the 178 and 179. Clll K•hhlt y 
lnstruments,1 B ou lton Road. Reading. Phono0734 881287 

KEITHLEY 
The measurement engineers. 
WW -O<IS I;OR 1:URTHER DETAU .. S 
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Now . . . 

the next 

generation of 

bench DM Ms! 
Two New Keithley Models offer uncompromising 
performance and outstanding value' 
0 Accuracy 3'/j s can t •iioich. 0-4% + 1 digit en dc 

volts and ohms 
9 Large, bright. PO.OOO-count LED d splay that's quick 

and easy to read. 
# Convenient bencn s^e that won t get 'lost'" yet 

doesn't crcwc 
9 Exceptional reliability. 

Vadoi i in 
Modal 1 78 ol'ers (unctions and ranges for 

most measurement needs 100), V to 1200V 
cc. lOOuVio 1000V ac. 0 10 to 20MO. 

Model 179 :s a full-function, multi-feature model 
offering :ne same advantages as the 178. Plus 

TRMS AC; ' OpV Sensitivity; Hi and Lo Chms; AC and DC 
Current Yet it's Still half the price you'd expect. Only C1 99 

Both models feature designed-in reliability 
Rugged circuits use a minimum of parts — Ivg'i quality, oft-lho-shel' 
parts — carefully assembled and tested by Keithley 
Outslunding overload protection and rugged mechanical design keep 
both units going even alter severe abuse One-year accuracy 
specifications minimise tecalitaration costs, 
A battery option, use' installable, getsyou off "iine' (or critical 
measurements or 'or field use. 
For complete specifications on the 178 and 179, call Keithley 
Instruments, 1 Boulton Road, Reading. Phono 0734 881287 

KEITHLEY 
The measurement engineers. 
WW —005 FOR FURTHER DETAH.S 

A range of communications 
amplifiers having power 

ratings from 15 to 200 watts, 
plug-in input facilities ensure 

individual requirements can 
be provided. 

V * 

Manufacturers of 
sound systems 
and electronics 

Station Road, Wenden 
Saffron Walden 
Essex CB11 4LG 
Saffron Walden 
(0799)40888 
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Conunu.nications-78 
Communications Equipment and Systems 

~ = = -= - _ _ . _-- --- - - - ~- - --- --~- --= ff ~ - -- - - - - - - ---_-
- - - - --~----= ~ --~--- --~--=- - - -- -- - --.-

National Exhlbttlon Centre, Bln111ngham, England. 
Tueaday 4-Friday 7 April1978 

You are invited to 
Conununications 78 
Communications 78is the world's leading expoalUon 
for selling communications equipment and systems, 
providing an International focal point for the latest 
technological advances in the fields or PTl' tele
communications, fixed and mobile radio communi
cations a.nd defence communications. 

Active backing 
Trebled in alze since the last event in 1976, 
Commlll\ications 78 is being supported by more 
than 200 International exhibitors and has the active 
bac.klng of the International Tl!lecommW\lcatlon 
Union (ITU), representing the interests of 153 
governments; the British government through the 
Ministry of Defence, the Home Office and the 
British Overseas Trade Board; Post Olfico Tele· 
communications; the Electronic Engineering 
Association (EEA) and the Telecommunication 
Engineering and Manufacturing Association 
(TEMA)'. 

Integral conference 
The integral conference is being organised by 
The Inalitulion of Electrical Engineers (lEE) in 
association with the Institution of Electronic and 
Radio Engineers (IERE), the tJKRJ section of the 
institute of Electrical and Electronics Engine era 
(IEEE) and the IEEE Communications Society. 
Communications 78 is being held for the firatt lme 
at the National Exhibition Centr&, Birmingham-
the UK'a premier exhibition complex-from Tueaday 
4 April to Friday 7 April 1978. The exhibition will 
be open daily from 09.30 -18.00hrs. (17 .00 hrs. on 
last day) , 

Admission to the exhibition is free to bona fide 
usera and specifiers of communications equipment 
and systems. The coupon below may be presented 
as an adndaalon ticket to Communications 78 or, 
if you require more detailed information, please 
complete and send it to: Tony Davies CommW\1-
ca.tiona, c/o Industrial and Trade Fairs Ltd ., 
Radcliffe House,.Blenheim Court, Solihull, 
West Midlands B91 2BC, England. 

Please a end me details of 

tho exposition 0 
the conference 0 

Nam•------------------
Poaltlon ________ _ ___ _ ___ _ 

Company ________________ __ 

Addres•------------------------------~ 
40 
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MULTILAYER CERAMIC CAPACIT.DRS 
* STYLES - CHP"= 12 recullJUlu 4 d.itce~ldll • fhc:hol t..c:.d; 3 moulded 

9dipped - Axi31 Lad; 2 mol.lldcd 2 &l:w CI'IQMid 
* DIELECTRICS - COG,X7R. ZSU 
* VOI.TAG£$ - 200,100.50 * APPROVALS - BS907SSO:ZltN02-fi, S(QS 

.. BS90i)f.'WS,F022 

• • !\"EWCATALOGtfEAVAILABI.I! 
~for)"(Q'wpfi:IO'K i'-:-u"'<"o"'os;;r::•::,.~u:;ro~•::s;::,----, 

m o.n.-c s.wcn, 0t1t 26171 
lllttl Otdtonkt Lid·~ 812: 50S 
tom;.JI.td: 02U2l722 

FREQUENCY COUNTERS 
1110Hz to !.20Hz 

High jMrtorm&M:e lns-ttu.JMnts meu11rf"!J freq11eaey. period. lime. 
freqJrltio -.d catibn;lcd o11tpv1 fi.Ciity. fa~t clcthcfT. Spectats by .. ,. g: :d. 

a T YPE 8018 
tR\':::.l.-\L •JVt~ 

'""'"A1"~ ··•A " ·"'- £280 250 MHz n,\\.ITO:>:E 6U f: ( A'\t 

Sensitivity lOmV. Stability 5 parts I 0. '" 
Resolution = I Count 

301M 3Zllill; Digit £'J8l401A 32M112611itit £138 
501 3ZIIIIz801Pt£192 701A IIOMHz81Jitj1 £210 
IOIIIM 25()llllz 8 DJtit £21Q 90111 5ZOIIIIz 8 llilit £385 

IIJOIM 1.2&11z 8 Oilit£670 
Slllt.ISlbpvmioupfts £ 18 MIUty 'l'trSINJ anUat.le it. aot 

,.ltlxN ,_ t30 extra 
Typa 10' lMHl IOOKH:z 10KHz Crys.!al $111!-dlrd £98 

Ty, e 103 OU/Air Sta1dard £98 
Tl1'• 203 tow Fr••uenty General or £78 

siJPPlii!IIS TO: M;~Mitry of D•f~. Q.P.O., e.s .c., Oo~ternm•n e Dept•., .Crvitat; 
Mat~ut..ChnQ•ca .,d ll•c••onic LabOrtiO•II t WQtfO·w kle 

R. C. S. E L E C T R 0 N I C S 
G WOLU V ROAD. ASHfORu 

M10 0 )( , 5 2RB 
Tolopho n e: {Code 69) 
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Communications 78 
Communications Equipment and Systems 

National Exhibition Centre, Birmingham, England. 
Tuesday 4-Friday 7flpril 1978 

You are invited to 

Communications 78 
Communications 78 is the world's leading exposition 
for selling communications equipment and systems, 
providing an international focal point for the latest 
technological advances in the fields of PTT tele- 
communications, fixed and mobile radio communi- 
cations and defence communications. 

Active backing 
Trebled in size since the last event in 1976, 
Communications 78 is being supported by more 
than 200 international exhibitors and has the active 
backing of the International Telecommunication 
Union (ITU), representing the interests of 153 
governments; the British government through the 
Ministry of Defence, the Home Office and the 
British Overseas Trade Board; Post Office Tele- 
communications; the Electronic Engineering 
Association (EEA) and the Telecommunication 
Engineering and Manufacturing Association 
(TEMA). 

Integral conference 
The integral conference is being organised by 
The Institution of Electrical Engineers (IEE) in 
association with the Institution of Electronic and 
Radio Engineers (IERE),the UKRI section of the 
Institute of Electrical and Electronics Engineers 
(IEEE) and the IEEE Communications Society. 
Communications 78 is being held for the first time 
at the National Exhibition Centre, Birmingham- 
the UK's premier exhibition complex-from Tuesday 
4 April to Friday 7 April 1978. The exhibition will 
be open daily from 09.30 -18.00 hrs. (17.00 hrs. on 
last day). 

Admission to the exhibition is free to bona fide 
users and specifiers of communications equipment 
and systems. The coupon below may be presented 
as an admission ticket to Communications 78 or, 
if you require more detailed information, please 
complete and send it to: Tony Davies Communi- 
cations, c/o Industrial and Trade Fairs Ltd., 
Radcliffe House, Blenheim Court, Solihull, 
West Midlands B91 2BG, England. 

Please send me details of 

the exposition ZJ 
the conference □ 

Name. 

Position. 

Company. 

Address — 
40 

mm 
\ 

mm % 

m 

MULTILAYER CERAMIC CAPACITORS 
STYLES - Chipi: 12 recrangular 4 discoidal - Radia! Lead: 3 moulded 

9dipped - Axial Ixad: 2 moulded 2 glassencued 
DIELECTRICS - (JOG, X7R, ZSU 
VOLTAGES - 200,100.50 
APPROVALS - BS 9075 N023, N024, K02S 

BS 9075 F005, F022 
NEW CATALOGUE AVAILABLE 
Send for your copy cow 

* * 
UKOISTRIBUrORS: 
irr JlecMOM Suveei: 02?9 26? 7? 
InMl ElKIronies lid 0462 812 5CS 
Comwiock 02682J722 

ITT Components Group Europe 
MULTILAYER CERAMICS DIVISION 
South Denes, Great Yarmouth, Norfolk NR30 3PX. 
Tel: 0193 56122. Telex: 97421. Cables: Resistor. 

Coomoncnl 
WW — 073 FOR FURTHER DETAILS 

ITT 

FREQUENCY COUNTERS 
1/10 Hz to 1.2GHz 

High perloriTiBnce Inslrumenls measuring Iraquency. period, time, 
freq./ralio and calibrated output facility. Fast delivery. Specials by 
nrrangBtnenl. 

CRYSTAL OVTV twua in: mam ai. 
nVOTfiNKSI I K C ASF 

TYPE 80IB 

£280 250 MHz 

Sensitivity lOmV. Stability 5 parts 10. 
Resolution ^ 1 Count 

MIM 32MH2 5 Olgil £98 
501 32MH2 8 Digit El92 
80IB/M 250MH2 8 Olgil EZ8q 

Stan/Slop versions plus £18 

40IA 
70IA 
901M 
IOOIH 

32MH2 6 Dlgll £138 
8OMH2 8 Oigil £210 

SZOMHz 8 Digit £385 
I.2GHz 8 Digit £670 

Memory versions 
salfixed M 

available il not 
£30 extra 

Type 101 I MHz IDOKHz 10 KHz Crystal Slamlard £98 
Type 103 Olt/AIr Slanilarfl £98 

Type 203 Low Froquency Generator £78 
SUPPUCRS TO. MiniMry of Dofooco. G.P.O., B.B C.. Govornmani D»pu., CryuM 

Manutaciurun and Elaclconic Laboraioiia* woild-wido 

R. C.S. ELECTRONICS 
6 WOLSEY ROAD, ASHFORU 

MIDOX.IW152RB 
Telephone; Ashford (Code 69) 

53661/2 
WW—MO FOR FURTHER DETAII.S 
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4 books from Wireless World 

CIRCUIT DESIGNS-2 £12.50 inc. 
T he :o;ccOrld collection of t(·~ • of 
Wireless Wvrld'-: highlystJcccssrul 
Orcard'i- pA!'viously publisiu .. -d 
by t~ ioumat • ~h ing sdC'Ctc:d 
circuits and other circoit data 

lndudes: 
Uask lo,git: gatL·~ 
\Vidcband a'llt>liliL'I')> 
\ Jann cin:uit~ 

Oigital rountt-n. 
I".•IH· f1lodu1mur.-. 

C.d.us- s!~nul prot;<.':):';in~ 
C.U.il$ Si)l.nal t;<.•nt·r~tiOJl 
C d ib- mcot>un.··n<.·m <End 
c~..--ct--ctinn 
)Jono)-:.thll' circuits 
Tranl'i .. tnr) pairs 

HI-FI YEAR BOOK 1978 £3.40 inc. 
-r·our t;Omprchcnshc gutd<: 10 I he.: uwj01 crm.'jwn<.'S ofhi ·(i L'quipntCI\1. with pk lur•c:.. dt-s<.'ri(llium •. 

spcc:.ilit:ations.. pricC'S (.'\'t'J)'I hi net~ ou need to hdp ~m• i11 \<tut· clloi<:<.· of L'IIU' I>Inctll bad{,;d h~ 
authoritttliV<.' t~rtklcs on choosini: unO us.jnj!. 

HJGH FIDEUTY DESIGNS- ! £J 35 inc. 
Th1.s book i-; th .. · first colf(."('don 
of populnr :•udi<t~:or'lstrtl~tional 
artid<:s fornwrk puhli-shc·d h1 
\\fireless \Vorlcf It w n:r$ th1..• 
whole ran~c uf L'q\.lipmc.••H, frC!m 
Si}_:.mll sources 10 sJX,·akcn; ;.tnd 
headphones. ond from it c~n be.· 
$Ck"Ctcd a 5\StCm suitabtc- for 
mos: requln•nlCm~·. 

'lnclud~.-s:: 
From l lacks~lW U> I ti.ydn 
l litth-qualtty WP'-' r\.'CurU~I' 
Tul'l\tabl(.· <'Oil1'>ti'\1Ciinn 
Pkk·up a rm <.'Ulbtrut·tion 
t: \t stere-o tuner 
l•h~-;()C':L,00 Sll'"'-'<, dl"'C'OdC'r 
BOtilt'} Borrow> pl'('amp:ificr 
30·n <tH high tidclit) ampl:licr 
30-wau amplifier ntodiiicat1on 

HIGH FIDELITY DllSIGNS-2 £2.75 inc. 
PublishC'd IU lll.l:cL lliL' CO!Hinuc.·d 
demand (or r~.'prims ol' W ird tl'l.'\ 
World ronstnJc.:tional projC'<.'t~. 

this book COOl din~ l\\C'Ill.l' fh"C' 
more- of the.- 'tnt>'l'l n•qut.~u:.•<f 

articles \\'hil"h tcildcrs haw 
Mkcd for. 
E \I. tunc•· dc~lg_n 
NOVC'l S1l'l'l:U 1'.111. t UH('I' 

Low·noi.;c.:, IOw·COS1 ca:;scu ..:- d{'d{ 
\Vin.·h.~~ W~u·l t.l Oolb\ ··Oi:-t.· 
rt.'1h.Jt.:cr • 

\Vi c,lcha \ld <'0111pU1lciL'r ti1..'Si~Hl 
l lich quality ('OIIII)Y(.'>:..;ur/i i lllilt' l' 

,,; autonuuk nniS~.•iJ.,,ih.·r 
\h.xlula: mtc.~m:l'<l dn.~uit 
0ttd;u ut:xcr 
Th" ··wallu .. ·nua .. 
Fkt.:trontc p1mlo (l~,. .... ig_rl 
Ad\ ;,1ncl'd l >r~amt~llf'it.•r dL·sig•· 
l li~h C.l lHIIi l~ H)lh! (:llll1YOI 
\ 1ul l!·challtlCIIIlliL' d)!l1rol 
Ua1IL'\' Rui'I'O\\:o. on.\alll1>lif1er 
30·w~n h1)!ll l·dd:t} ttmplifiL•r 
)Q.watt anlphfh,.,. n10difica;;u·1 

\1udul3r p~a-np!iliC't <h.~t;n 
Sim1ll~ class ,\ :tnnjllilic.:r 
New approach to d uiiS Ji 
nmpliri ... ·•·.JIY:iign 
. \ llOIHl'.SOI"ltu u 1uud~pL•ak~•· 
~n .. · Jo~urc 
I.e~ ·C'O.sl htgh·qua~il~ 

.foud>l)l1Skcr d .. ~ign 
r-.fL'\:Irost;un; ~ddJ)honc..• dl~t:n 
•\ tl i.e: pct1k p~r<llllll"l.' mc.:tL-r 

B\1'1\lltlUall Wilt' 4.'0 111{'1)) f'l•\i:;itC'd 

\ tth -: crosSO\'t'l' IWt wuri(S 
Fl~·t·lrosunic ht·adphUiw 
..&tllplifl\.7 
Cfu""' \ pot\'t'r amplilirr 
\ · 1 i.::. pt'ak prugr.nnmc: mctL"f 

I lorn loud~pc::1kt:r dL·:"Ji~o~,n 
I lorn lombp"L·dl.a:r 
Th(.• l l':,ll l~ll l i$SiOI\·I ill" 
louc!1'>1n·niH·r :..•Hdosur'(' 
(.'onuu(.•rdat qwtdraphonic 
'-}'tL"Ib 

.............. ,. 
ORDER FOR.'\1 

Tu:'Ccucral Sales Dl·p1:1rtmcm. 
IPC Hu~iuess Press Ltd 
lb.>m ('Pl.;. Dorset House. 
SIUntlordStm:t.l.<>ndonSE19LU 

Pll•,,st• send am.· public:utions 
..s indh:al<.'1.1 hdow: 
(p i\!MC S\:\l(' q\I~UHit)') 

Circuit l)csign.s -2 rT 

'! £12.50 inc . .......... , I • 
I l i·Fl Year Rook 1978 
il £lAO in(:. • ••• • • • • • • • -
High ~ldelity Designs· I _ 
Fi £1 .l5 inc ••• ·••••• • • • • ..J 
! li~h Jii~eJi[lo' U~igns· 2 
rl 12. 1s •nt: . •• • ••••••••• L 
I enclc.>:>t' rt:miHancc 
\ CII \JC £ . ,.,.,_,,, .... 
(clu.'<aues pay<tblc to I PC 
Bu~il\1\.'$$ I~ l.ld.}. 

Company r<.-gistcn.:d in l ·.u~luu.d 
."\o, 677128. Regist(.'l'(.•d oihcr; 
DlW:-.,;ll-iouse. Stamford :Stn.x•t, 
l.<>udOil SE I 9LU 

• • • • • . 
..•..•••..... ...........•.•.•• ~ 

WIRELESS WORLD FESRUARV 1978 

4 books from Wireless World 

#• 

circuit 

CoHected Cwc^rda 
Atl&Etna&i iftfffftp if fwiTMTTfilififK 

HI Fl YEAR BOOK 
197B 

P Williams J CGr/uthGm J I-1 Evans JKinslC-r 

rri 

1 WffiilJiSS WOHLO PUBLICATION ^angSOfufeen' 

CIRCUIT DESIGNS-2 £12.50 inc. 
ihc .second coilcciion of icn o: 
Wireless World's highly successiuI 
Citcards - previously published 
by the journal-giving selected 
circuits and other circuit data 

Ind udes; 
Basic "ogic gall's 
Wideband ampi ilieis 
Mann circuits 
Digital counters 
Pulse modulators 

C.d.as- signal processing 
C.u.us signal generation 
C d as-iiieasurenient and 
detect ion 
Monosiablc circuits 
Transislpfs paiis 

HI-FI YEAR BOOK J 978 £3.40 inc. 
Vour comprehensive guide to the inajot categories of hi-.i cc|uipincnt. with pictures, dose r pi ions. 
speciHcations. prices everything you need to help you in vour choice ol emnpuiont bached by 
aulhOrilaiive articles on choosing and using, 

HIGH FIDELITY DESIGNS ! £1.35 inc. 
This book is the I'irsi collection 
of popular audio constructional 
articles tormerly publisiied n 
Wireless World h. covers Ihc 
whole range of equipment IVoin 
signal sources to speakers and 
headphones, and from it can he 
selected a system suitable for 
most rcauhcmcnls-. 

Includes: 
From I lacksaw to I laydn 
I ligh-quality tape recordci 
T urntablc construction 
Pick-up arm consl;action 
F M stereo tuner 
Phase-locked stereo decoder 
Bailey Burrows iaeamp i'ier 
50-wail high tidclily amplilicr 

modini 50-vvati amplifier iiiociiticalion 

HIGH FIDELITY DESIGNS-2 £2.75 inc. 
Published 10 in eel Hie continued 
demand for reprints of Wireless 
World conslruciional projecis. 
this book contains twenty five 
more of the 'most requested' 
articles which readers have 
asked tor. 
P.M. tuner design 
Novel stereo t.m. tuner 
Low-noise, low -cost casseitodcck 
Wireless World Dolby noise 
reducer 

Wideband compandor design 
High quality compressor. limUcr 
\n automatic noise linvter 
Modular integrated circnU . 
audio mixer 
The "walhenna" 
I'.lcctroiv.c piano design 
\dvanced preamplifier design 

i ligh quality tone euntrul 
Multi-channel tone comryd 
Bailey Burrows preamplifier 
30-wali high hdelity amplilicr 
30 waft ampliric mndificalton 

Modular prcamphnct design 
Simple class \ amplilicr 
New approach to class B 
amplifier design 
A nun-resonant loudspeaker 
enclosure 
Low-cost high-qiiaiily 
•loudspeaker design 
l-lecirosiaiie headphone design 
\n i.e. peak programme meter 

Haxandall tone control revisited 
\eiive crossover networks 

•elrostatic I" cad phone 
_..,plifier 
Class \ power amplrlier 
\ i i.e. peak programme meter 

1 lorn loudspeaker design 
I lornloudspcake: 
The transmission line 
loudspeaker enclosure 
Commercia". quadraphonic 
systems 

Fk 
an 

ORDLK FORM 

I y: General Sales Depariineni. 
il'C Business Press Ltd.. 
Uoom CP.>4. Dorset House, 
Siamford Street. I .ondon SE19LU 

Please send me publications 
as indicated below: 
(please state quantiivl 
Circuit Designs-2 
■; £12.50 inc   
Hi-Fi Year Book 1978 
/< £3.40 inc — 
High Fidelity Designs-1 —, 
71 £1.35 inc   —1 
I ligh Fidelity Designs-2 
■' £2.75 inc — 
1 enclose rcmiitance 
value £  
(cheques payable to IPC 
Business Press Ltd.). 

NAME   
i pu. vsi ni.'N 11 
ADDRESS    

WW / 7 A/7- 

and Company registered in F.ngliu 
No. 677:28. Registered office: 
Dorset! louse. Stamford Street. 
London SEI 9LU. 



84, 

G5 
£75.90 
h<. "' .,,..,, 

High PQWI!r C'.apabthty, VP 10 500 watts per 
Cllaol\<;!1 output. 

M2B 
£71.00 
ec.n1 ..,,..,, 

- put.t.hc:m 

il.t 1.2 mV full sale maxi· 
se~:!:~'/[·~,1/' ~~~~:~~~~:~~~~~~f.'; Cotibratod fn crue RMS on c. ae or d<: t nd hiJi!lll db nmgo 

Se])d your Orde.r now to Wn1tea.d i\fa.nur~tc:itutlng Co. t..td., Hoa1yn Road, 
Wndoo Nl5 6JB. 

~~~d 
WW - 011 fOR tUA'rHeR OS'l 'AILS 

WIRElESS WORI.O. FEBRVARV 19?11 

WW-863 FOR FURTHER DETAILS 
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Wgm 

^iii sii1 

$Wlil§; ||IP 

S500-D 

^ it Is unique. Meet the new leader from H.H. 

. HHI (0954! 81140 
817515 HH ELK G , ' • 

  aTV-M3 FOIiCIIH IHH. IIKUM <    

How to 

KT:- 
rti^ -T-T. 

o 
vS G5 

£75.90 In. UU r:. Ill 

m 

M2B 
E71.00 

Producu inscruraenw with a hixh specification at a low price - put them 
in steel cases for rugged reliability and guarunlee the results. 
The Go is a low distortion 10HV. to I MHz sine/square signal generator 
with a 600 ohm switched attenuator and a low impedance output of up to 
3 watts. 
Coupled with the M2B millivoltmeler. with its 1.2 mV full scale maxi- 
mum sensitivity, you have the ideal lost set. Calibrated in true RMS on 
thea.c. ranges it will measure up to 40C volts ac or dc and has a db ranee 
from — 70 db to •h54 db. 
Send your Order now to Ur 
london N165JB. 

Manufiieturing Co. Ltd., Koslyn Road, 

Telephone: 01-802 5144 

HAVE YOU DONE IT LATELY! 

RIONOI-ITH 

QUALITY 
REEL TO REEL 

AND CASSETTE TAPE HEADS 

Full Catalogue 25p 
Pleaio encloie 

20p PftP with order 
g.'jli/lerriic record/playback; 

WW — 071 FOR FURTHER DETAILS 

812- 01 mono cas>. playbk. £1.60 B24—01 stereo can, f 
A28-05 stereo 8tk certridgc £1.80 E12-09 stanio/monoi 

5/7 Church St. Crewkerne, Som.Tel. (0460) 74321 
WAV—063 FOR FURTHER DETAILS 

Gas filled indicator 

tubes always 

available 

character heights 8 135 mm. 

ELECTROrMICS 

Clock Tower Road, Isleworth. 
Middlesex TW7 6DU 'IIII' 
Tel: 01-5680151. Telex. 934120 

WW—007 FOR FURTHER DETAILS 
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After the •ntroducuon of tre CQ f 1 0 E and CO 301 N EC have 
complotOd toon CO-linowith the CO 201 DiiJIIOI VfO tho SP 110 
Spea<er a no the M 110 SSB Microphone. The N EC CO· lone 
rcoresoniS highest techmcal standard. with regard to des,gn, 
quoliry. reliability and price whtch •s avaiJable to tho modern rad•o 
eommunic~nor today. 

NEC CQ 110 E. 300 watts Digi tal uansceover Modes: FSK/ 
USB/LSB/CW/AM. 100·240VAC/1 3 .5DC harldmoko. Control 
spooko1. VOX Sidetone. 3 Xoal filters. Blower. RCA 7360 RX 
Mix<u . 22 hx·ChDI'Incls. 60 Page Man\.lal. 160 . 10 mecer. 11 
Ranges of 500 Kh<. · 

NEC CO 301 2-3 KW SSB/ AM Linear Amplifier 160·1 0 mooor. 
2 EIMAC 3·500Z. Hendbook, 1 00·240 V AC. Hogh Speed 
Blower. •neorp. Po .. • .. cr Supply. 

NEC CO 201 Digital Addo uonal VFO for Split Frequency 
Opcrauon. containirlg 3 VFO systems. usable as frequency 
counter. 100·240 V AC/ 13.5VDC. Handbook. 

NEC SP 110 Communication Speaker with Eleetronical 01gital 

Clocft tomer. etc handbook 100-240 VAC 
NEC M 110 SSS Comrnumcat1ons Microphone designed for CQ 
-line 

Colour or CO line brown milita ry sand·coueh 
• Oealer inquirios welcome 
* ASK ABOUT OUR UP TO 120 DAYS FINANCING FACILITI ES 
* ASK FOn OUR COLOUR CATALOGUE against payment of 

SFR 16 - or <;~ny other ~Quivalent c urrency. 
* Shipmonts to EVERYWHERE 

sale 
1re 
rep a 

We have been earn:ng an cnvtable reputation as o ne 
of Britain's leading used equipmem houses. lndustro31. 
Research &f\d Educationa cstabtishmenls. both large 
and small. haw cor·>e to regard us as thcor r:rst source of 
se<:ondhano rn.-.tcurnentatio.n at extternety competitive 
prices. With the ever increasinfJ cost o f equipment, it 
makes sound economic sense to take a long took ~t 
ti'IO odvontoges o f e1th~r buying or hi ring. con'lpotitwcly 
priced used instrument<nion from us. 

........... _...t MARTIN ASSOCIATES 
L--.... I J4,C, uwn Strl!t'1 C ::::J He~ding. B.!rks. RG 1 ~e 
., ____ ,. T~l~ : Re;,clir'il {0734) 51074 

•• 

'., iiiii-
-~ -

... 

Sole dis;ributor in Europe: 

(;EC C<>rp .. Via V•ldani 1 -Crt 6830 CHIASSO-SWITZERLAND 
Phona: {09 1) 44 26 51 Tclox: 7'9959 CH 

You'll do better at Martin Associates 
we guarantee it! 

suppor 1 these activities we have a Rtp..t1r &. Calibratton 
Laborato·y who also provide \\ tasc. keen pn ced servtce. 
w •h tcaceability to Nat~onal Stand:.rd, for companii:!:S and 
ituJividoals 
TEKTRONI X :!91 Sf>!1r 1 ,m A ,,,II'-"' 'Ot\'•v 11UCiH,.o £3750.00 
HEWLETT·PACKAAO ·~ I T Sr'P:,In lll' f..n,,ly~ · · lOMHt 
~OGHt £7500.00 
HEWLETT·PACKARD B•1tl:lA lnt\,• ~~'+I G•'n"•.ttnr £1850.00 
SOLATRON /\I C'iJ Ct.;d i'k,;m(l:i• llll'>t ++(l<t0C 30t-..' H.t £350.00 
MUIRHEAD K l:j..-1·/\ \\'avt' A1 ,,lv~"' ' 't;,., ~ I LlKHt £400.00 

SOLAATRON 7C40 MtJ l 111"'1CI' whh H.f". 
P·ol1c & C..SC £275.00 
WAVETEK i54 °rog1anrn.:t:~IP. 

Wilvcfo~m Ge<"~erator 0.001 Hr -
1011'-i/ £950.00 
RADIOMETER '.~5:>7; A~'lf\l 
Gern..r.ror 0.3M.HL- 2A0Vt41 

£550.00 
CHESSEL 3)1 3.Pim tuft ~·l<.~t\ 
pong 'l!!CO'der £250.00 
STATIM BB 1-'oi!Cob Ow•o -
IO"C 10 ~ 700C. £450.00 

r------------------1 t.o< f ,,,.,.. n !li< ·~;H•<IYI'II'lllltfl A WI 011~ tiiiHCI'~ C~ f"'d ;<;,~ t~<IY. 

v .•.'l 

~· · 1.1<> -------- -----------
''"'~"'· ·-------------------
/oi'IJ ....... _ _______________ __ _ 

I I .,..., loltA!I ._ • • 
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After the introduction of t-e CO 110 E and CQ 301 NEC have 
completed their CQ-Line with the CQ 201 Digital V-O. theSP 110 
Speaker arid the Ml 10 SSB Microphone. The NEC CQ-Llne 
rep resents highest technical standard, with regard to design, 
quality, roliabiiity and price which ts available to the modem radio 
communicator today. 

NEC CQ 110 E. 300 watts Dig.tal transceiver Modes: FSK/ 
USB/LSB/CW/AM, 100 2A0V AC.- 1 3 5DC handmtke, Control 
spookov VOX Side-tone. 3 Xtal filters. Biov^er. RCA 7360 RX 
Mlxei 22 fix-channels, 60 Page Manual. 160-10 meter. 11 
Ranges cf 500 Kb/. 

NEC CQ 301 2-3 KW SSB/AM Linear Amplifier 1 60-1 0 meter. 
2 El MAC 3-5007. Handbook 100-2^0 V AC, High Speed 
Slower, mcorp. Power Supply. 

NEC CQ 201 Digital Additional VFO for Split-Frequency 
Operation containing 3 VFO systems, usable as frequency 
counter. 100-240 V AC/13.5VDC. Handbook. 

NEC SP 110 Communication Speaker with Electronical Digital 

Clock timer, etc handbook 1 00-240 VAC 
NEC MHO SS8 Communications Microphone, designed for CQ 
— Line 

Colour of CQ line brown military sand-touch 
* Dealer inquiries welcome 
* ASK ABOUT OUR UP TO 120 DAYS FINANCING FACILITIES 
* ASK FOR OUR CO-OUR CATALOGUE against payment o' 

SFR "5 — or any ether equivalent currency. 
* Shipments to EVERYWHERE 

ftm 

Sole distributor in Europe: 

CEC Corp.. Via Valdani 1 -CH 6330 CHIASSO-SWITZERLAND 
Phone: (091) 44 26 51 Telex: 7'9959 CH 

WW—015 FOR FURTHER DETAILS 

repair 

We nave been earning an enviable reputation as one 
o'" Britain's leading used cquipmeni houses. Industrial. 
Research and Educationa ostablishmenis. both large 
and small, have come to regard us as their first source of 
secondhand mstrumentalion at extremely compeiiiive 
prices. With the eve- increasing cost of eouipmcnt, it 
makes sound economic sense to take a long look a: 
the odvantages of eithwr buying or nr ng competit-vely 
priced used instrumentation from us. 

MARTIN ASSOCIATES 
34. C.-uwi' St'ee; 
Reading. Berks. RG1 2Sfc 
Tele: Rendi.-.g {OTS"!! 5107-4 

You'll do better at Martin Associates 
we guarantee it! 

To support these activities we have a Repa r & Calibration 
Laboratory who aiso provide a fast, keen priced service, 
w th faceahiiitv to Nat onai Standard, for companies and 
individuals 
TEKTRONIX 491 Spe-' ut Ati,i.wr "C'.'-v iOGH/£3750.00 
HEWLETT-PACKARD "41- Sr'-t'-i"'Ari...vv- iCVi-/ 
40GHr £7500.00 
HEWLETT-PACKARD H4-13A " >,1-..- Q-vc-i-Un £1850.00 
SOLATRON Ah:;: Dui! Hcai- ');• tlli-S.- OS DC 30V •/ £350.00 
MUIRHEAD K N-y.-A Waw Aruivsc- • 31 6KH.' £400.00 
SOLARTRON 7040 Mull-meter v/tth R.F. 
P"<i!>o & Case £275.00 
WAVETEK *E4 ^mgramrtrablH 
Waveform Geierato- 0.00" H. - 
H)MH/ £950.00 
RADIOMETER MS?7g AM/FVI 
Generator 0.3MH7 - 240MH/ 

£550.00 
CHESSEL 301 3 Pen 'nil ovclap 
ping Rficorder £250.00 
STATIM BR Hpl/Gol'j Oven - 
100C 10 -r 70nC. £450.00 

r-.t - -• ii'ivn.iu'. ..linlcie A :v! ou: u-i rci-j"-:-.J ecu 

• t ji-., i,, B:i| 
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WIRELESS TIME • • 

I -1 · -1 l I 
I I= · =I -1. 
.l.tHJIOX, k f~l/ JiL• tJ.'.-·, -~~o-- fl#'f 

National'~ MA1012 LEOditiuJ dodt module i• a oo~p!tte do~k & 
~lilrm unJt. ope:r..Ung ftom 50 Ot 60 Hr maint, and oHerint all tht 
fe,m.re• you wo.uld e~e;PtCt : Houn--minutts difplay in brJeht 0.5 .. Md.s 
W•dl option~ s.econds, d"p and .snooze alarms, ' " ' and 1Jow seffins. 
AM/PM indicator. switched altrm OUtPut' · but belt o f all "o RJ-1. 
Thus the MA1012 h suht blt fOt UM In any rtdio/tu:ner tp~s. 
and requireJ iun 1.75 x 3.75 lit 0.7'' toul, lEx. Utntform.r}, 
£9.45 per mlina: tf1:nfformtr (•nt nt) 

OMPO 
the list of first for wirtlt", inc. 

largecst range of %mIn ttock I 
C_A3089E FM IF 1 9'1 8 04 13 lanol•• 01 8 Ml'l. 2,4k.,ll '*bmttll, 
l<A44()l F-M I P 1,94 40239: thl d 11~ 0;25' I !It t felt Ul> g11nJ(F "i!,i$1tH( 
!"A1 131W FM IF 2 ,20 6F224 4ghl HF 0.2'2 wll ll ""-~Cilln ;JIIIl l'l$f'J . 9 .90 
rs.0.120 FM I~ 0. 75 8f1274 .7thr RF 0. 18 MPI-. Mtr<t~ 41&!7kHt bund 
TBAl 20S FM IF 1.00 2TX?12 50vl.3w 0, 17 .... 1~ . .hh #14GGkH7 1.i 5 
sn76660n F~A IF 0.75 2TX2l3 30v/.3w 0,10 MJ.K ...,;" 7/9kUa bv. 1,&5 
va720 AM r.,e 1,40 '!TX214 ~Ov/.3w 0.17 ""odule1/tunc11hucb etc. 
CA3l 23E A."' rll'.l 1.40 Z I X451 60v/1w 0 18 !" '"~~~-~-~-~-~~ 
HA~ 197 AM f o)(l 1.40 ZTXU I 00¥/l.,.. O.tB I!C.)302 3UI1 vfe.p rtt, 7.50 
T&A6S1 AM r3d 1 ,8 t 8051 S 45v/ 10w 0 2'7 &FGGOO Sect vlr.:m tm l:1.9 5 
MC1350 119¢!)i n1.00 8 0 51G 45vtl0w0 30 !r.5800 Gcotvte.otrn 16.25 
v&753 ~m G>3-1n 1 80 8053!1 00¥/tiOw o:sz liF580liS800•oJ.eOPI 1145 
u,H4.9t) Bt:l M K 1.~ 80536 &Ov/50w 0 G3 8319 4 ¥/o. ~!'lOt mixc:f 11 A5 
WC1310P mp~ <&oc2.20 BDG09 80vi80w 0,70 7252 CO,.,Pi t t& tm 1'1'101\U 
K.Slo-'00 as ~e2.20 8 0 1510 80viOON t.20 lwntJtti.I!C,ogc;,.,..u· e '26 SO 
<:a3090•ta mpx ct>04.35 n5): OOtnPitt' fm Jtttreo 
HA) t OO frii)XCI«4.2'0 8 f250 1Q1tz IH 0,3& :UnO:'"Stt. 31C, IQC', Mvt• 26.50 
LM390 2w.\f 1.00 €178 Pthft'ol 0 .31 7020 10.7Mtt,tm ll $.95 
L\1;381 ~ 1.Bt MEM6 141 141081?1 0,38• 70JOUnu• ph-.fn 11 10.$1!.> 
1&.2020 15w Af. 2.99 ._,E''I$ ' 8 (<tQ8731 0.61• NOIOc~ dec 8.36 
t~E l Ow Ar ~,80 we •M80 to 1'\01 .. 0.7!" 14:310 13 10GKOI:Itt 6 .95 
~lb ) w AF 1.08 8 A10'2 ~t -...r -c 0.30 11 101"-1116~ 1219 
U•t3Cie!'1 oo •""-P 0.39" 84121 'th'~ c ()..30 11117tnwi'III'W'ViCaHoi,J1.35 
_,.74 1 ooamp (),J4• 81104 OJ.aw., G.4S '11223wlcmwi0R N) '""'" 
.... ~ ••• Ol 05 l(lt 11\'tui'N IJ 9()C) 

·~~ ~·!'rip........ . t v '\lv .. k OAO 8 l 0k 1wft '<'leoma-. 0 7805oe 5wt1tm01.55" ,...,.,., 014. ... ..., , •• 
t~1~12 I~AO-D!J" AWMIIISI5¥/AJ.t t.O!; .. OitiOwal~t 3..95 
18• ® 20wf)SA 1.20' lftii'W'I'I115 'a!IJA\t 0.10 tell~ Of', t412070~ 
78!.12'4 74;.,J"4A 1.20• TTnarn DCO. "'-tllft~ '0• pa 9..3S 
ut723c:" ..vubt• 0 .80• ..:..x!,~~'!!.Af!IJ!l. All ll!pJt ~ fnti.IK 
~ES50rt e. ~0 eo• l Or\m .. l~WJ' ft.teorll 1'(M(Q pQoc IOCW 1\..!ta. 
m550o 32vrd 0.50• A\U'""'"t"OIO Q..)O Tunttt: sotnP'tte 
id8038c:c "'99t"' 4.50" J:M tFuwit-.,ut> 0.33 CWIFOh .,..,..""-W· Y.k 8 
III£S55y ti.ttwfo 0.70" t-; Bntfonll.,. .. kll\111'\dt•( IOQ 
NE$6Gv veG 2.50' YHCS11088AC2 (),..30 LQOI(••400CI• \ JO\In(b.. 
HE!i$1v (OI'Ito: 2..60• YHC$12374AC? O.JO ,.,. .. ,,..VWI~ 86-S$ 
NES608 ht p1 J.50" VHCSJ 1100AC'2 o.30 Ao.tci.otn.~~tottr tmo.. M~ctht"!J 
NEt1618 "' pt 3.50' KAU45)0A 0,33 7&1-~ tmt .a.mp.. 7V.OO 
NE565.SC U ptl 2.50• KAC$KS88~11l 0~ ·~tJ,.,..Qot~l3uuo~fl# 

'AC13 JZ qul!CI 1 50 t.L.C138 7mm o.33 "M~;~'<\'·rnr.:::;---
11C90 G!i0rMt 14.00·I.LC4827 7mm 0 .33 Fkhii t;;;lil 10.0, 

Lt..C487'8 'lf'IIM 0 ,33 IVt/tl fLW ftu te tC)(I•nt 0.90 
ZTX10 1 50¥J.3w 0 .14 CF$10.7 Cl rJMI(I 0 50 1'1" n, 10'1 tr n'tntf'f b t t pll 
ZTX108 l0.../ 3N 0 14 8l.R310 7N "'t'JC 19() 22t \0QkpotJ fOttVni!'l9~4& 
2:TX109 !o....' 3'w0 14 88R3132 6Qoft fn'l22& RFchoktt: luHto120mi 

is exua at 121i%. e•cept whttt otherwilt shown t •8%). PP now 
order. Catalogue 45p U~t. Ps. send A6 or SAE with 

en.~~l[;.''·- PnQI lins fru with an SAE. F'ull etc; 
atoutnllw 

* 

Wl REt.£SS WORLO, FEBRUARY \ 978 

RADFORD HD250 
Hi[Jh Definition Stereo :4mplifier 

•• ·•• .... tt ++ l • 
A new standard 
for sound reproduction in 
the home! We beHeve that no other 
amplifier in the world can match the overell 
spe<;ificat!on of the HD250. 

R*I..S po-r ~SO watts n. ~..., ....,_.. lfl•o _., ~ 
ftOM 4 to a oflt'M. bod!. c»-Mh *""-· 

M~ po!WOI' ~:e 90 - ..... ,., di ... UMl lrl.to I ohm .. 

Okti:M'tion. ~plit'Mw. V.rt.-Jty q,• (cal'l-t M kMI'I.m.d ., - •wrH H h lo below.,....,. cir$Wi1 "'ite.) 

Dittoniot~. pow., amp11fier. TVPicaltr 0.001-. .r 25 w•n• . .... dWit~ 0.02~ fl 
'11ted ~, (Typ~uv o.o t% 11 ~ Ktul 

H~~m ~d "oin: Oi.c.- 1Sd8V .,....."'* flal wkl'l !lOt•• .,_.,width U K~ (te f 
SmV); - 3SdBV ' 'A'• weighted (r!l1. S"'vt 

u.._. -U dav meMvtod flat (tef 1 OOY) 
-tlkl 8V "A" w•lfhted (ttf tOOv) 

Hear the li02SO at 

SWIFT OF WILMSLOW· 
- ·oept. 'WNv. 5 Swan"Sfre8t, Wilmelow. Cheshire •• • 

(Tel' 26213) · 
'Mall Otdot '"'" P~i$<:11'1~ £)(pon • "qwlrlttlt Wilma!~_.;. A1•~1!o. •IWIIt! W tJt11t, 1\Mk 
,Square, Wiklulo~v IT$01, 29599) 

'Now available ZD10f!._ jjower amplifiB! a.nd zp22 prtJ-•mtlllflol 

WW- 1)4\ t'OK FUR1'JIE R Dt:'I'AJLS 

TVGAM.ff.IN AJU.COlOUII~ 
AV :.Hl !>Q~ (~.-~. A 1'· .l· 
&:~s.:: ct.ts. ~y.:J .eH·O 

C1!-tS. 4 ~l rl. -i: ~·~~~ 
r t _ts. ! lb:\ b" # """<:~tv 
fl•~ ... ~ $~ ... ~~ 
t11 .tl . tee-••~.., - .. ~., 
(C,K.(loi;.J ~··•9"-... w• s· .... e.o • ., ,.....,.~ ~;tt.4S . <..::~ .. ,,...,, -o~~• 

( ·14.4S.. o.a...,. c->01:r crt .o:l:t. ""'""' ' :. !!'\)•! 
IS.ot.lo. ........... v-:• tl'.SO. "'""''! t4.t5. 
s.rct-l.:lt t-. ·--~Q 'e»!let 

IU'W COMI'OifEfifT Sl"llVICf: 
·-.:. .. ~(1? 101)'().\A . ,... , ..... ... 
'W S~>o,.._ .... ~_,.....,..-~ 'N 1(11)~ 

4;'nt.. · ~\·•~"''""llO~·· s "' s, ... ,'le ~o •. .ow ts.,. ,. .. .,.u .... . 
_,.._.. t "7 ~" n>~ ~) '"~ a~..,. 
a..----~ l $ ~~ ::$ .a:r;)O')tll 
.,.. ....... ~1~ ~· ::O; ~ 
C.. O! <Ol <l-0.4*6,._~-
i~··Ef o•• "•15"6,., , ;o n _ ;~,-. 
• •..a u,..~sov n t J: ...t s,._ 
l$'11'~ 't>-~KY :Q :J) 4 l ..... IOOo.l 
7 .. ?:-.> .uo..,_ .; ~a n.,.~ ;::g;;'OIIII:I._.Z.. 

--- ~·'- C'U~...-l~3:.1".· t 11l-. 

MAHIST'RN'SroAMf:M 
6 06• 1~-.A ....... ~$''1 ,.$• .4 M,p. t?.C. 
'1'11'~...,.. ';.)Y'-~(1.1 • • 
• .,-.• .•!1.-t,(..;.~. · , l.U~.liOJ.., . 

. ... (l,ft, 17(t-l~ ' I. u .... 1~() ·~· :lo 
u.n. !-:t-:.X>o , ., C3..5~ :-J:. l_._: n .9t. 
''?"la.UM. 

rfUflfTtO CIAQIIIT ... TtRl&l$ 
~::: ~·~~ .... ..,. .-.;,.-,;o-. t, .70. St.onw.ot 
U .. :l:'"""1""' .,.,"...0.,. 1!1d..CI U.0S.fclo ...... -E.,..,..~~ 1'1"'.-: 45._ Ot'O ry:~ U,.. 
,.,., o..e ~~o•• -........_~,..., ,~ • .,., 
I)V> .. ,. 

8t .PA.C .WOIO MOOUUS 
';<l t.O ! ....... Ul ,$1; . A\.GQ, (4,ee P A ! i)O 
( l<l .l:l. f l0:11" ""'·''o 1.11 (JS.4$. t,;• t't-0 'JO 
~:J!fi9.,.3 1:- t;3 .. 7!1 . eo·.~ n il ~s.u. t.;.".1 ""~ 

,K1L .IQCI, ..IC40 A...aPUfiiRe 
"'~'"' ' "' •:.ow ....... . ' "" 
,. ~ .... ., .... c •• ~"""" '"" •• ~-c;;:~. ...... ,...,_,"110'"''"!~ 
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t1.1S. Jt:>() 10 Vu u o 
tt. t5. J.:~o J ll' w •••• 
U..lO. 
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Kllll.\Nl1 VM14 • 
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.._ - .. ""' 1 . ,. C¥ 0 ():)Mt tLt t. 
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4 "1-'11' U.N. !vo Jv l4M, tv• '" tUe 
• w-I•Ct •' (4M ea.-.._.._ 
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■\ps'o' X loll tue dlgln tprtv/n r,*/* 
National"! MA1012 LED digital clock module is a complete clock & 
alarm unit, operating from 50 or 60 H* mains, and offering all the 
features you would expect; Hours-minute! display in bright 0.5" ledi 
with optional seconds, sleep and snooze alarms, fast and slow setting, 
AM/PM indicator, switched alarm outputs - but best of all no A'/-/. 
Thus the MA1012 is suitable lor use in any radio/luncr applications, 
and requires just 1.75 x 3.75 x 0.7" total. I Ex. transformer). 
£9.45 per module, isolating mains transformer £1.50 each. I,8% vat) 
Two modules, and two transformors for £20.00 (tS'A vat) 
In ilic latest Ambii citialogue: more TOKO coils, chokes, 
fillers etc.. data on ihc short wave coil sets, a revised price 
list, micro-microphone inserts, special offer lines etc. 

DETECKN0WLE0GEY 
Metal locator principles and practise, including some of the facts and 
information manufacturers of £100+ detectors would rather you 
didn't know. £1.00 each.  
The Bionic Ferret 4000 - a VC0 metal locator based on the PW 
seekit, including all parts, plasticwork, ready wound coil etc. Inc. 
free copy of detecknpy/ledgey. £34.26 in pp and VAT at 8%. 
Special "rouncpieni The 8 uric R^ion-^A- metal locator Is at last to he 
re-Baum. A Mi VLraiicnm.r,«C', with 5ri j tancous <1 ,p|8v u' fa-tou!, 
non lcr»us am foil sC»ects. With a I n e prsc. se. you can acii.aKy ri-iO 
Ohjecu U'JICU'CS hy Ii.rk, 0liia-'(O'rw uPiBfloineg £I50< DiciTcl cont'ol. 
Demc vaiieble at SrenhAooo. i- soon ft thou S'S.SAh info: 

COMPONENTS Herewith the list of first quality parts and modules for wireless. 
Europe's 

CA3089E 
KB4402 
-Atiajw 
TBA120 
TUA120S 
:n76G60n 
ua720 
CAai23E 
HA' *97 
fSASS' 
MCI 350 
U3753 
Lfv'iAae 
h'C1310» 
KB4400 
ee3030ag 
HAt 196 
LM3S0 
LV3S1 
IUa20Z0 
Ico940E 
tbaSlOai 
l.r.'301an 
ua/4i 
'_M3900 
780Ejc 
(Ci6l4'2 
7SM20 
7EV124 
U87230" 
NEGSOa 
•.M550I> 
icl8033cc 
NESSSv 
NES66v 
rtE5l17v 
NES806 
NE5$! S 
NE565< 
MCI 312 
11C90 
2TX107 
ZTXICS 
2'Xt09 

FM FM 
FM 
FM 
FM 
FM 
AIM 
AM 
AM 
AM 

gcrt range of signal coils and inductors. 'Am in stock I 
MFL 2.4 kH: t$b met l !>4 

1 94 
2 20 
O./s 
■,.cc 
3.75 
! .411 

ac t.<0 
fl<l «.40 
art egcoein 1.00 

fm gam I SO 
3ei i-i'« 1.35 
mpx dec2.20 
a: above 2.20 
ttiox CM4.35 
•npx oec4.20 
2w AF 1.C0 
O'earno 1.81 
15w AF 2.90 
tOw AF 1.50 
AvAF I.OB 
oo amp 0.39' 
up amo 0,24" 
OO amp 0.80" 
6v"emo- .55" 
I2vi'i A9,95" 
30v/XA 1.20' 
24v/V,A 1.20' 
variahtfl C 80" ■<a abov 
32v -t-' 
'•9 50" 

3C412 
4022S 
8F224 
HF274 
2TX?:2 
2TX213 
27X214 
21X481 
ZTX551 
313515 
3D51G 
8053= 
60535 
DDC09 
BD6I0 
Br25G 
El 76 
M6M6'4 140532 
MEM6'6 I4C6'3 
ME>4680 lonoisa 

la noiic 0 1& 
shl-J BF 0.35' 
Cgh? RF 0.22 
7g"rPF 0.18 
50vf'.3w 0.17 
30./.3W 0.1G 
SOv/.Sw 0.17 
ecv-w o is 
GQV/IA 0."3 
45v/lCv. 0,27 
45v/IOw 0.30 
GOv/GOw 0.52 
GOWSQw 0.53 
80W90w 0.70 
eOvi'SOw ',.20 
l("c Irt 0.34 
c nh swi 0.38 

038* 

0A1O3 
8A121 
08104 
D31C5 
"■.am? 

vhr var s 
rhf vai.e 

C.G/' 
0.75* 
0.30 
0.3C 
0.4G 
0.4C 
1.48 
1.05 
0.90 

ni pi 
pi- 

ll on 
ouao 

:OSO' 
O.E-O* 
4.50- 
0,70* 
2.50' 
2.50- 
3.50* 
3.60* 
2.50' 
I 50 

: AM 
mvaml 15 ISv/AM 
mvnml 25 2Sv/AM 
TOKO Coils & Filters 
•On:n& fnim l-ad c-jni 
AM |Fri A incap 0.30 
FM IFts with cap 0.33 
VHCSl 199SAC2 
VHC512574AC2 
VHCSl' 10OAC2 
KALS4520A 
KACSK586"M 
LUC23S 7I-|ip 

GGOmi; i4.00*^'-'-^®77 7fnm LLC482S Vmrn 50v,'.3wC.l 4 CF5I0.7 caiariic 
:J 8LR31C7N mox 30vi.3w0.'4 8BB3-i32Spol 

0.3C 
0.3C 
0.30 
0.33 
0.33 
0.33 
0,33 
0.33 
0.50 
1,90 

it 2.35 

Mt-r 'c-kp cc-i'lF 455kHj 
wii" nvaiehiru transfj. 9 95 
MFHse.,ei 4.'5;7kHz band 
widtn & 456k»iz 1,95 
MEKi-riw779kMrBw 1.65 
Mcilules.'tunBrheads etc. 
6C3302 3cct v/cep rm 7.50 
EF560C 5:ct v/eap m '7.86 
E F5800 Ccct v,'c«o (-n ' 5,25 
EF5801138CC lose opl 17 45 
3319 4 v.'c. iios mixer ".45 
7252 complete'm mono 
tuneuei.afc,age,muse 26 SO 
7263 complete fm stems 
tunc-sflt. ate, aflc. muir 26.60 
.'020 10.7MMX In if 6.95 
7930 lihea' phase tn il 10,S5 
53099 ca3090a0 dec 8.3G 
S2310 I3t0 decoder 6.95 
91196 ha'4 56 decoder t?.g3 
91197 rnW/|rt v'cao luell.SS 
7122 3 v/crrwlOP wl t„n-r 
<11 15v •unlag 9 00 
G", Ok 7w jl x.'i cams. £3 
940k ICwaf kit 3.95 
rdB2020< c'. td.-.30201«. 
ccs, 'o, pc 9,35 
All mpx -ifrnrtcrs (eaturc 
TOKO pilot tone filtees. 
Tuners; complete 
Lani-Dii rrgneimaxc Mk 0 
Ben 'ii iirrei kit unde-ClOO 
Looks as good as "Sounds. 
FUl .naireetions 86 95 
'VioasmasTo- amp. Matching 
25'25r. rms amp. 79.00 

• CP",'ag* 01 abore £3 c.vs .v 
Misc. 
FXrirsbeacs 100,25 VA' LVV (ao-ie rod am 0.90 
m n. la I tr mmeie Ijet pll 
22: jOOk Do;s for tuoiia.45 
RFchokei: luHto 120mH 

VAT is extra at WAV*, except v/here otherwise shown {*8%). PP now 
25p per order. Catalogue dBp (inc). Psc send A5 or larger SAE with 
enquiries. Price lists free with an SAE. Full range of components etc 
available to callers at our new nasy-to get-to premises. 

ambit INTERNATIONAL a 

Number 2. Gresham Road, Brenlwood, Essex. CM14 4HN 
telephone !0277! 21G029 
0(/r new u,'emlies arc only 200 ymk Iron: Bremwood 
station - .with parking facilities outside the door >7 

WW — 033 FOR Fl.RTTIFR DETAILS 

RADFORD HD250 

High Definition Stereo Amplifier 

1 
A new standard 
for sound reproduction in 
the home! We believe that no other 
amplifier in the world can match the overall 
specification of the HD250. 

Rmod powor ouiput. SO warn ov. continuouB por chHnnWl Into orty tmpodanco (roni 4 10 8 ohmt. boih channels driven. 
Mnxlmom powot output: 90 watts . po. Ho 5 ohms 
Olslortion, preo-r.plilior: Vimtally i.,ro (cannot bo idontillod or moosurod ■> rt is 

holow inhsrenl circuit noi'«.) 
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2N37C6 S'W !• HO 5 00 
7 N'i 7111 a«w C 70 5 00 

DERING Oi.' vtar-i coK'im t mttmlv 

PACK OF 
DEVICE MANO=ACruRFP '00 
TAAY83 Traosiro"' 7 CC 50 CC 
-4A213 1 T.'. 7 CC 50 CC 
8AV?0 Mt.llaid 7.5C 42.CC 
34X13 T 1 3.00 78 CO" 
e/ooa CV379D T 1. 4 CC 3 5 00" ■avZ83 vcrttv "claayne 6 5C 50 OC 
2.7V3fiV 

92X61 series Ta'adyrt- 1 r i i * no 90 00 
; 9V.J8V 

"OA 10 4 70 40 00 
*CA4/ Sesccvsm 7 00 8 8 DO" 
OAW V jna-d 4 DO 3 5 DO" 
•0A91 _ ^ 00 3C 00 
•OA202 CV8790 7 1 4 00 35 00' 
•U.914 5 00 3C 00' 
'N4I46 vjiia-d 2 00 1 6.00" 
1N4I48 I8I1V (,T T i 50 10 00" 
1N400: 1! nnraae 3 00 25 CC 

•1N4002 Unluoec 3.20 25 CC 
•1N4003 Uaiii nfifl 3.40 27 CC" 
" 1M4Q04 UnilroOa 3.60 25 CC" 
" 1N4009 Unilrod- 3 80 79 co- 
'1S4006 Unt'ode 4 40 se CC" 
•1N431S VVatiingC.oase 7 CC 60 CC 
•1N9393 W-ai'i«gl>nuae 5 00 40 00" 
'N5395 West' ns'lOMS" •J 00 4o.oO" 
■N5401 V cot iC 00 70 00" 

DIODES 

* 

A 

*4 

% s 

ALL PRICES EXCLUDE VAT 
i:.". 50V DOS STUD RECTIFIER 

PACK 07 10 
C ' .00 * 

"ACK C: ' 00 !>0.00 

TRIACS 
PLASIIC TRIADS TO?70 PACKAGE 

VanufaC- "ACK PACK 
DEVICE TURtR Or 10 or icc 
• A 200V t.T T 4 CC 30.OC 
4 A 400V ' 1 t 6.CO 5 2.0C 
46 600V 1 1 T /.oc 30.00 
64 2C0V ITT 5 CC 23 CO 
64400V ITT S 90 58 OO 
645CCV ) t.t ? 20 65 CO 
8A 2CCV 19 • 6 OO 40 CO 
aAdOov 11 7 50 62 CO 
84 6C0V 71 8 90 70 CO 
104700V T I 700 45 CO 
1CA 400V nr. 8 OC 66 CC 
10A600V 1 7 T 9 CO- 7g.CC 

SCR- '08 METAL CAS 

80 V 
I 00V 
700V 
400V 
500 v 

S.C.H.a 

1 A 
1 4 

pack or ic 
4 50 
5 50 
a so 
7 00 
a 00 

PACK 07 <cc 
30 00 
40 00 
DO 00 
60 00 
70 00 

SLIDER POTS!!!! 
S' cl-: |VI* iSflOlel ' 5A 50 K r.-lns 
DurtonBions 8 > cm x ' I fi" > ! I ft" <,ig ac-ei 8 cm apao 

PACK OH H PACK OF 100 
I 50 IO OO 

mOSTEK 
MOS12-Digit 
Memory Calculator LC's 

DIGITAL I.C.s 
MANUFACTURER BRANOED FULL SPEC 

TIa INTEGRATED CIRCUITS 
MINIMUM 70T MIX 

2 don a-ic ay win 
mtmary atsaOiltiy. -ou' 
'WJiio-i; - — x -m 
AjioTiiif. cotMun: C|Dh|"vJ d9vi"'Xj cn-l-lfy 
a"3 inic-'macjic 
mi.'iip eattDn at d\.-iior 
—xirt accimal 01:3a 
trails t- r-. -ib - 10 or/ 

pouden in i!>t dlBfc-'av. 
Mcmc-y c.e-Tcv.' 
(sox,-: an 
O.-erllow :'o 

MgmiA\ '"iiiiiiiior 
S—jatiyvt sgr indlCBiar lor 
ihoc-edil calaacc Ci.nn raVTiilaaans 
Sal»iMb}0 |igi-<81- g' 5 - 4 
:OUi'3-oH 
Rcc 5W o^cbar-ge 
tuncbon I ar.l-nr. 2ais M-iiV. ib«J 
P.-ry/B'-no jiant s-ii-l -.v IX) SSliy Ifly 
fJ.SO I VAT 

PROCEDURE 
Sircily caaa "8 O'dc 
Mnirr.jrn d'3c' value 
rbCO P.i." -vi 11 Piling ana 7bit 
P"ca» aaOiMt;' 
aAlhobl txtl 

u .ll-t-ivt' 

i" •,*ic orarda viaitc 
yyo 'rerrr- -.8c nji-i; la 

juuply an .- icrnai ■ ; Dranl 
lubitvi 'a av.v—Dility or :o •yuno mc iav il iTif.'a 10 
ioap'f Please tl u.v ! il-v> Im 
--N—'-'OCC f C-l«Ol 

EXPORT ORDERS 
MinifituiMOMIa. flUOO 
Po« 6 F- k .-.ii -lil i: I OO 
F 50F 
VAT. Pout ado 8" 10 : 
.vt'. n a(A ' 2 "'I -■ 

S& 
ma.'. i>j:<as 

Oiivjo Pnca Davica P'^C Dv-.,-"a Pnye 
7400 0 13 7441 0 70 7403 0 43 
740* 0 14 744? C 6C 7404 D 70 
7402 0 '4 7445 1,10 7495 0.60 
7403 0 <4 7446 1.10 7496 0 70 
74C4 C "5 744; 087 74100 ; 10 
7405 C.-5 7443 1 10 741 ID 0.38 
7406 0.36 7475 046 74! IB •,26 
7407 0 36 74 GO 0.44 '41' 9 1.14 
7403 0 17 7491 084 7412! 0 34 
7409 0.17 7432 0.62 74:?? 0 *8 
7410 0.14 7493 0 30 74173 0.94 
74 It 0 15 74 S4 08' 7414 I 0.71 
74«2 0 17 7455 0.87 74 "84 T 30 
.'4'3 0 26 7435 0.28 74180 0 33 
M'4 0 46 74 as 240 74181 3.CC 
7416 a 26 7490 049 74'90 -.40 
7417 II 76 749! 0.70 74'eg 2.CC 
744 C <1 17 7492 0*9 74199 " 90 

CMOS 
VIN MUM 20* V'X 

n.v,i,a Pree U-via Plica OtvtC* Pica 
CC40(KJ 0.17 CC---C72 0 70 0)4046 1 '0 
CC-'-OC I 017 CC4C23 0 17 C04047 0 75 
CD4CC2 !) 1 7 CD4024 0 62 CD4049 0 47 
C04CO6 "• 00 CC4025 0 1 7 CO4050 0 47 
C04007 0 17 1X4076 ' 50 CD4054 1 i<5 
CO400B 0 50 004077 0 48 C04055 1 7.0 
CO4O09 0 55 CC4C73 0 70 CD4056 1 3C 
004010 C 55 C04029 I CO CD4069 0 10 
CD4011 C 17 C04030 0 50 604070 0.34 
CD-1012 017 C0-1C31 2C5 1X40/1 0.19 
004013 0 46 004035 ' 28 CC4C'7 U 19 
064015 0 3C C174Q3 7 1 05 C0408I 0 10 
CC4C13 0.48 CD4G40 D 00 C040B2 0 19 
CC4CI 7 0.80 C04041 080 CO4810 • '6 
C04018 0 30 0040.12 0 76 CD45!1 1 30 
C0401 9 .0 61 CC4C43 0 90 CD45" 6 1 '8 
CD4070 C SO CC4C44 a HO caisie C 94 
CO4021 0811 CC-4045 ' 25 ::D4820 0.94 

DEVICE 
LMOaCN M-pn 
.iM3C9< TO 3 
M888 a-p-n 

LM709 lA-pn ,.7710 7009 
LV.723 TC09 
iV.74' "4 oil" 
IV, 74! 6 pie 
Mi:: 4!,e8 ran 
MCI 80? 8-r.in 
LM3900 I-*--it"t 
13AI20A' 
I3A673! 
T BABOO 1 
"BAB'OSI 
"CA?7!1S(JI 
TMS3409NC 
TMS4034N1./ /Me 
76073N 

LINEARS 

VANU'ACIURE 
Nai aaot 
'•aloaa' 
Oaviheon Micosystems 
Mir.ror.y?;cmi Micmavaicma 
~ I Moi v'ola 
Voiorola 
National SiBnion; 
Molla-rt 
5 0 5 
5 0 5 
Mallard 
7 • 
T.t. •y 2102 

1 I 

TACK 
i Of 10 

6 50 
'7 40 ■A 7:( 
2 90 
4 "0 
5.20 1 00 
7 80 
' 00 
4 50 
6.00 
6.50 
4 00 
I <10 
8 CO ; so 

30 00 
20 00 

PACK 
OF 100 
60 00 
ICO CO 
78 00 
70 00 
38 00 
50 00 

8 00 
2C 00 
9 8 00 
3 5 00 
56.00 
50.00 
3 5.00 
30.00 7 9 <10 
80 or: 

750 CC • 60 00 
12 50 " 00 00 

L.C.D.B 
.Gi>IcMrriSGOI03i.S 

Bed. Green am VeJo.v 8tjo 128-.110 700" 

17SK 
1790 

7(X>R 
700C 
200V 

PACK O' 
10 

1.40 
2,00 7 00 

pack or 
•00 

•7 CO 
I 3 00 16 00 

VdutpngcFoi 03 anSit 
"25 :c 2C9 
200 vim tar '0 4850 I ?>tj<>i 

SPRING '78 SALE OFFER 

ORCHARD WORKS, CHURCH LANE,WAUINGTON, SURREY 8H6 7NF 
vail oh'jlii divisor or sewccnduciom suppi ifs icrovooni ltd. 
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TRIAC 
,. ..... 11!\1 400 W/1 '0220 ~ ,)~ ... 

11'/0'> 1$0\lotHf,.IJI 

(111100 
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DIACS 

••• 
... ... 

WIRI!:USS WOAlO, FEBRUARY 1978 

GREAT PACE • 
WE NEED ESPACE-

.•. ~ .. 

.I.(•Ql .. , 
AC ;-r, "' /,('21 ... 
AC128 ... 
Al:llllllt ... 
... ::n& ... 
o\tl16o. .... 
•V.:117 ... 
A(.;HFO: "' .\t':ll#.l U p 
4Cl!UI'I: '" ~!ll(l' 
IG11."o" ... 
)If 1!1<:1 ... 
..,,.!I~ ••• Stl01 •• ac111t. •• .:.; l:l'J •• 6C1UI .... 
6C.l ·U ... 
I(;U8 ... 
et::H" ... 
"''" .... 
il:'\? ••• 
"''" ~ tt•n ... 
KltK .... 
OC''O .. 
K U' ... 
3::112 ... 
~·~ '• 

hiM -·· AA119 •• Ml~l . , 
11>\' 0:t ,, 
~~HS •• OA ' <H " t lo\'·11 1011 
!14111 .. , 
OA)\'3 
O.'l:IO •• 

tS..liOO 11 IU' (! 
rti~IO ll .. ,. C I 

'""""' 14 .... c ~ 
LY38:> ··~"Oil 
LYj.lll •• !WI 01~ .,,.. • • .,., o,~ 
u .aJO't ... , 

TRANSISTORS 
8/lANO NI!W - fULLY GUARANT€1!0 

'•w l'•r• ··~ ••u ~ .. :;.:. "a - ... •:'1 II ••• lhll• ••• I " :J<'C ... )~l.l";J ... 
tl(:.ll" "' lf·U ... I 0\11,\ .... ;1/\1)1\(1 ... 
11:119 '" IU I'ID U p' f "-113 ... 2Nl21U ... 
t(:IU ... .1\\1! n.-· -~ ~J I C' ... l'N221!) ... 
KIUt ••• •• X\fl. ... w •4?.\ ... )N?)\\1" .., 
I( Ill ·~ iif•tl ~ "' ll~lll "• :Nl.Ul '" ~~~m ... if>.$4 U p UP.!(:,: "' 1 .. 222 14 .. , 
'" ••• libs.l "' i:r.~~~~ '" 1H12U '" Kit•. " ,, .. ~1 ... "' 1W1%Uo\ .. , 

tclll ·~ (IIY'>1 "' lr).ltl7 .•. )Nl'li\IY ,., 
ll(;lll/, 101'' ,YI' f. .... )tl U:p' CXl:;\1 ,,. 1\'i'OfM ,., 
11<:11:1 •o•· Yl'llo\08 21p' t:X'()II "' 2'>2!1114 ... ... 
I(:) I :II •o•• .... !lol.t.5 Up' lJXXl:l' ,,. :t"all5 ... 
•c~•• •o•• "'"s~;;, ,,... Jb.l(l l ... ?!oli'Q~· . .. 
ICliA~,o ... oc.u ... lT:cJOl •.. _.,ll'klG ... ., .. !). 

·~ OC•I) "• !T~OO ... ,.,, .. '100 ... .. . 
:g~~ ... 0()1 •• lflC'!Ol .... l'dq..)t ... 

"' .... ... !Ill~? Up' 1r..lOO/A u/.,. I C•U ... OCHI ... )v;-')!1 .... 'N7,UG to••• ... ""'' ... 2..,..~, . .. 2Nl-na~ .. 110''' .... tt•M.~; ... 2~10'» '• 2-.>:u ... 
•~u .... f!"l"' ... , ... :oe;ol •• 2'31M\ .. ,,. 4''1!) '" """ ... ,..,. .. l'l'Cl .... , ... ··- .... h'.XI' ,,,. ?'qi;TJ ,. a-•n ... . ,.~ .. "• VIIJO) ... ....... ... .... .., - """' ... JNI:IOC ... ,..,.., .... 
.. I ll ... • "114 ... ''naP ... ,..,.,. .... ... ,., ... • "318 "• 2~1)08: '" ~ ...... ,. ... .... , ... • "ll( ... .. ,,~ ... '"""' .. .. ....... ... .,,. ... 2 .. ,~,~ ... .... , ... .,,. ... 2-.~1n ... 

DIODES 
-.~ . . ,, 

·-~ 
~ .. ~., ,,. 

"'"" ,,~ ~ .. 
IAI\It 8'f(ll ... I).O..Q, .. II<!>A;I ... 0•1o1 " 11 .... . . ... 0:..~ ;. ,, IN:04\>1 "' 11'1''6.1 ... l't".Wl ... IN'J-1 .. 11<!>41).1 ... 
IV! )J 10jio' O.U1 •• tw;:; .. INS..tOS ... IYZIC "' o.v:~ •• t.'l)14 ., ~~~ .. 40~ ... ,.,./,1! ... Q"'' '• ~ IL$ •• lliti<~OJ ••• 1! ~11 I "' UAI&l ,, 

' ~" ,, 
11 ~11:'1 "' l>•ltl) " \~100 ... 
"'""' ... "'"" •• 

LINEAR I.C.s 

'" .. 41Jte UJ'JJ ... uAJ.t~ ra.o u 11 (1,00" • .J.fOl T(l'f9 Pl;lu.._l ... 'l'>':S 1::-. Hlh t~o"'• .... lollt> ..... .Ill ... -.!;;t:JIQI' •• ., .. o1~o u.:t" .... Uht u 1).-.o !ll~ ... ;;;p:, '4P""Cil ('-.2:1' (t,.Jt• U•r4t(: .... ... ti.O~'H II.., Oil ... ... 121U , .. ••04. '" !({~ '" 1> .. 01:. ~ ... , ..... ....... ... S.,...:.a.a IQO" 

New Consignm.,t ZN414 Radio Chio ............ 75p• 

OPTOELE_CTRONICS 
... 

sPEeiAL OFF£/al 
UNTESTED 

SEM ICONDUCTOR PAKS 
t'*""" """"'<'\ """~···~ ......... •ll.ll.:lo II> 1'>6 IYQ<t 
.. ., ... .. ~ ,,.. Cleo....C~ ,................ .... "0'"'~'' 

.... """"" 
No If! $0 IOC>OIP'" 61'<1 :~o•o4:-l IUOA.<t1 ... 
!ool IIJ')I 1(10 t.iO•M >.l"!! w m .. :: II-?~ t.~ e 

O.t.~il !.$. 1 40p 
,.II 1/l' l> t(l:'l ;I:OQM>\$1 e>~tt .... ~C,r.lCl.l40p 
~ 161)) !Y.l ?$ ...... ·~ ~ ' ""'' ~'( '>Jt'S, dO<J~tl,.., 

l)ol.l 14€ 400 
too n.::..,.. s.1. w 11 h•: ""··~ oop 
~g lJo'".!w s~~~~-:r: ~o~~ 4~ : : 

..... •t•h 
IOlf 

30 ~PN P14W( '''"'* -"" SC1:)! ~ .... 
No •t•)t l:l = .. .-,, .. , .. .-, • ..-s ''""e.,:t:= ~ .. e ... 

.. ,NP'I!•.o!U -""1 .... 91 iNittt 

"''i'· ,. ..... 
~I 'li ,_ ...... 
~ .•.. , 
-It'll 

... 
,,,.,,,,.- .,. ] ·fl'S()S ~~ 40fo 
t;, ..... "'"'"'h~l .. ,.::" ->3':8 40$1 
:JO ""'I'I.M"'- lfu ..... ~ .. Oil( )Ol'•••~c:r-- lot.1-.. 39e$.-op• 
)I)J:IIl' t'"- ,._ •'-t COt ...cr. 
IO .. tl.lal"--0<)<!.• t.;t-~ -.. ... 

co.oo 
u.-oo 
£_ 1 .00 ..... 

TRANSISTOR SOCKETS 
~SJ,,, .. l01 f1 $,..4w n.oo 
'oO J'l':I,,M~$..,..,, ti.OO 

MOUNTING PADS 
~I') ,1>,_,: • ., l!ttt"'"" f>,.ll , ~OH'It"ll ll'>!> ~Op 

TRANSISTOR HEATSINK 
PAK 

20 ,.,~.._0 !v:NS fOI t!>i lOIS U)'ll 
I 0\lt Ml-. 
()'""" No $1~ 

TRANSISTOR 
INSULATING KITS 

M<"~ ...... ~~ ... -· _,...,......,e• •e 
t0!6 ·o1 -

.......... IOO>•..c-H(~.:i.._.&o.-
0>-... S14~0ot<t-A 

... 
rono 

GARliNGTON POWER TRANS 

.. . 

... --

WRELESS WORLD. FEBRUARY IS'ii 

BhPAK GREAT 

WE NEED 
71- •liyi i 80 •4p i"':A iaoc 1; -'J4 :o "ni "74'.: 4 70D 18 "-'34 403 V" 'M'64 50 In '•IVG- 409 In iKYiA. cco 15 CM.4 

IAr"> 
;---r 

T0'| 1 Bo .<!!( "05 32p OC -ui! 2Sp ■00 Oi: 'OS.! 3Jp Mmp joa -o >064 aco fiAmp S.-i .v. TOiC- 25p 6Ami 4CO •.<■ 40p 
a4-4> ^JCC «!: ''iCC. 50p iimp HOC -vl: TOi>70 42p 

TRIAC 
403 v;. I "02 20 'SO- 't'Olo- 'oft 

DIACS 
nil: 03 ISp >Sp 

SWITCHES 
ju- 'n -. Mn-v i/,,--.. 316 . SIOJ S— v-.i 3 < 8 -1 » 5u-.i...i s ,«( s—l-Ji.. 818 4 . vrv.i- M.. 

40 p* 40p 
■81' "OL 

3 • V"i.« -OO-ii.-g 
'in <Vr- ■itfl-OulU'l "in: p»'.» .VC v-v"' 

^ i'«i v-OH 
ISM 4 O ' -' I HO 

C» 00" 

CAPACITOR PAKS 
Inn" i? i coto'fH.i 
'0202 I a Sli.rncl,'«■. '8303 TBStC'iOljHoi AlUdlSpBci"! Pnunt 
• C1 iO 24 C»Mm.r COM 

" C.-«- rl'.<r.v •"02 21 Coifl-iofjttx i-m.i co«a-i< C». MI.4<l9pOI->M P>icaa( , 

■I 'u' lOpF "O.'UXIul ' 90. : 680.1 
  F' 20 2Jo'-a2o' lOOpI -30U.nl A/l-V 3.400i>= •!<3i>0« COS?.'    fl.BO 

RESISTOR PAKS 

I 

<*) 
co 

i (n 
s 

$ 

• >twi> u >. n III, 
POWER, NPIM, PNP 
ALL MIXED, YOURS TO SORT 

^ AND TEST 
Approx. 500 pieces 

VA Orce,'No. S23 £1.25 per pack 
S  
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T 
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TRANSISTORS 
BRAND NEW - FULLY GUARANTEED 

SPACE - 

THE SPACE — 

SPECIAL OFFER! 

0<a« io :«/i3 99 'A 130 a7n-U2: 16714 < "! -»V l<S7< 16715 . *') .'/• *0*827. 16216 i ••■i •..•A iDcaiox AILS Al SPECIAL PRICE Or 
lift"' 10 v>V. * 03 ••.nm.V/i 18718 ;; • */•.•' < •' •'i •WS ■ 'C 'IV/ •11*82* *1220 15 '1'/- '03<.2l>* 

AIL4 ATSPECIALfKICf OF 

TRANSISTOR 
PACK GERM. SILOCON. 

FALL-OUT 

VOLTAGE REGULATORS POVllvu wn 1306 .iraoa -r.,vv, 'In VVD;si7 .'.7812 -0223 '10 '/VR2SI3 .A'8>5 'OHO Tin MVS )818 , A?a 3 '002-1 '10 MV07824 .alft.-i :llWj 
WogitiM 'C MV«/SO4pA290; '0220 V, ..v.'Sli I02J0 No ''0fi23l n . A.'SIS IO220 No VVU'viii ,.V/9?8 'ISJK V. si»n»82'l . A7J24 T022C 

>>'23C loan inp IMJUMt103 72223 at 20 

£1.10 £1.10 £'10 £1.10 £1.10 
r-o p. 33p 

MICROPHONES JJA. MrfD&lCI u\l Oini:> 0'»- CABOMb-l MiCBOO-OJrt GSOaiimi ■TinsaK .iac 
3—".nnwiy 
<3 mi 'tc ' '> 01 320 " W-TIJ 

£7.50* 
DYNAMIC CASSETTE MIC 
W w"i Oi>'w" •rtlB- 1 nl •:u-jn I'-m-- Ml", 2,5..,..3 6 l.i.v 

290 oi«"i £.n. .iiv 4-ao5 OSf'"/ s.i-2;nin Oo<ncM'.i23nim.i- Onl.-S" •328 £1.16' 

LOGIC PROBE 
A matri in- COO1M 3 T '» 'J c» 1 't(i -nrt ti.i»; 0>: OUu'.no     I)C* • .i»- -in :-,c 

I O-Mt—WI I I . •i. :nw>.lu.— on. y iSt OKutl m rrMil P, 2 i-n . { 0 . - In- - ijl- vc i-f j—rpt . w Infy- , • « . O"on I ' ft W in. IVIO Mini; gl i c urn: 
'«• 851 O-. SpocV Pii!. £15.95 

IC-C" AC 26 AC'2' *9125 >: AC 176 ACI'Cl. ACIB7 ACII|7X 
AC.'fill «c.isfl< ASIfil I02MP Anas AF23a SCI 02 SCI 98 saiBs P.C.I IB 6C'l7 
bcub ac'49 BCl 5! SCI 37 
SC'JS BCl S9 
DCiesc PC iO 3CIJ1 SCI 22 
SCI 23 

2Jp 140 
16p Zip 

26p '6p 260 

300 30p 

'Op' Op' 
IS: I0p* «p 
«p- «0* 

1p 

i!;i SCI i- SCI 20 SCISi 
6CIB2! SCI 92 BCl33. SCI 84 s:ia4. 8C2I2 BC7I2. si:/ i a 
8013. fiC21i EC2l4i. BCZDi IIC'O BO." aC'72 BC" 16 1112* 3! 3C>' 32 S" 16 41 '8' Bl* >3 ='*83 S'ISI 5=182 8=183 gsiSA 8=183 

UP BfV'4 Up B' 35 Up 37-180 Sp- SI <'J7 
3B* (17/99 3p* if <78 
9p- 3F>34 
l'' 5'. 59 to- B" 61 

ut p- 31 "7 lOp v.i'SAi.ii Up" VP3A05 Up* V55A66 Up* '-'PSASi 10a* i JC41 Up* . )C49 Up I 3C71 Up I 9C'2 Up )C25 40p 1 >C81 3Vp* 111*73- 32p* * 710295 "0 "PJ?- 1 ll'SOx 70p IIP.iM 7So ' P3CC 75B " * »3IA 75p 'SIS 2Sp PJIC ISp '2 2 A r Hp '"■20 

12p* 120' 25p 
22p IBp I2p 
Up Up 220' 22p* 22n* 22p- 
Up Up 
Up I Op tap IBp IBp 3Bp 36p 
I'P 38o 32p 33p 
34p 3«p 
35p 

• /P7 "P32C T PI 1A wia -1=4'£ ■IP424 IIPJJB 
TIP42C HI2S55 lU'lfinS 2-AI32 CIX'OB /:x*'is 21X203 JlKjOl 2T'O02 ZIX50D £'*601 ZIXSO? 21658 2383' 7N206 v.s.'oea 2fi/(;<-. 2711202 PHI303 /Nioot 7VI307 
2"ICCS 7 VI30? 2vi&:3 2V'7li 

Fici 
i6o 34p 30p 3Bp 38p 3?p 3EB «5b 42p 

IS: 7p' 
'P 'P' »P' 
z Up* 

Bp 12p ISp 15p 13p 
22p 
22p I6p IBp 

2VI--J 
2.s22'n 2i'<22IBA 2N22I9 2122'BA 
2142231 214222'A 2"2222 ■V2222A 2"2389 2v;nc-! 2V2334A 3H23D4 2123964 212606 2129196'. 2126.1.* 
2N2C07A 27429260 5 '1213 M 2"30S.i 2V335s 2V!'C2 2M70J 2s3»'ia 2 •>.*.103 213591 213605 219606 

2Bp Up i up Up 

I6p lip I6p 10p I4p Up 14p Up 
Up I4p Up 13b Bp" 

7p' Up 33p 
'P" 'p" 6p* lip* Up- "p* Up* 

DIODES 

UNTESTED 
SEMICONDUCTOR PAKS 

i",u* "• ' CICP vga Vi/-'i .g.-v.... C4 •-« ?-V<fl --"..(KM 
•>c '6'33    t. 

mi- 
r"8 f 

'h-'l 'JO Of 
«p «fi"S2 "i 16133 

IB'JI '8' ii 16136 

'if ip 38 
1g 6* 36 TOSS '.0 7nl,K 1: In 18"13 IP 18*41 '« 16*15 746 16'IT 

0S;{ Ut :•"! 40p mi nw, -.•.'966 4Op CioWs I>PCS2C040P • ii pgOi* lug IV1I16 40p 69 769 1 3 > igp li«i 8-:<» aop 20 3»("p 5 IIJO Pii.1 aOp 68 4U3m-i ,j 0 0' -./J aOp 
•)0 VP'! riann ;ipni ..■ sc*.n.' 

ac. • 
I 53 I5I-« 

=1- Pani r i*«« ecu: aop' /: 741'1 luni — 2.1067 2741 " 1 
aop . HO'.p.o w 2742008 11138 aop Ii 1-MiA-M»-{M9CTOiS 40B 30 V'\ PJI-,: |.J„. i ,, i 13912, aop" 

39 PIP li.r i Vf, 215598 40p- 30 PNP llR-r" IK"., lip CC2 I 40b 10 VP>4 To? ?">••• *'<"1 hip 3743065 

I.e. SOCKET PAKS 
557 0 J-.HvIl CI.CO 
669 
V17 

4 9 24 p. D I 28 9 ■ 9 L iwi.i. SCt»"U £1.00 E'OO 
Ijpt 'io* rP" 4AII9 5p 94*16. Vf ? 23p .*..<£*•; 4P 04707 »P -./•a 78P ha*'.*: 6p MY *09 15p B-ZiO Hp 5A* 1 Sp 2': 2' lOp* 412 Sp 94 * 1 5p fi'2'C 32p A'3 Sp OA*, as 'Op BU'' up A29 7n 34:2. lOp HI" J 401 'P 9*W C429C »P IS'/13 WO 

I0p 
30p 4;<a 430 eP 

i.n. 
UAOI OAS 6 1194 17^.9 •4914 <..'.116 514 VjlCO 

is 
z 

nW .74610 I INMO? 115194 1746406 11610' INiaUS 

Up 
"P Up ISp I7p 

LINEAR I.C.s 
8—530 17 a '6p* 

aop* aop* 

28? 

_67;iC -A.'O; MT 72211 
UA'l't 72.717 Tiar 

'09? .<:« iPiMi.. 2 pi> III la „ - an 
1099 II pa OH S 0'" Qii 

Hp IBp 'Op lOp 
23p .1144 IC 5" 

TRANSISTOR SOCKETS 
'A 5" ISAJOUS-WJ CI.OO IC S'2 O.'OS .Bgc.!. tl 90 

MOUNTING PADS 523 SO V I..-li.tr.* P~0. *375 .r" (Oil 
TRANSISTOR HEATSINK 

PAK 70 ■■ilM'i'O ly.'n-i '01 "OS 'OlS 111?. 
' O"' Mi. 0*8-7 r4a 646 I 

£1.25* can* 32p enp ri.ao* 
New Consignment ZN-l 14 Radio Chi 75p* 

OPTOELECTRONICS 
, , DISPIAVS Vg IMC WlEOO,^, 20p «.r.h Ac 'MI '4/1=00--/", ClSO.icn la 833 1X33 '-44- 2 ..nn-r* ..ri> c-ipUy 

u--»..*-* v.jrio M Cn-*op ' ! v ■ 0<g 
30o epch 

Jnd OOAIlTY IfD PAX 

11 D CLIPS 

ir Si 1 ""8 111209 1/ 562 Bml 11 v: V4* Vn <692 0*ri '2a 7*: ■ Mi li'M" 2 7P. 1693 '.Hi. isr 
*46 I6CC vJI*;nv 2 V. S923 2**«c..ii* 

l£o. 
5 ■ 17a *;•. 2" i 

I"H 11*13 8-8* 

60p 

Up NPll I Bp uch IIPM08 ' 2p OKh 

D.I.Y. PRINTED CIRCUIT KIT 
n*"** 0' Ctwc* art' --ii* o' <Jli niM'I.IA ">'.flfii "l» !»* I.ill -8- IV 0'4 "6 0* I SualaV kn '• ir.J y: 4u ■».l *• .» -ipnigir 

"CP*. 

Sale price £5.50 

P.C.B. BOARDS 

hl**..8« 563-: . <a. 
••OP*". 

lAnrrn. 
60B .8?" SOD • a--.. iOp 

ETCH RESIST PENS 
50p. 

SOLDER vj'.-.u-.. sum.. ■>"*- 74u £80 iUt 

Zip 

i lor Up 5 Co* 15 p 

16:4 I'll 
S"8 CrCF?' =53 6 1IX i I 

SPtCIAL ICDUCTI074S 

(I ' 6X783' I'IK'JO *9 Op'J) .** mi* ..-w ■;:*.• .v: 
F:,a 4—*-i--oC*—" 

16p UDCll l<0r£1 00 £2.00 

IBp —en 

MAMMOTH I.C. PAK 
•V-yg. 300 ••-r« AHOMWJ I. I-PJI i-.nMl-n -.•.-..111 . g .grig '< " « bOOi* IH-Ji- IT MB', g<.it. . n - 'n-n. pn'AVUU — vji - 8-"-, 

On:. '8773 £1 .00 
POWER SUPPLY 

STABILIZER BOARD 
U'.lffoe. tw.ip/rtnil ll*Lil-JP tm*8. g J .19 V 0 C •VP'-I 2C y ia"*pleip -nn :.*<. * Jp,-," 

•«* ssi £1.25 

TRANSISTOR 
INSULATING KITS /•"n. .-8 liui'M! iluall-8 *,•■—• < - 1C86 *03 4wf» '129 08481 IPPI Di 40 .B-- 

O*"" So 974 Mp -v* p:- 
□ARLINGTON POWER TRANS 

ill W.I* 0 .*"(1 S-1 .1.8 'V *" pin:.-. "I * ",1" v,-";-|i-yp iOvi 9< n 'Op-ni 26='. >*.;6 PII 
£1.00 per Pak 

MATCHED PAIRS OF GERMANIUM 
PNP MED. POWER TRANS Tinip *63 mW 

36p par pair 36p I*" pi" 750 p^ pair 2ipBmi pair 

VCl vce MFf K'SOI 4*9 M iO-IIXi K'JCJ •10 80 30 1 iO VCICD ;<! »0 JO 130 7|KTi94 73 JO 60 <60 
ZENER PAKS Saa 2*1 .»u»aODiiW 2--r-c :.-.- 9 * Ov 

,, £' 00 J/6 2C "iiit':l v.* ir. HXImW «i»r am-.. *'»" 11.OB Sft.' *0 '-•fj v.1.1.» IV. 0193.1 3-ICV 
£1.00 363 iy - .03 -v< I'.V /.n.1 a.6671 t ' .33*7 
£1.00 

UNIJUNCTION TRANSISTORS * 943 7Op 
FET'S 1.18:3 16p 2746463 Up 

2 AMP. BRIDGE RECTIFIERS Mnnl Srud 740—vilng >aW,7 23s 
JOp 

Nil 54 •4u SI 
'45 54 

ICO V 290 V <85 01 <86 0?! jap 

P.O. RELAYS 
40p 

BATTERY HOLDERS ,i -jL« £ . nr.' > 0H9 1g 202 lOp aach 

I.C- INSERTION/ 
EXTRACTION TOOL 

ijiit.'1- II _ ICp* 

EX G.P.O. M CROSWITCHES 
4 for 50p  

CABLE CLIPS 
mm'fir a i-nl. n >-• I«na 

i ,   
^.DON T MISS OUR SPECIAL CASSETTE OFFER./ LOOK AT OUR BOOKS 

10 Amp. RRIOOE RtCIiricns 200 V Ol» 
HIAISINK - SPECIAL CLEARANCE 0*89. hp. 
   £1.00 

Similar 114000 S<~i«a silicon itcririrns c ! I Amp 
>4- 6" /'. I7413C* :i*iO I/I •19 517 76 . <• 1748092 '«1 ' <#Sv '40 ssj IB . «1 17449.1.1 i* -*09'.* flNacoi 'A 4civi 4M ia i 

SO? 
80? «0p «ob 
60p Mp eop 

O.t HlOK VOLIACt SILICON ntCliriERS 93669 TCI n*i . 1 £V I'4 COD v 70p bmF Cyi4j2 l AMP 7ftViZ BOO V 30p nacl 

SILICON RFCTIFIERS — Vi Amp O.t. 49 . ao v 3C < 709 V 2C . !Of> 

5 •*>• T*"* JOp —fh 



WIRELESS WORl D rtBIHJAflY HP8 

SAYING SALE BI·PAK 
YOU MAKE TilE SAVING! 

POTENTIOMETERS 
Slider 40 MM Ttevel 
""""' IG!S l 1$ • 4 / 1) 00>- ,1~ $""QI' 

~~: : :!~:~:~~"': 
tSI'H 6 • 10 11 . 1"1 ;til'• 

$(!J (; • 1;)1( l00l$,._,1e 
IG- 1\1;! 11•\il< h"'\1•"')-t 

;~~;; ~~;~~~p"r.:.·;=t," 
~21 (o • IOOOi l loi S• .. )l' 
S211 d • 11.!!' 0: U>fi 'l •f141" 
S2~ ii • !IOOo; .0$ So--a'" 

Slider 60 mm. Trovol 
s:J:~ t> . "~~o .c c(}(l :r. .. 0 •• 
'i)l tl • \uiC ~ IN I'o-nO~ 

f.J :: m~'.':,~"''·711o 
Sll J , 6( lOCi 0..-' 
~.h " • •O.c wo b.,ol 
S!ie 4 • •O:hr.tOO :lloot 
SJ' • · ·)~t::..o~,_ 

S38 MIXER SLIDER 
VARIOUS VALUES & SIZES 

40p' 
40p' 
40p' 
40p' .... •o,.· .... .... 

POTS. 

OUR MIX •• • ••••• • • • £1 .00• 

S39 6 x CHROME SLIDER KNOBS 
••••••• ••• ••• ••••••••••• 40p· 

WI REWOUND 
A •li""'Jl'<>f """~ '-'"'G"t ~ OO!t 'WIV\ """"'" t~~,. 
ell '"'~" ~1"'9 Otoer No v .. tw 
lS~I 10 ci'lm!$ 
189~ 4 '1 Ol'lm, 
al94 10 0 or"'• 
~8<)5- 22!) Or<'l't 

Oo · l~~ 
\t96 
~89} 
1898 
1898 

... ., .... 
4 70 (II'!CI$ 

1K I 
><> .. , 

NOW ONLY 35p Each 
1 ;,a R!l~ri Pot..-.1 ~'''Ill.;,•• A\~O· tlltf 
V~ Iii$ ~~~d 1., CO!$ , 
16~86 25 P• ~t~·WI$ ~UoOM¢'<1 VtiiiM \111\1. lyU~, 

SALE PRICE 40p 

MULTI-TURN PRE·SETS 

ONLY SOp 

74 SERIES TTL ICs 
-~;.: ::: .. ~ ... -.. .. o .. .. ... .,. .. , ;.o .. ,. ... r,. 

' . ., '"' ' '"' •• '• l.,o o~f, •• " ' 4 0) O. Ot O.ot TH t ,. 
" o , 4S o .•: 

·101 o." 0 . I 0 7~ ~:1 ou 0 . 10 l t .U 0 •• 0.12 
J.I O I 0 .11 0.10 Ut;ol o .u 0 . 10 II H I o .•• 0.15 
I .I •J l o .n 0 . 1 0 ll&:J o ,1 a o. •o I I .l) o . u o.u , ... ~:. 0 .11 O. tO ' "'"" 0.1 1 0 , \0 U l tf> 1.10 1.05 
? l Jij 0.11 0 . 10 U60· o.u 010 14 I '\ ' O, SII o . IO 

~ :~&~ o . n o . u J; ~~ o.u ou ~ .i I oj] 0 , 10 o.u 
0.21 0.2S O,l!O 0 ,1• H l to •l 1 , JO t. 10 

; .IUS o. u 0. 11 11o 1.1 o ••• o.u 14 I 11 11 0.10 0.1$ 
uo~ o . u 0.11 '"'" o.u 0 .u I AI !j 'l O.JO O. f $ 
lll (I o .ot o ot 141;; 0 ,44 0 .40 U I P 0,10 0 II ... , .. 0.~2 0 .70 lUI 0 .11 0 ,1.. !.t ll!O O.IG 0.8~ 
1:. ' l 0.%% 0.20 !.-II!) o.•t: 0 .4I 14 ! II ' o.n o .ts 
' 4 ' ~ O.U O.lS ~ .I·' o.to o u l A I 11 o.u o .u ,.no; o.u 0 .15 ,,., o . n on 14' l! O.ts O.U 
J .; . ~ 0.26 0 u 'JI) o ••• 0 u ,. . " 1 . 20 1 ,10 
' 410 0 ,11 o • •• 1.:t4 o .•• o .ao ,. ··:. 1, 20 1 .10 
~ :. ' 0 .1. 0 . 11 " ' .. '··· , ...... t.ZO 1 .10 
,, ~., O.Zl 0 . 20 .. e . 21 o , aa ,, ... 1.10 1 .00 
1- H o.zs 0.2) •.c~-. t , JO 1 .10 "'" o . u o . u 
~!:16 ouon ,., •. ,. o.u ,.,,, 1 .1 0 ... 
; a r ou•n ~J 'f • ••• 0 •• ~ .. ,, 1.10 1 00 ,. , G..21 e . lo4 ?4111 0 4S O . SI ~-If!; I 10 1 . 00 

" ' 0 .1 2: • • 10 ... o .s a • s• '"'I' 1 .1 0 • ••• ... , ; 0 ...20 •••• ,. .. .. , ..... '"' o .a o o.:rt 
.a.:Ol e.s• e . s1 , .... •••••••• , ...... t .t-0 t.40 

oJ ) ; 0 .26- • . u ., •. , .... 14'..0 ' ·"• t. .a.o ~ = l~ o.u on .... tt.u o ,H .. ,. t . 40 1 . J.O 
':: :: Q . t.J: 0 10 ~POl 0 •• 0 Jl ... ,, '·'' ' .. ~l C I o . ao o . .tJ l'(t .. o :ao o . za ···•l 1 .15 I .CtO 
· :.:..> 0.10 0.10 ,.. o , s e o ,a, , ... 1 .1 5 t.OO 
; :.- :; o . n o.to ""; . ,41 . . ... ••nHo • •• 0 0 . 75 
•!.S$ O.U O.fO II " I o ''o n ., .,. 0 • ••.• , 
.... 4~ 0 .$0 0 .11 It 111 • I I •·•a '"'!I I o.•o o .as ,,. o.lo o.n t 1 1" ... t , IO I H OO f 1.tO t.IO 

-"' 0.70 o.u U1) 1 O, lt O,lt ll .... 1.10 1. 10 

Ce.-Cio:'S "'d i ~ ..,, ... o to qv11hfv 1..,.. 11 '" ,, .,. !"'+• ~ O,~<M •\ >''>ol>lllb1C IOI 

t 'lo: :~t»ve ~~ ~!'sol Cs '" 1:001< e1 •o-.,. ~· J 5p 

' )lit rtic:t 
1 ~·o~ooo to.a• 
¢:0&(101 £0.11 
•:Oti!Ot t 0 .16 
t~'llt6 tC,·80 
t o:on1 to,n 

------------------i to,~:a (.o.n 

AUDIO PLUG AND SOCKET 
PAKS """' ... . s• ~ ... l ;...,. Pa;ot<•.o~~ ,_.. ..... 

S2 5 ... 2.S""""' "-•*"Jk\.,..""'!)i 40p' 
S3 .( • 5'4 ~bit.< ~ ~~~yo., sop· 
~ 2 • St...,JACt ""-~ Jo•· 
SS 6 x S Plf'l 110 Dot; PI__,. SOp' 
SG 8 • 2·pon ~01.4•CMM\tt' f""''9s SOp' 
Sl 8 ~ Pt!or>o "'II?' l'l~•.c , SOp' 
sa !a x:l .5ml'l1 e,.,.,.,soc~ ... , is .... ~,.._ . 25p' 
SS 5 .. 2.6mM Crl•b•l501\.oot• (:'l ... u;l'«<) 25p' 
S IO 4 .. t.1e:.11 Std C~<~u·,., Sw•t ·· >~er:l JK\ Soeke:!l' 

SOp· 
s· 1 2 o StiiiiiO J ilek Soc'''' vn\1~ '"",, . on, !r..11te. 

lt< Ho:tu uNJ••• Wllt' .. 1'~' $ Op' 
S 'S·Uill lft() 0•"'1 ( I!.Ui•• $oc-l(eb 40p' $12 

S l l 
S l.-1 

9 .: 2 ·1111'1 0 11 C '!:IU i $10<1\ 11111 !lOp' 
G " S.II!J>O I'II!Jf!l) $ 00\.(rlt 40p' 

AUDIO LEADS 

tott G;I U .$0 
UIUIO t.O •. SO 
Ut811 U1.1a 
ca~ut te.n 
ca:e11 lf .. u · 
"'us t t..ae 
ceJUE £.e.u 
WNl (O .. t 

AUDIO MODULE SALE 
Tvoo 
A.LlOA ..... 
A.LBO 
AL250 
SPMS.O 
PS12 
PA1 2: 
PAt OO .... 
MPA.JO 
St••eo30 

Ol'ls.cropuon '-OIMIII P·oce S..t. P~iet 
10W ~ViS P()Woo;l AMI' ..C.)..EW!- £2:.95' 
2SW RMS f'ow•• A.Yi, ~-:r- Et.n· 
:l5WAMSP4~AMfl ~~,.- E5.U 
12SW 1\MS f'o-,.vr ANP ""-4~ ( 14.45 
"l!iV fiO'hCI S1.f!p!y • , • -'~ t;3.SO' 
20-:lOV l'l)wtt SuOt:t!'t l or AI.30A ~ £ 1.15• 
S~<t<o:u Pov·Atn l> tq, .ll 3().A. .£:{t4.tr £!.95' 
Swco P•e ·Amp for A~80t AlQO~,. ( 1 ZAS' 
S!(tllO I= M 1 .11\CI ~~ t 18.6S' 

M~cllc·Ct-!.,,1\<C ''' "''"II ,.P ~· EZ.55' 
Co-o!Qitllf! AvdoOCII.l.t.••• 711.' • 
1W'IV.S .......... 

LOOK & LISTEN! 

(14 .15 

GE 100 NINE CHANNEL 
MONO-GRAPHIC EQUALIZER 

MODULE £19.50 
The Gi.IOO ~ , ..,.. 1 ..,.,_,. ~~~ ~ '"~ .. w c.-~ 
~~ f'~&<..sr ~r<~Oa'-!t. a,. ~ u~~a .,.. .... vo-\asl9 t•~1 
v FMS - 110 0 0 5"' ,..1'\if ~ 100 K 0..J!:)'"-" io:-l~net 

<1:S$o !t'1.1r~ I 0 i( .-,tftMW~ty t•OOo"'WW lO ..,, 2'0 1( .. , '3«10 
·:~.c .,!l'le'p!li,. ~t•ot~••~~~'"'s~l-0 100 200. 100 
800 1 600 'l 200 6AOO 111'111 ,, 800 111 ' "' •;~ogp 

------ ---------- ---1 =~~~o)f'~c~~~~e~~~ ~"l~i :';d:itlr<lt tu(Jpl H 'h t\., BI·PAK H EAVY GAUGE 
BLACK PLASTIC BOX 

W ith t'lh.1mi11iuttl I d e nd f11(ing $Crowl:~ 

Sizo 6'A" A 3 '-'" ll 2'' 
Order No S HI O.,ly ?Gp 

'$~]0 f'Q'.VH ~.IPt>LY U0Afl0 ' 0 1'1 Gl' IOO l :i 0 •15 

V(lLT £4.50 
SFNO SA f H!R TF,(;H'II .l :t-1, Uo\M Orv ALL At.;Ot(l 

'IIC)!)I, t.l:• 

Dept. WW2, P.O. Box 6, WaTe 
Herts 

COMPONENTS S HOP: 

FOR 'REliABLE tiOINT"S-ANf&X IRONS! 18 BALDOCK STREET, WARE,HERTS. 

•• WIRELESS WOB! o FpBBOAPy ;3 

SAVING SALE Bt-PAK 

YOU MAKE THE SA V/NG! 
74 SERIES TTL ICs POTENTIOMETERS 

.Slider 40 MM Travel O Ji< Hi nnst 6 • :."0 0— -IA S-gt-. AOp' S?4 B« 1" UN sv* - 40p- ■i7S ft c.6<l N 9i-^- •lOp- 1519: 6 • "O* -IN £-.|« ; 40 p' 676 5 • i»'* ICG Snglr 40p' '019? B - 77'. 1 N 'l.-.; ' 40p' st^s - > 47* .!)!« Smy. top* .6-?« 6 . UN 6 -jV 40p- 6?' 0 . 100'l "- S-.J-e AOp' 678 i > tw »i>S 'v--;- AOp" 671 ii . 600' .05 s«-.;. AOp" 
Slider 60 mm Travel 

SJv M ■ 7S«lCG .>-9- AOp* 
S7I ^ . 10K .IN Sfinl" AOp' 
S?7 - > SOK .IN fann . AOp" 
su 6 < Js?" -OG <-n.u AOp' 4 • 6*' LOG Dvl AOp" SJ6 4 . iCK tin Oi..l AOp" 
trie 4 . •03k lOO Sum top- 1 • • 3 VIS .OS 40O 
538 MIXER SLIDER POTS. 
VARIOUS VALUES & SIZES 
OUR MIX   £1-00' 
539 6 x CHROME SLIDER KNOBS 
 40p' 

WIREWOUN D 
A igi 'jii i)l nvovxiuid single gsng no'.s. Aim I iWi fs:- 
o( I wtn V I" >1} 
Ore?' No. V^luo Uiilpi 
1991 10 *396 
1833 ">7 oims *89.' 
rSSa 103 octi '858 
"835 733 oi*T! 1899 

NOW ONLY 35p Each 
1-1 Haw, Polenl-omfiW" A»»ii «r. 
v.--ins and ivc«n 
16' 86 35 PmvrU istoacd Values fni lyo— 

Vaijfi i»7C c-imi. 
'< I 
.!K? 

40p- 
AOp* 

SALE PRICE 40p 
MULTI-TURN PRE-SETS 

Sill a.iOOKUN ONLYSOp 

AUDIO PLUG AND SOCKET 
PAKS 

Cidnr No. 
5' 
52 
53 
Si 
55 
55 
5' 53 
S? 
S'O 
s- • 
si 2 
513 
51A 

li A 3.Smni 'I^T'iii -ac« K .ig^. 
ii . 2. j-rm P<»|le J»Ck P'.KJS 
A > Sid Plane Jaen Piocs 
2 » SiorM Jack I'iLgn 
6 x 5 oil- 130 Din Plugs 
8 t 7-0"' i oi^lsprdVcr ( ugt 
6 . 0tiono Piogs Plane. 
U x 3.5mm C"»»s-s 5C- "<^y (S.vircnao. 

4 Op' 
40p* 
sop- 
sop- 
SOp- 
SOp- 
sop- 
asp- 

:• « 3.5mn. Chosvs Si- «-»(Sw rCheo; 250' a Mcral 5i0 Chosiis JPik 8o«kc:» 50p- 
7 ■ Swreo-ack So:«?'j nnh -.-.tmi 'e.ii ic-.ric; 'or H-5ii phonv ooniecl'l"! 50p' 
5 . E-cii" 'SO On Cosisis Sotkuts iOp* Hx2paDoC-iaafiSoo>..iia SOp* 
8 n S oc e P-HKiO 8oi>ii> 40p' 

AUDIO LEADS 
Ufdc No ' < I A C Mama correeiini, .eei! 'oi onmaii" • caioan 

c-o •««lii>- Iclcrciikeo lyoe 45p' 
llD 5-|>ii Din Haaflpooi'c K ug rs srsrao locko: 78p- 
i CJ 2 * S-pi" P ug to iriire srereo mo*«' 10' 

reoSpl'Oi"^ 60P'> 173 20't oi coi'Pd guirar aac £1.15' 
124 3-wn 10 3-ain Dm Plio 50i1' •25 Audio lead 6oir> P'uq ro 5-p-i Oi" Pli.y SOp' 
*26 Audio lead 5-pi" Din r—ig lo linWd op?-! eidi SOp- 
"25 Ajflm loan 5 n<n Din o<ua J Olronp iilogi 90p 
123 Au-jinuiaa 5pm "ingioS omO "P "j minv' iruige 70P* 
1.30 5 •Aoie-' lead 7-om Dir. olig lo 7 tim On inlin- 

soekar 45P" 
I 32 10 Veie- Lead ?.|«m Dm p 1.-3 65p- 

HEAVY GAUGE 
BLACK PLASTIC BOX 

With alnmlniuin lid and '"inn SC-'OWS 
Size fi'A" * 3'A" * ?" 
0'0-7'Nd 5?HOnly75p 

0.11 0.28 

luAS" "1 
I 'CO £p tp 0.09 0.08 Oil 0.10 0.11 0.10 0.11 0.10 0.11 0.10 0.10 0,78 0.28 0.20 0.1? 0.11 0.12 0.11 0.09 0 08 0.27 O 20 0.7? 0.70 0.26 0.26 0.28 0.26 0.26 0 25 0.11 0.10 o.m 0.1a 0.71 0.70 0.26 0.21 0 26 0 23 0 75 0 73 o.ia 0.34 .10 

.10 .36 .25 26 10 

! 'HO 
tp IP 0 70 0 08 0 17 0.10 0 17 DID 0.17 D. I O 0.17 0 10 0.17 0 10 0 7» 0 71 0.20 0 19 0.21 0.24 0.44 0.71 

Hi 23 1:. 23 

.77 0 21 0.40 0.76 0.47 

7 0.70 0.38 0.26 0.26 0 12 O.tO 0.3 2 0.80 0.20 0.95 0.90 0.96 0.90 0.80 0.76 0.80 0.26 0.70 0.68 

0.90 0.76 

0.7! 2.7C 

0 43 
0.1* 0.20 b.eo o./o 0.96 0 so 0.30 

0 22 O 87 o.ao 1.00 0.76 
7.50 0.37 0*7 0.39 O 3* 
0.63 0.68 
0.90 0 18 0.76 0.26 0.46 O 27 0 87 

'■! 64 ' 1 ' t 

• I'd liT'fi 

0 68 0 en 
0 29 1.10 0.66 0 70 1 20 0.20 0.70 0.70 O.OB 0.06 0.96 0.96 1.70 1.70 I .70 1. I 0 0.86 1.10 1.10 110 1.90 0.80 1 .60 1.40 1.40 1.10 I.OB 1.06 

CO 
tp 0 47 0.67 0.66 0.77 1.09 

0 68 0 6* 0.89 0.86 0.86 0.85 1 10 1.13 1.10 

I 00 1.00 1.80 0.78 1.40 1 30 1 30 I .00 

.30 .78 0.26 I.7C 

Oe.cc* ray «rirxea "Oqiiaii'yn i."" y r-'11' 
mo above ee'-?4 0l Ci in cor«ie! 'o*— pricp 35p 

Daia nav.iiiab'e h' 

0 AO 0 89 
1.80 1 70 

CMOS ICs 

m CO»CDO 
idsoii 
corfliz 
coio:6 
:0S037 loao:8 
COSC10 
coion 
COi'jIZ 
cnaciS 
001:15 
C04:i6 
cos:1? 

f*il9 
£0.14 
£0.16 
£0.16 
£0.80 
£0.17 
£0,80 
£0.50 
£0.50 
EO.IB 
tO.17 
f 0.42' 
£9.80 
£0.42 
£0,80 

'If COID U CD::19 
cna'.zo 
C04CZ! CQ4022 
CQ4323 004324 
C04D25 
C01B25 004027 
004023 00402? 
CC403'. 
C3I031 

»riC8 
€0.85 £0.45 
£0.35 £0.85 
£0.80 
£0.18 £0.64 
£0.IB 
£1.85 
£0.48 £0.80 
£0.95 
£0.46 
£1.80 

IMS 
0:403: 
00403' 
CO404B 
004041 
034042 
004343 
004044 
CM 045 
CO4045 
30404' 
304049 
004050 
004054 
004355 

Pti!! £1.40 
£0.78 
£0.78 
£0.68 
£0.68 
£0.78 
€0.78 
£1.15 
£0.95 
£0.75 
£0.46 
£0.46 
£0.95 
£1.60 

Tfjl 
CCIOjJ 
00405? 004030 
:D4a'i 
:DSQ)2 
004011 
CD40S2 
004:10 004511 
004515 
004518 
001520 

Prire 
£1.15 
10.32 
£0.32 
£0.20 
£0.20 
E0.2O 
£0.20 
El.10 
C1.25 
£1.10 
El.10 
Et .10 

AUDIO MODULE SALE 
fypo UBSCipIiO" 
AIJOA • OW 1 Povw. AMr 
AlGO 75NV (IMS Pd-v-r AMP 
A130 SSW RMS Poiw AM3 

AL250 I 25 V.' CMS f'<2.v-' A VP 
SPMBO 3liV I'ortcr Suaply 
PS12 20 30V "nn-B! Svcoly '-J.- AL30A 44-69* 
PA12 Stereo Pi e-Amp fix Al 3(!A 44^-Ptr 
PAIOO Sie-eo P-e-Amp (or A.SO A-30i-A;t-?9" 
$450 Stereo t M I uncr ClO 10* MPA30 Vapi'elii' Ce'fimir "re-Aniu -r^ hrt' 
Slnraa 30 Co*"'jlKi' Ai.-dio Cpabbis 7V.1 — 

7W PW5 SAfrttT' 

SB o P'ie" 
£2.85 
f C. i 

El '5 
£5.95 

£2.&5 
£14.95 

LOOK & LISTEN! 
GE 100 NINE CHANNEL 

MONO-GRAPHIC EQUALIZER 
MODULE £19.50 

Tii- G:'OD 'i-y nii-f ' nciav# a(!,.iBimen:5 uiinp lntea'»t"d 1-'Cuit 
act ve Pi'ers. BoOsiand Cut limi" are - ' 295 V-u vo imq- 
V "MS "HO OGS''" il'iKll "rt|Vi<1encc *00 K Outrjt 
CSB than 10 < "irpiBlie* rntnonm 20 h: 20 <1*7 adO 
1 b« nine cam ixi'.'lte1' -•nireo at bO. ' 00 2CO. 400 

HIl'J ' 60C 3 200 9.400 am; ' ? SOU M? •a:6-gc 
.4ird gain corucls are 10K LIN »lliiai- HiOl luppl <vim 
th, i"nt.ilfli Si*.- Pake Sti' anr. i b 192 
5030 PO'.Vr= SilFl'lv OUAfiD FOR Gf 100 "50 '5 
vuii £4-50 

dime ? IWi'ai 

SPECIAL OFFEP/ 

COMPONENT PAKS i-'n- Nn J.1IBI1IV '8164 .'Co-i|li-i. 6T..!s-.-T=.Kj.-art IVliiUny .v-in'il 
16IGO "Ojyi.ll' It...r6v.)1 

•Cyy'.t By -».• un: >61'. 1 60 •yVH'JilBrunn* utara latca a A..""-!!1,-'-" If;? iuuiVi-• - .ej-.. VA ufy 
ip'rO 90i. elii.3. u'i 'BMVlf-.V IS'-I tORcv(J4w«?si IB* "7 V'-iwr-." "e"'n "p.i-•■yit-. i>-«rrp«. 'r:..1 1A«r'i» M-.ln. 1 nan lit,, m ■;i M - ■ i-. '-U i" .I' ll. .-.J yi-'.'i 'S'B" 16 A-ne-saes- o »-e-i 1 y,94 19 OBceoM',-.ei a ■rr 
" Cl'vU W ■ .Vll-.-,--.-, "Btii; 1; mMi-. •iMnain..— •H!"iixjk!-J»H 

40p- 

«Op- 40b" 40p' 
400 400" 40p- 
iOp" 400 «Cp 40 p' 40p 40B" 

^ PRICE BARGAIN! 

^4- uorfh ni'li vaiooi 
Eleciromc Prfljec! BoaxS "oclinir-'it. SomicortluC- 
lo* Doia and EQu.yj. - Soukx ol Asscttcil " tins 
Our Clearance Prico — 

£2 per bundlef 
Order\o SOO 

I 

i 
•n 

SUPER SOUND 
SAVING 

C60 METROSOUND 
LOW NOISE 
CASSETTES 

Orac-Nc 553 10 for £2.50- 
CbOs 

BIB GROOVE CLEAN 
Model fiC Chrome Finish P nsiic 

Orcor \c 8?9 €1.40" 

HOT OFFER 
ANTEX SOLDERING IRONS 

Order \0. 
'03' X25 25w3it LOW lEAKAGE 

Usua'lyJ^Me- Sale Price E2.95 
PLUS FREE Headhunt 

1040 Mode C 'Bvratt GENERAL PURPOSE 
Us.ailvi-SrAe- Salo Prico €2.95 

PLUS FREE Hwt*hunt 
1939 ST3 Soide'lng lie- Stand, suitable ro- 

either hoi £1.20 

NEW Siren Alarm Module 
At'te-ica". "dice scesmnr poweted hoei any ' 2 
vol. SUOply into 4 or 8 Ohm speaker, laeal (or car 
burglar a arm freeze' breakdown and other 
SCCvlily.purposes. Order No. SI 5 Only £3.60 

AVOEL BOND 
Cydnocrylato adfoi've Qo'id; olai'.i-. mjbb-r. Transit 
to*! Co'-ico-emt; -1 5cco-di 

Grdprrto *43 S5p per 2 gm. phi*) 

ORDERING 
P ease "«voiO your orders exactly as 
pnnled. not forgetting to include our 

part number. 

VAT 
Add to prices marked * 

Add 8% to others excepting 
those marked t These 0>c zoro 

§ 

1 

■ i.vn s A - '!:i> -i- LHNil.'Al UAT ■/OBlfliS 
I ON Ai . Al 01(1 

Bi-PAM 
Dept. WW2, P.O. Box 6, Ware 

FOR 7&UABLE JOINTS—ANTE* IRONS! 
1 8 

WW2, P.O. Box 6, Ware 
Herts 

COMPONENTS SHOP: 
BALDOCK STREET, WARE, HERTS. 
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HART 
ELECTRONICS 

The Only Firm for Quality Audio Kit$ 

Are proud to offer the only 
DESIGNER APPROVED kit for the 

J. L. Linsley-Hood High Quality 
Cassette Recorder 
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ALL PARTS ARE POST FREE 
flffi~Jittl M•tl(t (/ ~ 4 SAt /u: list~· !IIVI'I(Jiv/!* r!t:f.'lil.f <md Pr-tcf! iJw:Jitd(IWtl$ 

Penylan Mill, Oswestry, Salop 
Ptr1ona t a lor~ :1rc :atv.aliS w~kt~'lll: 

bul tll•lf~\1 n-nre ,.,c are clo~d ;,II cay Sah.rdav 

WIRElESS 1/IIORLU F£BRUARY 1978 

There are times when trade information can 
make or break your business - and then this is 

the book to have around. It brings you a 
proprietary names directory, buyers' guide, 

Trade addresses, Electricity Board addresses, 
Trade organisations, radio and electrical 

wholesalers, service depots and agents - plus a 
really comprehensive legal guide that covers 

just about everything you'll ever need to know. 
Get it and there's one question you'll ask 

yourself: "What did I do without it?" 

ELECTRICAL AND 
ELECTRONIC TRADER 
YEAR BOOK 1978/79 

~·················································~ - MAIL THIS COUPON NOW : • • : - . 
• To: IPC EkcttieaJ~Electronk Pre:s.5lad .• 
: General Sak>.s. Depan.mtnl. C.P. 34 Oorsec House, 
: statufordSueec. londonSE19W • 
: P1eil5oe send me .............. ~ iots of the Electtk.al and ElfoctTonic 
: Trader V~r Book 1978 9. 1 tnclose cht:qut p.o. nunlber ........... .. 
:to the value of£.. ............ (£5.50 ptrcopy Inclusive). CMque$ 
: payable to IPC Busineu Press Ltd. 
• • 
: !'~.~~!P.~~~.P.!I-!',IL. . ····~. ·~····· ....... .. • • Addfe5S : ...... . ...... ~····~. ...... ............ .. ..................... .. ....... : 
: ......... .. - .................... ... .................................. ....... ....... ......... .. ...... . : : . . . ........ ....... ... .... ....... ................................... .......... . . .. . : • • • • : Co-mp(lnvregisreredln F.nglasld No.677J2a. : 
• Hegd. ollie¢: borS<'t Hou,.. Stum!ord Str<tet, Loo<fon SEl 9Lll • 
~ ................................................. .. 
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HART 

ELECTRONICS 

The Only Firm for Quality Audio Kits 

Are proud to offer the only 
DESIGNER APPROVED kit for the 

J. L. Linsley-Hood High Quality 

Cassette Recorder 

A- iKric : c:ur^ capabvi ol oiiil *<. 
c'colleoi oo'tcrT.nr-- .vn ffinl ■( ,! i *>flt it'll me ik -Ai.'il'rM i.pieni „»i by 
dn^giii%9 a • : doavn tn a oiifa Wi Ii-vm 

-rt-rn a liit'.s -r:rc on 
ta-eoarc alliywr.g in 

design a vcy advancOB mod-ila" v-iien 
tit* doasta* - r-aia i..-, c -cm. 

layoj; is se anleved parKJia-V 
mvnj I'-.1 '•f't cm ca; ira-jt areai; or tl— 
'BCby o'eai'cs 'Iwic aia miai'y si»vle wilt ibis layo.i' ami itilju'- ny yxl-a 
siaoi s.rg Many otic- aava-au!)-* aivj cs-*"o '''-"I »'• i svmci 
wfi.-Ji l..i- --larv- -eco'd aid replay 

''ar oenamel aluggiif. m in a 
mmtet beard win (falfl-p-ll'-! Sov'ris 
I"? nesi ebiif-.i* n irn ■-■.r.iemi c- 
crMiialk and intonKillo'i wit ■: i cwiid 
rajw' BOaBlfi m a »Hijla Slene board 
-V.in O.it nodum' ayiwi-i In- avsjt .« 
toT-.iHCi bu there ^ no comaoror: riivA-Jnvj Tmirg oas, v.' IB 
wpa'aW identical modt'es ana cn-i': -uj 
•with iho aid ot out corivinii'11-liy-co"!' 
:r.nar; msi'naitoi.i ij c" ly t'.niolc 
ni.l ii" 'if -bec •on'i i a ur i dcsgicd ik" to rni'itjl d-masic standard* b.n 
'Oji'o test prc'sssionai practica 
A nnniod ctrrut* ora n' uia*>'tlire 
•nat-to:. iu-» anliail win a "ittntjO f<niih 
'sr easy and reltablu »ald-'ing Con-son 
e-ni l«atiM* a- pt.n-.-ij on •>- -i-verso 
'.'.toot tha I—itio -"0 are arranged so thai 
all dsnirlii-elor r-jmbers are ;.ii" vi*,r. - 
"'iv av>-"iD « 
•'« Comoletc set ci r.a -.s 'o- Ma»!r- 

Baaro .ncluda*l>>a*ou -tot. -r .-y. 
aartral* n: C'l 83 ' Ci ?3 VAT 

■ >- .3nii» 'c: Viotc: Ssecd ai-il Sab -n. n 
Conltcl -c-i'.a CRv" II115 
live D'or.c- lifwi g -.-r- n 
tfearttCle* C3 5? - Ada VAT 

73" Cv-riylort sot ol Dan* lor *;ar>i.i 
Refay Amps and VU tliwe 
18.tj - ft 07 VAT 

/C^n-ipote set '01 storoo Record 
A t-pi £6 "A - San '.'A 
Coral.,'" kbi o< aa-.s 'a- Stadtliwo 
•'r.wv Si'Bitlv lo circyi .-r m in. - "I'-i lsos - special ic« -lunt 
I - *1 "^"Slo'rner wih Itotmi —i.i ~ 
ninxiKi iHjh the comranly ifMii; 
loro'ty £5 79 - n "OVA" 

7CCV2 i-dvdoe1 Ugh Ciaa !y VU 
Meters with oxccHed! bal'istics 
ffl .!8 - i" CS VAI Car -Van 

7CCC 2 High U.iality CaMor UmiIi -1.1"I 
Cam ConipiAl" with Braslfi 
. iinii.iyin Iryrit plate msinsswici- 
oco-d ni<rc!wixfi it.-ned -eco-d 
cvei Knob, citasii' aihn Ji l.-ti ill 
of-s, n.iu at.il inoii'iiing A : < eo-wsry hc-oj j-o punched and 
a" eurfjcos are elcctraplaied 
Complcic sicpby siep assomtMy 
lOStriiCSlom A'f- neluflen " nM - -iv"i 
1* iiAiaiftd 1" a<i itiiai-hyo blirek 
t-racvt- wiiw f!6 50 - i.2 06 VAT 

ICNCO CKV CASSETTE MECHAN- 
ISM 
•liy) n.ialily. iM.Ust vi-.'-tle IntriSUO'i (or 
I.e. ry-Hpoo • .-lardy* t'calures '.is*. 
'i-ivl-c, (y;t -—w r-.-co-d. pause aid 
'1 ..tto stsp and casseitc aiar.-tar. 
'acuities • used wth Hopanl a'iy - .;-a*a naaa- ,.n,l 51,31 ieU •.•amplo-.o wth 
Oil' --nl c'l-a cassolte (-.ccticn sp- ig lor "JB-.c horico-tai use I'-mc C2l tic • 
•:? 70 'M 
r-i:s- caai 1-' —1 tiiri" £.53 56 

Spec ai c-tc io- Camp m. Kiu i"' 50- 
flO 19 VAI 

{Ipnnnor o'l'n sclio leak cnc aicecs. 73 
jaii - 36p VAI 
Hep-n: -n 3 i-csd Cassorto 
ftcccder an. Aiip oo-i n-l v A" "co ' 

"Iu supply corileia y t* 10 I-'.- 0 
Ijllv ntcg-ated SO wan iir-o") amc le- 
uiirg thr. BaiH. 'JAmp ic- on.,.: 
nnd " Ri3u"owa .mpi 'n 
iv,!h "i. Qy to- "anc coniiai muili'-.o- 
1(3-1 
"(luted ecu 11 and codiw—-hi bi~ 

Sly Ip-the Stia : -.ip. tur.-.-.K Tli--- v'-c-is nos.ul-1 . i.jh qutiMy tajt '.1 
cirr' v. ..4b .vit-i - -«• 10 'co dack 
Refliint* d! 1 i -oe orticieso-e a-a. abli- • or 1. ;• .. e -'-Oo rest fice .'No VA' 

ALL PARTS ARE POST FREE 
icnrf 5 . -« £/: /p.- Ai'/J gm/mj lull* det.n:* .mo Pace Um.Dnlnw.os 

Penylan Mill, Oswestry, Salop 
Personal Cdllers arc always welcamc 

but Olcunt nnfr .vc 0<e Clom<J til.1 nay Sjlciuay 

m 

% 

m 
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There are times when trade information can 
make or break your business — and then this is 

the book to have around. It brings you a 
proprietary names directory, buyers' guide. 

Trade addresses, Electricity Board addresses. 
Trade organisations, radio and electrical 

wholesalers, service depots and agents — plus a 
really comprehensive legal guide that covers 

just about everything you'll ever need to know. 
Get it and there's one question you'll ask 

yourself: "What did I do without it?" 

ELECTRICAL AND 

ELECTRONIC TRADER 

YEAR BOOK 1978/79 

MAIL THIS COUPON NOW 

To: IPC Elcclrical-Etectronic Press Lid.. 
General Sales Deparimem. CP. 34 Dorset House, 
Stamford Street. London SE! 9LU 

Please send me copy ies of the Electrical and Electronic 
Trader Year Book 1978 9.1 enclose cheque p.o. number  
to the value of £ (£5.50 per copy inclusive). Cheques 
payable to (PC Business Press Ltd. 

Nantc IplcasepniMl 
Address 

Company registered in England No. 677128. 
Rtijd. office: Dorset House. Stamford Street, London SEl 9LU 
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NEW PRODUCTS! 

NRDC-AMBISONIC 45J 
• ..?-• 
0 

SURROUND SOUND DECODER 
Tne first ever k1l specialty produced by lntegr•x fOf this 8riti$h l\ROC bac:"od autrourd sound svstem wf\ Ch s the rssun of 1 years ,-esca•en 
by the Ambisonic team. W W. Juty. Aug .• · 71. 
The Untt is designed 10 decode not only 45J but virtU'II.y afl other 'QI.I&drophon c' systems (Not C04), ~tW:Iud.ng t'l~ new sac \13lmt H 1 0 
_1nput s~lections.. 
The de-ooder is line:H thtoughou1 3nd dOC$ no1 11ly on ristener fsliguinQ logic onhctnccment techniques. Both 2 Qf 3 inpvt lio•gnals snd 4 or 6 
outputsi~nals at~ t>tOVtdod in th1s most vc•Sbt•lo unit. Complete wnh m{•lns power supp :y, wooden cab ~Cl , panet 1:nobs, etc 

Complete kit , including licence fee £45.00 +VAT 
or ready bui lt and tested £61 .50 + VAT 

INTRUDER 1 RADAR ALARM 
With Home Office Type approval 
A$ in .. Wiu~.less Wor1d'', destgned by M ke Hostt n;. 240V ae rMi•,~ooerotud Ord d sgtuscd as a hardbackerf book Detection rurgc u() 10 30 teet 

Complete exclusive designer approved ki t £46.00 +VAT 
orready bu il t and tested, £54.00 +VAT 

Wireless World Dolby8noise reducer 
TrMH.tn61'k of Dolby l~<itodes lrte. 

Featunng 
e SWotcning fo, bo:h e ncodmg (low.lowl h. f. COO"U);C$$ton} and decoding· e a SvdChable f.m. Stere<) mui1•PI•• and O•l'ls h :~r. e prov,sion for deoodins Dolbv t.m. f&dio tr ;:ms.miss ens Call in U$A} e no oquipmem needed for ul gnmtm. e svitOblhtv t or bo1h o p-en.,CtO) und Cllsseuo tape macl'lin&s e chock t~1po s~itch for <:ncodod mMifO(i,,g in 1hree-head nlAChi•'cs 

Also available ready burll and tested .. 

Typical performance 
No•s• •• a,,u,l.c>•• n~mot th<~n 9d8 v.oi9h1tQ 
CliJ;;;>intt to ..... 1 O.!idB a!>twt: Dolbv luv<rl (m<tl'lll lJtOd 
a t 1 'll.~ lhull ~llltmnnic. -<;onum;) 

•hlllu<l.,IC: dla•onion 0 T 10 at Oolov ltvtl WP•t:'-' IY. 
0 OS'tto o .. ·tr n'IOSI 0 1 b~w:j nmny to :t "'':U,IT'U"" o· 
0121JC. 

S·g".a ~ I"())Mt •;:u <t 75cA •'01-lr K) 20-.HI ttgrm) 
r Oolb't ,.,.. ) at "OonM· output 

0)"NN""IC Rtngt :-90d!.l 

30mV stni iiVIIY 

Comple•e Kn PRICE: £39.90 + VAT 
Price £54.00 •VAT 

Cahbra11on tapes are avarlablo for open-reel usc and lor cassene lSPGCify wmcn} Price £2.20+VAT 

Single channel plug-in Dolby8 PROCESSOR BOARDS (92 x 8 7mmJ w.th golc platc<J contacts are avarlable wun 
all components . . . . . • . . . Price £8.20 +VAT 

Single channel board wi1h selected let 

Gold Platc<l edge connector . 
Price £2.50 + VAT 

Pri ce £1.50 + VAT·• 
Scloct<:d FETs &Op each+VAT, 100p.,.VAT for two. £1 .90+VAf for lour 

Please add VAT @ 12Yl% unless marked thus·. when 8% apphes (or curre'll rates) ~E. 
·tNe guarantee full aher·sales techmca• end servtcmg fac•llues on aJI OJr <lis. nave 

you checked that 1hese services are available from other supplo"rsl 

INTEGR.EX L TO. 
Please send SAE fer compltu~ •'i:;t$ ''''d $plct'hc(l(l():l~ 
Portwood Industrial Estate, Church Gresley, 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 215432 Telex 377106 

,._,...., 

=-

NEW PRODUCTS! 

NRDC-AMBISONIC 45J 

m '•"OC — AMQlSONIC -OTO So<M D IV 
- - -4 £ ^ v o o'- 

'T . .-<• t- =, vi, 
1 ^ > > - J V'>r, '>:y. - ''V'-C 

SURROUND SOUND DECODER 
I ne first everk;! specidllv produced by Integre* for Ibis Bnlisn NRDC bac^od surrourd sound systsm whicn s the rosu : of 7 years resea-C'i 
by the Ambisonic team. W W.July. Aug., '77. 
Cu) unit is designed to decode not only 4bj but virtual y all other quadrOphor c' systeirs (No: CfM;. including the new BSC Matrix H * C 
input selections. 
1 he decoder is linear throughout and does not rely on istener fatiguing logic enhonCBrrent -eenniques. Both 2 or 3 input signals and 4 c 6 
output signals are providod in th s most versatile unit. Complete with mains power supy y. wooden cabinet pane knobs, etc 

Complete kit, including licence fee £45.00 + VAT 
or ready built and tested £61.50 + VAT 

INTRUDER 1 RADAR ALARM 
With Home Office Type approval 
As in "Wireless World", designed by M ke Hosk ng, 240V ac mains operated and disguised as a ha'dbacked book Detection range up to 30 

Complete exclusive designer approved kit £46.00 -I- VAT 
or ready built and tested, £54.00 + VAT 

Wireless World Dolby0noise reducer 
Trademark of Dotby Lj bora (odes Inc. 

n. 
H w 0 9 

1 

Featuring. 
• switching for both encoding {low-lovel h.f. compression) and decoding 
• a Switcbable f.m. stereo multiplex and bias li ler. 
• provision for decoding Dolby t.m. adio transmissions ;as in USA) 
• no equipment needed for alignment. 
% suitability for noth open reo and cassette tape machines 
• Check tape switch foi encoded monitoring in ihree-hean machines 

Typical performance 
Noise leductiDn iiuikit than 9cis wciflhtao 
Clipping lev^ ' G.GaB above Dulov ievd 'mcn^ .tcr! 
at 1 % thud hiirmnnlc content) 

-taiiiic.-in distortion 0 * at Jolov tevsl typically 
0 05v- over mosi ol band nsiiiu ta j ■••isximurT of 
0 12'< 
Signa io noise -ato 7!>c'.R to 20kH/ signal 
at Dolby tvoi) at Monitor output 
Dynamic Pengs SOoo 
30mV sensiiivnv 

Complete Kit PRICE: £39.90 +VAT 
Also availaoie ready built and tested Price £54.00-VAT 

Calibration tapes are available for open-reel use and lor cassette (specify which) . . Price £2.20 +VAT 

Single channel plug-in Dolby© PROCESSOR BOARDS (32 x 8 7mm) with gold plated contacts are available wun 
all components      price £8.20-rVAT 

Single channel board with selected let . . . .      Price £2.50 VAT 
Gold Piated edge connector       . . . . Price £1.50 +VAT * 

Selected FETs 60p each + VAT. lOOp-VAT for two. £1.90 + VAI for -our 

F'ease add VAT @ 1 2 /?% unless marked thus" when S'X applies (or current rates) 

We guarantee full aner-sales technical and servicing tacmnes on all out <iis. nave 
you cnecked that these services are available from other supphersr 

E 

INTEGREX LTD. 

Please send SA£ forcomplere Hats and speci/icdhvns 
Portwood Industrial Estate, Church Gresley. 
Burton-on-Tront, Staffs DE11 9PT 
Burton-on-Trent (0283) 215432 Telex 377106 



___ IDTEiiREH 
S-2020TA STEREO TUNER/AMPLIFIER KIT 
I SOLID MAHOGANY CABINE:r I 
A high-quality push-button 
FM Vtuicap Stereo Tuner combined 
with a 24W r.m.s. per channel Stereo 
Amplifier. 
Brief Spec. Amplifier low field Toro•dal transformer, Mag, mput. Tape In/ Out facility (for noise reduction umt, 
etc.), THO less than 0 .1% at 20W into 8 ohms. Power on/off FET transient protection. All sockets. fuses, etc., are PC 
mounted for ease of assembly. Tuner secuon uses 3302 FET module req uiring no RF al ignment, ceram•c IF, 
INTERSTATION MUTE, and phase-locked IC stereo dec9der. LED tuning and stereo indicators. Tuning range 
88- 104MHz. 30dB mono SIN@~ .2~V. THO 0 .3%. Pro-decoder 'birdy' filter. 

PRICE: £58.95 +VAT 

NELSON-JONES STEREO FM TUNER KIT 
A very high performance tunei •••••••••••••••• 
with duel gate MOSFET RF and 
Mixer front end, triple gang 
varicsp tuning, and dual ceramic 
filter I duaiiC IF amp. 

Brief Spec. Tuning range 88-1 04MHz. 20dB mono 
quieting @(j).75 uV. Image rejection - 70dB. IF rejection 
- 85dB. THO typically 0.4% . 
IC stabilized PSU and LED tuning indicators. Push-button 
tuning and AFC unit. Choice of either mono or stereo with 
a choice of stereo decoders. 

Compare chis spec. with tuners costing twice t/le price. 

~))))) - .... 

Mono £32.40+VAT 

With ICPL Decoder £36.67 + VAT 

With Portus-Haywood Decoder 
. £39.20+VAT 

STEREO MODULE TUNER KIT - A low-cost Stereo Tuner based on the 3302 FET RF 
module rsquiring no alignment. Thtt IF comprises 11 csramic 

filter and high·pttrformancttiC Vari~tbltt/NTERSTA TION MUTE. 

Sens. 30dB SIN mono@ 1.21J.V 
THO typically 0 .3% 
Tuning range B8- 104MHz 
,LEO sig. strength and stereo indicator 

). ). ) 

PLL stereo decoder /C. Pre-dttcoder 'birdy' filter 
Push-button tuning 

PRICE: Stereo £31.95+ VAT 

S-2020A AM PLI.FIER KIT 
Developed in our laboratories from the highly successful 

" TEXAN" design. PC mount ing potentiometers, 
switches, sockets and fuses are usttd for essf.l of 

assembly and to minimize wiring · 

Power 'on I off' FET transient protection. 

'ryp Spec. 24+24W r.m.s. into 8-<>hm load at less than 0 .1% THO. Mag. PU input SIN 60dB. Radio input Si N 
72dB. Headphone output. Tape In /Out faci l ity (for noise reduction unit, etc.). Toroidal mains transformer. 

PRICE: £33.95+VAT 

ALL THE-ABOVE K ITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES, 
NUTS AND BOLTS, KNOBS. FRONT PANELS, SOLID MAHOGANY CABINETS AND 

COMf>REHENSIV.E INSTRUCTIONS 

BASIC NELSON.JONES TUNER KIT £14.28 +VA1 

BASIC MODULE TUNER KIT (stereo) £16.75+VAT 

PHASE-LOCKED IC DECObER KIT 

PUSH-BUTTON UNIT .. , , , .. . , . . . 

PORTUS·H.AYVitOOD PHASE-LOCKED STEREO DECODER 'KIT 

£4.47 + VAT 

£5.00+VAT 

S-2020TA STEREO TUNER/AMPLIFIER KIT 

SOLID MAHOGANY CABINET 
3 

A high-quality push-button 
FM Varicap Stereo Tuner combined 
with a 24 W r.m.s. per channel Stereo 
Amplifier. 
Brief Spec. Amplifier Low field Toroidal transformer, Mag, input. Tape In/Out facility (for noise reduction unit, 
etc.). THD less than 0.1 % at 20W into 8 ohms. Power on/oft FET transient protection. All sockets, fuses, etc . are PC 
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF. 
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range 
88—104MHz. 30dB mono S/N @ 1.2uV. THD 0 3%. Pre-decoder birdy' filter. 

PRICE: £58.95 + VAT 

NELSON-JONES STEREO FM TUNER KIT 
A very high performance tuner 
with dual gate M OS FET RF and 
Mixer front end, triple gang 
varicap tuning, and dual ceramic 
filter/dual IC IF amp. 

Brief Spec. Tuning range 88 —104MHz. 20dB mono 
quieting (ffi p.75^V. Image rejection — 70dB. IF rejection 
- 85dB. THD typically 0.4%. 
IC stabilized PSU and LED tuning indicators. Push-button 
tuning and AFC unit. Choice of either mono or stereo with 
a choice of stereo decoders. 
Compare (his spec, with tuners costing twice (he price. 

Mono £32.40 +VAT 

With ICPL Decoder £36.67 +VAT 

With Portus-Haywood Decoder 
£39.20 +VAT 

rr 

Sens. 30dB S/N mono @ 1.2uV 
THD typically 0.3% 
Tuning range 88—104MHz 
LED sig. strength and stereo indicator 

STEREO MODULE TUNER KIT 
A low-cost Stereo Tuner based on the 3302 FET RF 

module requiring no alignment. The IF comprises a ceramic 
filter and high-performance IC Variable INTERSTATION MUTE. 

PLL stereo decoder IC. Pre-decoder 'birdy' filter 
Push-button tuning 

PRICE: Stereo £31.95 + VAT 

C 
- s. 

1 

S-2020A AMPLIFIER KIT 
Developed in our laboratories from the highly successful 

"TEXAN" design. PC mounting potentiometers, 
switches, sockets and fuses are used for ease of 

assembly and to minimize wiring 

Power 'on/off FET transient protection. 

Typ Spec. 24 + 24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N 
72dB. Headphone output. Tape In/Out facility (for noise reduction unit. etc.). Toroidal mains transformer. 

PRICE: £33.95 + VAT 

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS. FUSES, 
NUTS AND BOLTS. KNOBS, FRONT PANELS. SOLID MAHOGANY CABINETS AND 

COMPREHENSIVE INSTRUCTIONS 

BASIC NELSON-JONES TUNER KIT £14.28-fVA1 

BASIC MODULE TUNER KIT (stereo) E16.75 + VAT 

PHASE-LOCKED IC DECODER KIT . . . £4.47f VAT 

PUSH-BUTTON UNIT   £5.00 + VAT 

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT £8.00 -i-VAI 
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cP~e;, THE SK 10 BREADBOARDING SOCKET OFFERS THESE ADVANTAGES: 
Multi· power busses teturn It 10 us for a free ..... ..... ····: ..... ..... ····· .......... -···· ·· ··· 
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64 pairs of nickel silver replacement 
cornacl No questions II~ICftd 
5 mlll.ohm standard contact Ask tor full catalogue ot 
res1stance E& L digital learn1ng products 

20·26 gauge wire .. ------:::-=::;:--;;~~~:;:, AU SK 10 sockots carry a 
lifet1mo guarantee. If a unit 
ever falls '" nor(!l ill usage. specta\ oftec 

to cash 
w'lth order 
customers 

94 WIRELESS WORI D FEBRUARY ' 973 

A 3'>c« include V.A.'. C: uigo h 75p (U K i 
Add extra 'o* cvcno^ Cash w Hi <•«!>-* wily Oiiceunlt cc: 
£5 less S'A. over c I :> le» 10% o-r-- C?5 -« 15ever 150 
less JO'ft. 

8t«0 TANTALOM < 22 33 f C8 35Ve<..«u"S lip 2 r J 3 ' 6 «_» .'<6" MIvUiim 1?p -sv*—i2p 
Xil 10V lip 11.1 s 3v 68 fc 100>f .«•/ 4" V.i-.i 

lip ji,p i«v ?ob iCO.f IOV lap 
CARBON HIM BESIBIOflS '> -j"' I: IO"-",; msw-iip Op !«• 1U Pl'nycr. 75b Iv lOOr.1 iim. nr. 
IC. SOCKETS 3s;i tip 
10 pn ?■! pr. 76 .... 

13b Mp 

400<'W?»Nrn oionrs 2 TV-Wv Op JKV A.,( aop'crio Vi, 13.50 <0. 50 te.as'o- ios 

It OS 0 124 C-J" Pea »P Bp G.w "p 'Op V"ln.. 'Op JOo Sp 4p I Ode 
SCM> • An.p 203V 3Op I Arp 203*/4 Op I .Vrp .103V 60p 

' .'/up 103V BOp / Pmp PMv 65p 
16 Amp l03v 'Sp 

tlfCTROlvriCS 

6 2 10 22 33 1/ ICO 150 220 330 S.'O 680 ico: 
2203 •1703 

16. '5 4./.0 5p 4»p Op «Vip Sp 41'ip 4V5P 
Sp 
Sp 'p 

S'/>p 
Sp 'p 'P 9p »'Ap I Op Up 

40. 63. 
5'/.p ttp iV,p Op 8V,p Op sv.p co 
rr z 

9B Up 10p 
lOp 
Hp Up 14p 
'Sp lip 20p 

15p Iflp I Bp 70p '«P 29o 38p 
B2p 

up 'op 20p 22b 200 
"P 3M. 41 p SOp 35p 

32p 30p 40p 4flp 

POlYlSTtB 03. =-0.1i ...J UOI r/l" 3319 03•« 0322 1.07." ilXl-i I'lSB I'll.1 

C0i6 M66 03S2 0) .045 0'2 015 OH 022 .05 ;2. 023 039 047.055 C'50 30$ 0' 302 I '2 ■ . .075 .. yp .0 i. 

ASTRA-PAK 

92 GODSTONE ROAD 
WHYTELEAFE SURREY CR3 OEB 

• NEW • FULLY GUARAN1EED COMPONENTS • 
FULL SPEC SEMICONDUCTORS • QUANTITY 
DISCOUNTS • SEND S.A.E. FOR COMPLETE LIST • 

7400 TT. '403 74(41 110." 7103 '•101 '401 74S6 '40/ 7lCf 7109 ".10 
"t - 7412 
I!IC *417 '423 .•*2: 7427 7429 JIJO ,"427 '12B 

I4p I4p 14p Up Up I4p 3?p "n itp 
itp 'So 
70» 71p jap 
SCp 30p 3Cp Up 3Sp 'Op 20p 'bp 2Sp 35p 

74 s 7 7415 .'••.10 

"..I.'A ".46 '460 
149. 7413 "M .490 il'O • "2 .srj 74 '4 
74»S .'"n ■490 

itp 75p J4p '5p 25b 
159 «4p 

BJo 740 eap Ho IS? Up ISO ISp 30p 25p 30p 300 'Op JOp 500 

*484 • 185 '186 '189 ."•03 /I'll 
7432 7492 7491 .••190 '.V-6 
"•'C 74' O' 7:'09 

71'26 74132 74139 

83p 
£1 Hp 30o 12,45 3Sp 70p lap 

4np 
n'n £0p 69p 

so? 25p SOp SOp SOp /Sp esp so? 77M t*. 40 Cl.SB r> sii 

.'4193 74 151 71155 71150 71197 7419'- 

.'.I-to JllO' ':iC2 /HO' .4191 
'4109 

aSp f 

<1 £' ".23 ".95 £1.45 B9p 744* 9»0 99p ".39 990 ".95 11.45 .'11654 £1.45 71150 £1.38 

4170 

; 11 .•■- 
741 Dll >418" 

-•93 J4!9t .'1 • '19 .-a-19 'HiV -•23 71*99 
71293 CMOS 4000 -02' 
103; acoo 'CO' 4 COB 
1010 1011 

'C*« 4S19 4070 
4021 1022 1023 

"3B ".19 61.18 99p «5p nap 
»»p 

1X50 £1 36 
'Sf 19p 
I9B £1 
sap 

SOp 
" 

95p II 
92p £1 05 
BSp BSp 19o 7Sp 

4020 102' 4IVU 1029 -03C -031 -033 1034 '4035 •1039 4..I37 •1930 
•I0«C •P14: 4012 4013 1011 1010 411! I 40411 4045 4.150 4052 
4394 4060 4065 ice: 
4070 

19p £1.66 top tap ".16 5Sp 62.34 £' 50 
£2 £1 78 <7.40 S9p 6' 
£1 nap BOp 96p BBp £132 Btp B3p 

55p 5Cp 92i. 95? £1.10 11.10 SOp 240 
J9p 

<001 >09 j 4601 1602 160/ 
•1603 15! 1 •15'.'I .12/0 
1j2B 1535 
1555 4550 45113 
OPAMF >3' 4 3 

23p 23» Up aop 20b BSp SOp £2.84 £1 50 fl 13 fl 'B ".to ".OS £3S5 eop ■Gp 

46? 

711 7099 48p '•I ■ 11 70p 3500 SOp 
VOLIAOt fltOS 300 £1 26 " 10 4 Op 

■31 - I!l22: 61. JO 'B' /10220 £1. JO 
79 • 5'022081 30 7900 =1723'tl.BS a- /11)22.>61.85 •/•■ '1)220 £1.95 

LIVEAII -45508 JSp 
IA16919 ".40 lllA*20i 68p idlWi 11.93 "SI £03 BOp •BAOIOS ".'C KATftSU (2.21 -042020 £3.56 3£0 11 11 

.'■'ji'. tip ,••.: 14 3'p U-J-ll ".79 2b'il 8 (2.20 2015 14 45p 

WW—020 FOR FURTHER DETAILS 

Your new 

Sine Square Oscillator 

With the new SS0603 you're getting high performance- m 
A high performance, precision instrument, at low cost. 

Just iook at the features ■ Sine square waveforms with three options on the square 
wave- including TIL output ■ Frequency range of 10Hz Co ! MHz* Sink capacity up 
to 8 TTl standard ioads ■ 0-I5V pk-pk variable output® Special output to meet your 

CMOS requirements ■ Output level flatness better than l%over entire range ^ 
and all at only £91 plus VAT - that's real value. 

PEE OSCILLATOR LJEJ AOK QUARS SINE BSOSOS (■OOtNCv 

i 

"M 

llll 

The SSP603 

from Feedback 

Meeting your specification on performance and price. 

/ 

///* 

* y/ 
vv 

WW—061 FOR FURTHER DETAILS 

/ 75 ^7? 

THE SK 10 BREADBOARDING SOCKET OFFERS THESE ADVANTAGES: 
Multi-power busses »e!uin it to us for a free 
64 pairs of nickel silve' replacement, 
contact No questions asked 
5 milliohm standard contact Ask for full cateloque of 
resistance E & L oigitsi learning oroducts 
20-26 gauge wire 

All SK 10 sockets carry a 
Hlelime guarantee. If a unit 
ever fails in normal usage. 

•1 

• 

E & L INSTRUMENTS UK. 
62. Queen Anne St, London W1M 9LA. Tel: 01-486-3589. 

Special olfe 
to cash, 
w ith order 
customers 

w \\ — OSS FOR F t RTHEK Dt I AILS 
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P,~s 12 · . H)'' <~of ," ' t~nfd~ 
~1.010 tlf M ol-'lu.;\1 A li~Jt• qv:m•ly 
o.t!'lot 'b.l¢,$(1 .1;\y S.SR t~;l :~biltly 
wil., 12mon:!· ~g~{.:.n :ee :. C. 
2001250'1. S•:e 13\I:.J · 'lun 
3 ~ee<~~. Abrnc mn:M l)r,.<t •(l 
J,U.~. ~Wti'IQ!I)II)()IU(I :2'.-)u~ 
"''tl'l SOtii)IQ<lil VIQi) "'"!<."~lie 
(:llfl u~il 

8.S:A , P1.28 .wah. m:I(JM":Jr. (.IUif!lt.l\'1 , B:.!.lN.td Mrn 
C~mg clev1:e Eh11~ Co-r.net~~l<lf ( 24.50 . ?(lo'l { 1 

ET 

R.C.S. " M INOR" 10 watt AMPli FIER K IT 
Thi~ :.;, i;. $.v11~'\.!lll iOt H)(::;; d l)lilvil•tl. {lvol$<~. I<)~ i>JIIv!;.e~;k 
o:o~<{)ni:; io·-sto\u:oo:n\;1 o• ~·,;<o!! i' !, $)-~!llfl'l'll -wu .,.,. .,;0:! ~ 
.1\~ •bl:k Mono. £11 .2 !1; StNCO. £ 18 . I'G'$! .S5-;,:. Sptocifi::~tion 
:.t'.JW pr.r ch:.l'lnd: innu1 lOOm'/, size 9 '1.. A J x 2 in. :norc:;x. 
$ .A f ($$1.)ls Fun •n~m,;etlont. t..lppi.ln::. AC mnint. paw"'~· 

VOLUME 
CONTROLS 

Sk0t» 2MO l CO c.tl)N.Lt S 
35p , O.P 60p. STCRfO LIS-
8 5p. O.f'. £ 1. f!S;c !iK. S.P. 
f 1011Uot.tor 4Sp. 

80 Ohm Coax 8p yd. 
f RINGE LO\V '.OSS15p rd. 
Ide~·~ 62S ~":;- colour' 
PLUGS l Op. SO~KETS l Op. 
ll "'£ SOCI(£TS 18 p . 
OUft~t QOXES 5~. 

ELAC 9 X Sin H I-FI 
SPEAKER TYPE 59RIIil 

£3.45 
PV!1 t 35p 

1111-sf::TOifS WI' \ ''owa·.·~~,IJ.~ l Owlltt'S. 8onrn 

E.M.I. 13V, x Sin. SPEAKER SALE! 
'N•:h 1wec ter .!l'ld 
1!1'0$50\'$( ~0 \~>111.. 
3t~lv:'l'l 

£7.95 
Pt~ ~t45-u 

Ctto 
~~ V.ol:!Jo 
8 vtun 

£ 10 .50 
f·~~~ &59 

v.•1th IV.<4tet"" ol.nd (.r!ll';~ovci: 

~~,~;~, :2$¢,1).$ £ 11 . 50 
F!U)(-"- 11.000 g:<t\PJ.~ f>o$~ 7~11 
8 o- 1 Sol'o:n. 20 to 20.000 c ;; ~. 

Bo okshelf Cab inet 
To:~Jdir: 'sh. f.at ( Mi l:l X f:l $~1..~•$ 

t He " INSTANT'' liuLK TAPE ERASER 
AND HEA D D EMAGNUfSf R, Su!111b lto t,., 
~"':!Siif.!~ AM! :Ill ~ tt~ o( t~po:o ,,.~!>$ .\ (: 
~"'S~0(1/? i)OV. l611!c: S .\..f. £4.95 
Y.:.l! :t!so dt'fi1$1J t'>@lif,ll t.INIU h)(ll$ i'o~1 50~ 

£8.50 
Pos~ t l:OO 

R.C.S. LOW V OLTAGE STABILISED 

f,,~,.~~n!lon~~r.~o~~ ~~~1!« d1«le £ 2 • 9 5 
pt•mlld e .to." t r«::t!·c.~ ,,,,tl <IO•.•tll~ v.-.'l<>l'ld f><l~! 4!.p 
,,....'l$ 1oA:'I~'On'l'l~t• r,:::~• "00//.40'.'$ ¢ . 

Ou~PJl ~vlt~li~'illl'<llii\Wlll. 6 o· : 5 "' 
9 « 12V u. c. 'JP to I()Cm;\ o- IEJ6* S•~" :l x 2 '1: x 1 .-1.:o 

!~~n;~~~~~:F.;~~~'"~;~~~"'c;,.,K;-;:K~I:::T"""-
3 3 12\'0LT 15CmA CoT.e!r.:ll , .. :hpMU'l:'l £ • 5 

art~.: I>.~M(!'.!I:nd .l$$$Ml)!y ii'IS!H,oo:;lll)n$ P :;$l 3 ¢-;J 
• Z V0t130!).-'ltA i<1T (:3.1S.OVOI,T I ~MP'!< lT. t$.3 $ , 

R.C.S. GENE RAL PURPOSE 'i-RAN$1$TO R 
PRE-AM PliFIER - BRITISH MADE 

!~l lo• Moke. f~(l(l. f> tJ,. Gl'<!ll t, er.e. C.ltl be usc!! Wltn e11 1~rv 
9· 12'-'o'~ T . lin~200·300Vd c O!*itlho<l S 7'11. P t. >. l 'lo .o 
«.1n . P.ev.u:~s.c 2S ~I~ !o 2Skc/<J 26 d8 j<&io' 
i!ef u<:r. w~l\ v::~!.r. e.r :t:~cr.ststor eqa,:~rne"~ 
Fv.ll m.'Oii\o¢1iQflf; ~·•Pf'III!X1 lM1.a.k S.A.t . 

RC$ ORII.L SPEED CONTAOLU!K/UGHT O IMMI;R KIT, 

~!:~c~'~c~~~;~~~ eo;mt• O'v.O.O £3.25 P,ost 3Sp 

RC$ Sl'EREO PRfi·AMP kif. Ari llil'li (II buo!cz. th!t. 

~;.~:~ ~;dr. P~~: ~;;:;','~o;~;· .... ·>"!l•i. ioo>~~:_.m~~'!:~•·y ,.,;,,,, 

PROFESSION AL 
M IXER AMPLIF IE R 
:.u ""'~~~ t•¥1$-$V)ti~~ 
!d,~! ':;1 Gr'Ju-.::~. Di~co , 

95 

~ . ~~r:-

' ' ' • 8 
oooc---~ 

111'.<1 P •' d .,p~.~~~ ~11e«h ~d .,. .ll'i!: . ~ "'IIV mi~i"li · 
O.qt•.JI 4 S! I !~ <11\m$; II.C. M;lltiA. $$poiffl! <l l ttOie ~nd 
1\»t.Q:Itllrcl:<. . M.IIS.l$t v(IJ(Ifi"''AMIUrQI £ 7 5 • 
Gv~''"''~ o~~~illl S A E • f, l .~(~C&J"f 

100 WATT D ISCO A M PLIFIER 
•vi~"~· :teL»e. b:oss ton~•;;I'S. SOC M V o• \ vo!~ ' ";11.1\ . £59 
Fo<.~r l::ut!Spf'.:!it!lt ~utpultl ~ ~~ 1 fS chm. An t/111\SI:';t~r 

GOODMAN$ COMPA CT 
12-INCH BASS WOOFER 
St.:..,C~d 12 fl &.:ln,tt,r ll.o •t~:. with 
"C".ot~!ec:\ ;O~$o!lullft. t4.QO'JC~uu 
~;l:'llll. :!l)woii!Ufl M S •I OI•tn imp. 
A\'l"fii$M~IIC$ .. 3t>-ellt. 
Ft$QVotii¢Y f$~p¢-.'l~ 4 (.\.SOQQ¢ 1> $ 

£10,$15 O~Kh Pu:s~ t1 

A lUMIN iUM HEAT s 'tN Ks. FINN ED TYPE. 
$vAA H'h " X ~Vt'' X ~l\o:o "95Jo. QVo• ' X ~ ·· X 2~" 66p,. 
8Al.ANCEO TWIN RI8 80N f EfOfR 3-00 ohms. !lp \'d. 
JACK SOCKET S1d. OD~H~·ckcuit 20p, e loH d e lreW1 25p; 
Chrome lo~-S~ket 45p. Mono or St.01eo. 
f>hoo'lo Pl~.tV• 8p. fl'hono $ocke~ ! p. 
JACK f>lU.~S Std.. Ctuom• 30p; PCutic 2Sp; 3.5mm 1 Sp. 
S TEREO J ACK PlUG 30p. SOCKET 2Sp. 
OIN SOCKETS Cl'lll:t.f.iiio 3.,11'1 t Op. 5· p in t Op. 
OIN SOCKETS FREE J.,... 25p; S·pin 25p , OIN PlUGS 
3-p in 2Sp: S'S!in 25 p , VA I.V&. HOLDERS. 1 0p: CANS l Op. 
Tv CONV£.RG£NCE POTS _ 1 Sp. u cfl 
V:'l!llt:~ = 6, 1, l 0.~2C 5C 100. 200:3 !;-1), 4!.()• :!()1)0 l)llfll<s 
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U.K. RETURN OF POST MAIL ORDER SERVICE. ALSO WORLDWIDE EXPORT SERVICE 
BSR HI-FI AUTO CHANGER 
STEREO AMD MONO £21.50 7Sp 

12' 10" or I' tcttlOa 
fiuio a( Maiui A luj/i Qui-ity 
unn BiKtoO-nv ?aR iei dbil ly 
W'lh 12 rao«h! qLjw-:jc A C 
2:0 250v Sue 1J' "'i.-i 
2 soccar. ADcvc r.c.'.ir oo-.-l 
j'l t lWa« 
.'1"1 f>iVioii>iu VI00 
B S R. P128 With magrciic csi'i-iijn Ral.-iicert ,1 in 
Cuomt) Cevice Sim Cvr c.-isarai (24.50. "<>,1 CI 
PORTABLE PLAYER CABINET 
Modern dciign. Rcxirc ccvcea 
Vynoii IroniGnllo. CMomci.mngi _ , __ 
5i» 17*16-ei" opp-o. fc'+.OU lost 7So Mc-Vit boaro < it lot BSR or Ofliwd dual  
HEAVY METAL PLINTHS 
With PV C Ctv.e- Col oji lor mail B.S.R £6.50 
01 Otf-raro Dec<s Silver oravhnish P.ibi£I 50 
Moc-I /- Sue 1 2V. . 14*4 , r/. n _ _ _ „ 
Moce ' 0 Sub IE . I3'i ■ V-i £7.50 
t.ira siyB plinth S cove teak nooa aatr. 
Sue?"" X I V ?" €18.50. Ca .itrs.ar.iv 
BSR SINGLE PLAYER Idoal 
niiriCOB" yd 

nr Oncatfnc* 
ea"0 sie*co 

£15.50 
Host 'bp. M 

ELAC HI-FI SPEAKER 
8in. TWIN CONE 
Ouei core c-V.stc tall SauPinifl l—11 
cf.icur. irutgne! 50-16,000 0''$ Pa: 
<8«»nAncn40e'* 8 (Him imi^uafiw 
i5w^ rv.5 £5.95 

v> 

SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
0—6 HOURS £3.30 Pot! 2£a 
Sirflle Pde 
v.-t" '"If 

so-way Su'lace •rgi,~*'i 
i-wi 'A'ih fjuffc? e'lii »a" swtcL :uo<y- li-i'it 'r reljin ng-r 

Oarcgc automatic anti bL-rglar I qhn e' 
Vitrinbts krob Ijrr or or a" n: lull 
Miternwacte lemr-aa Hfnl r.av. 
TEAICAOOO LCuDSPLiXti- GO LIES v.iil em', 'it to sal' cot-a. Sue 1OV,« ;(iin-45p. 

VOLUME 
COIVITROLS 

5H! t: ZV1C1 -COc-'<. L £ 

80 Ohm Coax 8p yd 
FRINGE LOW .CSslSp yd 
idea 62 5 s-ts colour 35p. 0 r* 60p. S'C'fCCt L'S 

86p. D P £1. Cage (iK S 41UCS lOp, SOCKlTS lOp. 
Transwtor 45p. Oll'lfc- BOXES 60p. 

ELAC 9 X 5in HI-FI £3 4*5 
SPEAKER TYPE 59R(VI '^'Zo 

E.M.I, IS'/z X 8ln. SPEAKER SALE! 
With tweeter and Dtto Crpsuvnr HI y.att ■ ti IS 
3 ol " 8«X,i 
£7.95 

PoM «50 
£10.50 

Pom 65p 
lV.|I\ lv.«MIC'4nd 
20 ws" 
Bau'eS ?r>0"- 
Ra«-II.OOq9((W P-'". Sr. IS oI-t 20 to 20 000 c u > 
Bookshelf Cablnut 
Teak fipsh. 'ar Ef.V 18*8 Si—kktu 

£11.50 
!ki 

£8.50 

THE "INSTANT' BULK TAPE ERASER 
ANO HEAD DEMAGNtriSER. 5o;'«W« 'r- 
caiir-tfi- Add .1" ires o' fc- rei1' A r: nv •.^?on 7r;{>v. .Miic-.s A c £4,95 

> Scowji-if small hx»l, 5/)., W 

R.C.S. "MINOR" 10 watt AMPLIFIER KIT 
THit k" ii ylll-'ile 'f iBCcrl (iMvlu., .juitx*, ?>()- (M-v'.'-Ck 
e'.-r.ici-.; iiauumenu o' tmei' " A syiic-n "vjc- ve-sicis 
o.ia.Jbe: Mono. £11.25; Stereo E18. Pwi rtEt Specfiraoon 
■■OW aet cnannc • mnut lOOmtf sue 9A • 2 * 2io eaprc. 5 A ► dain i bull intsructteoi vjpp on, AC mamc r-av.-"c-d 

R.C.S. SOUND TO LIGHT KIT <,11.1toll 111,!, 3 il'an-tel scum! to j • 
I 000 char Id 

Easy to tuiln. Full IntruCtcAi tupc- ea Catn 
£17 
Pest 25a 

£3. 

R.C.S. LOW VOLTAGE STABILISED 
POWER PACK KITS 
A" paaiaca tnt'.ruccora w ib 2c-ic' dtcae 
(VirindBBi'iKt .(.'til -"!, BUS aounlc wau«d 
mj. 'W liHTiV'a-"lm Ii.pul ?00.-?4nv» c 
OotUMl vjlifu—i Mvxfeble Bo-' S v 
9 c- 12V -J r up to ICCrM t>- --x Sue 2.2 
Please state vctape rcoj 'etl 
R.C.S. POWER PACK KIT 
12 VOlT 75CnA Cor nletB ,v :h pr ntcr; 
ctrci. traarcandiiMnmWvineiiubinic! P:»i 3C*j 
'•2 VOL I 300n AK T €3.15.0 VOLT ' 4VPKIT. £3.35. 

£2.95 
Posi 450 

£3.35 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE AMPLIFIER - BRITISH MADE 

lb-, ii.rMik" I-ur. P.) Ruitai nw Car* be «b= .vim cattery 
9 i2v o- •' T lm- 200-30CVd >: opfblion Sue ' V. . Ti - 
-.0 Pe{acns:25r ilo25kc s 26tlBi«.-" ^ ^ /| n fr.r u'.r. «!<• vai-.c u trarsisiar sbinantent t. I 
F,. nyi-cClilinX feippliM. liela *1 S.A E- Ps«30o 
RCS ORIll. SPf EO CONTROLLfcH/LIGHT DIMMER KIT, 
F-,r M WiWkil W,D WIMUV <1 "I £3.25 Pas. 3up 
sOO wails AC to ns 
RCS STEREO ORE-AMP KPf. A" - 

puts to' n tih. med'un or low inp p-1 ae (hi 
anlro Md ? C Coa Csr ' 

-amp 
el -l -O- will vcurnc makeTLit way mixers 
£2.95 Post 35a 

UAINS IBA».SfOHMtXS ALL905 24ClCI 250y TO-A. C 'V 2SO 0 ??'A' IHmA 8 3V -. SA 8 Jv aiotnwv so-a a uv 3 i* a iv 
3C10-30QU t20~A J/.t 3VJ4C 1 220v i5"ii 5 3V 28 H£4T6t! TAiSi 0 JV 'V OUT 2 !("» GEMBALPUri'DSC .OrV'rC.t'iOC to 12, ifc m 2s.i-:nv 

- W 2* . 2A 2A 

"f.".-1.: 

5 3 1 .53* 
Iflfrn* 
'S6"4 lor Jane 

rjv 

0 5 ? tO I 
20V '.Siinu 20v' 3 »<no 
J'A' 

tS IB 7.< 34 33. if. 72. 74 36 16 IS JO 34 32 
• 6 4 JC 34 30 

£1.00 
£1 00 £745 
£3.45 

--'F £1.95 LI.75 £7,50 tl./S 

.15 4,1 8 .15 43 v •5 40 4 35 SO - 
30" 15V 
1UV 30V 40V V 40v 2..no 20v I Jtnu <Ov 5 '0- 1 

. fvOluv 3Jmc i.-i. 
AUTO'"A Vai'A fa 00 ■ —I WAVE 581 6-- I2VD.-IVJR 2^"e 75p 
*IV •«. 

l(3, .-ii:L<l I!.-. 115V 1. 233V s- 2!C- a 00 AC JO I I.UO Qi C-Ak&tF'ECTitTOJ 
.... 4. 
t«80. 

fa *8 C4,ft0 tseo 85.50 £1 75 f 1 00 C1«0 
o « 9. f 0.30 ro.30 re.so tn.oo £14.50 
fa &o 
tl.OO £2.75 (7 Bt 11.20 £2.95 £7.00 £4.00 
£6.00 EBOO 

40p £1.00 
-.M'A... JcJ.t .jmk. 

RCS 
BOOKSHELF 
SPEAKERS 
SO III .100 CIA 
3 vnliti iris. 4 3 e- ' li o 
£16 pair r: -3C H 
GLOBAL SPEAKERS £3.95 ea. 
Tl-eie libly rnsivols <jl rn.ls-n suun:? '«iiO<ll»;i<ir ,-iB ij-ully 
K- teC (or today . Ocmeaiic auO-'t; set-is Two ol thos- smart 
tpne.'es ceco witn a wott .leea th'eaiea eeram-i maprots will 
pmducp tupetn sic to rop'oductioi "l- rildtiB snapce Mica in K^i gloss itiu.iiilniiis uf red tine 
qreeti hih (it- -.hac wit" cn-orc •rsnie mm aid priwidttl 
wt- icewOrt ivbl-n 1i5.11 P'Oicc; 
I'iB'rca of ursng tad 
already '"BS with ahono 
idiva ii supplied 
FfCQuency Response 
11)0-20,OOO 1(8 

tmpodarcc 3 oiti 
vcwer Capettny awaits 

aodu 

m #. 

BLANK ALUMINIUM CHASSIS. 6 x -!-70p: 8 • ti-90p, 
'0 « ' —£1.' 5; 12 » 3 £1.36; '-1x9 €1.50; ' 6 x 5 €1.15; 
•6a '0-€1.70. ANGLE ALI. Pa 'i » Wn 15o. 
ALUMINIUM PANELS.6r 17o; « •. S—24p: 25n; 
10 x /—35p; 17 < 3—43p; "2 < f,-30pi 'd * b-d3p; 14 . 
3 52pt 17—68p; 1<i* 10—75p. 
All BOXES IN STOCK. MANY SIZES 
VARICAP FM TUNER HEADWlllu-t.ii-.a'ccnr-KKln* f-l.nil. 
(AO STRIP 7Svy<ay l2o 
TAPE OSCILLATOR COIL. Vulv. lydO 35p. 
BRIDGE RECTIFIER 2C0v I'lV /j amp 50p. 
TOGGLE SWITCHES S.n. 30p. C.P.S.T 40p. C " C, 60p. 
MANY OTHER TOGGLES IN STOCK, PICK-UP CARTRIDGES iC'JS :iP9i EI.50.GPH3 1.2.SO. 
SONOTONE sle'ev f 2.00. SHURE VT tCS £8. 
WIRE-WOUND RESISTORS r. y,,ri 10 w.tlt «I, wail 
10 phmi to 50K 17p esslt 

LOW VOLTAGE ELECTROLYTICS 
1 2 5. 6 3 "6, 25. 30. 50. 100. 20Cm= 15V iQp 
5C-0-T. 12V I5p; 25V 20p: 60V 3 Op; 
•COOrf 12V 17p; 25V 35p; 60V 47p; 100'.' 'Op. 
-nOflmF BV 25b; 25V42p; dZCmf • 500V £1.30 
2500.Tr SCV 62p; 3000mF 25v 47p; 50'-' 65p. 3900T.r 1C0VE1.60. -.'OOmf 63'. £1.20. Z'CC-"' 'GVCl. 
!iCCCt.: 6V 25p; 17V 42p; 35V 85p; SSCOm.F 76V £1.75 
MANY OTHER ELECTROLYTICS IN STOCK   
SHORT WAVL OCpF a • -p-cic ,(-i(|.iD:e tune- 85p. 
TRIMMERS tCpF 30|lF nOpF Sp. lOCpf. I 50pf 15p 
CERAMIC, ipr » 0 CItF. 5p. S -or Mica 2 to SOOOp' 5p. 
PAPER XWIV.O 1 'p: 0 5 I3p; i-n' IfiOV 20p; 2mr ibov 
20p; 5C0V.D OOi (0 0 OS tip; C i I0p; 0 71; 13p; 0.4' 25p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUU MIN MICRO SWITCH, 25p. Sir-|l- p,.l~ rltXiilj- 6v-i 
TWIN GANG. rSS - .SRSaF SOp; bCCar iia"dafO 75pt 
36S -a 365 • 75 t 35cr Sow motor B'iv. ESp. 
t2npF TWIN GANG. 5Op; 365pF TWIN GANG, SOp, 
NEON PANEL INDICATORS ?5QV. imbcr o- id 30p. RESISTORS. iW V,W. 1W. JOY. 2p.'-Ar, I Op; lOOw 'OV HIGH STADILIIY.'.W Zm (0 nl>-i« to 6 nep l?p. 
>ltO 5". "re-enrt ya ueS IQuh-c tb *0 meR. 8p.  

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

: sv n c, speratyr iiDU neun tontinLOua o" 5PZ 
bane', 'uii, adimlable swu-j .inn ipeec dee dlsCifi 
leec'lt-J iPWiirO magnelim ot 'C1' 
m-l.'p'iyc atinrc. etc.  95p 'ce'.SCp 

BAKER MAJOR 12 m 

m 

<==. 

£15.00 
Poitsl UG 

ZD. 14, MO <( •, IZm deuble cote 
•.*..^>'"1 and bmwlc cone legcther 
v.-.b ; OAKCR bcrarHC miy—t 
MirTdly having a l ux CntAi-y e> 
•a.QOO gapM -"III e total Mux ' J5.CC0 M-'wvlls. Bali reccnance 
401 ■ s Rated 25W. NO'C 4 or 0 or IP ohms mull be staled   
Module in 30- 
tw-elt-i CfVtBOtt' 
lw" and nnructieni 

-SOUND" SPEAKERS. Crit£ 1.00 each 
Group 50/IS" 

sow £12.00 io.v £14.00 75,v £26.00 

BAKER "OIG- 
"Group 25" 

7 one e./i witn 
£19.00 

Pen C'.Bp each 
•5 or 3 o' 16 obnn. 

ifc orr 16 ahm 9 er 16 ahm 
BAKER LOUDSPEAKER. 12 INCH. 80 WATT. 
GROUP 50/12, 4 OR 8 OR 160HM HIGH POWER FULL RANGE PRCFESSIQNAI OUAIITV 
RISf'CNSL 3U-1 G,(X>;» COS t Z 1 . UU 
MASSIVE CERAVIC MAGNET WITH fnn n BC 4 JV.INIUM PRESENCE CENTRE DOME 
TEAK VENEERED HI-FI SPEAKERS ANO CABINETS 
' c." 12ir, or iDir .;B«a«Bf 2G4l3.I7in F.14 .S0 ai»i €• 
ft, 13x010 o.».n 8p*t<e 

6'';<" eoeake-end iwe-ier i?x3.i 
M-r y al"e* Mbmets Ir v.trck f'tvar-? y 

SPEAKER COVERING MATERIALS. Samfes Unae 5 A fi 
LOUDSPEAKER CABINET WADDING 18-1 w.de 20p (1 

£14.50 0I»i €2 
€8,50 Poll t: 

£0.80 Coil /Sp 
eou.ramBOif,. 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
fo.ir "Ipj'l -OL' Vr.ly cnnlrt/s Suiti all saer 

seuilW-'y .'yr en IJIO<<I-< C"WO. 
pjivyr l. 'equ '-J 5 tyeek-- outpj'5 4 
cutaui ittekot. T'odured b-y demand ftn 
TOOV1 ne outoul to orac- 
Su- table r.atrv.ng aab £16.50 C'oo 

aWldlMI a- 
PA mbs 

lat'ty ampii'iH 
ig high qu»li; •Cniirm,, ipe'o'ed Slav ■ a Quality •. .•alvcamtl lici 

£94 
rd (c.-tealct 

(2 S(! 
Hn-.n   - 7-1 Gait1 < I OV.' K etim nr ' G chn £3.60 
Delu-ehorfi Twenteis 3-iakc'v SOW Rohr, £7.50. 
CROSSOVERS TWO-WAY 30M e/e 3 or S or (h ohm 
£ 1.90.3-way 950 tpi 2000 epi £2.20. 
LOUDSPEAKERS P.M. 3 OHM 7.1 n £1.50; 6'iir £1.80; 
8'E"! , £1.90; 81O. £1.95. SPECIAL OFFER: HO <.bm Z'iir :rtiio 35 ohr. 3in. 26 
tt'.-r Z'/jir 3i" SxXm 7.4. 8 (4*ivi. 7v.m. Hm . 3>5in. 
5ir 15 cbm. SVS'" die Gx4.„ , 7,4,11. 5i3ii« 
3 ohm 2V.J- . 3'Am !! n n& £1.50 each PHILIPS LOUDSPEAKER. S n . 1 ehmi 4 watts, £1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Sir- diameter 1\V£2.B0, 'Din "lamergr SVV £2.95: l2n diameter 6W £3.50 3 3- ' So'ims. jleef-etme 
PIEZO ELECTRIC HORN TWEETER. HaixJIel up to IOC NdCldlxovO 'oguucc. £7.95. 
' wetcr vr.umn nreade.d bie.1*. In- • 

iim. IS 
-1 ..a, -1, • OW' v/iln one ir<0 

'4in ioinc'-e 66p. :ng 

BAKER 150 WATT 
PROFESSIONAL 
MIXER AMPLIFIER 
4" "purpose vensevMieeo 
Ueat -'tir GrttuOe. Diico 
and P A 4 npjti tdcec 
Output 4 b 'G ohms a.. 
(«« urtinl* V.Kier v.v.inu- 
r-va-enlwd Deteila S A E 

r H 
and SnpARde 1 

 i  £75 n so c&r* 
100'WATT DISCO AMPLIFIER 

£59 vuium-. •.rebr ba«cu"'.rul5 50C V V 1 volt injAH 
fpur cur.ipaaker suipuB 4 -.c 16 ohm. All trar t r.tar 

GOODMANS COMPACT 
12-INCH BASS WOOFER 
Stanc.-.-d 12 n c.iniei", 1.1,11; y/i'f 
;ul ttnte-t ' U v. iaunro -d-ODDOvusi 
magnet ".IDw-inR M S 4 i>hm Imp Saw mv.fec.', - 3o nrA 
Fni;y i|".n(--iW: 3<>80C<>|l » 

£10.95 oaeh Pest £1 » 
ALUMINIUM HEAT SINKS. FINNED TYPE. 
Hua; x 4'/," A, 7>,i'-95p.6Vi" X 7" x ZV.''65p BALANCED TWIN RIBBON FEEDER 300 ohms. 9p yd- 
JACK SOCKET Sid open-circuit 20p. closed clrculi 2Sp; 
Chrome Load-Socket 46p. Mono or Storoo. Phono Plugs 8p. Phono Socket 8p. 
JACK PLUGS Sid- Chromo 30p; Plaillc 25p; 3.5mm 15p STEREO JACK PLUG 30p. SOCKET 75p. 
DIN SOCKETS Chauis 3-pin I Op. 5-pin I Op. 
DIN SOCKETS FREE 3-pin 25p; 5-plt. 2Sd DIN PLUGS 
3-pin 25p: 5-pin 75p. VALVE HOLDERS. lOp: CANS lOp. 
TV CONVERGENCE POTS 15p®.eh 
Values = 6.7 1C 2C 50 100, 2GO. 26U 47C 7O00 unrnj 
MONO PRE-AMPLIflEH. Mams aperatwl 

;r.; OosgncC to oemp. 
,1 .-1 a, trve-' ehono and 

solid state oo-am 
'-rn-ni jmp rlir-. '.r.H. liHKH steye vjrna ^'bne; Jtomstc RI.A.A 
"J A 5 -lualissi or lot Isie needs, Power 
ON/OF, PHCNC'TAPE hMlcM-i and pilot lampa-eon the Irnntonnel r-nnoo yoikw npul 
.tnd output arc inar Ictatcd 
£4.50 ouch o* £8 0B«r. host :Cp. 

RADIO COMPONENT SPECIALISTS 
Rnd^o Books and Componanu lists 20p (Minimum po.tlng chx-art 30p.) Cfcxh prlcos I eluda VAT. ;Wr copl Ac 

337 WHITEHORSE ROAD, CROYDON 
Open 9-S. Wad. 9 1. Sat 9 6 (Clotod for lunch 1,16-2.30) 

or Oarclayca'd. Phono your OrdS(| Tel. 01-684 IB65 



•• 
.LYNX ELECTRONICS (London) LTD. 
92 Broad Stt"Mt , Cheaham, Buck$. Tet {02405) 75154 
VATS~ OJCC:ept • w hich e re 12 Vz % lttnPtatStnkt 

P&P 30p, O~rMas 9 0p, Matching 20p per p air ltwl'ritl Lilt m, 
Prices correct at 31st October 1977. 

ACCESS & BARCLAYCARO WELCOME 

· l ·~cu6 
J.CU7 
.cuo 
...c:n•oe 
~El:l.c 
AC.l ·U 
ACUU 
A!,J14 
AC!141¢ 
""ti8J 
A{; IIIJ O: 
At IllS 
AC188iC 
A.ll l ./9 
AI>'& I 
AI> I (I)' 
"' \ U. Af11!i 
Af1 1G ,.,,, 
o\11111 
Al 1}'6 

"'' '"' A.hl'i 
IJUt 
Af;>H 
M'"' 
.u•()) 
..UIOJ 
.uno 
AUP) 

~:8~ 
"'"'" "'" .. em• 
OCOOM 
ICIC'li¢ 
6:1:11} 
S::llt 
&1:11~ 
tloel,i 
SCt40 
St:l41 
~C I47 
lot; l oliJ 
0(;141 
il~ l~fl 

gg::~ 

t.to• 
1,60' 
1.10' 
2.40' 
uo· ,, .. 
·-~ 0 .90 

'·' ' .... ... 
o.u 
o.n 
0 .32 
0.32 
0.20 

. ~:~: 
o.n ... .... .... 
U!· 
O..S.I' .... .... 
~ .. 
o.u .... ... 
~ 
cu~ 
O.lf .... ... .... 
OAS 
OAS .... .... 
O.iiO 
0.60 
0 .24 

·~ O.» 

Jf.IJ1:t&O . ... 
JNli~t• 0.10' 

~~1~~n u:; 
2NJC!.l 0~ 
:rflO!.~ 0.10 
?N:t' i l t , \ 0 
2N!t-1.&4 O.U 
1Nl4H 1,20 
~NnJO :uo 
2NJ.'01 0,10' 
n<::I J~», o,to• 
Yf!t)Oo4 0 . 10 ' 
~N!t 7C·!. 0,10' 
) !<310!1 0, 10' 
1Nl 101 0,10' 
m:.:oe o.ot· 
~wa100 o.o• · 
n>I!IHO 0,\0' 
2NlHI 0,10 ' 
:ul1' !. 1.10 
11<31'' 1.10 
llf)JH 1,10 
~"';, ''' t .to ?N!J)l 1,\0 
:t~itlt • H" , .... ").~, '·'· )'MS.CJ t ,:tt 
~IPO ._,.~ 
:>MfU t.J.~ 

~~;: m 
1.~-,n •w 
J;:::m ur. 

-,..,_ 
'~'"""? . ...... · · ·~ ..... :t.o .. 
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'REGULATORS 
, ,., (1,4$ 
111CS t.SO 

SUPER SAVERS 
S:i3.:>9J< O.ts 

s . .u .... .... 
0,10 
Otl' 

11U t,M ,,,. . .... VMS.S~.£ 
W.tSJ : 6 

,,,. I..M 
.~ O.K 

'1l209 
2CUAA 
Y.C1310P tU~S 1,31 

L¥.M01l I ,.U 
L~l· t.U 
Vl)U\•• t <iS 

fCSSJOOJ~ 69-1 ~ 
f(:Sa02~ ~ d!Q:t o:h:. ¥'z 

tiN " 
tJ.IO 

TTL 7 400 SERIES 

J40t O. U I .:S) O.SS 
1401 O. tf ?,.&J 0 . 7 11 
NO'l 0 , 11 !.:&~ 0 , 32 
14 0 .1 0 .11 Fll).. :J.IO 
7·104 0. , . .• .. !h)Jol'l • .• 9 

THYRISTORS 
, " » 
~ rJ ~~ 
Ql 1.40 OM 
we .. ~ "" .11.. ., IJ n• U M 

CLOCK CHIPS 
Y._.t)t.a II.U 
,Yio\Utt II,U 
.U.•+t:U<IA-3-.ll 
M"'.......OO'o• •~ 
IC SOCKETS 
•,.... o,u · 

., ,. ... 4 
It .. ,., O, IIJ 
:.a.,,. OAIJ 
·~ ... . ... 

DISPLAYS 
Q,,\$'$11 
~~ Cl.9 • 
}!)) CI,U 
~u 1 .1 .0 
l£0 
t "-<1 o.u 
,~ 0.~ 
JO... 0.10 
l•tl?f o.t• 

''' 011 o, u ]4;!1.o. , 0.65 

~~g; g::: ;~~~ :::~ 1---------------------1 
~~;~ gJ: ~::i g::~ TRIACS - Plastic TQ .. 220 Packatfe lsOI~ted 
1<1 n o.•o ~.~~~~e c.u Tab 
"'"' 0 ,72. 14 l 00 1.07 
141) 0.43 1l\0' 0 . 311 
1410 O.tl J ,: · ~, o.:u 
74?; o.so .'·1 ,,, 0.47 
14 21 0 3 0 1 -I ~JS 0.65 
1<1 .)0 o," 14 • .! ! 0 .1 1 ,,._., o.u , .~~ . • ~ o.n 
'"~' o.so 1 ·1 ' ~ -1 1.30 

~!:1L' ::~: ~1 : u g::~ 1--------------------~ 
u.t~ o.eo ;.: · ;.: t .ao 
rc.:u,, ol t 1:·:s 0 .1 • 
r.C.c4 0 . 11 r.t ' f.O I.CI 
UJO O+S2 :.c· &· 2.JC 
"'"4' 0.2~ ; .=· ~· t.U "'l o:r-o u · ~~ t ,.to 
f 4 J4 O~l. Jil"S:a 1 . 31 
,.,.~ 0 .41 I .C" 'H 1.2 0 
ua 0.1~ 1 .: ot. •·'"' 

,. .. .. , .... 
'" "'" "' ,.. 
'" Nt~~ 
HI ~~ 

LINEAR f.C.s ..... ..... 
UO' 

· -~ ..... 
us 
us ... ... 
'·"' ..... ,,., .... 

' ICilSl!> IUV 
MCU$.'JP 0.7f 
Mtf4~1P' o.n 
Mei.\~E~ G.l2'" 
i.>S'l60 U5 
~.:..s;'o :r.:r1 
r .y.:jQO ' ·'' ~-'-A'l-'0... u a 
r .u.;;o 0.4'i' 
TAA;.n a; ;r 

f .u$81 ~· 

*** SPECIAL OFFER SECTION *** 
st>JOtf' io.u 
.......,. o,-~1"() ..... 
IM'.i. Sl'OJIS 
;.Pw --.:ec •· 
~ .......... 
.~ ... -... (1> - ie 
nlfl .... . :tO• 
.c lJo. \(f "' 
f-.tl ,. .... '~ 
!>::.e. u .. 
~ IIU (4 ... 
lol- U dO 
'IU.I ..-. ( 1 )..00 

*** 
MEMOI'IIU 

11;)lJ. GJ,fO 
J I I ,A, .. 1 41 , U 
asoa 1,•• 
HOl 2 .10 
:>IO) to.oo 

-o··~~ 
.. ....,. .... "0111$ ...... _ ...... _ 
.... ..... ''" -'-"' s-.. 
""tit"~' • I 
r~ u-:: 
•O<J~W?o••t 
Y·u "'",......, ............. ,., 
w .... ... . ,. 

OIOOU 

lh.,. .. 

'" IIYO 

"' \l<l:) 

O,IJO 
o ••• 
o.to 
O.t l 

P~CTtFtEI!S 0::;..! 

"""""' ·~ !>........, OA-"---' 0& roor.. t.SO. , ... ~ 
-~ 70{1'{ -..o. ,_.,.,_« 
-~ :::h." t.lS. ....._.. 
~lQo- 0-

..... ti "'""""--
*** 

(I(; I Ml 
BCI!o!) 
ICUO 
iiCI~ I 
BC.•~ 
'itiU 
JICICIIIC 

0 .14 
0 .14 .... 
(). Ia 
0.!10 
0.20 
0.1l 
0 -20 
0 .18 
0.22. 
0 .11 
0.1~: 

zea 
Program. 

mlng 
Manu:. I 

anlr u .so 
Post tree 

AI .... nO~ 

"''-"~ N£!.~} 
(Jro)i)~· • 
(1.)1,1(1;1 
(;Al( l l:'J 
....,C\~~P 
YCH01P 
...... : 13101" w;;,n ., 

·~ .... ..... 
u v .... 
' -'"' 

r~SlO U S' 
c .:..sm , _... 
Q.\:.'.0 Z.ao' 
1{!.\)10 0..9& ?I !';! 4 , f0 

'5!~ •. oo 
u~o• s ..... 

O.t.\11; 
QJ.\1 ' 
:)M OO 
11<!114 
11<(.00\ 
IN4V01 
11<4()1)3 
IIH()O.C 
"~"nos 
w.soo~ 
l !i4 0 01 
!N4' 4S 

0 . 01 
o.oa 
0.09 
o.o•• 
0.04' 
O .Oil' 
o.oe· 
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THE AUDIO AMATEUR magazine, now eigh l years old. IS 
t otally d edi cat ed lo good sound lor t he d0 -11-yoursoll 
audiophile. TAA's thoroughly tested construction articles range 
l rom simple overload indicators to hand-made eloclroslallc 
speakers wllh thir own direct drive power amoliliers to mi xers 
and m uch, much more. O ur authors include Reg Williamson. 8 . 
J. Webb, end A len We/ling. 

-------------------------~ Subscribe now 
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R.F.I. Will YOU BE 
READY FOR MAY 1978? 
Tht.E.J::.C l>iro:ti ... ·c 761889.co\"Cttns r~dio interference 
caused by cl<C1rical hou><hold applianm. J>OIUblc tools and 
similar equipment, v.·illb<comt Jiw in 19?8. 
T oassisl tn2~N toc:ompty v.·•th these regulations we 
bav<: not only C$12l)t0$11Cd • tuliJ <quoppcd ·
b i.Xltonoryforundc:n:aking R. J . l. ccsnne,but ha\"C also 
deo."Clopcd a wide rang~ of componencs to perform this 
suppremon fuoction. 

Str.dfcrqur lm>ehur-HtJil R. J•: I. a11d dtUUJJ>'OUf' pro61tms u-irlrour 
/;.'r.ginnrs. 

ITT Components Group Europe 
RESISTOR DI VISION, 
South Denes, G~at Yarmouth. Norf'ol.kNRJO 3PX 
Tel: 0493 56122 Telex: 97421 
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LYNX ELECTRONICS (London) LTD. 
92 Broad Street, Chesham, Bucks. Tel (02405) 75154 
VAT a % except * which are 1216 % Relurn Post Service 
P&P 30p. Overseas 90p. Mntching 20p per pair "bw Price U4120p 

Prices correct at 31 st October 1977. 
ACCESS & BARCLAYCARD WELCOME 
tftAN§l5Y6A5  
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From the USA 

THE AUDIO AMATEUR magazine, now eight years old, is 
totally dedicatee to good sourd (or the do-it-yourself 
audiophlle. TAA's inoroughly tested construction articles range 
from simple overload indicators to hand-made eleclrostalic 
speakers with thir own direct drive power amplifiers to mixers 
and much, much more. Ourautncrs Include Reg Williamson. B. 
J. Webb, and Alan Wailing. 

cl(l In |l"9 COO0011. onclose choouoor irciey orOf payaoie lo 
rhtMOio Am-IMOI and mod to 7AA Ocpl. WW1. Vor c-A-Oa* 
CotiaOA. THlingion, Ni. Kerclsia MP4 8LQ. 1" SnfB' my sWscriplor. to TAA Icooo y«af'lou' lasjc. lor 
£3. 
~ i y-sai to ka<." (voie • sneiOBO 75a isus tr.s r-v oasiaco 
lor 8 8AT* 816 iBS'JO 0( 789 A i/dlo A rfiBtavr 
O Sena If* p'ospsclu;. 
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Subscribe now 
on a 
satisfaction 
guaranteed 
basis 
or send for a 
FREE 
descriptive 
folder. 
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Pnn Code. 

TA9*4 raiea a-o »im fhe U.K only 

I | ralni 'c* Olhcr jrcac 
I a-aiiao1* 'lorn lean oilitu 
I 74A. I'.G- S.n 176 
, Pcin'Ooiujoh N.H 
! !;34iaoEA 

R.F.I. WILL YDU BE 

READY FOR MAY 1978? 
ThcEE.C Directive 76/8H9, covering radio interference 
caused by clcclrital household appliances, p-inahlc locls and 
similar equipment, will become law in 1978. 
To assist manufacturers to comply with these regulations wc 
have not only cstabiisncd a fully equipped suppression 
laboratory for undcrcakinc R.1:.I. testing, but have also 
developed a wide range of components to perform this 
suppression function. 
SeridJ'nrow brochure on R. I'. I. and discutf your problem toilh our 
Engineers. 

ITT Components Group Europe 
RESISTOR DIVISION, 
South Denes, Great Yarmouth, NorfolkNR30 3PX 
Tel: M93 56122 Telex: 97421 

Cnniimncnls 
WW — 071 FOR FURTHER DETAILS 

ITT 
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00 ELECTRONICS (LONDON) LTD. 
~YNX 

NASCOM 1 

! 

Microcomputer for the Hobbyist 
HARDWARE FEATURES: 
* SUPPLIED IN KIT FORM FOR SELF-ASSEMBl Y 
* FUll DOCUMENTATION SUPPLIED 
* INCLUDES PRIN TED CIRCUIT BOARD * FU Ll KEYBOARD INCLUDED 
* INTERFACES TO KEYBOAR D. CASSETTE RECORDER & T. V. 
* 2Kx8RAM 
1< 1 K x 8 EPROM MONITOR PROGRAM 
1< POWERFUL Z80 CPU 
* 16 liNE x 4B CHARACTER DISPLAY INTERFACE TO STAN DARD, UNMODIFIED T.V. SET 
* ON BOARD EXPANSION TO 2K x 8 EPROM 
* ON BOARD EXPANSION FACILITY FOR ADDITIONAL 16 LIN ES I / 0 
1< TOTAL EXPANSION TO 64K x 8 MEMORY 
* TOTAL EXPANSION TO 256 INPUT PORTS AND 2 56 OUTPUT PORTS 
SOFTWARE FEATURES: 
1< 1 K x B 'NASBUG' PROGRAM IN EPROM 
1< PROVIDES 8 BASIC OPERATOR COMMANDS INCLUDING SINGLE STEP 
* EXPANDABLE SOFTWARE SYSTEM VIA ADDITIONAL USER PROGRAMS IN RAM OF EPROM 

ACCESS £197.50 (ex VAT) 

Phone or write for details: 
BARCLAYCARD 

92 BROAD STREET, CHESHAM, BUCKS. TELEPHONE (02405) 75154 

DATEST 1 
TRANSISTOR AND 
OP. AMP. TESTER 
Simplifies semiconductor testing 
Saves time and errors · 
"' -1$!>!$ $1$ "'*~m;nic (1<'1(1 tor,;:o:n l-4guuv s. 

"' l AAIS. CSQ, ._,.._ ulllnQ Qo.o\ Ql ¢ iow i\ 

"' H.lti!1C$ llopr.l.m,, ;:~;$ f$U ly~,._ LEO'$. d iode-s op. 
~ f<l~A ¢ ! ¢if¢:Ji:l ¢nly) 

It Al-~¢"='1/l!;<ll!.y (h$1lf.;<)'l> (!.,...,~ ~o..=r<l'( ~"'!d , lo r OCY:<C.$ 
o ut ol cifo;¢1. d ... viee 1ypc- • 

• Cl!\'t k'$ (Qo Q111i1~. !.,.:.kll$10. inpu~ ofise-1 
i'oi¢;:~ · irdt.J(i.ag tn\ f.'eb"'$· iul inwo .. <c:iO;n$ .:.11<1 dll!!vc-1'( 
(VI< o1::·(.i: £4Q p1u, '>h\ T ~89'.). O:tt,} $.ncc1 en '~"~$1 

:>. DATONG ELECTRONICS LIMITED 
S~·- Mill,, M ill Lane, 8 romlo-y, 1..oocb LS1l3HE;_ 
T~; ~MY (0!132) 552461 

Audio Connectors 
G' O<H:!ca;,t pail01n jac:kfie lds. jackc¢fd S. plugs 
(l;ld jac ks. 

Otll¢k discot~ncC! m•crophone cc•1nec::wf'$ 
Amphenol (Tt t¢h.e1) mint<llurc con nectors w1th 

collpling, nut. 
·H,rschmanr~ Ban;;~~;;~ pluns ~rtd te!!t p('obes 
Xt R com p;.H~ble- H"'•h ne ;;~Herlual<Hs. a n d 

Future film Developments Ltd. 
36-38 Lexington Street 
London WI R 3HR 
01-437 189213 

WW-02.6 FOR FURTHER DETAil.S 

f'C8oo.ty ..... i! ... 
O:n I'IUI!Q )I lifo c:onNI"'' lltl p ! !\ :eel 
-(::u¢o,. I 1!-:'IM <It. ;'l!ld C:Q."r.FOM I'\lf; 
ll('(:;:<os*' Y IU !;Ni!IJ m $ (::()<Yll)l(ll " 
r.ceo:!er •••••••• 
A rnprin~ of mo: %r..o~ ~ 8ft1¢1$$ ·~ 
~<-.ti\lll~.tl ( l . f:O,.. t:.tgn i!lp .S AI< 
•'•>Civdoed t f$$1'"' -ooml*t(l kofl l'(>~f

.... ~ .. "'1; PfUCU *"CLUOE \/AT 
Sot of 5 PCBS '"" i::' so ~~1 Kit (Ind. PCBIJ 
'Adlkln Unft fOr lOwOI c.•o PCB 
'Compoi'MM'tt Kit {Wic;l, PC8. 

£ 14.85 i; t .O() Cllblnot . 

7400 
7402 
7403 
7404 
7406 
7408 
7410 
741 1 
7412 
741 3 
7414 

PV.,TtO TMIII~H"'"""' PCO.totlfXAS v""*OII <*ofy•nd'(f;lj.of> .. 44 00ol C21.00 
FuLL FAUt. T·FINOIN() AND REPAIR SERVICE A VAILABLE, 

COMPO HUff$ AUOAVAII,JI.e,l,l;: $1,M11Af l i.Y- SAt fo• p.OC.I;tt 
AtA.OY 8 UIL,T &. TE$TEO DECODERS- (24UI7 + (5 C Mt. 

DE lUX! V!RSION WITH NEW fACiliTI~S - £212.50 + (5 C•or. 

CHAR. GEN .. MEMORY 7400 I.C.S. 
TEXAS 74S262N fX887( NOW ONLY £16.00 

SlGNETICS 2513 £8.50: NATIONAL 2102126021 £2.25 
19p . . 7420 1 $ p 747!i !S6p . 74145 £ 1.24 74193 £ 1.84 
Up 742 1 Up 7483 £1.00 141~ £.2,49 74195 £1.84 
t tp 7427 34p 7485 £1.3-3 1 4 15.3 90p 7419$ £ 1.$2 
24p 74~8 4)'p 7486 l !Sp 74157 90p 74221 £ 1.55 
44p 74-30 21p 7490 Up 74164 U..38 r S10.Z £ 1.82 
28p 7432 38p 7492 SOp 74165 £).70 74HOO 3Sp 
22p )'440 21 p 7493 SSp 74174 ( \ .U 74H04 44p 
22p 7442 84p 7498 17p 7417$ ( 1-30 74Ht 0 39p 
27p 7447 (1.00 74107 52p 74177 £1AO 
3$p 7473 40p 74121 43p 74180 £1 .30 
a.Zp 7474 36p 741 23 t:l.Oi 74112 t 1.8A 

Quantity disc'Ount on '1400 Series only: 25·99 less 
10%: 100 or moreless20% 

i..lHt:St. PRICES INCLUDE vin. PLEASE ADD30p 
• CATRONICS L TO. (Oo$pl. 822/ l"":on 1cs· ~g~~~L~~~os:~~.A£ I , WALUNOTON, SURREY 

Ttl: 0 ' -469 8?00 
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ELECTRONICS (LONDON) LTD. 

IMASCOM 1 

Microcomputer for the Hobbyist 

HARDWARE FEATURES: 
SUPPLIED IN KIT FORM FOR SELF-ASSEMBLY 
FULL DOCUMENTATION SUPPLIED 
INCLUDES PRINTED CIRCUIT BOARD 
FULL KEYBOARD INCLUDED 
INTERFACES TO KEYBOARD. CASSE'TE RECORDER & T V. 
2K x 8 RAM 
1 K x 8 EPROM MONITOR PROGRAM 
POWERFUL Z80 CPU 
16 LINE x 48 CHARACTER DISPLAY INTERFACE TO STANDARD. 
ON BOARD EXPANSION TO ?K x 8 EPROM 
ON BOARD EXPANSION FACILITY FOR ADDITIONAL 16 LINES I/O 
TOTAL EXPANSION TO 64K x 8 MEMORY 
TOTAL EXPANSION TO 256 INPUT PORTS AND 256 OUTPUT PORTS 

SOFTWARE FEATURES: 
* 1 K x 8 'NASBUG' PROGRAM IN EPROM 
* PROVIDES 8 BASIC OPERATOR COMMANDS INCLUDING SINGLE STEP 
* EXPANDABLE SOFTWARE SYSTEM VIA ADDITIONAL USER PROGRAMS IN RAM OF EPROM 

ACCESS £197.50 (ex VAT) BARCLAYCARD 
Phone or write for details: 

92 BROAD STREET. CHESHAM, BUCKS. TELEPHONE (02405) 75154 

UNMODIFIED T.V. SET 

DATEST 1 
TRANSISTOR AND 
OP. AMP. TESTER 
Simplifies semiconductor testing 
Saves time and errors 
• lesis a.-n SLtoragiio a-ui (nvtniWoixjvi 
• Itaii. rtiwiri-. ir nil!! o»ii ol 
» B.ptlft's. -t-s (all (yves; LEDs. iJioaes op. 

<0U o! CitOU'-'i Cir.yl 
• Avfomawaliy Oevce Dpanty and lor ac.-cej 

oj* of ci'ei I. dyvic- type 
• hi usIt. -akaae lapai ol'iei :'i-- int'ud-ig i-i' piobr*.. ru'l Insiructicu; ar-a dalivc-, 
(UK oW'iJ: t<5 pkn VAT ie%| Oaia itieei en 

3 DATONG ELECTRONICS LIMITED 
Spoiwa MHU. Mill lano, Bramloy, Loodi LS13 3HE 
Tolaphone: Piideay (0632) 552461 

WW—021 FOR FURTHER DF.TAII.S 

C 

0 

Audio Connectors 

'Jioancasl pane"! jackfields. ;ackcoi<l$. plugs 
and jacks 
Quick disco-incci microphone conncciors 
.\mphenol (TuChfii) miniature connectors wilh 
coupliny nut 
Mirschmann Banana plugs and tea: probes 
XlR compatible m ime atienuato's and 
rovorsnrs. 
Low cost s ido; faduis by Rut. 

Future Film Developments Ltd. 
36-38 Lexington Street 
London W1R3HB 
01-437 1892/3 

WW—026 FOR FURTHER DETAILS 

latronics« 

NEW FACILITIES 
AVAILABLE FOB 

WW TELETEXT DECODER 
Board 3 is now ava>lnbl« )•< nn addition.l unit lo updma lha 'Wiroimt World' 

Toloto<« Docodor lo givo double height ehirtiet«r«, colour background, 
cmicoal' rovoal, etc.. a> daictlbod in Oacambar'* lisuo o» 'Wlroloti World.' 
Out Kn includes plalod ihrough hole P.C.B., ell componeni* and in.iallaiion 
inalrudions. Prico £33.68 ♦ VAT (£3.47) + P&P I30p| = £37.4$ ton) 
PCB only ■•■ilaula ai £19.60. 
On aiair • is coma i all nc pruoc i in I haa'ds aid coxporems 
neeewy to Ouild i'-" anmnloia nccoac" 
A ropni: ol the sei ei of e'UClas ia 

..I £1.50 + .l-go ' bp SAt 
dncl.K^d 'rao -i oomfA^in km 

PRICES ISCLUDB VAT 
Sot Of 5 PCBs 
Componani Kit (ind. PCB») 
Add-on Unit (or lowar caic PCB 
Componeol Kit (iocl PCB> 
Cnbinot 

PI ATED THROUGH h(U« PCD.torltXAS vwliOit 0-l1» .1 eddlllOeH corto' C2>.00 
fULL FAULT-flHDINa AND REPAIR SERVICE AVAILABll. COMPONENTS ALSO AVAILABI f SIPAnAItl* — SAt 'or pnt. Ill 
HtAOY BUILT s TESTED DECODERS - £241.87 * £5 Carr. 

DE LUXE VERSION WITH NEW FACILITIES - £292.50 • £5 Cerr. 
CHAR. GEN.. MEMORY 7400 I.G.S. 

TEXAS 74S2G2N (X887| NOW ONLY £16.00 
SIGNETICS 2513 £8.50; NATIONAL 2102/2602/ £2.25 

m 

'Vic Vfwvervoi • iv4«Qf Iruit PaPS •m- Pi:<.>,- 
£21.70 £21.65 30u £120.95 £133.70 £1 50 E2.70 — 
£13.75 — — . 
£14.85 £14.85 ti.00 

7400 
7402 
7403 
7404 
7406 
7408 
7410 
/41I 
7412 
7413 
7414 

19p 
19p 
19p 
24p 
44 p 
26p 
22p 
22p 
27p 
38p B2p 

7420 7421 
7427 
7428 
7430 
7432 
7440 
7442 
7447 
7473 7474 

19p I 7475 
28p 7483 
34p | 7485 
47p 7486 
21 p 7490 
38p 7492 
21 p 7493 

749$ 
74107 
74121 
74123 

74145 £1.24 
74150 £2.49 
74153 90p 
74157 90p 
74164 £1.38 
74165 £1.70 
74174 £1.19 
74175 £1.30 
74177 £1 AO 
74180 £1.30 74192 £1.84 

74193 
74196 
74196 
74221 
7B107 
74H00 
74H04 
74H10 

£1.84 £1.84 
£1.62 
£1.55 
£1.82 

3Sp 44 p 
39o 

Quantity discount on 7400 Series only: 25-99 less 
10%; 100 or more less 20% 

jjHESE PRICES INCLUDE VAT. PLEASE ADD 30p P&P 
CA TRONICS I TO. {Dap I. 8771 

atronics 
Comnwnicallons House 
20 WALLINGTON SQUARE 
WALLINQTON, SURREY 
Td:01-669 6700 

WW - 822 FOR FURTHER DETAILS 
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T20 + 20 AND T30 + 30 
20W, lOW AMPLIFIERS 

o...<ll ... lff-t-~-~ •w.<ll~ -----~$.,.((- ....... 
~..,...,.. ... _....,..,.,., .. '""""'•'--_..___~~,..._._ 
"JJ• lO ....... ~.-.o-c!_.OI_'" '·•--· ... --n.:-• ..... __.,._. ....... 
... ... .,...,_:o.-.f'CS.-~f//J ... _....a~ ...... ~-,.,-·~ ~-.... _......_.. ~'"IW--~~"- .......... ,..._ .... ~"',.,..,_ ..... iNI!ou ......... 

• I (!) 

SPECIAL PRICES FOR COM PLETE KITS 

-~.,..~-~1~ .. .,_,,_,._,._1fof. .. ,.._.,_ . .,. r:t! - !0 r - oi0£. :5¢ V 
~-ftr-•*IW$ VOfl::.e - .:;..,_ lloctt<l ,_, ...... 11/1""•' ~ <$Je\V..,.._ '"'*'-' 

Pnt T2G 
a, ~tltii.W"*tr«o'l;)(J .. tUO 
2. &44 tl tll$11 UJ"illn ••• . , t UG 
~. Sfl tl """ ' n~lru~.:i!trs !120 
<1 . kt tl talu ebwon p1m . . . u.so 
t &fl tl tllk.Mt:1,,r.8, tldltllll (1.$0 

" S.l tl l"lt .. ···~·· •• ildl . !2.10 1, bl tll..t~trJmars, ltl. Jl.':s. t1.25 
L hll-'tllmst.-ntr-21.~ fri•· 

t.s ttutt , , • • u.so 

"' £1, 70 
U ,40 
t 2.SO .... 
ll.$0 
ruo 
U ,75 

£1'.ZO 

PM~ no 
t. fllr-'m PCI •• . . . . . • • £3.50 
Ill. ltttf l'ltllllwrt, ll llf!J p r!s £5.10 
II, hl t l UtiU, IltliiJ IUd £0.40 
12. IMAoek . , • . •.... .•. . , fo.tt 
13. T,_ uti"! 15.4-"x8.7" _. 2J" U .$0 

"' lUO 
tl.%0 
£11.40 
fO.zt 
ruo 

T 20+20 KIT PRICE £33.10 T30+30 KIT PR ICE £38.40 

WWIITUN ER ** 
loOIIOo'f!rg t "IC !IU<:cen o f w r \.'Vi r·I· U WOrld , M TunCir K it thl:l c~SI I"edi.ICIId 11'0/;Sfl y,tl1; 

llctoiOfltd to conp.~rr~r t til" T20 +20 A"'ll TlO• 10 lltl'lphfor.r~ 11nc' th e c::~:t.in\' t <>..til, l •<o!'t 
llll'fl\11 fO•fflOI Ar'I(S (;l«::f•<-~1 chiii:IC((>t--t~kt. m~'' th'f 1.1n11• wo·lPA t•l'~ w•l"' (htllet, ll'l~ 
l t,~IJI!fl\))' fllo\!1111 Ql lht) oYI()..'Yt ,,d•;ll r"l:!ld<"''OU~I hon bllllflllf'l! ttNte" -:.1 (I~ u\$(;1\0itl.:"$; S.!M(I!.f,od 
how•v•• 11111 t i•vv; I<Y it iC\9fl lo(:<'I!Oind tths.kre<-010ol'lll'r>IIM 0\.ll~ta"ldin~; v~l:'!' 'l;: ''"-'''"Y F.v •I •• 
•r<lt.~IIN are s...,>~cN.::!e 1!'::. :lld!Vl!ftble. $.,.1Cb~l\it "''oJ~•"I1 t ED :uthn.g 1neoe~uor. a"d bo1h 
l»>'·lorUC.<~• ,.,d t:~IM"I·bi.C:~~ d"I:IIT 'lei ~l•n ~" ~!IIIU,Iol't toU.,IJ'''if \!y (;(>"o; o¢!$ <I<\ !N~ lfO'I~ ~ane }, 

S PECIAl. PRICE FOR COMPlETE KIT £4 7 .. 70 4VAIV.kl A.S $(Po\1to\Tf. •ACKs- PR as 'Olllt fltff CAlAI.OGVa 

POWERTRAN SFMT T UN ER 

** T••• '•CI~a "'t<'llli"'•~ wh 1:1 l:J ""~· ,..,.,. IIOfol d4to•Q• wl' ""II eo .. :1 oo co.-s:ro.-:;u:d c.: so:; o'fi~NI"'I 
Wlff:olll ~Tiyoto"'"' !t\1 ... ;: •o~tbvl .-.1'11':11 $1!1 Qw•t afoi.I /11Mo.I.Ou!!)o. ! t.1. Mtl!etJt !Coe:! 19 _,l"fOI 

0\11 ._..,., l)tp ul;;:.· am;: lic r11 C<" ~J!Ytll!!ll' lul,lh Q!Ji. •l 'lf~II.I 'O $\IV'I)f'l\t•~l N-ot l:ol (!of'!) .a''' !llblf 
f).lb 1hod c;<r~ll'l. tne l"t':I'Jircmeo l Wll ~ '"'I by l,!n'll" ~·'>II "'*" • IOI>" •Iil•l l .-.(;ole II\ l"ly.• l!wll 

lllb<lfluor.oe.• :11\d !"Ill"; 1uner. wl>-:.1 u1-t-1 a. &:•9:tliCJ"•d (•o•:l t-"ld 1'10\lJie~~r t:c ~e1 " ' ' .-.t1h ' ' ' ' 
alt.l Of n~h 'IQ MQo"' $¢(1ot!o$1.:U!Cd 1NI"I II 1'1'.11 11 "1'0101 A Ol"lll ~t !o ,ked l Oll" i~ u m fo1 tto••ll 

u.c:O<Jil\y ~··~• W"l'""' ito¢l~.<dli! ~"'•tell..ot• Alt. ~ .... ll eflaflr• l'l'ut•ll9 11nr. n ... s.n !>.:~ton c: 'IIIII !'Iei 
~t!«:~ion !aditn~lllx-1:-y c:o,..~•olll I."• t'le l oun\ p .. ,,' "Thlt ""''' "'~'(;l"ol'l!> wi)II ·,.,·J tl tbrl 120+ 'O 
•fl(ll30+l0:.n phf en;. 

PRICE FOR COMPLETE KIT £35.90 •vAOV.S..E•SCO~I'Ulf<1tO•tv 

~ w...........-w- 0..0... f_., •.•• - --· ..... '-"---
-..,..-~¥QPC3J.-c~.,··· olf\1, ·~._,.., -:xn..a-_:..:. 

""'"."""""" ~~ ~·?e~nv .,,,,. .,. t" c ~ ~·H - wojll"r d ou- CW"O 

__,.. s.. ....... !loo-do ... "''l•- *""""'""' 'l ... .,. .. 1 ........ , .. ~-P''t•- Co.• 

'"'"' ........ • ... lftot · · - .. ., ..... or! " "' ....... " ..... "' ""'~" ...... """blo t.l:e'"'S *'>d 
'ofllllf 'o)"9f ~"tC<:ol!•ols. -e'>M-,e-o...,.., """''~''" ,,_.,, """'"""'' Fe'""~'"' •v.: ..-~ 
., tOll o• ''"" •ce~ t.J .. t o.:~ P•i::>ao•ll ""' """,,, •• .,. • ., ., • ...,,, ...... ,. ~91- """'"'m"-.:" 
ti!!''"'' $1"1¥' "''II" Ot:ttlstf :O"'<>:>'t-">1 II.Mh ~" ·•o """ l+01t C..l.t "II"'" 

ICh\' ... .,, ..... .,11!•• 
..._,~,.., • , s ..... •cs 
t"M." 2 ~~~~"~-"""$ ~<1r1. ""'"'' '".._''" ~ 
. loll .... 3 S!!'- '""'...:-'~' s.t< 
I>!NI "il"'l·l·'»(::;t,•~MI 
,.,_..,.~ 11 e:.. .. -ee 
~·.ltJ"' ;'!\ooo.cUoo c.......,........_,,_ ....... VlA·"· J~~,(l)< ~ ..... ....,r- s..:r.:-• 
IO"tl'"' t• ·-"-' tow'i"" t ........... c-.:--
tow'S"' ~ -
~" "'--~*""---.... .,. to¥Jfl\.st ·-u--.... v--~·"' ..... ~.._-.4mf. 
au.&"' 1 r ·!i.-rca-. 
..,"" 1'il~n=· c-- :kot.. .................... -o. 
It~' A"\ l • F-'W<V "'-!lC'ol"'..,.."'kt WI,,.,.,., 
' ' ""' ' ' )'j SI.Qe!o •o:eo"• (lt!'Cit'l u-: .. uo ""00) 'lokottl .,, .. ,.~-•-w• 
111°11' 1'0 I 'lfi'I~·~A"'I'' (ii*<S"'CH l<~etfOI 
I II !ICP< 1 Hoect<IA"''' f <lt-..CII,<!-IU 
lll:<l.\ • • .a .... r ...... .:.""'~' ... f r. ....... r, .. ,.,, • .,., 

SQ QUADRAPHONIC DECODERS 

1:1.00 
t .U S 
( 4.70 

(1..0!> 
c:s..: o 
c:).3S 

!O.U ,..,. ..... ..... 
1:1.2!> 

u .ao 
(6.10 
1:2.U 
CS. IO 

o .ao 
( 1 ,1 0 
( , .20 

Value Added Tax not inc luded in pric es 
UK Carriag e FREE 
fl'fUCI I TAII U TY: Or~• w ith co<'~fcif'!ICII lnM:te-~1 ~c ol ~.,.;. ·,,.ce 
(~"" Wle ... T honour::!' pr>t05 11'1 11'1!5 lldll.ll>iO'I"'f'!l l V.IU!I M~rtl!. 3 1 ~ 1 
19?0. l ll"ol$ f'"IO"It!l o;; l!d .. crtiw m e!!l •• 11lii 'HIOM•d W!lh 'f<\1.1' orlle• C•ror!. 
•"1 VAT d'IIII\{IQ$ r.~r.h.:!r.d . 

U.K. ORDERS: 5-ubjetll;; ~2~% • !."1.11tllil f(IO 10 1 VAl lo ll ~lXI '4 IO 1 ·1~ 
pt>OIII No Cl .. <~\' '"' 01\fldl:l f!Jf ctrtl) g.&. •or 1 \ Clf'IOI'I\ 14le ~~ t~(JI)\1 
SICURICOR O(UY E.AY: f-ot l h ll 11$)1,01\4.1 ftO:t\'ot.O jU I( mft,n l•n:l o'"'lv' 
fdd t2 &0 {VA.l ird'.!s;ivc) ~ k 1 ' 
SALlS COUNTER: tl ~ P.&!t• to('Oilo,Q 'f'OI,OIInt "om the: .. rn.r,-, o!! 
~, C"oloo"'~ ~t tOol!~ d lactOt\') ~ v • "' ... .)() pJ'l. v.oov.w-,. 

SEMICONDUCTORS,, J$110 .... our 'llf"U•o'o .. ••otr ....o.o~"'' 
lN6U (0,10 ,-I: Hit ( .... to·H' co,•o ..,, ... , ,., (O. ZS fi P:):)( co.ao 
lr;30U co,•• ,(,,0& (O •• C SfH!I , •.. , "'"~111,1/ co.s~ nrq,:r. ro 10 
lNlH~ C1 ,10 oc·o~ cO. IO s ; 'll'! (0.~0 "'~'."' to.·u 111'.1.) .:. (o.ao 
11'.:.1111 co • • tC 'O?C C0 .1 2 0 ;111 '1 10 30 ,..,.,.~:. (0.15 Tl"'lll! ( 0 , , . 
~N!Hil)C (O, U ttl2:. t (I .1S G~'"' ::>l ( 0,,0 '-''So\<ili (0,10 ""'~ :>IJ t O. IO 
;uoHI!lf! rO,IO "' ,,,. ( (1 . 1 s Ul "!.~ 1 0.20 '-''1VO~ (0 6 0 !~'11 ·1 CO, Ol 
)N !. ~it ~ co .h~ 11t1a' ( 0 , ' 0 (.A.l(l ! ii ( 0 . ~0 l .. Atl)Uo\ ( l .ltC 1/ll!ltil (0, 0 7 
.tu!oa/1!1 co.u ; AC;)IJ Co 11 VI 301J!N to.U ' ••• ( \ .30 I $(1,i(J ( 0 , 10 
lH!o~!o 1 1:0,4 1 •c1a2 ( 0.1 0 Lc"'1 1 S(i u:,t o II' )(ll!o f\ . 2 0 

"""~n C0 ,4 1 1('14. 1:0 . 1 1 !.«C I ) 10 U.20 •ol<llH!" t0.40 
lN!HtlO CO,IO I()' 21. ( 0 .12 !,1 ( ! 1!>1 Ct.OI f;I\IIJUP~ (0.40 
lNbCIII co.to ec:r 14 . 0.1<11 !/(.174't:l> to n SH.• -..J U . 4 0 
;'NbU:l (O. IC ..... t:! eo.u \I"'C'O!;). ( 0 , 11 fot2t9 ro.~o 
~:=:•11! , ... IW'>I~ (.0.65 MJ4.1 (1,20 11"1'1" ( 0 . 40 fti.Tf.Kt 
.. ~h2 ..... , II>UO (G, S S 1o1.St1 " ·'' l'lQilt, (O,C $ .... , u .oo 
14~ ...... •tr"~CO £:1 .60 ~.HJ "··· .,., (G, !o!> y,1:: 1~· .... 
NEW PROJECTS 

ERIC F. TAYLOR PR E·AMPLI FI ER 
A .ow IIO"te eo .... dtAto•t~n.l {0.1)!J~%1 t. :t rr.o pro.Mnt~!o'•ll• lor ,.,..,. v. th m.;.a , r.:.:: ~'ti···•i" .;R AA 
/ltjulll>7l!l o011) 
f>~Jo. I M)t•p•• PC! ($1~('(1! 
Pildl 'J M•11 •>• I• '1!11•1>1\l'll. <li'~O"II \S to:•oo! 
P.l(:lll 3 T••l'l$ 1~, IC.. C IQ<:kl!~ll ~,.~,:$ $lo:'eol 

£1.46 
£3.20 
£4.20 

kor tl<f"l~ ~..sol ~e-o!t.t5e .as... 101 o ... o "'dW !f"'Q.,I~TS UST 

AfT"f iii•SAt f l &ACK·UPt SfovoC•"S 1Uoulll1i t·••v u'"'~ ,._, o<M1 'o- (lu( k>'S> .a.'- hAll~• tor .;oil .-. 
ccmj:Ooele-ll ,,. ,..,.,....,, <l'lt'iloll:J ... ,u be tfo"\t 0" *"' 11!$! 

FOR FURT HER INFORMATION PLEASE WR ITE OR 

TELE PHONE FOR OUR FREE CATALOGUE 
O!.PT V..V.•'I 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER. HANTS SP1 0 3 NN 

ANDOVER 
6445 5 
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T20 + 20 aimdT30 + 30 

20W, SOW AMPLIFIERS 

fc( '«•« »r>; iltur.L-oj 5 «tt)l I'* "" -"I" >' -I" vj Ioro>rjlir.inilO"Ti».->--; niuniim ni?. Mmiita 
T JO • «> «««.»•• >OlV rau pt • i' -i*'-:'»«V*.1 r.MwwwffliU:, o- csn Tin vmv »IfctM 0.«^- .i on i i pcsj:<a itoijic-ij' i-o w-ni 'tcit'-i b--a 11 u<.* ivamoinci ur.'mi .m '"■■♦I -llipluu InptaiOfUpitKlO • wt-C •uauoid '"" •l»v" '"Wl ^IdltiWIIP-S 100 J is:« -nniio- '.111-. Pin-.. CulCul C" ! "CO-1 »»-«' 

%Pi»'i... VViiOi..'.-1'.l. 
nno.po.o'od ."10 130-30 Tim. Iiif.fl: i< clmmil. 

Pi:k T20 TJO P«l 120 T30 
1. 381 ll ll* (041 £1.63 £1.70 9. (it/BjIm PCt   £3.50 £3.90 
7. Set il mil iijciui £260 £3.40 ie. Sel il ntUMKL Hi nj pns £5.20 £6.20 
3. if. :l pjctr sipili u;3:il:(s £220 £250 11, 38111 cniKium Hid £0.40 £0.40 
•1 5H si nllielailO" Pl'li £3.50 £3.50 12. 'inlluik   £0.23 £0.25 
3. 38! 1) HUB 08 11. P 8. WlUMJ £150 £1.50 10. teM mitcl IS.J-* ifi?" ' 2/5' 1 £4.50 £4.50 
:. Sol :l pill.. StltGlK iMiltH £280 £280 
J. Sol :l smcirJidsrs. iCi. il'.i. £725 £7.75 0« 131(1101 '/Il I 'Sifi rifJirM lu tinpJIr tltrea 
1 fuodil lriri':(ni(-7l?/ frtn inilllitr, TKII till ll Itfiyliuil.y pirihuM 

11, J!(«M ,, £5 60 £7.70 nets 120+20 £40.90.>33+30 £45,60. 

SPECIAL PRICES FOR COMPLETE KITS 

T20 + 20 KIT PRICE £33.10 T30 + 30 KIT PRICE £38.40 

WWII TUNER -*-*r 

c C; 0. o o o. 

SPECIAL PRICE FOR COMPLETE KIT £47.70 

t-Cio-Virrq ne ^ucceiiS ol W VVirAlona Vdorlfl FM Tunct Kit inn rail '«liHrPc' "'lOfil v.j-i 
.ici-gnoa to conpcr-i'i i"- T20 + 20 "-ill T30t30 amaliiie'i anc ilic caain-i vci l-""! 
Vfisl ROO ckcii.Ml cha'accerstici ma-p i jnpi c-iipRnbi" w.in ounc*. T11 
f'enuenuy irpiRi ol no i"T/f .sdvaorrO xoarl m beoa am I'.pi)BiHl 'iieel'30Rifipli'oc 
Po'vsvpr ll*? cifcu. Jiy liicfwcilaod ihnktiaMfris ir.MtCJT&ia.aOinp vaitp 'o- ma-lay Far. i'o; 
ipcIukc-O aic iiv-.iharc a'c. adiin'RWB. S.v ichaMa v.iar,g I -D inoiig irerai or and to'*- 
oiniir.ao.ii .via pi.-in bi-icao char id iri-.-c an ;rp»d>lv a*JiU9i'«'0yCO*i'.i0!S0inl,ft''o"T aa nc i. 

AV>ML'".3LE ASSiPA^'-'TE "ACKS - PP C?S 0L'a FRFF CATAI 0GU! 
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POWERTRAN SFMTTUNER * *- 

O o o 

T'io 'Dqu'-fn".." //m n s-iij. - in// onsi doni-K //I !,n t<ii. il re conmucicd caii / Aitnoui 
SOWJigl nil!!"1"""' "Ill-'l-l"-1' l"'l "III-" sin QivCS .1 )liSI CMSSOnlpl.! Si; i.lplc Uf !CaO "g any Ot cur vary pep- a* amp' tiei a* any ofia" 'ngl' aoa 'yai lio pnUipinBi' Noi Imilicg » sn taoio 
pjb ibnC circui;. in- r-p ji'merl //as nt-l by Ooiiti'i nr-l B-vp Opmpm "I" "" nv." 
I.ib/i'aio-ci .nd in.s inner, .vb :a air; a cc alignre '-on! end moujlrcar Iw ;ri jp "Bli m- 
siii a' nci" "2 oio-r vipmsi caiod ihsn n t jIh-reic• A ahase-'ocked -aop ii oi^d lor ji-'-a 
Oecoding and vom-os nicloB" Sivi'cu-Mo ale sv/iicniplo mig anc casn nenonnei iclcc-.ien (adiui;ab*e fay comrc'i c-i <"1 IiCni ua-m i T ils n-m ma'Cl",. 
and 130- 30 ampiilrn. 

,..in rb.n 120+20 

PRICE FOR COMPLETE KIT £35.90 AVA LABL6 AS COVPltTE <17 ONiV 

WIIOlOM W0'«l Doi-sni. r. I nu «I« noiin- Hi.M i.'ni.lm Ki-I.----.- i»;«ia-.; FC5inero. vo iuhi, ■i.iUii'ij 3. ii r .ml 2CA !'••• fio 
i><i..-"v>:l o-v.j"" -oqoiM' «"'> r.' ««.<>«.•: irj/jic.i OS""- icCui /' tw -«■ ■IMI).. '...m;..'oi in.;-." id"-«-riil/.~ 'ivU-, ".K-onia-c >mpi1 c mo «ui 

ti.wv' L'jr< J It** till' 1—» itl it Iritotpi It mp.oi imir.n aotl liimN. 111—.' n-.n iyi; •a'flaSOacleBKO'S. /.Iicomay I.IO tmi niM.ycii >1 a.rt>»ii<iiiig lor-np. "yl.—i ."l«C i".« "CGI li»vi r.o viniSirf^a -.u -n |i»«n - .ji- n-rir.-m--,-. wto Si-s'i li'/fl" Deii.b o«;ofl|9/ c/: pacli a'e u t*--' lit. Outn-v 

> vtl 
33lVgi u.A-jiil^i 34H.Fk I S GOH^IE 341.5. 2 Ot.v.Oi CW<»:.l'/'l. B0;:. CIl •*•< 3 3r-.io<vi.<io-1«- b»" All .KiSf-l I I Cm.. "CB -••48F< Oii^- to 0v,iiiiii>..«it. s.1 U'48F« 3 ;r>.--u-c.<:/ '/-• 3'OulllO' •'Cmf r/.l/B PI 1 : »«l Pfo 9OV8 Pk J rli«woi CaianW MvSFk 3 »:i &5vSFk OATn-tiCn iijn'.lumif IV*/u ni|li3ail.yi i^vS 5" OB'c-vU.M'anilo i". '-.■'Mn - 23.V -r- gwao p-- '.ino sop" '■ i' ik'M •■<;» ,.i-"oi EBfAPX 3 B*'.>..it C/imt'o/ EKniiuna/cia-xr I"III>I 8B»A FV 30 Pcaiy 5c«tll<—tip St! .U'l'ii 
835" pv 30 Sice. Poir'i o"ct in<v"i tnooi uticoi Svan ''pa K«W»' IP'IPH ' fli... C" .t—ci 
IIIHCP* I H«/./0*T-aii Ci.wrCBiM'.41 mas', i Si.st'ixv.• 5ui.-;«-1 r.ten .......i 

SQ QUADRAPHONIC DECODERS 

£1.00 £2.35 £4.70 
(IDS £3.20 £3.35 
£0.85 C5.70 (3.10 £8.80 £7.25 
C2.B0 (S./O 
£2.85 £3.10 
£1 30 £« 70 (1 20 

rlnr/noTi 
tn.i. ii-l- .tMr- -n rrn.i il.nc luUinr... .toKili* i conw*'•••K«n:.i M' Baici-Aiii> dri-iir- 11 Fit' ivjir l.r-il./ 
I7A ' .llloncia-riir-i mm /i-iH-i. PMr L3A4vl.2APui "i- n^- ti.-lmn..' loi vl" c.t ...i Inn i.•» ./; ai SQ"' 33 ii. /til mil. 3C* 'IB / SU tmpii 

a«-rr«cp,rnsir" ""'''I'MSIII "  tl*. t/itl. .t>nn* --it *tlii*tn.i** -r.K. Moo "iv 
.li.i.. 1' -da. tot -5ti C-TJ'.OQUf £0 90 £17 20 £22 60 .-a (30.10 (25.90 • Cumpclo X»i —jU--.» <40.71 

Value Added Tax not included in prices 
UK Carriage FREE 
PRICE STABILITY: Oorr wiih cor'-Jrncc I'-eiae-itt ol any'p.nco 
chanpei y.e "i P-or.our a prcci in ihii aflvcn.icneni until Mo'Cl 311: ■i3?o. ' inn monin i adve'iinir.-ni n monicnrd //nli yo jr orar* i'roii 
jnn VAT cito ng as e'cluicd 
U.K. ORDERS: SuOiBc! !u ' ZVi1* * ijrcharqe lor VAT li e and "A I" <"t 
pnccl No Cl'nqt s modti 'ar cs"'3Rr. "er a*, cu-rcni rate *1 cfaoogeii 
SECURICOR OEUVCRY: For ihil optorai seivico JU K ."Bmlat.a vnly; 
add f 2 SC f/AT ir.r asivfl- ce-k i 
SALES COUNTER: II yft.i crn'Mi lu cailaci -you' ki; Irom me tactary call 
a; Sa'oi Couoior lai c-. !/ laciury) Optm 9 o m .430 p m. Vonn-v- 
Tnunday 

SEMICONDUCTORS a; jioo ir our rarv|?o' qualily ruo-o eauipmcm 
l-NbOO J-.3055 211344" "13'I ! 2Nri'.!l4 
-■nsacfi 2N5CB7 ?7(D33a 
Irti-i' 2 II 5 4 5 0 2M54GS 
"I.mih:: mat.- 
.•.:;3ft2 74304 

£0.(5 C1.20 £0 09 £0.1 7 (0.20 
(0.25 C0.25 £0.45 £0.45 £0.50 £0.50 £0.35 (0.40 (0.45 (0.35 

SC 1 v 5 8'-08 
2C 09 3C * 08C 8C I 2* 011 3' SCIfii It C 2 • . 5CI62 ac'64- 3C2IJc BC7I 4 u ncv rr 
11052 2 83530 Br-vyo 

"•-19/ Sr 250 55138 j.-n.'O lU'M III - 52 !:*!045 V 30 I AN £5" • 85 '/C 3 0 
"C 3 ■ 1 VC.I 74 "IG 
VfCSOlU VjiV! I4.i£'i M.:5? 

117.40 to.47 £0.30 £0 30 (O. 20 (0.20 (0.70 £0.55 £6.50 £2.20 £ 1.06 £0.65 £0.95 (1.20 El.45 £0.60 

"IAil 
V I* 5 A1 2 '.'-£Av5 MPSA61 
MPSA65 "7SU0 

(0.25 (0.35 £0.25 £0.35 £0 40 £0 SO SOA'MIA £1.90 - 101 
3041* riN72;«l- 5N72:41i7 

5. T : o j 3 714205 dPk'l.i 
inaoA '2 9C 

TIP-IOC • IP-t I 4 1 II'42A li»4 : E I IP!28 : ft I i 1 
•r.im S'I/O 

£0.60 (O 70 (0.00 (0.75 £0.90 £0.07 £0.07 CO.10 

£0.49 £2.40 £0,70 £0.40 £0.45 
£0 55 

LltHS £1.00 £1 50 

IMEW PROJECTS 
LINSLEY-HOOD LOW DISTORTION OSCILLATOR 
A Wlflo. DndgaaolfiOOia -lo- RCHr lOOKHd t*«h sinO ty B0u»r« •••«*»oplptl 11 mV IV" aub ;n-ci in 
'.VnolCMWorldSopl-maar. OoscOb: I 977 
PnCk 1 Fibi*gl«S PCB  .. £1.65 
Pack ? Cspac ici. 2-f. Trial o«.ae rcntsiofi £2.60 
Pack 3 Tranmofi IC, <0 80Ck8l. ll-OrmiHO' £3.80 
Pack 4 Poionimniewisano ws-lchs* .. .. £2.80 

ERIC F. TAYLOR PRE-AMPLIFIER a ay> .loac in// diKO'iinn ;a.;>ab-.-"i -!»(«& pro.anir.iiilin' lor ■* in n.ig.ii.til: pick-.i,i Ri-A 
oaualialioi/ Pica ' FibfiQ'-ay PC3'.SKPfeji £1.45 
P/.:x 2 Muifll U'-IO ■nsision. cnwoto-j ^Ir-eol €3.20 
Pi.'* i TranomO'S. lOi. -'C BOcka'.i if-r-i \5lc-co) £4.20 

For ti/ithcr cnia.ii m tp-rtr .iieetc--is< loi (im Nr'A- PROJECTS LIST 

QUALITY: a comporen-soir bvnl r-n fn-i ijtwi '■ -i-.dna ir.-r guatant-ya arvic« >'•" emiors 
<e«ccpi "here laseo ai rneia o- arl rrr awnc ir cs'ba-i i m lyati AHp* n:-0 c r- j : fparc; a c i b -qMis .Bnimri r(4*ii Mii'-itl ann mpRi &i win " in.: diagiami am rnr tiii./iior, ayouiB 

AFTER-SALES BACK-UP: 5":tiCmg la*. Bins iv--iv raici. r.-in*. • n 'n tnr kits- *1(6 Availmi" 
compile < ii Fi-ii-,i OolBi'S ••ill :•« 86ni m i/.i.inyi 

A" 

FOR FURTHER INFORMATION PLEASE WRITE OR 
TELEPHONE FOR OUR FREE CATALOGUE 

lit 5' AW? 

POWERTRAN ELECTRONICS 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER. HANTS SP1 0 3NN 

ANDOVER 
64455 
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AUDIO KITS OF DISTINCTION FROM POWERTRAN 
NEW! DE lUXE EASY TO BUILD LINSLEY-HOOD 75W AMPLIFIER 

SPECIAL.PRICE FOR COMPLETE KIT £99 • 30 

A" <tiliiiJI(I(I$ 
~ptl <ll:otf')l:;l;-s 

Oe':ll!lt; !r 
F•1111 c.,:n1Q9'-~ 

-~., ,,......,., m~ ~~ 0:111 lu lot"'' .u. .. , Ho.x 1- .' ~ ' ' '"' O.o,y-. ,. .. ~ ·~ 11 '""<< I•"• vh,• •.;•:l o:<<..,,.,,.,, 
~·It),,,..._,.""'"' • '"'Y"'COC'i! W>! ll:l•l l..,.;. "-' I""'"' !~tt0"'0Jt4bit 1-'Uh m,"'-•r "'"l)I'.IX"''~' ~(!~~<"II <1!!01>1! 
·~..:l!u•~<.t- '""~'' I-•• •n:~ •'1.'1'1 O:W .. 'i.w·l>on ·••• lt!,..,O 01 ~~ :~w ·m~ 1>'1• \#'.<nMI po-. ... ~.:p;·: ,,.,,.,, .. 
nl1~. ~f.o)I)~Sko;wWo:a:.:• hl:or "·'"~C"~•W:-Mf·~:o. . .. ,,.., ,l>'>~('~' "(."- ·,:,~~''"~' ~.,,.,..,,,1,n<l,.,(l.,,ll, 

:;::~::,~;~h!~~~:~s:!,~~~ .. "'1~ (~~~~:.!~~ ;:::;' .. ;';~!:~~~;~o;~~ :::~'::1.:' '"""" r.-n. '' tn:err..a. •'>it" r,! Po:~ lux.~ Kt1 
Cut tHw0. ~"'0 "'0~ .$ CS l .:i; ~."'l> ''"h"'"'"'""tOII"f(lwC" ~~ ~l.-s:lo•ll<:oM~"4<"<1 ~~~~Cj)O!r:<:"'""n•n:! ,._..,>:.1>~1!!1 •:1;(' , ~..., ~~o)•C )1:-oao'O> ~ N<· 1'"- "'"'""''!w1 I txo«:l 'bo-P.:"'•" '•!:>" '' ·' ~" J 
~·e'-1 V ~ .. >t,.,-. ..,..~""'O •I ot< n,;. >v;<:' "' ltl ... ..,., ..-.m.--ttcs •11\C'"t' ...,.,, ;; ""'I "'.l ,..,~.·.w~oor:O<"> ~· ·. ••d .. v ~uTt:fu•"""'" .. ..., '" • ..,,. 1-(<111"0 t"" ~ t-~~~r ,~,.,o~ .. S«(.;I<J~ t•oll'l .,~ <~••••" ~hoo:l>nu ,.,.j 
'"'''lll~,)~f '" '" "'"'!> .. It-a• ('•CII ··~c ...... ••w tloc.·:o11.:• ""''~'c "ti'C »Cu;t'. "'""'"'~"'""\" w .111 :·~ "' ··~·!!Oil)! l-,,)1,...._,.. ul ""' u~w ""':s.l ,. . ., '""''"'<)" r• t.ot~l ( ·~"'' ""P'()"•t,.,~li- ')e<'C<CIIlolt • wa llt.:.h •u•• fm ,,.,. ,., <I'"• VSC. <--t'tt l•o v~-dt"'~'"~ .\1111 '*'C!,r O• o0e- ' • ~•:..,.. 'l"':l.l~' lOt IO"' I~ 'II •I'"'"' lilt - ••l,.ho ~, 

PACK PRICES !=OR STAN DARD KtT 
P~tk Pri:e: 
I. rttn;lu.,. )Ybttddr~dl tmr41tr JO,..r ,,., 
... . ... ..... ... .... ... .... .... t'I. IS 

2. Sf! C' l t$1$1.0!'*• U('J(il)l$. jii"Ut'* [ tf ,t"'ll·er 
lftt . .... .. . . . .. .. .. . .. .. ... . £2.50 

J. StU ht:ric;,.d'stlorsbq iJN.l:fJRp . £6.$9 
4. Pair tl2 4ilbt li,lltflur.sbn . . • £1.10 
S. fibr~lm pr.:nltir:lh bl1ulfM FfWnJ< 
..... .. . . ... . ... . ... " . .. " ( l ,iQ 

l. Setol Uw lOl$t fHIII""*-Clp;iltrt. f'Ht!UI)f 
,n~"f , , , • . .. .. . . . . .. . . ... £•.10 

l. Stt OIIO"IIf 11Ji1t. lliib v-is smiuu~tlon lot 
;rt·~ ... . . . .. . ..... .... .... £2.40 

I. Set 11 f'l'!tr:iotrlu$ ~~~I'Qf.JIU ~!101 
• • • • • • .. ' • •• • . .. .. •••• .. . . • £3.50 

i . S*!Oi i Nt~ll.al -l•i:~tes.r!ltlf? ~uc!r s ltt:~ 
. . • . . •• •• t5.40" 

1 ~. llrti6J! 2fal~tont$! ctt~JitH ~ atW.Iit 
u rttt l Mtui't ~ 0 IH·Z34 ~ 
-l((l)ttbMJ:SJ·o-&1 V.2$~2SY £10.95 

h tk 1'riet 
n. fllllltlfjU )l'it!,_<irCIMftf IH torir -ltR)!t 

. . . .. . . ... . . . . . ..... .. .. ... . ... t 0.8S 
I t Sff el rtsiltu J.. Rp~tbn. st :td n r lrtn .. 
mrit~M6s:!G~S br P"IIN nwtt . • •• t :l.4a 

IJ . .$e! d lllu.t5aiN'' )llriS 1Kiildf9 0::11 $1C',J.p 

IJIItM itpt ski .. '''* to~u. illlf~.U~J 
ullt. tot!nl mtl4 , , • , , , , , , n • t6.2t 

1-t. St: •I .. l .. "'lmk flint !t.eiMi~ •Ui Uf«t 
Jtlttt.IIU:~ '*-'1!1 •rd aUrtiC\fll. !IL-nJ J$!U. 
etc. .. .. ... . .. £8.20 

IS. IIHdHri .... .... .. .. .... . .... £0.30 
!6. h attatt .. ll t.3"'J IM"'J 3,1" , £10.70 

2 tae. d pnb 1-7. ' t:J,:I c.!pn"s 8-l &ir.<::t~sfn ~re: 
rcrpnet br -:~l!!t tttr .. •llfll:lJr, real t~l 
rJ 11'1114'-litiY fPctatti P"b • . . . 1:90.$0 

LINSLEY-HOOD CASSETTE DECK 

SPECIAL PRICE FOR COMP LETE KIT £79.60 

STANDARD LINSLEYPHOOO 75W AMPLIFIER 

SPECIAL PR ICE FOR COMPLETE KIT £79.80 

l i<'l Ptlw 
I. S:mo PC8 lnc:nn:4ttn 2 t e;. lnf~. 2 nt:Jr 

•fl». Jiu/ m uue.re!tfl ., , . (3.35 
t S1Mtt U! tf t::aJ<¢IIIrt. M.IJ'. rtlh:m . 

"'JI):ttt~lttttof· ttom .... .. . • . . !7.9:1 
1 Slmo " I d , • • ~mw.ns I« fl(W . u..so 
t.. Mi'drtue re!q • iii lO:bt ..... .. • . £2.90 
~ f'C8, Ill ~,...,10. ICol' SeiC>'tiiC. tPteJ Ctt:1f~l 

clrt111'-+ . .. . .. ... .. . . ...... . (3,10 
6. W!trtlf-lt.ttO llftliU$'$tll ..S JJ(I~n tC £18..$0 
1. i..r:cli)u.-ua-.~a . . .. .. .. .. .. £1.90 
a ~ul\., .~, ~iii!"! ib:t.mu lil\} ltnf .. £&.95 
l f~l tmsfw.T..tr wJ:. f.s, v.rru $fitt. 

~ lU't. ta.&Y. Stll. l$\' . t.UO 

Pl: l Pd.:t 
10 ~r. d tl}J~»rs. rn::illtrs. I£ -nll~l ~~~~ 

br f'-'*C1 mutr(vv..-u ltliJtl .. t2.80 
11. SctclW$Ctllit.$)U'If1*- lrctiffltttttkt!Lfun 

llti($1', MU.IllerClMftihl'*k~ . ~ t 3.40 
12. 3ti t l ll$ltllllttk itd!odirg 1ill: s:rt~ud ln :b 

ptUl llti&fttlltf'teLtdrthm ls. c-:-= £7.10 
' 3. t>Jutnr.:!i:u mtu . •. . . . . • . , , •• . to.25 
1~ lutWlr.:t l&l"'x ll,l"l.JJ " . .. !10.70 

OK .. :~ 01 ·~~~ 1·14 l>KI~ ~ft rt0i' .. !« 
:c_,IU$ lltttt UUtttt l$tk. h !_. CIU 11 
iaehlh'tl)f fUC>lu;$i ptb . . £83.00 

1-\ol»sht.o on Wtft=kt!>i W(u !(l tMSty. J ... ,,e. A-•\1\-'51 1 976~ by M' lttt~ley l"'o:~d. l"'o ~ dt-~!ljll o1 ll"l~>.~gl'. ~u:ughuerv.·Md .l<"ld rr.!.,:w!H:y l(lw \:V'I>L ·u~~~:l'>':'I~~~.:>I<Oio''CC~ ~ ~e¥ 1'1!91"1 l>lilf>d>'ln.t , ,1 
p(!r10r~ncll I \'l!Wfl'\;"11;11¢1."1 Op;m,i~$~1¢<1 'Silllk'l<'tl' •:-:;crd :11"11:- tep~y .:I .. T-.'1 ilC'$ MC U:Oed, lhll !.l!tl\f t. W'IQ :1 d•u.t<-111 COr.lfl(lot$11~ (:(w!~"d d 'f'l'i ;t,'l«< >;..<CI'o t<l:l t thC.,OI~ !.Will :$ 1)91()-r: 1!•11: 
¢ ! !I>$ !$J)\l-b$:;kgiQ._,.' ld f\1-sf!. t!Uitetl 'J .... iK' 11:'J ::r<: .;~o;ed 1-:1 PIO'M!C.:t r.hoor.$ Oi \'l:'!!,.~M:u)r. timaOQ•\O!IIIll$. fl (;l>()i¢(1 Ol l;il!$ !"'~ 'VJd ;,l$0:1~ OI)IIOn O! Uf.ing .~n ,1dl111>(11><'1 l)<tt-llml)!ifoe-r (or 
n' .:rop!Y.Ine '11!-e. T'":~c Mll(.~n.~m .1$\"ld ;~ :hr. (;~!dout-,;·l(l<':;;; CRV. fl v l"lit d i-st;' l(IVb"'td :,.. <1:: ~ob111t11es:: ;)lld e:1::~ ~f op:or;)I!Ofl . S~c:: r.Mlf()l lul!1 avt()~:)$1.¢ ~·8-J*t:c t iecuon .l!C br~:l"l 
!'l::llemer.~ed b'y r.!r.r:t!O~(t!'C.,.,ti"( Tllt$ ~Jn 1 ''"'ltiet. i$ po.-:~ ·w b ·, ~ toro..d;,l :,ll.,::lon rer :~nc 11o;c:. mc-::.1 o..: de fC1..:0 :.'ln. :h rt.-.IGhQo.: !>!l o\1~~~ e.,..Afltw t mil::;l· '~:: theV.-irt'le!"i!o ~Vorl:: hu~(lf 
~d thlllnl'-~r·HOO<I ~$Will i AA:p!ifi\1• 

W IRELESS WORLD FM TUNER 

** 

SPECIAL PR ICE FOR COMPLETE KIT £70.20 
~i!j.'t'fd 11'1 'l::1!»MC :o <ICI'fl:lf\!l IC'If a t"!lllf 10 -:'.()IYI(J!\Im'f<lt lhi! Y,.'l)tld .,.....Qc olCC JJrr.C 
Lin sley !Joed "1S'N AMfoo.ol<¢<, l !!i$ kll JI:(h"i($(1 ~ l11v. >'"'"'"'ct n:m;lt. l he W .re.'t:u '>'l<lflrt 
tSkin!:jlev :u")d ll'lomps()r.; fMI;I!i$'"to;d O:i9i,llt ci ·t:vi\ ~~ 1:«-r, ::o~e ropM l:o•t,....,. I<>• 
•IICI..,-.,0.''1 1<"1IO VlilO e ... llOUindi<'y """'' "" ""~' :o:ut f~"'"t~ ;) pte ~~·~"'CO lf Co"'ll <'lOt~ tn <:.:t ... h: 

f'Uk i'rro;f 
I. Flblt,lm p-iltt:~ ~~~ l:r hfl u~ If 11tl, . 

tuu6slr!u . AfC ud m rt ~C,ill • U IS 
~. $11 11 'lt!JI t,r!at I UhUt*. !hnl'lil!~r . 

cJ,.:I:trs. WIUl 'tnt! (IK nttuli" ol Pr rk 
I .. .. . .... . . .. . ..... ... . .. £.....0 

3. Stl ol !nllist ~a. tbt:s," U.O, lr!ll9ft:td 
drt.u !:t ntllt!lt;.:.a:!'~"i I .. . f5.2S 

: . PfNiiJ!!et tm ! tt4 .. ~. ~~~ llt$.1'0)f. 
lllrer stctllJ urmlt t.ttv • • . . . . £8.50 

S. M rqlus ftln!tJ ck~t81 ~nrc f!)t t !fHt 

:~:1!11~~ ;t~itOiiC.j~"ii,;;, ~~~~~ 
~twilh' 6t«lf« ... .. ..... ... £2.60 

T. Stl t l ltM!WlltS U O. lftttvnt tit~cit IU 
~eetel!t . . . .. ... . ... ..... • £2.~ 

8. f>d t l «~U:Mb I«" .:t~r4! sc!t:ltt t~b 
ll tts!e htiJ!Ilr~ !!t.!t01Ut 9rietC t i1Wil 
bOJI •• JIISII·IIrtl tl t'l{tc%tl. b1bs, l!Os. 
JtUii ~~-:lit. ftC. • • •• • ••• •• , t~l.40 

9. h!!CI!n l'Midl. 10 lm ll:llii ~! tfllit~~tte:. 
bdn £5.80 

h :J 1'11« 
·10. ftt~H.U'f • r:u, '"' " olfl1t ~l'll*·'t.th. 

lxcpqrlt~t1 dtt>tl!Mw• .. • £10.~ 
n ror~tl n .,•rw.•r .. .., $ :!rntrli: ~tree•. 

f'rlfltll: 0.11Tf23-h'. ntO<I{*'"Y·ISV £4.$0 
12. -!!! II niJt:d!ns. n tllllm, '-"•Jt rl!llll!et 

hqcrllfer stP}If • .. .. • • .. .. £2.1 0 
11 S-tt tt QtU111MIIl '*1*- l~bd,.; stde!1. 

bst 1111,.. fiiU'-i~t-co.uo:lillt llirt. e-:: 
,. . .... .. .... . ... . ... . .. E2.0S 

I( .tf! 01 at!IIJ,trk l"ftS fmt.l!ifll silt StttK 
,ril!ldflscit 1•11rl1U}!tt slit m .. • p'l~ 
~~~ .. Mi t:l!«" paul burt, IJIW.II SCfltl. 
bilf)llriS. ~!: . . .. £8.30 

l.i \.ol&lrK!It• ~· . • • . • • . . . . . . «1.25 
Ul.tt~; ... MI I8.3''' lt7" .'3.1" £10.70 

0• t u ll ol J~h '·" hdol$_.~ iM't lt!fiilef Ia 
:o•p!t!t lltttO Utt IU>U. loltl CHI of 
"ftrill'lllrfW~U.~pnb .... . £81.1~ 

"'.ctl .c'lt ~ m. ft!CC~n~d :r.mpet;u .orr. (.<'ll"llflfU1$11 'i!~v~•lt:/lptUtol .,~, .,..,tcl"l :r.:~y t:'Ctotl :rol!('llllot l'(lo r.o'l tu':oo:.,;ly<·~ I")' oot•~h·blltwnprt·>:u;•tcc:<o, frcquen:.~s .~re U'~...Co'Jt<d by a lfll(IVIII •<;y 
ll'.C:I:t ana' l l<dir..; UO 1ndor.ll:\'l($. $ 1k'Cheo.J ~~ ~~~;;h (:h:,.onel ~ele<:!OI PIO·I>Ilt. lhll ;>U ~111 tll0 l')lll;:)d(ll !l~o)lpl)":~ ll:'\1 "«i~o:~lil~t-'!o !o:- Ca d y · "Svpllf'o:1-~10fl' •\I'll <10wlt1 "' "''PI' ,.., " 'II 11 I()"OIW~I 
1r:~r&f<1rr.~r :or-<1 lnt(l9ft"IW;1 t'iit;;ul!lt¢< Fw IOI!U tl:!lm ~!::t:;l !y rne1.1 l <'l~ 1dl) ~>$!:)< ~ Mi! v~l)" !I"I•<J\•1Jh<.l~l 

EXPORT A SPECIALITY! 
().,, hf>(lll iliiP""'""Co"t e.,,, !~CJif cki:Jtl>HI:!! <l<cJ\1<.$ ~; ::!.,V !o•Z.C :o :Oo\v O:Ou<t \1)" " ' 1' "11 
wo;!d. So·•:c or tllll- CO.u'il fl~ 10 wh<~ "-c !"i'~nl kol$ tll~t )"<!II-' :~·e s~n or :tu~ 
:!t:tolt'ni~ll't" ... m . To :IMt:<;l on l)$1uYI$ll"~l ,:t;;'Jt;)) cl¥.: : o u r r.M~I¢tcv':' gi·1e: the w~I(;:M~ c,i 11 
p...-.:k"s :.r:t.l ko :~ lh1f• w!U I -to ~"\ !tl:!t on req1.-:~ :. cy ;;,1!1\ih!. to~:.:lhtt Y•n h eur ·~>.p.'lrr 
P-t~~:al G;:::"!•" ,..t~,<;l• "''""'"" ~·v~e:~t no!-1:1~ p!.t~ 

EXPORT ORDER$; N;.o t n ·oilnl,.:n t.:tU!;I.I '(;l' " tflt' ('r-''-'~ "l:llf"!l<' ~~ lo· U. '(. . cvs.~cmc-·o; b~~ 
fii)VIIhA"Addi)(! Tfl>! tJ\II<tj~ !PC>S=:..";t~<'~f'!;ie<i ~ll!C1\.13!CO~ l: · J~ 50\:I <IO:VI\'I~t'l!~l!Cfl~r.<l 
._111\d!i~Y,; "!~ $""o(l p!iy~·m: ·....ith o:der :~v Ibn;; Cr~ ft. 1'~~:.11 .:l~der. ln !<:-N"IIItoe•'"l 
'1()1'1$f ().ld(ll ~· :;l:"".fV" c: l!I"I.TI en :on :~-:counl ltl ch e U. K. Al~..,."l :wr.l'/ lor ord(l11i 0.,.(1, 
(.5()(}...,• ··-.·'11 !lll:.:llpl (fi'O'··~c~blt' Len« ol C-tedo: ~t;)fl<e.:JI J;il':.'fl : in Le•'l:lolof'l 

OUR CATALOGUE IS FREE! 
JUST SEND YOUR rtAMf AHO AODR£SS TO R£CEIVE YOUR S 
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WIRELESS W0D. riRRUARY '9/8 

AUDIO KITS OF DISTINCTION FROM POWERTRAN 

NEW! DE LUXE EASY TO BUILD LINSLEY-HOOD 75W AMPLIFIER 

-* -X- 

i| 

SPECIAL PRICE FOB COMPLETE KIT £99.30 

IV'.mli ir 
cataiogi.^ 

I 

- VI, oril moan 01 >11 - Ml -v-.nw •- >t mil n.i ia . „ 1((CT.-J ntMiiavr. oiii<M"»-cv -«oo>: .v>l uuvl intw-I n<i'-(IO> lonunlri' -LI" i; .» -n' M>v«l >nvj. Lorn inniii MTUIOI</ P . , -01*-I II- r- vfl<v      01 7'j\\ im. l.«t l. : u-lt.". ii~,vo^a>04kw.c-.-.---,ti..'O-.OI.O,IV:..- •i^.<i-i:vio-.cA-voa i9eo,-.. ..i n i,i.««i;.nil,.iOiijic, k-.iKiP-• .-j.-j rni <iy.oit' i 3 c . :u.: ro;.J. n-iii' -uvij i#»r»n|iu!» . . i»3 ^r-m«-i r" -'y!J •iji-"'1 ( - ■ y- Pi"0'iw« ,v..n -o-m. -Vh^'vo ov..jiom-. 
 .'•••'-•IW.M. <4 IWII. Atl..-.in»-fO(VWI« JJIJcU.«afniKM..J.ii-M.fTPOBVK VOIII.III I IIKt ./."".r III-:' ,r. ir,,-" Tf.* ' JiO ^ "0i-1> *. ,•«. vv#.. V.'.l I it,, lyv.vni -i-;"- ..m-4i»3 iiiIc-'.k /.ttitij -..(.nu-mV" Ctn oclii .lj>« »vn|lillciv/<iu : — 1, i-nr-•«-iv- .ai . lomo.tt? i«o--,)o'o"i "j vvn. 

i--."rvPTV.o~.o -<»«a<T ..••IP.I.W -o.'no^nDv.iimi,. a.w — v.; h-.., l.u! i^-i,,v;itT,;..i .1.oovu'-.i.i no.'.fmiivii ,..'0.0... ..njii.. I'ui 1-,T|| ,1.3 11, .• III.in, 

 n vj^ 11 
1 "Soros v.^/, i)'Ob Kn 

0 IV>|TC*. V mimK-TO^, 
••I 'll IH». I-.'.' •LV'S** 

•unr>^«hrt / /<nst 

PACK PRICtS frOR STANDARD KIT 
PkL Prise 

I. (a*5;liii jnilrfl crsul b:f 0 lit 10*11 mp 
  £1.15 I. Sc! c nsHiw! eioiPws. o-e jiu Ik wwor 

mt   £2.50 
i. Stt :l nacmiiciors)« [3«;r jnp £6.S0 
J. Par if 2 ftillit ruaft OijS siitj £1.10 
:. Rtrejlisi jmltd tr-sill turl 'if jft in; 
  £1,90 S. Sts al l:« ion lillllNi. CIRMllKi, pre siB fO' 

S<c «^    £4.10 
7. 3H 0\ -a* 1i;h jiii ssnicaidKlon lor 

jrt ZW    £2.40 !. Sk at polirorjlBj (iiCtilin t i n i.ildl 
   £3.50 j. iKll I l'iil-9illpi swiiats. rwir) nsM sn, :t 
  £5.40 10. Tinrtil i'iisIotc cmim •••1 mtnili: 

If 191' >M!ilS jfttfy. 0 117234 V 
JtMsfcriM: 33-033 V. 25*25'• .. £10.93 

Ptsk Pr«!» 
r, Pbrtfimi'ilM-tlrct" MK4 (I' I0*lf Siwif 
     £0.85 12 St! 0! (eiistjrt sipithin. se:c4dit| litis 

ssmtoirosln '11 fctnr '■(>'! £5.40 
13. is". 1! viscilneiu juts uctisis) !» 

ailRS Ipll If. I*49 ll.Mf(OIMCCfli 
i«ls, coilid bHbj £8.20 

I! Si: 11 MlKiHrtt urn iielp4i»fl lili t>;rtsr 
i'li.'sl I mil mil irJ ill inctti!, lii u) jvb. 
tie    £8.20 15. flMtbtM   £0.30 

is lukuMMi nr t u.rtsi- £10,70 
2 lid :l pi sis I'T.' sis: c( pn <s S IS 'iciisin ire 

rnpi-'H 'ir swj'slr utm injirsr icnl ttsi 
0 >!li«wiiv ji/duM pKk'. .... £00«0 

STANDARD LINSLEY-HOOD 75W AMPLIFIER 

LINSLEY-HOOD CASSETTE DECK ■x- -x- 

I 

SPECIAL PRICE FOR COMPLETE KIT £79.80 

SPECIAL PRICE FOR COMPLETE KIT £79.60 

'ta ftics 
1. Sltrte PCS licc;nr.:Silri 2 rej. inps. 2 ne:i( 

srps aiii'irm sst. reHj) £3.55 
2, SlKft 431 i.' wpKlMfl. Hi, (Mrsiiri. 

TOltlttSWleil 'j; l»/t   . £7.93 
S sHrio Hi tl tenbinJeclirt Ix nm . £850 
- HiiiilKt fsllf nilHoetal  £290 
5 FCB ill tanjiitw it* silratf 43191 Jl«fll 

ccoa   £3.80 
5 SJUrnj-lMtO «(hlB4r« (! l»S!m« £18.50 
7. 4«ild. UM!   £1.90 
t jjil Vj ■«« m:i ilBTviilln) Un; £6.95 9 TcO'Jil irinlamr (.$ JOIH (fin. 

BtU», 73«t Stt'SI £4.90 

PK« PISI (Q Set i1 cijioirs. ikCiks. U Mlliqi '•poilll' 
!:r :i»e- jjjp, pc»s""ii ie;ij(j .. £2,80 

II. Sf cinicillir-tiupr,-'!.iKiuiligsickiu lust 
XKt'. inn. lilrcinMOOi vtir-. ft £3.40 

2. 3fl )l •3lll»lik Kdullrv iii< siriMni lu:U 
JIM'. iKMIt! ICtir viirj Jills. rX £7.10 

3 Oaiiiiir.iji mlt:   £0.25 
i IiikeUiftt IW* IJT-r3,i" .£10.70 
Om ei:' C jicu l-'S Hditw in noffM Ik 

jitjlile ilerK :t!iici lai*. Talii citi si 
i«li«iliikr StrtlltK fii»!  £83.00 

EC UJ 

Pub'-iTipfi in Wliclbs-., Wtiin iMxy. jikib A.nj. ■■' l976l-(>fM' .insie,''load insdcsi&n Jlht-Jg". siraigrt'Cfvrj'd iod .ol.iiv-,,- low uiwi -i-vcrl'.-l-ii a'Ov''6Ma v< , ".gn MH'irt.im iv' rxidonmn.-fc 10 pi""- > cum : ou'-iinitaiiCn ZVIWO-O Ct-C "CD AY ZT2 '.e-a art jid Hie l.i-.'.cr i.tig a compi|i-—ii dp^iancd tuc" tu; :-t ioim !a.c! :»l>9low iri»; 
91 tl ti 19cv bcckyroond Pjs!" rulicn swiienos are jsed to pra- 3c a eroiec-o: c3L,.v /,i:ir,- inn.. oonMBUB. 8 Ci'Otce oi Bias leve.- cidaisooi option ol uevngei adflit.oi ai i."--»inplif-r lor 
t ercoharr jsc. Tic mcchani^ni .iccc 4 tiia fiCi'dnivg-lBivcO CV. c yml diwigvivnea "'n is "oBuainen end aasc al occrct.on Spccc r.ontm' aun auiditim-" casvvlie riecton a'c 
taliidcr.icl b> clixt'Occ. r.-'ini y "l 4 i.a : v.-'icli i» powce-J oy a lorpda (ransloiTrr anc :.sci metal o> 3o res^tMis tnrp.it.nou: oll.'iv -1 - Ibp: in-v,'.. 'iy -.bo Wireless'.Vorla luitai 

anil lha liiMvayHaiX! "> Wiill AmOlfiB" 

WIRELESS WORLD FM TUNER 

O 

SPECIAL PRICE FOR COMPLETE KIT £70.20 

Ovtaigned ir 'cspor.sc :o aemanc 'c a lunar to .•.nmniBitiB-t' Hib aoi'c v> oc ace a tcs Lmsley ')o.-.o 75W Amp. .lift. 114 v.. |.-11vii.b, Pi- tnatmi the VV rent.. VVoila 
iSklngicy ara lltompson;. i»ifltr>sl ii-cui| Bas tcsr neMMpoo 1. -p lot 
mclidt.c." ota lOiKOuiHUPtlinB -lin: .1- i- t --,1 (•nru'Ot ■> S't Cianoo lio-i: ontl niuilirlj 
T>cei«nia n. rotect:rt;nc tanparai.nRiomjV.:! -i'miv-i.-^ptu-.np wn eh ray Mccotiolloa«itl m c.-im .10,,-iv ;iii-i -Oi ttonprc seeectton ■ rcQucri;.,ai.iiiiu.a.catcil fcicr ana sliding -tD ir-lirainis, inaalt—I U -t-l• c'vnne.' selector prc-so: lha fu. tin.9.1 hrns.l- 'iCd.'ii'-st-s-civ- M-.-rs Ic p -d. supa-essor ac3 atv/tt >- -ipp, 
tianrormat ard ntcgiamo 'eyuUHvt Fo- long -.-iri sta::.1 Ir rcta at.<U' r.,stats, arc ,1—a tUiBiiyPoct 

Pick Prei 1. fib'tjlus frio.:: JairS l;r i-ail ill ' Hdj. 
iMis/elilK. JtC ird rule si-ciHl . £215 /. S«l tt nelil nidi nslili'S. lle.-aiHBT. 
oiKfetn. tciw jristc (at noniiig or Puk 
'    £4 80 3. sii ol ir miners, mm. l?0, ir.ti]n'.<4 
drrua !:i ntmlitc jr -m I £5.25 

4. Prs ilijee! Bill ltd niMB aril nianOlt. 
IKet sect sr cniulr -III.' £8.50 

5. f jtcjliss ffinlts ti'it : Mitl lor jicsi 
W-tdir   £1.10 8 Stl:(rn'i! Ji 4' rHUlO'! CISlifill, sttnd 
Jtl49! Kt MWlff   £260 

T Sil «i liinWlJii ISO. altgier Hrcot IK 
iKitV     £2.90 

8 Stl il eswpinvlj Ik :Mir',i ii-c-lK 1- 
nscsle itclidjj llbnj'm pilxtd litcjil 
loira, jtiit-ariiM tw.'.ties. irsbi. itOs 
ilttf. JfltalHl. ItC.   £9.40 

? 'Itcl-ir mill!!. 10 Hit imln pjltr," jKiet. 
•»a>s    £5.80 

Pisl Prlca 
i0. fripiHtf nc'.ct nolr dtiie atrjueii!. 

Mt II ill ftlUM (.IC jl! MWd . £ 10.35 
11 TataUil tjjiila'Ti' . it tcltntili; ic-Kt. 

PHBir):0-1l7V231*.Mcoiii", iv £4,90 
'2 5:1 il ciiicilits. rttnnrri, itlUji rttilllO' 

In ;c«r sipjl;   £2.10 
13 Stl il maiRirNVI JKlj IrcijJlnj irctrd 

tilt »il"* (HIS. iBai rciiMbi} vdir. t;: 
    £2.05 '• ill 01 MUl.nk uhi r,: alii j pl» ic/m 

jrrtled fneti nnil in)": sllc sum prlisw 
Siiirj fldcilo jihI itsiti, inrnil icotr 
IciitpKls, r.;.  £8.30 

15 Conl'icliu Il'lt  £0.23 
16 !«l* :«I»I 183" i 127" l 3."" £10.70 
rs aidt il ;Kii l-U iic uim 111 ii«ji'j« Ik 

sonpltie siirio PW Hull Tolil ecu il 
MMIulV jwck»!«p.rti   £81.15 

l"„|uimi;y 
1 - Iir"«l4il 

O 

EXPORT A SPECIALITY! 
Oi.- E«i«iii DttpurlitiB-it ca" t»c t Cesonsali .ir.-m- any i«:o !C ni.v t<o-ld Sonic al •.ne en.int.-a 10 c*. we sen kus ye-- j.c shown n this 
aCvcnisem-T. 10 as^<t ,0 aittoiaiii-g -wj coin out aatAluguB dives the wcichis c- a 
cceks and hus Ih.s ./ill l— -jjm !r-e on teQuei: riy 4i"ivil. loscinor w :h aoi tdiKllf 
"anal Guku- wnyP ijivbs vvenx postapn pteei 

EXPORT ORDERS; 'il -lil-u uv ordot vhe-qo ("r re: sane cs 'C _ CCSlClte-S bl>; 
-iuVaii.n auiloa "-X. ..m-.i—j Posia^ccharaedalactualoosip js 5C^)aorutnen-anenana nantlltrtg "iua** payrr.-iM with o'Oc- sy Brn* Crjlt Ponal 2-dci, Intoataoal 
Vonay C-dni <- v''e<io- Jtaw-I en an eccoant ,n the U K Arcnaavoly lot otaflrs Ov0f 
C500 ■■■■■•11 icv-pt trevaeaC -e Lcac-ot Credit payaDtcot sight n Lanaon 

OUR CATALOGUE IS FREE! 
JUST SEND VOUR NAME ANDflOORESS TO RECEIVE YOURS 

</> "O 
x> 



100 

~a,~deat~ 

'MarshallS 
Our ra-nge covers over 8.000 items. The largest selection in 
Britain. Top 200 ICs, TTL, CMOS & LIN EARS. 

C:AJ020A a.u v.,..:mm t,o, ~.2o 
C:o\)01&1- ,,ol ~\~31i6-, O,M t .tO 
tA<IcYJ811 1..21 t...\~3/i'j\ 1.00 1.! 0 

g:~~ ::i~ ~~;g~ ~:~: u~ 
etoaO'S 1,60 ( MJ09W 0.611 l.U 
CAlOt.c; o.a• u..:tot o.10 '·'-' 
CA3Qt.lf l..ZS .MJ101>' 0 ,10 2.2'0 

~~~ t..tO Lun:ac •·•• ' ·' ' 
( 6 J:::ISl 1.$1 V"n')trl O.Jt t . S1 
( 6 )0UO.IO IYl " t C e.M 1 ... 
t • 'fOtoO. J$ tN' &'N e.10 tH 
(A.JQ80ol. t .81 L'rO I4.! C eAO 1 H 
~ Cl-.0 1..\tTl.:OC .... •.a g: ;::; t:;:: :-:; ~~: 
(.o\)09!) 4 ,01) S..¥11f00 1,11 I.CO 

•(,lo} I)O 0 ,11 t.Mili03 l .tJ 1,20 
• M~I,)lA 0 .17 .~ISH 1,1, I ... 
lM~Om 0 .40 tMJ~fN o ,•s l.U 
IM~04 2.4S l M330lN 0 ,15 1,44 
IMlOJN 0>1$ ~Ml«<IN 0 ,?0 O.J.S 
lMlOIIII o.u lM .. :.oo o .ll o. ~o~ 

lN)QIIK 1.1~ l/.0 !~00 1,10 l , , !i 
I.Y U II( S.OO 1"'311~ 0,.. O.N 
IY1 111N 2.U. M(.HI!$ 1,15 \,10 
l.,.)%l< I .U MCtll1 .. 1,M 0.60 
I,.Y)J'!N tAO MC:t330" 1,00 0 .92 
I V.:)48;1o. 1..50 ~.:' • ls.!:IFOM 100 
.. V.HO"o l..75 ._,:•n,7r1 10 IAIO .. ,.,,:o.o. z.so ~-.~uc s..so •• 
...,J1tt: 1.70 '11'-:• .s»G:t..GO t.90 
.VlJl"'or t.JO ·vtll) J, ,.. .... 

. V U l-.,. t.AO lllt14~'flti i"*O 1.n 
W)t4N J,.tO ~.lli:U4...:;. 1.tl .1 JO 
W)11!'4 1.75 ... -.:.: t .t:.SG t ,?O t.IS 
Vo#) II,IN 2..b \.:iSS 0.40 2.tS 
V/31\1!>. S-.•5 NHS( t. I O t .SO 
I ~;t$1).8 0.9(1 N£~CiS MO ~.91 
l~lll~ 0 .98 NUCiO t ,f,, I ,J O 
l~U\/oH '1.65 Nl~ISf UKI t .So 
l~"'" 1;(;0 ·s.-.t....&l 2.14 1.95 
I,.M311l\. 1.21 S.O.IIS)O 2..M1 O.?S 

M:Jf4N 1.4S $0tlP I ll l ;OO 
M!JUH 0.80 $-'H~00\;'- 1 .10 2.21 ... 0.4. 

·Will fS ·A MICROP1i0'C'lSSOR?"" A COMPLETE TEACH YOURSEU 
COUASE.WITII CASSffiES + BROCHURE- t9.951 NC. OF VAT & P&P 

WIREt£SS WORI.O. C:(8At)AAY t 918 

A. MARSHALL {LON OON ) LTD ... Dept. WW. 
LONDON - t.0-42 C,;cJ<Iewood lkoadway, NW2 3ET 

Tel: 01-452 016 1/ 2. Telex: 21~9' 
LONDON- 325 Edgw•ro Road. W2. Tel. 0 1·723 424213 
GLASGOW- 85 We~u R<tRQnt St •. G2 200. Tel· 041 ·332 4 133 
BRIS TOL - 1 S u ai ts ParocJo. Fishponds R(l . . BS 16 :>LX 

Tel· 0272 654201 

NEW CATALOGUE 17 ... ..._.,..._,. __ .. 000-~........,.,_~._..,,_, ,~...,..~·n~ ._, 

POPULAR SEMICONDUCTORS (A very small selection from 
our vast stocks. please enquire aboul devices not listed.! 

'Nf:!$ o.•:t 
2N10 G 0.2& 
21U HI G.2l' 
(NiH. 0.3'5 
?td2!1 o.u 
~li)C. 011 
.l\. 1132 o.n 
~HoliS 1.10 
:1'.!0.01 ) O.JO , 

""'"' .... 21118?) • • ,. ,..,... .... 
:i"Q)l. us 
~71J O.H 
7':'J:O:»l O:r& 
:'1122~0-2~ 
h2l6e. o.u 
1'2!J6Q 0.2S 
zs:.:~d o.J5 
~'go;, o.n 
2N210G 0, 21 

>'lU'l 0.14 
l!.UH o.n 
j~~;}~ ~~: 
?HJOIO O. SS 
)H)CIIIJ 0~6 
l")Q!t~ O.JO 

~~:~ :;:: 
:t .. , , 0 . 1& 
:O.JJt) • • ,. 
l\J4\t .... _,. .... ....... .... 
"'-iUJ 2.-M 
l'tl~M ctc:zo 
l"'J»IS 0..20 

~~ l~~~ ::;: 
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LIN E ITEMS 

WHY NOT PAY USA VISIT AT OUR NEW CENTRAL LONDON BRANCH AT325 
EDGWARE ROAD. W2, ABOUT tOO YARDS NORTH DF THE WESTWAY 
flYOVER. EXTENSIVE STOCK RANGE. MANY SPECIAL OFFERS TO 
PERSONAL SHOPI'ERS OHLY. 

~II IIIIIUII'finntllfiiiii iiiiOUiii.IIUIIIIIIIIIIIIIIUIIIIIIIIIIIIIiillllllliiiiltllllllllllliliiiiiUIIIIIIIIIIIIIIIIUIIIOii~· - -
: TRANSJSTORISEO Sem RADAR MtPi.tf't£R SWJTCH: with 24v wa..-eguide A.OTARV INVT.RTl::.RS TYPE P£·218F..: Input 2_.·28v. d.c. 80 11m~. 4.800rpm. : 

: !I Witch, .9 x A em ins. with Cr)'ttal CY.23$S;'Indspark gap VX.JOolG. ( 16.ZG + noo (>utput ll5v. a .c. l3 amp -lOO CIS. 1 Ph. P.f.& £2UO + uoo c::arr. : 

5 P05t• J.' lt£QUENCY l\o1f..TER BC·22h 125·20,000kcl!; ¢1Jnlf)l~tt with origin<.l l <;3 li~ · : 

: t RANSISTORJStm VI0£0 INDICATOR (1.111<l<l with above ampli fier): l 'h' ' .ration charlll .. Checked out. work ink order. £2.2..i0 + £2.00 cp,rr. • : 

~ C.R.T. £10.80 + £1.00 pott , R£cnPIER U NIT: 200·25()v . .t.,C,Input. ~v. d .c. at 20 ilRIPII outpiU w n tin1.1ous : 

• VACUUM & PR£SSURE S£AL TEST EQUIPMEN'I': Complcu.• "'ilh 3 x 4" rllllnl(. t:S7.80, car.. £5.00. : 

: gaugc6 indi-cating o,lOibJI p.ll.L 0-301bs ..-acuum. With I!Un'Hl, hand pump, etc. PA.PHR TAPE: !.-\'' ro~l (te>lrprlnu:~r•. ete.) JJo:ae l).fte.n roll.s £1.SO + Cl .OO po~:t. • 

tiZAO • tl.OOeuT, CRUI>TF,LF.:PRL,~TABLF.:DS.OO + £Surr. • 

INSULA TIO:"J TEST SET 0 t O 10 KV. nepthrc: Urth, wMb lonba.tion Amplifie-r. A TT'f.NUATOR U"!\TIS STC: tmpcd;:lnce 7i ohtr.s. Two diff~l typti.. (A) Pus..' • 
10012J0VollS...o\C £4S.It,c.n-. 0.00. buttoa 0.0.9d«::'be1s in neps ot O.ldB •nd (8) Pu$11 button 0.90d«tbd$ in .SCe:;l$ • 

RACA.L AA· I7 R£C£1VF.R 500KI-Ix-30!nH:z. s/hat~d, &ood conditim'l:, £365,G0 
(inc.lu:ding VAT 12~':ft), 

A'VO TRANSISTOR ANi\t. YSt:R C'r.446: £37.80, c<~rr, C2.'ZO. 

MAKCONt FREQUF:NCV Mlit.'r'lH\ 102614; 2000·4001)m117. ·as' new' «:ondiUon. 
t:3Z.40 u r s<:¢<~ndhand condition £24.30. 
ICI'.£6/2:: 100·160mH~: £32..40 ':..!(new· or s /hand £24.30. Cl•••rl3£t for all \YI>C &2.1)0. 

BUR.GI.A..R ALAiM 8£U..: $o.S\•, d.c.. £3.24 + £1.00 J>OII, 

oOOclO. Botl! 1)-pes price £S.AO,"""' 7Dp. • 

MARCONI SIGNAL CEN£itATOR $01/ DS: 10.480mHz. £318-SG. : 

ROTAAY CONVERTER: :t-.1 volt~ d.c. m p u t. 230 \'(1!1~. !00 waus out p u!. !2"7.50. : 
C!U'rl"~(l £4,00. _ :1 
SIF,Mt:-N~ I'OW£R ) 1£TER l m w to !IOOmw. G ranr.e-. (l-1 7dl:150 ohn1s, tsS.OO. : 
Cfll"rl l\gt £3.00, : 
RAOI01't-:L£TYP£ TER;\-HNA1.SE1' S(HA 115 ~·oils a t•, C11-'10, cnrriagc &3.00. • 
TllLf..GRAPH DISTORTION T£Sr S£T TYPE 5CR\' 230 \'01~!1 a.c: £25.00. : 
ca:TI~c tJ 00 : 

: ~1Ul.RH£AO AT'fENUATORS: 75 Ohms O.SMct s JV ~tAK J ranges Mi. 0·25, Rf'.SOSATOR P£RFOR:'\-1ANCE C1 .4l4 S..S to 9.0 kmc- ~ 1 cm. C7G.OO. po5.1 £2.00. : 

: o..50d8. C.U + 7Sp pc)a. AUJ!\-U."I\i~1 TR.IPOO {Utra f t t'OfW "''~ II "oJ.PJ)()ft 50.b. £JUC'Md C10 56.n. £10M. : 

: Tll..EPRL''TER TYPE 18: Paatpttnt« 24\".dc.. pow for JUppiY. •PH<~ 5000uds per ~~~~R~ -.-olt$ d.t-. mp:ut .lo()l) C)'tln l pll 6600 , p m. 200 ,'Of., ...... k. c1.st. E 

=
• min.Sihandcond. (nuUtnt),nopuubro'j(entli.IO., c•iTfa{r! £3..50. _.. 

t 150 OM\. : 
• AVI'O TRA.~SFORMER: 230-Y. 50tts. JOOO want. Mountii!CIIn strong Stefl c.asc 0XYO£N HOTTl.£ ISOOlb w.p CIO.DO. I."amage ~3.00. ; 

: $''X G'ri" X 1". Bitum~n lmpt(!l(li3t~. f l2.K, ca!'r, £1.00. VOl~TAGt: RECut.~ TOR 120 voltl'> 61 a :nps. CJ 7,$0 e;ach o r two for £3·2-SO, : 

: CRYSt AL ·fi:s·r SET TVP£ 1~: V:ced tot checklna crystals in rreq. ~nse c•rnaac C4.QO .,·;•c'h. 

: 3.000-JO.OOOkHz. Malt,.-; 230v 50h z. Measu res crystul ca.ltTUnl u nder oscillatory r-----------...,.,.,:-=-,..,-:-::-:-:::::- - ---------,_: 
~ ..:un<lili()ri:< and 1he equh•lllent rcsist;~n(; e. Cry jj:tl\1 ft tq. can be tested In 8ARCAINMAPS • 

: conjunction with <1 froq , ml;'ter. C27.00. cart. £2.00. L..a.tge s1oeks of unuse-d U.S.A.F. ~urplu.~> maps, wuthtr ctlnrc.s, t'tt. 

: CATHODe RA V TURFS: $'' 'trt!!en. tube CV·lSlG £·U2 + U .00p()('.L TypeW20 OXC·EI _ U.K. ill ful! and Pl'rt 
1NtW~~;~~- Seal.- J.I.OO(),I'IOO, : 

: MtUare face 5 '' X 3"' £&1(1 + ti.OOpost, JSC ~N - N. Europe. t: K .. S¢ar.du:.avia. Sca:-c 1 2.000.000. 

C WEATHERPLOn'ER RF.CEIVINC SE."r A.i"<<IC)tH..S: Fae.imite ~producinc J!\·llN - [.l).ropt" (M~ile-f'tt.nUn). Su.k I-2.DOO.OOO • 

• ty3Cem r~ "'~thet" map~. F'wthe:rdet;tilson :-equdt. Wt.et(inc-. ~VAT). 517.K. 5oS' x <ll'". cotour \l . ..rl)' ,,lhrr~ Ptase sendS A £ for'l..a . • 

: Ct..ASS 'D' WAVDfETER NO: I! Crystal controlled tltttrodyne f~ue-ney Prkttach?Dp(inc; P ~ P) : 
28 H Po 1 6 d Cood /h nd d £l.20 + £200 1l"t'tlaps(,mht-r'HJt't' tHI('0 Mau.ontd)tlt.OO + £1.00r-, .. 

: rnctt'T covemtQ • m 2• wcr IVPP Y v. .c. 1 • con. · ' 10 'I( \l:a~ (e-itl'le-~ o.s."l~ cypt O R :a'l.. .. u.rted) £6.00 n n e. o .. p t : 

• carr. '----'-'-,---:--':"-:-:-,,.,:-,-'-,---- -'--'----- ---'• 

: R ll'iG TOROIDAL OUST COR.F.S: Si7.1!! 2W ' outside, l"i' ' ln ~ide. S/16'' thick. 9ox Above ptkes ku:tudl YAT •t 8"• (except where ll:tltCI) 

: oftwo £1.10 + JOo t:N'J~t... Carriage quotes g lvon are for 50-mlie radius ot Herl$, .. § 
E~v~:~:· ~~==-~ ... ==~~==~,:.~w::.:,~.:,:.:.~.~.:,,:,~. ------------------------.-------------------~-0----~------------------~--------------_; 
• lold A10) oppoeite Ch~•cll. 1001 of 

• 

: ::=~~:.;~;·i,:.::;::;:: W. MILLS 3&3aBALDOCKSTREET.WARE.HERTS.SGI 29DT: 
E :'~ • .,:t:' 10 ntJMo to noid WAR I!. G$312. (5TO Ot20) • : 

,:;1 H 1~1 I II I I II II n II 111111111 I IIIU Ill I II n II HI If II 111111111 fl II I I I I I I 11111111111 I I n I ttl I I I I IIIII l lll l l l lllllllll J t J II R ill W JJ•~ 

100 WIREIESS WORLD. -EBP JARY -978 
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/MarshaH's 

Our range covers over 8.0Q0 items. The largest selection in 
Britain. Top 200 ICS. TTL, CMOS & LINEARS 

A. MARSHALL (LONDON) LTD.. Ded W W. 
LONDON — 40-42 C-icklev/ood Broadway, NW2 SET 

Tel: 01-45? 0161'2 Telex 2,437 
LONDON— 325 rdgware «oad. W? Tel 01-723 A242/3 
GLASGOW — 85 West HeQCU Si . G2 2QD. Tol 04 1-332 4" 33 
BRISTOL — 1 S'.'aits Parade. Fshoonds Rd • B51 6 2LX 

Tel 027? B54201 

2"J oOltl\ 'if Avnumn NEW CATALOGUE 77 1.000 -i-mi. a' n.w pioduOH «"•< SSp POM pKH 

C43;2C^ ?2S CJ|302«* *J>1 CA3W>iiI ' "• CJi-i'l l.SS 
t*ao3a C63015 CiiOlO 030 «U iM- 

1.10 1.M 

.aa&zi.ez ^33030.60 
VJUdlVi CJUUI casosb ■A3O30 CijOOO 

* ZA2'30 M30'A iMJO.'r- 1J2301 1M307N IW20BN 

l.viia'l IV 333* .V339S V.I-IKV -M360N .M37CA MJMM ,M3>3N 
.My'l" IMJ-4N 13237 ;N IV iJUn ivjros 

i vjrti.r- i»36ai 11*382.45 LV3t *- ISO •-M3a?H i.ji 
. MJ9'" 1.45 M!£6 

1.70 
2.52 4 00 

0^40 2.45 0.65 0.15 1.81 3.00 2.26 6 46 1.40 1.50 2.75 7.60 1.70 1.70 290 3 10 1.71 2 21 a.M 0.50 

1.01 050 1.00 0 '6 0.61 0.41 0.60 060 

' WWM 
i v.aaes •A'SBOS '.S1702C 
Mjnas MMOC 1W710K IV 173r. oai 

IV/73M 0.75 IV/tlC 0.65 1V74:N 0.40 LV7U' S0.40 LV741CN 090 IMT'IHU 0.15 <VV4pM 0.55 IV1805 
.<.'■523 1.78 IM330TN 0.85 M3 ■MM 0.85 IV340IN 0.70 IM39M 075 IV 3906 1.80 
IV 37174 0.68 Ml;l03i 1.75 MCI327P 1.54 VCI33C' I 00 Vv'35570 50 •■•-•3Wri 10 vc:*iX 
VC'435C VCl-.JI; Ml;i4sai 

1 76 1 92 

.3.30 >2,00 7 00 11.60 

Mi 556 Nsos: '16566 
1 r.«3-i6i 
S«S5!0 SC-42P 

31.70 0.40 1.11 1,30 
1.40 2.50 2,50 1 76 10 

S-N '53035 :-•> rsoffc* 
<76013M0 5576013" 5M76023M 5\ 76I/23MO 3M760S3N 5M 761 ICM iM.-eu'.M 

SNJollfiN <M75t3<M 
SN752261 571752271 5'11677111 •3'. >6830% &%76582% S%76533% S%75G44M S%76M5M 3%/tt54fiM 
3M76553N 6M76552N SM7657CM 3M76570M 
SN7W1CM HOVMCl 
5N)6-j6S% r^j'Os TAAJTOA rA4.17I •44522 
•SA55S -Afl'.OO 
•»A5'0 

2.20 1.50 1.30 1.50 1.4* 1.41 1.26 2.20 1.18 1.51 1.66 1 20 < 66 
191 0.75 1.40 1.20 1.M 1.81 1.44 0.35 0.52 1 65 

0.60 0 92 1 00 1.00 1.00 190 0 60 

1**821 1**66-5 1**760 
74*0304 '4*0 ion H4ii|i>i 
(BlM 76**60 7e*:co 

~34M3Q 2.30 '04113 2.21 
'041130 2 30 tt*>7:i 2.21 ■645200 2.30 "64530 1.58 *6*1330 2 07 6*1.40 7.21 '6*51042.30 -0*11113.13 •'1416003.22 t 64 5500 3.22 6*570 1.25 "3,45700 1.33 *34611Q 2.70 784651 7.20 "34103 182 "14)00(1 161 "64/070 2,20 
784750 1.98 7647500 2.07 '64610 1.25 TB'ISIJ l.?6 • 114823 121 : 114320 2.90 7649200 2.99 '64640 1.62 
'CAIOOC 1 86 '04IBI2B 1.61 1042713 2.2b '64J804 1.30 'CWW, 3 13 :iA42l)4 1.86 <0*730 5.22 16*740 764750 
76*76-0 7c*yco viaai 

604056 60-105? CO 10"/ 
CCW • COWl! 2 COM'S COIC'I CO«5'5 C040"5 COIO'7 011 SOCKETS 8 l". 0.15 14 :<n 0.16 ■ 0 — 0.18 12 i>" 0.27 

1 10 OM O 64 0.24 0.24 090 1.15 

1.15 

Ilf-I' 0.67 86702*6 1 36 68IOSi •nc*"'"!' r.'iOj 0,46 I'WOOs 084 plAOl 086 6V/Q2 
'V.06 
<0> I '.C2 <01 KM 

0 35 0.45 O 66 
24 im 28 p.. 40 P" TRIACS -iwt 40(lV 64 0,70 40CV 34 0.75 ixv izr.OM IOC- T6*1.10 4!il/.' 2I"A1.70 i-C'li 2:42.00 IHVBiSTORS Pv> 

O 18 0.98 1.16 2.10 2.18 2.48 3.12 3.48 0.57 

n*wi VV.7IC! vA',2iaj VV.2'' VM2' ' - 3.00 3.00 '.•V,7405750 12.57 

ii;ov 2CO\' aoov 'COV "XIV 2O0V JOOV 2.78 2.30 1.33 ■ 106 3.13 

'A 0.15 *4 0.40 

0.55 0 62 

ROMS V!4fi2<4 
PHOMS 05" 715 29.' MMsAOiO VV173240 '/V 77080 

8 33 10.95 1090 3600 
ac/v 

I 1,44160 CO406O 
| CvlOD' 6-0 W 1 COKIfli 094037 

2.00 2.00 0.24 0.24 n.24 1.34 0.24 

CO0. 0* O 74 'XIV 1240.17 ?.'!iy.--1,* 3.61 
bliOv 74 0.73 ICOv 174 0.31 
66OP <:* 0 97 "G *4 0.32 0 4: 0.48 

CHIPS 1200 
cj-.-iiv looo 

snno e oir CHIPS INSSOSOA M8224% crouao Dra2" 7*1 

23 
• 7.30 3.08 I JS'SCfllb 

WHAT IS A MICROPROCESSOR?" A COMPLETE TEACH YOURSElf 
COURSE WITH CASSETTES + BROCHURE - E9.95 INC. OF VAT & P&P 

POPULAR SEMICONDUCTORS (A very small selection Irom 
our vast stocks, please enquire about devices not listed.) 
4429 4=739 
*5770 AIYbb w.iia 301=4 

0 »» Otl 1.20 065 0.20. 0 27 SCI67A 0 17 00"«7a 0.12 aC"B>3 0.12 6C* 713 0.16 66*82 0.11 36 * 821 0.14 OC'SII 0.14 nr. 2124 0.14- 111.2141 0.17 
81)1.3: 0.37 a'!?; 0.15 E:'.S1 O.M i='51 0 25 BiV'.'. 040 

7N705 7N'"5 7N.11 3N979 >-.336 251137 7% I Id' 7Slfli3 2SI71I 
7M'8?3 2N20W 7M7/-10 7M/22I 
/% 7227 ;5?7?2* 27*2358 75236° 2V2645 2%2903 2M250G 

067 0,2* 027 0,35 0.26 0 28 097 1.70 0.30 0.3O 0,38 5.00 0,35 0.25 0 75 0 25 0.23 0.25 0.75 0.37 

757923 757971 7MW80 •)M;559- 
'N30IO 2N3053 25 3350 2531I» ,53133 753322 
253233 2M34"' 2N3«'19 2M344I 2M3553 
2743555 213566 25156' 
21357? 213005 

0.18 0.19 
0.15 0.55 0 75 0.70 O.80 0.45 0.16 0.18 

085 2.99 0 70 0 20 0 20 3.70 3 50 0 16 

2.53601'* 7X3803 2,5 3883 
7%3'07 753-613 21370* 213705 213.108 712707 2M3' 

0.23 0.28 0.13 

>.537:« 7%37;2 253751 2538*° 253UM 2138-64 0.29 2138594 0.21 713505 0 7? 

0.15 0,16 0 1" 0.13 0.15 0.16 0.16 1.95 7 BC 0 20 0.36 0.25 

719J06 719957 
>0 '156 087. 177 
71 
7% 

H" 751) 788 
71 784 735 '28'' I46II 21*82 

0.22 0.85 0.20 0,20 0 75 
Sir 
O 24 0.20 0.35 0.20 0.20 0.18 0.75 2149 "6 0.20 215'23 0,70 

215447 215413 

715452 0 33 
7101 BO 1X38 3S S-'SJ 40332 4-93'" *0363 10673 AC 28 46177 46157 46153 401B7K 4C18U* 
40-33 4=-05 41 >09 

3.* 3.00 0.65 0 60 
O!75 0*5 

0.55 075 048 

SPeOALIST CONSUMER 

NEW CATALOGUE 
Slow-IB t>vI rlMiait ZMICO'iv /iDOD-nWO 
• NATIONAL • VERO 
• TEXAS • ANTEX 
• MULLARO • ELECTROLUBE 
• SIEMENS • SIFAM 
• SESCOSEM • ARROW HART 
MAKES COMPOMENTS BUYING EASY 

WHY NOT PAY US fl VISIT AT OUR NEW CENTRAL LONDON BRANCH AT 325 
EDGWARE ROAD, W2, ABOUT 100 YARDS NORTH OF THE WESTWA* 
aYOVER. EXTENSIVE STOCK RANGE. MANY SPECIAL OFFERS TO 
PERSONAL SHOPPERS ONLY 

prices corieai 74 Nov., IS" bvinlnasnaoo V'-I pSc lOc 

ORDER NOW 
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Z TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 2'lv waveguide 
Z bWllch. .Ox A cm ins. with crystal CV,2355and .spark gap VX.104G CI6.20 + n.OO 
C cost. 
" TRANSISTORISED VIDEO INDICATOR (used with above nmphTler). I'!"' 
- CK.r. £10,80 » £1.00 po« 
S VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 3 % -4" 
2 gauges indicating 0 20lb.s p.s.l.. u-30Ids vacuum. With stand, hand pump, etc . 
- £32210 4- £3.00 car r. 
m INSULA1I0N TEST SET 0 io IU KV, -cgaiivu aarth. with lonisation Ampiilicr. 
Z \ 00/230 Volts. AC £45-90, carr. CY.Oll. 
Z RACAL KA-17 RECEIVER 500KHx-3<hnHz. s/r.and. good condition, £363.00 
- (including VAT 1214%). 
Z AVO TRANSISTOR ANALYSER CT.446: £37.80, carr. £2.20. 
z MARCONI FREQUENCY METER I026'4: 200O-40OOmHz 'as new' condition 
"■ £32.40 or secondhand condition £24.30. 
Z 1026/2; l00-l60mH/ £32.40 'as r.ew'ors/hand £24.30. Carriage for all type £2 00. 
S BURGLAR ALARM BELL: 6-8v. d c £3.24 + £1.00 DOfl- 

75 ohms D-SMc/s 3V MAK 3 itnge: 0-3. 0-25. Z MU1RHEAD ATTENUATORS: 
; 0-50dn. £3.24 + 75p posl- 
Z TELEPRINTER TYPF 7B; Pageprinter 24v.d.c. power supply, speed 50 bauds per 
|| min.S-'hand oond. (excellenc). no potts broken £21.60, carriage £3.50. 
- AUTO TRANSFORMER; 230v. Wc/s IOOO wults. Mounted in strong steo' case 
- 5" x S'.i" x 7". Bitumen imprvgnated. £12.98. carr. -i.fiO. 
z CRYSTAL TEST SET TYPE 193; Used for cbecKIng crv-stals in frcq. range 
- S.OOO-lO.OOOkH? Mains 230v SOhz. Measures crystal current under oscillatory 
- condilioiis and the equivalent resistance Crystal freq. car. be tested In 
- conjunction with a frcq meter. £27.00. carr. £2.00. 
Z CATHODE RAY TUBES; 5" soieen. tubeCV-153C £4.32 - £1,00post.Type95120 
Z -square face 5'''x 3" £8.10 - £1.00 post 
Z WEATHERPLOTTr.R RECEIVING SET AN/GMH-5; Facsimile reproducing 
Z system for weather maps. Further details (m lequest. £459.00 (inc. 8% VAT) 
- CLASS 'D' WAVEMETER NO: I: Crystal controlled heterodyne frequency 
- meter civenhg 2-8mH2. Power supply 6v. d.c. Good s/hand cynd. £9.20 + £2.00 
" cair. 
Z RlNO TOROIDAL DUST CORES: Sixe2W" outside, Hi" inside 5/16" thick. Box 
- of two £1.10 + 300 0>7.t. 

ROTARY INVERTERS TYPE PE-2I8E: Input 24-28v. d.c, S" amps. 4.800rpm. - 
Output Uov.a.c. 13 amp400c/s. IPh. P.F9 £21.00 — CLOD carr. ~ 
FREQUENCY METER 8C-221: S25-20,OOOkCS complete with original calib- - 
ration chans. Checked out, working order. £22.70 + £2.0!) carr jj 
RECTIFIER UNIT: 200 250v. a.c. input. 24v, d c at 26 amps output continuous - 
riiling. £37.80, carr. £5.00. Z 
PAI'ER TAPE: W roll (teleprinters, etc.) Box of ten rolls £l,SO £1.00 post. Z 
CREED TELF.PR1.VIEK TABLE: £25.00 • £5 car- : . 
ATTENUATOR UNITS STC: Impedance 75 ohms. Two different types. (A) Push - 
button 0-0.9 decibels in .steps of O.ldB and (R) Push bution 0-90 decibels in .steps - 
of I OdB. Boih types price £5.40, post "Op. :: 
MARCONI SIGNAL GENERATOR 801/DS: 10 -JSOmHz. £318.80. Z 
ROTARY CONVERTER; 24 vollS d.c. input 231 vulis lUU watts ouipul. E27J>U. J 
carriage €4.00. . Z 
SIEMENS POWER METER Itruv to i'JOiv.v. G ranges 1 I "OB i»0 oh'is £8.0.00. = carriage £3.00 
RADIO TELET YPE TERMINAL SET SGI A 115 volt? 
TELEGRAPH DISTORTION TEST SET TYPF 5C3V 230 vo 
carriage £3W) 
RESONATOR PERFORMANCE C.T .424 S o to 9 0 km,- s 3cm. £7 
ALUMINIUM TRIPOD (extra strong) will pott 'M b. Extcdi 
i-arrtage £3.|XI. 
INVERTER 24 volts d.c. ,nput 400 cycles IpM GdOU 
£1 SO Oast- 
QX YG EN BOTILE IdOO-b w p £10.00. rn-nage €3 00. 
VOLTAGE REGULATOR 120 voll> 62 aaips £17.50 ■iir.h 
carnage £400 «icb. 

£17.59, carriage £3.00 " 
£25.00.- 

. pnsl £2.00. 
»6in. £10.00, 

.m. 200 voll.% peak. £7.50.2 

two for £32.50.— 

BARGAIN MARS 
Large stocks of unused U-S.A.F. %un>lu% maps, weather ehBrts, ott 

Including;— 
ONCE I - U.K. in (ul; and pan N V.-, Europe. Seal.- I.I.UOO.OOO 
.INC DN — N. Europe. U K.. Scandinavia. Scale i ?.onn,nni). 
.IN-2IN — Europt' (Mediterranean). Scale 1:2.000.000. 
SIZE iS" *42".colOlir M.e y n'.heii. Please send S A F. f'>r i-'t- 

Price each 7Clp (in.; p + pi 
25 x Maps (either same i\ pe OR assorted) €10.00 - Cl 00 p- (<. 
10 x Maps (ei'.hft same type OR axsuned) £6.00 (inc. n- pi 

Above prices Include VAT at 8V* (excepl where staled) 
Carriage quotes given are lor 50-mllc radius of Herts. 

— Vidl »•' now ahop In VVaio Mtgh Sltoe 
— |old A10) opposil* Church. IOOj of 
" mdhrMlual Oarg*'"" '<>' c«ll«'» 
— k. collect orr, of Iho nbove il*nn 
Z >rtl«phona prior lo colling — iSuppoinrmam. 
TlMllllllllllllllklllllllllllllBKllXIIIIIII-llllllllllllllllllllllllllll 

1 lOOl Of _ 
WpXS \\r IVITf T 3&3aBALD0CK STREET. WARE. HERTS. SGI 2 9DT = 

to 8void VV • WARE 66312ISTD 0920) Z (STD 
illlllllilf lllllllllllllllli lllllll IJIIilllllllTIHUIIIk? 
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I.C.'o 
1S:.O!t$ T.,..., 

;~~~Jt:.~ 
~"' l l:i l<l tiQSIII 
1' 1 !:'.!AI 1.l1 
/4-!1 !l!l. , ,, ~ 
'l'~e oc. s?!.: 
"'lll~P'»>f<' <Co f0] 
l (l t ? Q' t S 
11l:.)3or 16(1~!) 
~Cl$$10 Cf..,,. 
;.r H224.ClCCt: 
.M!Ol 011.1:. 
.M301 O+l<.l 
!,M~0'7J; f0) :,\,> 
t <M38? ~lM:)l)l \ 
lMjP.\1 : 1'1()~ .. :, 
lM.l t~:C,t.J~ln 
~MlSOO 
\l.tl3 tO,I.'?lC !1>'1 
1\!~t>ll fl~ 
.. \1-t>r.i l'•~t> 
ffi.Mi'l!ll,.$?:.: 

u os .,. .. & , •• 01-\ 
IH 0 -'\0 ::u~ ,,. 
~" 10H. ::$..p 159' 
:.:OlOO~l!:CS .-.ll. t~· 
f>'tW !IE«ut:: ::ov:l':-:l'~ . .,.. 
DI $P.I,AY$~EOU!l. 
C !l" IX•'\\41:.! S$s>" 
C.J"I>t 10J,, &$So ' 
"'!1.(; .. 1>:1-IJ: :l' S l)(ll> ( l .W 
-os.1o~a.-.s 1> (s.,oo· 
.;Jt;Opl Tl:'-''" Cc.l' n.oo 
llttt"£"1 'IS TY'E t1AY 

~~~~~~~\ :::: 
~HCOfift'UCTue (,.oo· 
res n ::H 1111 u .oo· 
\\J-/.H'l'€!'1$ n . sc· 

TUHEII $4U 
1.\'"'l lW l!o 1M V.!l ll \WX t>t· 
C{>OIK $. I' IJ!h1 II :JIH')('>$ 
::.~ :v ,,o.oo 
SiL'I E~ TWII/1~ U .G-9 

. I'UI.I. S,.~C f'AKS t1.00 
PJoK.lo IO~.iH!H.EO c-1.00' 
P,61($ 4.,.,41 •!:!~8 !1.00" 
~41(C :>, "l>'l\ISG U ' 

I'M~ G~ 1M1$"E u .OO 
1'.\.( ( 4\FoiN~\4 l 1.00' 
1•.\.>i:N :!~>0•\1.1 1 ' 91 ( 1J)(> 
PM T .>otM :l:~t · (1.00' 
PAXW Uh C.c:!•ntm:•C1.00' 
..,011{ ~1.1!;$~1.i i5 
(-o\PACITOtt S; C£11-\~!C Sp 
tHC" I!OlYI'!C l~f :lOO:.o! ?p 
ut AlS!t.!(S ro·e•rO-~ s,• 
'¢-l $'1Al l. ~a,· !I!G 69p' 
Ot LSOCKn-s 
.ONI'~U . .! !PIN Up· 
!4(Ht !G PIN 1Sp• 
vtft O t.t O , .. ..._~<I 

~~::~~~· · :~: 
l * "Xl ? .. ( 2,50 )v,··,.;'t· ..... 
Oll80 AA06";<4··· t:2:1114· 
I'OlS Up ~iliS€TS 9p II~SIS· 
f:)ll:,i :tp 
CMOS:: 'I·\."'(i f !H t l:,il$ 
4001 \:ft ~ :Z5p' 
4008• fO S'sl· 
<lOll ~· t::.l-'9• 11'> 2"39' 

WW- ()69 FOR FOR IIII•.R DI~TAU.S 

Better instruments. 
Better service. 

we have established a nationwide network of approved 
service organisations to deal wit h the repair ana 
maintenance of our instruments. everv repair is bac.Ked 
bV a full12 month guarantee. Here·swhere to find them. 

ENGLAND l onclOI'l lnStTlllfl"ottt ~'ltrCemre. Acton Ull'lC. Cl'li.SWICK 
LOflC'OO Wto 5HJ Trade R~::eow~: CI,lflnington Stte?e'l Tei·O'l·99S 9212 
tonaon !nstn.:ment ~:l!f Gent.re.Archt !!He Rc;v.I.Oov-.::r.i<~.;t. 
Tel: Do\'OI' (03-04) 202620 
Farnell ln::ernationallf'lStnJil'IC'nts Lea .S3n<::lb~1: \'li>V.Wethel'by. 
V.'eStYori:shire L$22 4DH. Tel: Wetherby :o937i 3541 
f.E.:R. instrumemn:s Ltd.Peoel t al')('. Astlev. ~.'.ancnestE:r M29 7 JH. 
Tef: Atllen cn !05234i 2275 or 5611 
Miolands lr.strutJlEtlt ~air Gef'IUC. Ttlorn 1\Vt()m(ltion I td~ 
Armiuge Road.Rogl2!c•t. St<Jffs r e ~u~v (08894) 5151 

SCOTLANOF.;!con Flectrcrucs. 92 Hr,)ll Stl~. JOhostCM-. SCctliltXI 
T~l: Johnstcne :OSOSJ 23377 

WALES i:!e<:tro $ei'VICE:$. :tS Chepstow Road..Newoort. Cv.~t NPi SSX 
Tel· ~·'•t>Crt ~063~J 21124~ 

rne manUfacturers· Joint service organiSation. 
WW-Ms fOR FURTHER OF.TAII.S 

. ALL .,,_.,T,,r K 
M.AI NS ISOLATIN G 
PRJ }20f2"ov sec 120! 240V 

C<ntre T:lpped ;,n::. Serc-e-.lloe-d 
R•' · VA {W ant) £ ti&P 
(ih 20 4.4 0 .19 

1<1S" 60 1.20 .!)6 
150 100 7.13 1 l ·1 
l ~ l 200 11.16 1.50 
~52 250 12 .79 1 .8~ 
153 lSO 1G.U L$'-
Hi-1 000 19 .15 2 15 
15!. '150 2!t.06 OA. 
15ti 1000 37.20 01\ 
I 51 \ 500 45,80 OA 
I 5a 2000 54.-80 OA 
1 ~ 3000 '19.05 OA 
15 or 2:40 ~wo!v S~:Jte vo!tto f~!l'"' : 

'" 2 IJ 

" •• 10 

""' , ... 
" !lb .. , 

228 

...... 
12v 24v 
0 .5 !I 25 
1 Q 0 5-
) . 
<! 2 

3 
4 

t 

2 .. 20 
2.64 
3.51 
4.03 
s.3s 
6 . 9 8 
7.87 .... 

10.3& ta.ta 
17.05 
2_,~ .82 

P&P 

•• ,. 
78 

•• ,. 
I l 4 
1 .1·1 
132 
1.32 
2 .08 
2 :08 

OA 

WIRELESS WORLD. EF6RUARY 

iriFimPLS 
ASEMICONOUCIOH VOWCHHOUSf 
TRAMPUSEIECIMONICSIIO.. !>« COGROV( HOAD. WiKOSOH. BERKS. 814 IMS. TCUPHONt WINDSOR I0761S) 54525. CALLERS WELCOME MON. SAt. • A M. S P.M. 
f.u -iv^- o-i oroOuDi A9JMUI- 24 "n-- IUT >---.•<• iiv/. ^v«5lO .n-- 'oiupt.. l Air.m rv oa«i •w.t is — 'iiam -.'ii (mil *-r '"s iiy. 5 oi<>r->. p -i ! l iia" n -jtitrg • 12 !s <- .J I1»-- II-, "... •■•.HI Ijr IVIJP- n< IK*W 
pj,~l &iv>inn>iv J-f NMAES  :-0<- - ndSAf 

LC.'« C-ppOllS 'i: .'a1 oi.e PIN i:- :-i iovs Tt'f.iAl ?4; '43 3lL 4 = > Tig&.BPV "ICS C '02 iflivo- 1-5 vec >n' .'c"" 
MMSiGfif* A'5'J2sr.ioc>: 
.S'20' Oll'a -M30) OILS ,M30S* 103 t;V 
M.lS.i H0"5 IMS* 31 CA2-,3): :M3»3 

'■JWl-m.- LUSh 'AAgiflflt sre 
LEDS P. 2" OlA "SO ^o cu= V" ;031CLP 
COIOU.RLtOS AIL NTW Bt'EL -iD COLS 

DISPLAYS RED.LEO. 

*n p<«* OH" S«p- 
«9p- 2ip- 
3S0' no®- 20®" 49p- 11.00- £1.50 £1.49 ooo- C2.2S- 20p- 58p- £1.00 £2.00 BOp "p- »»p- /Sp 
34®' £1.00' f ICO 

Mi!.1% h._k' •- ■ 
TRANSISTORS 

.v- U "OB ,-■•1 u ;'e» ii !l >/. ;i9:. 3 is;? 5 :v:c 

15 -OL- 090 

llp* 
>4p- IV :up 
top- 

3" IX.'iU V 99® 69V 

top- 
I7.O0- 

322-2 3 4 At-I 17p 
EO'v " '2 2Op •33-3'«''iy-M 39p- B'v w - ■ QI 52 20o- vjWbiPse- EI.SO- '■'.II 20li: El .40' MJE3C35 Sip- 0PoI2=lA»T; SOo" TIP29 33.31 32C 80o-. TiPd-l^itJi S'p- TIP4'.Cci S?C ll.OO- TIPJ9&& 65p- nr-iow 55p- ii'uS" JNjMn so®- 2 ">20.14 a JOaS aop- 2\2926 VC ISp 2L''J53 24p- 'NUMI'tW 45p- .n«a2 4/: i;;i,v ji.so* 2rt3702 • 4 5, 3 10® 
2V38I9E S 22: iBp ill 3820 '£' 38p 2S>13' .0 '.'JlSt 50p INS BUS" SETS I Op MATCXING AOP 20r DIOOIS OAS". O' BP INS 14 a4-43S.l 4p- •'.-CO 5p* 4CC4 7p* ESO.-.i 'ASOV 25p- 6r*83 400 A "Nl US "JiOV 10p* 
SCR 8 THIACS O'SCOTF'AC 0- 40O«l 11.00" :>3CC SCR C; OS 4a '-cXv SSp- ■*S ■»-W VRi ■ A WXA- edp 0IACf.l2 ?SpRSlOO top Silicon grease v n 2Sp- 

—ii «ici 
r«« .. 0 . 2'133I9E 7p- pac < »& . IN5>4 Bp' 'AA '• --S« CIABI ?' 

ISp- PAN I AilMJOl lip- "WC'.V 20.E««iol,l 
I2p MORE "AXS N L STi IOp CAPACITORS. CERAMIC 5p »0p r ICISOL'TIC 'i.' 200.ii 7p 

P'A'SINKS TO I a ■03 5p" C ■ WAl JBp- Bio BSp- OIL SOCKETS LO>VPRC-lli SPIN 14-R 10 P«'. VERO&> C — vi.v.u 2-/ X3 .-• 3V'xi 
EV M.ao SOp- 
0I19049D6 *4 - POTS 25p PRESETS Bi IlinS 2p CMOS- HAS'!' V DStS 4COI os 2 zap* 4003/10 59p- 401T JOp-10-1? 0? 23p- 

11.00 11.00- El.00 £1 00- f l.DO- 

"p" 1ip- 

tip* -»V- 
[2.44- i R£Si8- 

III 2400N SERIES 2403 I4p' 7401 IOp' .'401 O20p- 7404. 10 I'P" /4i3 asp* 7417 -20 25p- IBp- 

/Dp- 

TUNER SALE M.V «V A iv 'Alltl MI'X 151 
LdOl" •« PUSH HJ' IONS OSLV 110.00 STEREO'.'. A'-'0 E2.69 

PULL SPEC I'AKS PAN A 10 .REOliO oaf 3 !■ 741 3IL9 
"AKC 3.2S20S0 

ll.OO 11.00- £1.00- IV 

7130 74 <0 7411 7443 7447 7410-72 J9R- 7474 asp- J4TS tOp" 
7470 39p- 

'480 S6 IOp" .-490 'IOp* •-.I- /top- ■•453. :S0p- 
'07 20p- 74-21 JJp- 

•4' 20 38p' .-•IT 41 IOp" 74 - 57 50p- 
74 33 50p- a-'HE r- s WOa SPICIA "lUCi? 
iHOATl 

7130 2 IB®- 

\VW—(169 FOR FDRTIIFR DETAILS 
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Better instruments. 

Better service 
We have established a nationwide network of aoproved 
service organisations to deal with the repair and 
maintenance of our instruments. Every repair is backed 
by a full 12 month guarantee. Here's wnere to find them. 

ENGLAND LonUOn nsPu'T-'n-, Repair Centre, Acton Lano.CtWw^k. 
Lonconw^ 5", : rode ?eccot or Ci.'nirglonSl'eei Tc- O'i-99: 9212 
loncor Instrufner". Repair Cent'e.Arcnci.ffe Read,Oovec.Sent 
Tel Dover )05Cd7 2C2620 
r-arnell 'nternatonai In-itrumonts Ltd 'jdrdneck Vfty WetherOy, 
West Vorksnire Lfi?2 4D- 'el; Wetneiby :3957i 3541 
".F R inscrumemnts Ltc. Peci -joe. Astlev Manchester V29 7jH. 
Te:: Atheton 105234: 2275 or 5611 
Mlo'anos irstru-rent Repair cen'e.Tnom Actc-T^ron. m 
Armitaoe Road. Rjgeiev.Staf s te Rugeev ice39d) 5151 
SCOTLAND Falcon 1 lprtrr..-.:5,92 K>g(> street. Johrstcne. Scotland 
Tel. JohnH:cne:0305; 23377 
WALES Electro Services. 25 Cneoscow Row Ncwoon.Cvi'en vo- 
Tei Newwrt 711243 

85* 

[>y.i 
NI 

REPAIR 

Tne manufacturers joint service organisation. 
WW—035 FOR FURTHER DETAILS 

TRANSFORMERS 
ALL EX-STOCK - SAME-DAY DESPATCH 

MAINS ISOLATING VAT 8% 12 and/or 24-VOLt 
PP.i '207 240VSCO 1202«0V 

Cento lapf-M and ScrccnM 
ROf. i

 
5 E P&P 

07. 20 4.40 .79 
145 ao G.20 .9b 
'50 UK! 7.13 ' '4 
15' 200 11-16 1 50 
'.52 250 12,79 1 S4 
153 350 16.28 1 84 
154 500 19.15 7 15 
155 750 29.06 OA 
156 ■ 000 37.20 OA 157 ' 50C 45.60 OA 159 20CC 54.80 OA 
159 3C0CC 79.05 CA 

ll 1 5 O' 740 StfC U'lly Slate volti if-lxo- 
50 VOLT RANGE 

Phmarv 220.240V SEC TAPS C-20-25-33-4C-50V 
i <0V 'i I1-2SV • y/ crrr'-.ua • PP-DP 

R«l. Ampo E 'C2 0.5 3.41 103 1.0 4.57 104 7 0 698 
105 3.0 8.48 
ioa 4 0 10.70 
107 6.0 14.62 
1 IS 8.0 17.05 
119 10 0 21.70 

75 
.96 

1.14 
1.32 
.50 1 64 

2 08 
0* 

Srco'Jie 12V wmainji fn 220 240V 
RiH 
111 
713 

Tl 
>6 
70 

'03 
72 "6 

lib 
107 226 

Amp® 
12v 
Ob 
1 0 
2 

1C 
12 16 
20 
30 
60 

24v 
3 2b 2.20 
05 2.64 
1 3.51 
2 4.03 
3 5.35 
4 6.98 
5 7.67 
6 n 8.99 1 ft 7 o 

10 
1 V.O» 
13.18 

'5 17.05 
30 26.82 

P&P 
45 
78 
96 
96 

' 14 
1 14 
1 32 1 32 
2 06 
2 09 

OA 
30 VOLT RANGE 

PlHTWIy 220-2 41)V* 
SPC TAPS C-I 2-1 D-20-74^0V ■ », CIIIV—J. 

Rcf. Ampi E 0 !> 
79 1 0 3.57 

3 2 0 5.27 
20 3.0 6.20 
2*. 4.0 7.44 
51 5.0 8.37 117 60 51 92 
39 30 11.73 
05 100 13.33 

/« 
36 
96 

,1.1 
1 14. 
1 32 i 45 
1 6'- 
1.94 

60 VOLT RANGE P. iLiry 220 2-10V 
SEC TAPS0-24 30-SC-48-B0V 
X'-C v 30 3 ID" »•' L-IK or 

'UK V- lAMOCmu i»P» 
Rot: Amps E P&P 
174 05 3.88 96 
176 I 0 6.58 .36 
127 2.0 • 7.60 1.14 12a 3.0 10.54 1 32 
123 4.0 12.23 '.3-1 
40 50 13.95 ' 64 

120 6.0 16.66 1.64 
121 8.0 20.16 3A 
122 10.0 24.03 DA 
•59 12 0 27.13 OA 

HIGH VOLTAGE MA N'S ISOLATING 
P'. 200.-2201>- 4!)n 44); 
Sc. 100/120(1- 200/740 

VA RBI. £ 
I EC 243 5.89 
135C 247 14.11 ICCO 250 36.6S 
|2COO 252 S4.25 

P&P 
• 32 '.34 

OA 
OA 

BRIDGE RECTIFIERS 
|<OOv 

>X>. 
1400.' 
100" 

liOOv 

2A 
L'A 4A 
4A 
BA 

I OA. 

45p 
55p 
65p 
80p 

£1.05 
£7.35 •Pir- I5B VAT 

•VflT R'--. 
TEST METERS 

lAVOS NU. 5 £71.00 
AV071 £29.00 
AV073 I AVOM'/'J MINOR 

I WEE MEGGER 
AVO TT169 itesli ti 

I circuit, no sBlOinrfll 
|lJ43If> cudgei mcior !42 
-enati! 20KP.. VOC IOOOV AC. OC '9 I (".gey 2 54 AC. OC 

|500<m -eiisie'ioe •' ti)(-ui) 
lircci -raie w.:h '-eci. 'uli in- 
|«'OHI&ns. £14.95 A'.o Cni") and •Vre'.iO'-~i 

e<-Biaclt 
PSPC! 15VATS': 

£39.10 
€24.00 
£58.80 

'PSlo'? in 
£30.00 

MINI-MULTIMETER 
nciocov. ac-igoov 

ACDC-iowrv 
OC-TOOmA A", - l.-iCK 

Bmob -i it; C5-86 
VAT 0% P&P 62D 
PLASTIC CA! TIC CASES 

iPQi 7? ^66 xS/.-pm 2V6p 
"82 95 ^ ? i x 9!>min .5Sp 082 — 115 " 95 * 3Tnu 

|.&-»790 VA" G 
STCREOfM TUNtR 

| P-ilVr IC€k 'OOP 4 c,-e-!i(li«!B< 
tut on. uicdp lumng. smivh 

1 --7 Arc Scjcc £20.45 ran-top (VAT 12 V,--:) 
• 317 ;o: 7i2.7iov M Y 7 54 (2 J5. 

AUTO TRANSFORMERS RoL VA (WM««) Tftaf, £ P&P( 
M3 T 6 0-115.7I0-2SOV 2.48 
64 75 0 ' I5-210-240V 3.98 .96 

•1 150 0 115 2CO 220-240V5.35 96 
66 3CC . .. 7-75 1 14 
6/ 50<} .. 10.99 1 64 84 |t/X) 16.76 2 09 
33 ISOO .. 23.36) OA 
35 2000 34.82 OA 
73 3000 ^ .. 48.00 OA 

SCREENED MINIATURES => 
Ko». 
239 
212 

13 
335 
207 
208 
236 339 214 
221 
206 
303 304 

3211 

mA 
200 ■ A. 'A 
TOO . 
330. 330 snn. snfi 
IA, 1A 
200 2CC 50MA 300. 300 
700 lOC.- 
1A 1A 
500. GOO 
1A 1A 

Volt. 
3-0-3 
M.'>6 
3-0-9 
0 9.09 
0 6 9. 0 9-3 
OS 9, OR-B 
0-?5,0-15 12 0-12 L7 30. 0-70 
30--3-0-'7-20 0-15-20 C-IE 20 
0-'-5-27 C is s:-- 
O'S 27, C-l5-7/ 0 ".2 15-70-74-30 

nme"- 340 V 
c pap', 1.99 

2.85 
2.14 
1.99 
2.59 
3.63 
1.99 1.99 2.66 
3.41 4.63 
3.99 
5.39 
2.64 

55 
79 
39 
38 
71 ya 
38 
$ 
78 
96 
95 
.96 

CASED AUTO. TRANSFORMERS ■jAfV --a-e.nnyi US'. 2-a-- aaaii i".v p»p 

£9.92 £12 13 £15.73 riB.BB ra?.ea C26.02 £37 65 

• IT 45 44 04 
• r 
04 

11.1, 
- U/. r.*'/.' 4'A T-H'A 
53V. 5'V. 33V( 
•>JW OSw 

HIGH QUALITY MODULES 
10 wan H VS Ai-iplif.?: £3.66 i 
35 wan RMS Amplifor £6.96 75 w»|| RM5 Amplifier £4.67 
125 watt RMS AmplT>E( '£15.951 
Pre Air c '91 '!)w £6.70 1 

Pre Aro'ai 35w £13. ar/we( Biipoli®" for I0w £1.30 i 
Powo- S'Ipoll"! (Or2Sw £3.75 ! 
Iransld'Wor lOw £3.091 
"K-iilo-mer far 2$vy rane mno-ilw £4.791 
"SiPModoesSBp. 'im 96p. VAT 12/; '■ 

STEREO 30 
Cciolo;? cnaiiia. ir-:. r n •, amci om-a-ip pawc suaa » ltni-t punel knobs |raar!ft ".ninn 
tan i £19.05. Voinnran £3.57. Taa* vBt-oerce • 
cab £5.26. P&P £1.02. VAT I2VJ* 

PLUO-IM - SAVE BATTERIES' 
612.3 -15 7 9. 12v500mA £5.32.1 
STABILISED 3 6 7.5. 9.-a; AOOmA Efi.61 
3300. 6 7.5, 9v ar 30DmA oiuflB dirnc .nio ISA I 
aaakci ilutcdi £3.30 | 

VAl ' 3/('■>. • '.U51.VAI on P&P 
SOLDERING ANTEX SOLDERING IRONS 

i SW £3.75. 18IV £3.76. 25W€3.75 
25W SV24S £3.30. 16W SM340 £3.68. 
S;:r.<l (or above £1.40. PftH 4<Jp VAT 9» 

r-lEASE AOD VAT A.rrr,-| PSP SEWiCON-.CTOn "til". -H CAfACll.ie Si ui CUNCV" to? AuSIC ACCsSSOP-IS SaRGAl-S "ASS SAY: "OS 
143! C*IL£93 «V:.COMi :MQf>-'P' O?SEND ) 5pSlAMI* 'OF LISTS I'MiSlSCCPHC" AT 35 "I It 

Barrie Electronics Ltd. 

3,THE MINORIES,LONDON EC3N1BJ 

TELEPHONE: 01-488 3316/8 

NEAREST TUBE STATIONS: ALOG ATE & LIVERPOOL ST. 

WW—647 FOR KUU. DETAILS 
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YAESU v FOR THE FINEST VALUE IN THE WORLD 

THEFRG7 Synthesised General Coverage 
Communications Receiver 

• _, ..... 
• I 

• • •-~--
/ .. • -- ... - .. -....... -.· ... 

• :. ...... , d I"NO<',!. ' • -.... ~ ...... - .. ~--· ·· ~· .. -· 
··-·=·" 

The FRG7 is a solid state m ains and 12v. receiver 
of fering continuous coverage 0 .5- 30 MHz w i th 
specifications unparalleled in its price ra nge . 

hs ~(fv~n.ced circuilfy l>rovides superb p erfo rman ce for p ro fessional 
Of amat~ur alike: s~amh. monitor, ::es:, am a:eur or broadcast band 
appli<:;at ions. 

The uso of a V'l 3cHey loop (us1ng the same VHF oscillator to mix up. 
then ttho~ pre-mix in~l w ith a s~able crysttl l sovtce Uowo again (th is 
c3ncelling all d tih f rom tOe v{'l ritr~ ble oscil tt tor) h pro vides e.qvivafcnt 
pe do rmAr..ce ~Q 30 c rystal con trolle d ~onvertets feeinG" a low If . b tl t 
without th e image problems of such an arrangement. 

The sig •' tll p~1 th swrts with the choice oi 3 anten na connecto1s: fo r 1 6·30 M Hz. t'l 50/?5 ohm feed' (to il $0239 (UHF} coax socket and a 
bindin9 post} and to~ 0 . 5 · 1 .6 ~V11iz (mediu m wave) a sep.ar~ne high imped~u\Ct> !)iJH~i•i9 post. A 3 position 0~40:J8 switchablu attonuator a1ds 
reception oi vety s tr-ong. signols and reduces adjacent ch annel interference. The lo ~·l noise MOSFET RF amplificf provides ~ SSB SCI'lSiti• ... it y 
of 0 .25;,:.V (for 1 OctS N + S/ N a t 10 .5 MHzJ ilnd 1s sharply tu ned by a well ca lib tated ''p re·selec tor ' ' capt~citor with 4 band sw ilchcd coil.s. 
Its ootp;,,l is low 1>ass !iltefed {fc= 35 MH.t) rc rnov~ng VHF t(nag e p robTems kOfl'\ the lo_lfow;ng m ixer . Th is comprises a f)(l ir o f J FETS, d riven 
by the .. M ii z sot" 5 5 .5 - 8 4.5 M Hz, oscillatCf. wh ich vpoon .... et ts the SJgtlal to the band pass hrs; IF to 5 5 M Hz ::!:. 500KHz where it is 
l'v10SFET amplific-:J Tho second IF of 2·3 1\t1Hz i!i pmdt1.ced by 8 FET mix.c• by h¢t;odyniqg witl1 the .synthe-siser derived 52.5 MHz signal. 
A I MH~ C~'YStal oscill;)lOr and dtode harmonic gener:'lt~H p :odoces ~ 3·3 2 M Ht comb spe¢;r~m. This, w ith ttlc farst hetrodyn.e oscillator ((•11Hz 
set) is fed to (I duol ba!Mced t.c. pre-m ixer. The OV11>V1 is ex purged by a mult ip le stage sefectw e amplif1er producing the 5 2 .5 M Hz second 
oscill;:'ltO(. A s•nofl f racuon of i his is rectified. DC <'!mpriried M e! l i(ih ts th e 'leek· LEO (sovmg power) when the MHz -osciU~tor is m~lset . The 
2~3 MH;; signal is l'v10SFET amplified and fed 1:0 the th ird mixer (a J FET whoso input ond outpv1 arc ~uroed by capacitors ganged ::o 1he main 
tuning C<H'IIf¢1) where 1t is hetrodyn ed to the fi(lai iF by lhe main VFO w hich ccvcr:s a 1 MHz Fange (2.455-3.455), is dearly calibrated . tQ 
5 kHl {¢: better), w e)ll buffered and h ighlt · stable. The th ird {45 5 kHt) IF sw rts with tho ceram 1c .selectivJty element and is followed by two 
stages o1 bipota: \ the fir<> t iq th o segnal path) amplifi<:;;'l {ion befo re the d l oice of detectors: twin d iodes fo r A M, o; a 4 diode p roduct de::ector •• 

with well b uttered switch ed freQtJenev (for sclecwble 
sidcbtmds) B.F=.O. A d iode fecti f ies. a f raction of the 
CtJlPul horn th e final I FT. ;his i-s boosted ~o drive the 
iltu(mmued ··s· · m e;er and automat ically g(lill c-onHo1 
the M OSH T amplifier in the AF. sec-ond ~nd third IF 
stages. reducing fading and dis~-ort ion. rmmediately 
following th e d emodulator is an autom~~ic noise- limiter. 
highly erfectivc in suppressing pulse type imerlerenc~ 
on AM !iignals. and a th ree position ' 'tone .. switch a 
(high. low or band pass! audio fdter, reducing the 
bandwidth lO 1hat requited . A ;:ransfo rmerless AF 
;:un pli fici : d elivers a generovs 2W to th e intern-a! 5 ' ' x 
3", or U)(tum al speaker. drives ~ p hO•lC j ack. <'Hid a 
· ·vok•me" i tldcp-ondCn t output for tar..f,l recordo'r. The 
teci?iver is. mains (234VACj. exu:rnal ( 1 2v OCl <H 
1n1ero~l d :y cell powe•tli, th e most economic source 
being automaticall7· chosen. This is. reduced to a stable 
regulated 10v. (or 9v. fo t osc'IIJ:o• .and the harmon ic 
9C1oeratcr). A dial lamp sv.•itc.h is p rovided to con seNe 
power on battery o;:er~tion 

PERFORMANCE WITH ECONOMY 
WORLD W IDE WIRELESS 

CONSERVATIVE SPECIFICAT IONS 
FREQUENCY flANGE 0.5·30MH4: MOOES S'SS !U ect&bl<! USB&f.SS) AM. AM.: ANI.., . , cw f REQUENCY SJ ABILITY wilhin 500 H2 

1!tm ng ,:~ny 30 mins after vlil rm up. 
S i:lECTIVllY - 3_KH~: a: OdB innmin~l) AN I 
.:: 7KI·I ~ t't - 60d6 dOWI) 

Cene•:.1l l;<weraga in ~ bA;1d~ 
AUI)IO OIS1'0Rl lON l(lr.t. rhM 10% e1 2 W o u1pm 

AUOIO OU I ;•u T mQr¢ fh ;;n '/.w 
ANTENNA IMPEOAI'.CE 50· ?& ohm ::. Un!1.,tnn(.¢(1 
lor L6·30Mk 4: Hl{jh imm: dem:cior 0 .5· l 6MHt 

Amateur ElectfO;l iCS 
508·51·1 Alu m Roc!< Road 
Alum Roc\ 
6 i fm •rlghal'n BS 3HX 

CIRCUITRY l 3 biPQ!<It .,nd $ lu)h:l effect tfS :'\S~tO : ll 
2 IC~ :m d 19 CiQ(ies 
SIZE J3\.1" 'NA6" H x •l 'b " O 
POWER REQUIREMENTS ~ 3 5V OC N~n 
gro,and or f! ·off HP1l or i 0 0/ 110 / 11 71 220 ; 
23¢VAC 50 r OO Ht . 

OUR A GENTS 
SOll th l\t1id!ands Communicaticns. ltd . 
.S.M. Hoose. Osboruc Roud 
To1ton 
Sot.nl\om;>ton. Hampshire S0 4 4DN 

W\\'-(J75 FOR FURTHF.R OF.l.AII.S 

WEIGHT t 5'ffl :)~; withou; oaueues . 
Se~SITIVITY (l 25 v V fo, I OdB N +S:N t<11i o 
ff>r SSB <:~ net CW. 0 . 7uV fm 30Sb mod~.~ lat&d AM v; 
10 ,5 M H: . 

Westefn Electronics (UK) l td 
Fairliel6 Estate 
l o :..th 
l incolnshire l N I 1 OJH 
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vy FOR THE FINEST VALUE IN THE WORLD 

FRG7 THE 

Synthesised General Coverage 

Communications Receiver 

% 
* 

The FRG7 is a solid state mains and 12v. receiver 
offering continuous coverage 0.5—30 MHz with 
specifications unparalleled in its price range. 

»$ advanced Circuitry provides superb nertormsnce for professional 
o' an-aiejf alike: search, morito". :es;. anaieur or broadcast band 
applications. 

The jsc of a WaOley loop {using the same VHP osciliotor to mix uu. 
then altU' pre fixing with a stable crystal source down again (this 
cancelling a I d'ift from tne vat able oscil ator) t provides equivalent 
performance to 30 crysta controlled converters feeing a low IF, Put 
without the mage problems of such ar arrangement. 

The signal path starts with the choice o' 3 antenna ccnnectcis- 'Oi ' 6 30 f/Hz a 50/75 ohm 'ecd (to a S0239 (UHF) coax socket and a 
binding post! and for 0 5-1.6 MHz (medium wave)a separate high impedance binding post A 3 position C-ACtiB swilchablo attonuator a ds 
reception o*' very strong signals and reduces adjacent cnanne interference. The low noise MOSFET RF amplifier provides a SSB sensitivity 
of 0.25 jV (for IQdS N + S/M at 1 0 5 MHz) and s sharply tuned by a well caiihraied ■■pre-selecto' ' capacitor wth A bond switched co ls. 
Its output is lev/ pass Mtered <fc= 35 MHz) removing VHF .mage problems from the following mixer This comprises a pair of JPETS driven 
by the 'MHz set ' 65.5—BA.5 MHz, oscillator, which upconvcts the signal to the band pass ' rst IF to 55 MHz -L 500 KHz where it is 
MOSFET amplified The second IF of 2-3 MHz is produced by a FFT mixer by het'odynmg wit't th'j synthesiser derived 52.5 MHz signal. 
A I MHz ciysta OSCi'lator and diode ha'mcnic generator produces a 3-32 MHz comb spectrum T'us with the first hetrodyne csciliator (MHz 
set) is led to a dual balanced _c. ore-mixer The output i$ expurced by a mulliple stage selective an-plif er oroduclng the 52.5 MHz second 
oscillator a sma'l fract on of this is rectified. DC amplified and lights the 'Icck' LEO (saving power) when the MHz osci'ialor is malset Tne 
2-3 MHz signa' is MOSFET amplified and fen to the third mixer (a JFFT whose input and output ate tuned by capacitors ganged to the mam 
tuning control) where t is hetrodyned to the final IF by the main VFO which covers a 1 MHz range :2.455-3.455). is clearly calibrated, tc 
5 kHz {or better) wi;li buffered and highly stable. The third i455 kHz) IF starts with the ceramic sslecliv ty element and s foliowed by two 
stages of bipolar (the first m the s gnal path) amplification oefce the choice o1 deicclurs: hvin diodes 'or AM, o' a 4 diode product detector. 

with well but'ered switcner! frequency (for soloctable 
sidebands) B.I'.O. A diode rectifies, a fraction of the 
output from the Ural 'FT. this is boosted to drive the 
iilummuted S meter and automatically gain contro 
the MOSFET amplifier in the RF. second and third IF 
stages, reducing fading and distonion. immediately 
following the demodulator is sr automatic noise limitet. 
highly effectivo m suopressing pulse type interference 
en AM signals, and a th-ee position "tore" switch a 
{high lt>w or l>end pass! audio filter, reducing the 
bandwidth to that required A rarsformerluss AF 
amplifier • delivets a generous 2VV lo (he internal 5" x 
3" oi external speaker, tirivas a phone jack and a 
"volume" independent cutout for tape recorder. The 
-eceiver s. mains (234VAC). external (12v DC: or 
mlernai dry ceil powered the most economic source 
being automatically chosen This is reduced to a stable 
regulated lOv (or 9v. for oscillator and the harmonic 
generator). A cia lamp switch is provided to conserve 
power on battery operation 

u ».> If JIC* ' 
fvvix OIW ZiK.S 

2M > G-IOI i-lVX ri*02 2?Xi? 

r—"r~ etc 020' 

2&r.s'2 
r-r"- — _ u i: 

-3 Bf /»wr 
mxi 

V'A—1 

v-0 k»T| 

V>3 -• o«o? Z6CJr< 

M'CMV Olll ?SCS'2 
OC it- OUO SlCJTZ 

01' OCi 10? I5l*«i.2 

"L: 
CIMUW 

U. 

arc GiOB fSXIl 

!-c .1 r.tr ' 0*02 "ICC I* 
'CKi 
cos" 

if 4MI« 0*10 asau 

»SD W n-isi •Neo 0*0' zkm? 2- 
PER FOR MANGE WITH ECONOMY 
WORLD WIDE WIRELESS 

CONSERVATIVE SPECIFICATIONS 
rRFQUENCY HAAGE 0.5-3CMH2 
General coverage m A bii"ds 
AUDIO DISTORTION less rh.in '0% 2vV outp.it 
AUDIO OUTPUT more fan 2W 
ANTENNA IMPEDANCE ohns Unb.Vnnr.ert 
lo-' 6-30MHz High itnpedcnoc for 0-6-1 GMH; 

VOCES SSB ise ectsbie USSR.SB) AM Av / AM. 
c CW 
CIRCUITRY ". 3 bipolar and S field ii"ecufa>is>iiors 
2 iCs and Ifeclodci- 
SIZE "3^" VVxo" H x •"/>" D 
POWER REQUIREMENTS ! 3 5V DC Nnr) 
9'0-ind <>; fi off HPt l or 100/110.'117/220' 
23AVAC50 CO Hz 

FPEOUENCV StABIL TY within BOOr-Z 
out ng any 30 mins after warm up. 
SELECTIVITY • 3KHxas 6dB inominal) and 

7KI I? at -COdBdow. 
WEIGHT ! SVHtts without oausuas. 
SENSiTb/ITY 0 ?0 oV loi 'OdB N + S;N rsuo ■di SSB a-d CW. 0. 7jV (or .TO'W. modulated AM at 
10 5 M-rz 

Amateui Electronics 
508-5 I -1 Alum Rock Road 
Alum Rock 
Bi'nvfgham B8 3HX 

OUR AGENTS 
South Midlands Communications Ltd. 
S.M House. Osbume Road 
T ottor 
Soiithomptor Hampshire SO-'. 4DN 

Western ElecuonicS (UK) Ltn 
Fairfield Esiate 
Louth 
Lincolnshire LN1 1 OJH 

W\V—075 FOR FURTHER DFTAII S 
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magnum 
ENCAPSULATED HI-FI MODULES 

FOR THE DISCERNING ENTHUSIAST 

MAGNUM BOARDS- FOR THE PROFESSIONAL TOUCH 

T~ke ~ Magnum CP· MC1 bo&td. a CP-P1 p re4 amp module, one switch plus 4 pots 
and yov ha ve the l>ssls of o qu11fi1y p re-amp. Add a CP-TM1 if you wish 

to monitor pea k loe dl. For comp rGhonsivc Hi & lo Fihcring af\d 

ZERO-PHASE SPEAKERS 
These M hvft crossove rs conlribute 
u ro phas• error and are thus a 'm ust· 
tor tha1 u ltimoto ' peakar system. 
The y a ro 10 CIDSy to u&o (Just 2 resistors 

control of ste re o s.eparotlon (Image Width} mount a CP· FG 1 
2 Sw itehos ond 3 pots on" Magnum CP4 MC2 board. 
A combination or tht:SO two gives 3mV sens-itivity with 

> 70db S/ N ratio and > 40db overload margin. 
O•stortion ita low 0.02~. Magnvm 

bc>&rds: e ron' t etse-nt ial- just 
en e3SY wey to build 
the Megnum system 

of yOur ChOICe -
you ttill retain 
elllhe opt:iOfl$. 

NOISE-FREE CASSETTE RECORDINGS 
The limited d yniU't'I •C ra nge ot most tape recorders: 
pa n ioul&fl'v cuuu e recorders. m eans nois-e over the 
quiet Pl'ISUOH and cltpp ing a nd d istortion of peak 
levels The CP4 DR1 tets vou record almost doub~e 
the d ynttmiC ren.ge and recover the programme free 
of these defects. 
h can alto be uHd 1or dynamic 
range control to compensate 
for p rogrammo moterial 
and lot I sten•ng c:ondiltons 

15-40 WATT AMPLIFICATION 
Each CP2·15/20 heatsink conulin s two 15120 
wt~tt amplifie ts One unit will g ivo 1 6W I 
channel ' tero inro 8 Ohm (20W Into 4 Ohm). Add a nothe-r 
unn and you get 40W/chl'lnnel. 

to sot oaeh CrO$SOvClr pOmH thcu you may 

These amplifiers are protected oga•nst ovolloa d 
and short -circ uit conditions ond (11$0 feeuure: 
thormal a nd •everso eonr"'eetion S)rotec tion. 
f ransient per'fo•maneo is vii tually unaffec ted by 
loading a nd free ffo m overshoo1a nd TIM 
distortioo. THO is: tvpicelly < 0 .0 31Mt @ 1 KHt. 
All this adds up to a vctsatilc a nd robust 

choose to uso them rn$:cad of th css chokes and 
capacitor's. Try tho CP~LX1 m tt-e WiN Bookshelf 
spOOI<.o< ((X1 17 p .42). 

SoM IWII SA£ lor oltto;b of am M.U;l!IJM AUO!iJ MODUUS 
CP·PI &lt<H P'rt-Mptn;., • ..... .• •• • ••• . .... . .. ..•.••• tl4.96 
CP· fGI Acutitftii!Ction Mafult ... . .. . . . . . . . . . . . . .. . .. . ... El3.22 
CP-TMI Puk Progr~nune Mlnitor • • . • . • .. ..• . • . . . . •• . . . • . . . t 8.60 
CP· DRI Dyaa• lt R11ge ComrollerJlJI}e Noise ElilaittltOf •• •• . • •• £41 .40 
CP-lXI Slngle l'oial l ineu Plana Adin er.saovu Natwork , , •. • .. t 14 .• 6Q 
CP-UI·P tf'-t.Xl Jet to yo11r c-~ol~e ot frequency . • . . . . .. . • . • . . £10,86 
CP-LX2 Two Polnl Unnr Pha-se Active Crouover Nelwork . .. • . • .. t t4.60 

8t nt lux Agenl: I.A.l.A. pv-a. Ktd:straat 16. 83020 leuvt n·Wijgll'lall. Belofu• . 

MAGNUM AUDIO 

amplifier of exo~ety 'dean· and 'musicel' performance. 

CP-U2·P CN.X2 set tt ynr dllkt if lri.IIICit a ••• . •• •.•• . • £16.29 
CP2-15/ 20SttreoAIIplffierlltdllt •..•. • ••• ••.•. . •.• . • . . . E1U6 
CP·.AR 1 Vart.ige Stihiliur Mo4u:!t . .. ... . . . .... . . .. ... . . .... t7 .57 
CP-PS 18/ 20 Pow&r Si ppi'( Modlllt •. . • .•. • •• , . • •. • • • . , . , • , £7.31 
CP-MC1 PrirU!d Clrtuft B.oud ft r f:t·P1nd CP'-TM I (tplioaaJJ 1nd c:ontrob 

.. • . .. • . . . . . . . . .. . . . . . .. • ... . . .. . ...• . • .. . . • . ... .. £6.86 
CP-MC2 Printed Cirarit Burd tor CP'.f61 ltd CI'..ARI 10flll0111ltnd ~G:IIIrofl 

.. . .. . . .. . . .... ....... .. .. . . .•.•.• .. • .. . . • . •. . .. . . £6.75 
Barc-laycard and Ac-cess facllllies avaltable 

DEPT. W2, 13 HAZELBURY CRESCENT 
LUTON, BEDS, LU1 1 OF. Tel. 0582-28887 
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magnuni modules 

ENCAPSULATED HI-FI MODULES 

FOR THE DISCERNING ENTHUSIAST 

MAGIMUM BOARDS — FOR THE PROFESSIONAL TOUCH 

Take a Magnum CP-MC1 i>oa.'d. a CP-PI pre-amp rrodule. one switch plus 4 pots 
and you have the basis of a quality pre-amp. Add □ CP-TMl if you wish 

• to monitor peak loads, roi comprehensive Hi & Lo Tillering and 
' control of stereo separation (Image Width) mount a CP-FG1 

2 switches and 3 pots on a Magnum CP-MC2 board. 
A combination of these two gives 3mV sensitivity with 

>70flb S/N ratio and >40db overload margin 
Distortion is a low 0.02% Magnum 

boords aren't essential — just 
an easy way to build 
the Magnum system 

of your choice — 
you still retain 
ail the options. 

* - 

NOISE-FREE CASSETTE RECORDINGS 
The limited dynamic iange of most tape recorflets, 
particularly cassette recorders, means noise over the 
Quiet passages and clipping and dislctlior. of peak 
levels The CP-DR1 lets you record almost double 
the dynamic range and recover the programme free 
of These defects. 
It nan also be used for dynamic 
range conlroi to conpensate 
for programme material 
and/or listening conditions 

ZERO-PHASE SPEAKERS 
These active crossovers contribute 
ze*o phase error and ate thus a must" 
lot that ultimate speaker system. 
They arc so easy to use (just 2 resistors 
to set each crossover poinl) that you may 
choose lo use them 'nsteao of those chokes and 
capacitors. Try The CP-LX1 m the WW Bookshelf 
speaker (Oc: 7 7 p.42) 

15-40 WATT AMPLIFICATION 
Each CP2-15/20 heatsink contains two 15/20 
watt amplifiers One unit will give 1 5W/ 
channel sleto into 8 Ohm (20W into 4 Ohm). Add another 
unit and you get 40W/channel. 
"hese amplifiers are protected agamst overload 
and short circuit conditions and also feature 
thermal and reverse connection protection. 
' ransient performance is virtually unaffected by 
loading and free from overshoot and TIM 
distortion THO 'S typically <0.03% @ 1 KHz. 
All this adds up to 0 versatile ana robust 
amplifier of extremely 'clean' and 'musical' performance 

Bnckod by trnt application rinln anil mformaiion san/ico, 7 year guj/onrco; tuHy Inch/ilva prices (U.K.) 

Send! SAE lor details ol all MAGNUM AUDIO MODULES 
CP-PI Stereo Pre-Amplifier      El4.96 
CP-FG1 Audio Function Module 
CP-TMl Peak Programme Mlnilor ..   .... 
CP-DRI Dynamic Range Controller/Tape Noise Eliminator 
CP-IX1 Single Poinl Linear Phase Active Crossover Network 
CP-lX 1 -P CP-LX1 set to your choice ol frequency   
CP-LX2 Two Point linear Phase Active Crossover Network 

E13.22 
. E8.60 
£41.40 
El 4.60 
£10.86 
£14.60 

Benelux Agent: I.A.T.A. pvba. Kerksltaal 16. B30ZO Leuven-Wljgraall. Belgium. 

MAGNUM AUDIO ltd 

CP-LX2-P CP LX2 set to your choice of Itequencies  £16.29 
CP2-I5/20 Stereo Amplifier Module  E14.46 
CP-ARl Voltage Slabiliser Modole  £7.57 
CP-PS I8/2D Power Supply Module  £7.31 
CP-MC1 Printed Circuit Board lor CP-PI and CP-TMl (oplionall and controls 
 £6.86 

CP-MC2 Printed Circuit Board lor CP-FG1 and CP-ARl loptlooal| and controls 
 £6.75 

Barclaycard and Access facilities available 

DEPT. W2, 13 HAZELBURY CRESCENT 
LUTON, BEDS. LU1 1 DF. Tel. 0582-28887 

WW—068 FOR FURTHER DETAILS 
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Z 8r'l AERO SE-RVICES LTD. RETAIL SHO P 

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 85 I 0 I RNKAM COUP. I HOAU, W . ~ 
r~:l. st~o 8 4 03 

TeL: 727 5641 Telex: 261306 

FU LlY GUAAANT£ED 

R .C. OSCILLATOR '" ..... 6.6G1 ,., m1 ,.., rum 
· ~~ O.l$ "' 0.55 US! .... m1 

G3-36A 
0.60 6!tal us 

]lii&® 
::<!8? ... "* 013 0.75 GS.iGT 0 .70 ~l'M o.ss ,,.., 

\tade It\ USSK l~ii O.G:I 6S'4t.f O.iO :lS..'ll ~ 1.50 ?rill 
f'0/1401<! :mw; :,; :c t i T(l.:;' R ·C 0-$( oll~t0' "' 0.5(1 12.U!> ... .,., 0.50 rnl 1m 1>0 UJoOO o.ss wu 0.50 rrn 

• (.:_ t 
!H()VH.lH'I fl $inewave '"" !>O~· bO S~GY 1.10 ll.\1'6 ... KtGS U iO ms SQuatew avu. fa~1r :;;cp ara;c outPt• t !IIJ\ :0 .. , 1~.\Ti ... "" uo P'~:OOA 
~<.:kct:;; .gi\ta CU.Iilflua !•~!l - ~wu cl l 10 St;;G8 o.95 l24'X> ... t;.~ VA.LVfS "" 0.85 ll'tl 
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OSCILLOSCOPES 
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TEKTRONIX 
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S. E. Labs. UV Recorder Type 3 006Dl £600 
Grubb Parsons Type IRG A20 Analyser £480 

Type 551 wrth Power Supply 
Type 545A wi th 1 A2 Dual Trace Amp 
Type 58 5 w ith Type 82 Dual Trace 
Type 581 A w ith Type 82 Dual Trace 
Plug ir1 Modules 

£300 
£485 
£550 
£550 

6v 2 5 Amp. Power Supply Units £25 
D.M. Digi tal Voltmeter. Type 20 22S £240 
Electro Scientific Industries Portametric PVB 300 

. . . . £180 
Stanley Lab . Counter Timer SL 111 . £100 

Type CA. G, H. L, K 
Type.3A 75 Amp. 4M HZ 

3A8 Operational Amp . 
3T77 and 3S76 Sampling 
82 Dual Trace Amp 
1 A4 Four Trace Ampli fier 

HEWLETT PACKARD 
Typo I SOA wi th 180 1A Dual Channel Ven Amp. 

1820S Time Base . .. £650 

EUROTECH 

£80 each 
£80 
£75 

£250 
£135 
£500 

THE TEST EQUIPMENT BROKERS 
EQUIPMENT SOLD, PURCHASED RENTED, LEASED 
ALL PRICES EXCLUDE VAT AND CARRIAGE 
TEL. NEWPORT 0633 21 1243. 

25 CHEPSTOW ROAD 
NEWPORT, GWENT, U.K. 

WW - OU fOR FURTHER DETAII.S 

104 WIRELESS WORLD f EBRLAPY 15"'8 
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MISCELLANEOUS 

OSCILLOSCOPES 

J. Lloyd XY Plotter Type PL   £160 
S. E Labs. UV Recorder Typo 3006D1. £600 
Grubb Parsons Type IRG A20 Analyser . . . £480 
6v 25 Amp. Power Supply Units   £25 
D.M Digital Voltmeter. Type 2022S . . £240 
Electro Scientific Industries Portametric PVB 300 
 £180 

Stanley Lab. Counter Timer SL1 1 1 £100 

TEKTRONIX 
Type 551 with Power Supply   £300 
Type 545A with 1A2 Dual Trace Amp £485 
Type 585 with Typo 82 Dual Trace  £550 
Type 581A with type 82 Dual Trace £550 
Plug in Modules 
Type CA. G, H, L K   £80 each 
Type'3A75 Amp. 4MH2 . .  £80 

3A8 Operational Amp   . . £75 
3T77 and 3S76 Sampling . £250 
82 Dual Trace Amp  £135 
1A4 Four Trace Amplifier  £500 

HEWLETT PACKARD 
Typo "SOA with 1801A Dua: Channel Ve'l Amp. 

1820S Time Base   . ..£650 

THE TEST EQUIPMENT BROKERS 
EQUIPMENT SOLD. PURCHASED RENTED, LEASED 
ALL PRICES EXCLUDE VAT AND CARRIAGE 
TEL. NEWPORT 0633 211243. 

EUROTECH 
25 CHEPSTOW ROAD 
NEWPORT, GWENT, U.K. 
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IEA·ELECTREX 
13-17th MARCH 1978 
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llVt<.·hirat• t<Xli n mtrd culd autorna~ion. ('UU'IJ>UIL't ~t'\.i'lllkjl.~ 

and C..tUI i~ndlin.~. 

The lnternatiooal Electrical 
Electronic and Instrument Exhibitoo. 
National Exhibition Centre, 
Birmingham, England. 

~···" \."ll!r ................ __ _ 

105 

-

ELECTREX \\~:l fealtr.V lXI"'.,. pnxta110ll and 
mms.f011'F .. iltion. pow-.,.- app1irntion::. traa'ISTits..~ 
and di:5mbt.do.."l. ~-:f~y and ~'Ontrol equipmen:. 

erru,:l){\1lC> and ~ranci-hy p1ant. hadtl:'lnal rm.-:1 a>mt:1tt"lial 
li¢wng and in.'l<~ llation cquipm~m nnrl mmpooJCms. Its 
:'}')Oltlo;,()l~ are joint·d loi'the iir::tl il'm" by tht· L!j(hiing lnOustry 
I· ed.:nuion and a lighl~n,;:.r se<:tlo: 1 will be icCit\il'(>(i. 
!PI/EX, til t' /l!(t;mO-tirmai PMumatic11' Qlld H,\drtmfirll Exiu(nti<m 
irl<'fJI'JJtJI'(Ilht)t (.'ompre-;;rors a•td Pouv.•r 1h'JI~~tmiu.(on Equil>mt'll t , 
!(:I{ l•t l!!<tJlt'<i ut u'w .\'fX..' conwr•·•mtl,'' with I f:A 1-.'lrc:rr:x 

. .............. ~'{.~'.!. 

Nt I'".'' AV!....::CA."" S.IYII <:1'lAQlf 

~ ~~!LV 
\:.....-"~ . £14.95 

• • VA) .20 '"" .,.,, 
"V.A I tJ 1'5' 
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~t_!e lt! ... rmodui•UOn 0 .. 10"~ SOtu + 71CHt .s. • • 
Ou1w1 "'0(1av 1 - !11Jd8 ;)OI)l ~ llmotdrn':t~t~·•"''"' 
'O~ic; lnt•rmodul ~otiOR OIIIO"Ion3 ~01(Ut $0 J l!!i:W)'IeU: 'Iglt: pott -3d8¢> 
IOOKHll •I l;,KH~t.oo'A) ..,.,liiO .S. 1 ~Nio .... lo f~l(tfzcompo-t~ent . 

P~<!!mphat.ol«! ol'lpo.ot •, v f)l.·1'1t - i0(19, 0 (;j '*o 1'M o! rn~nltlti'I'IMit 
c--. iompod~~noe intwac:tlo" ""' " •'-u...cv •••p.o.n••· 
Hoyl!. ,..,.,I,IG.toli'IUC.:.'tt oiX;It l rl Lifo$ ~~-~~ 0 2:(jl), 

Clippiagf'1)1n.tC~Qtyto " IAACurv• , U'H• c:f:;:lJ~I ~ N d!V.70.,Qul 
301-'.f'~OK;H.t Wn,..,,..1d6 
Oopa~ 0£~rmtN:t by ct~t.t\ 61 .,._,, lll.t;iort-.;~"' ot«tl.r.l'1 Qo T~D ·~·~ -IOG8 
~PNMS:hfh~&eh~rlfl!t~ 
SO"t-2()1(:.0 Wuon O.S-' 
\'o-st~"TC!'et\1-....S .. Ff•••.,.~ W.C.~$ 
CtoMwik I JC-.,- liH!l!: l!lt': 2001: - 6098 

SURREY ELECTRONICS 
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Get m to date at 

IEAELECTREX 

13-17th MARCH 1978 

IICA Kkvln'M. the Inimwtionii! Klei-;rical. K'.airoiw juk! 
Insimnicni l5xhibiiion. whiii; Mums lo jlv Natvoual 
Kxliibtlion Centre. Binninyluiiv.. Iroin 13-I7 
I'ollcjwing itsntost succvsslul ilclxil therv in IWTG. w:!! Ix-ihc- 
IIM BiajnreV-eni in its lade in the ieuro|>r,in 197^Cfiloncliii;. 

Q IKA will have three1 imprt-ssive ser-uins Icr 
1 electronic componenis, process oomni; instiu- 
mentsancla generaldassi/itciiionand will include 

lH*olcssi(i;ial and inclnstnal t-Imronics, active and passive 
cuiitp iiX'iUs. pi'ftL'ess comnil and scicntnV ir.stninieniaiion. 
machine uxil control and auiomaiion. compuier iecbniqij«;s 
and data handling. 
#EI.ECTRKX will leatuve power productiun a:;d 

nansfornuirion. pjwci' applicationa. transmission 
and dislhbuhon. safety ami control equipment, 

emergeilcv and stand-by plant, industrial ar.d commercial 
lighting and inslallalior. iduip'rienr and conipanciits. its 
sponsors are joiited for the fust rime by the Lighting Industry 
Federation and a lighting section will be featured 
SPHEX. ihr Ihl'-nialionai Fneumaiit* v>i<l Hyd/nulics ExhiOi.'icn 
incorpvrutiiin Co/upreisors and Pouvr T/ouimimon Equipment, 
uill hfstoHfd nt the .\KC concurrently iiilh IE A Eleclrex 

The International Electrical, 

Electronic and Instrument Exhibition. 

National Exhibition Centre, 

Birmingham, England. 

[Tea/electrex 1 m .>,'.1 • lunhcrccuiiis _ Rwrfr;ir.<fflC7.nJs □ 
I Swwt    -   
I 
I •.!' i:I; '!>        —• 
I | Li'tlr.v.     —- 
I ,    - 
I 
I     
1  WW1 
| S.n ' -'i-- -i Us ntirxi.ul.Kiiulit'r ilts-. IILiilumtliKi:! 
jji. • W»-- Mi rnklft-'l 

NCW AMI tofft-i SIVII (HODIE 
TELEPHONE AMPLIFIER 

NEW IMPROVED 

III ;il5liHi;,'i 
, NO BATTERIES 

WIRES 

£14.95 
; - vat ei.20 

Lateit irariisioiiSBd "tieoicieAnpiiflc- 
M compleiely aulCriiBI/S sviih deiachahlc 
plu9-"i s(JOa«cr. Piacinp Iha receive' on 
to imo c'a<l« aciVBtcs a iwitch loi 
immHdiate two-way ccnvcnaiion v/ t-i- 
cut holdc-ig I'm hand-set Many ccoplc 
can ;.ilrn al a I foe. Incioase e't sioncy 
r ofilcc. a'too workahop Par*oct Im 
•"conlerencc" tclla: eaves l'ie use's 
liande ''an to make roles consult 'iles Nu joo(j waiting. Or-'Off switch, volume 
control. Model wllh rac« .-ocoiding 
rar ny El i 95 + VAT £1.36. P i P. 89|. 
C W 0 '0 cav B'ice -eluml gua antao 

ONLY 
£29.99 

p^palr 
r v A I F3 7? 

Mad- to t'igi Safety and Teipcontmun^. 
tcrs Standaros. Ine mcdcir way at instant 
y.way caniiyi-.mic"i>nns Supplied >v if 
S-co'- w.-b Juat oimj Into power socket 
Ready lot use Ciywlc-wt mcvno'iicet-uns 
(tc-T ol'tw to c'fce Coeiates eve- ~ 
•ange O" the Sot* in-li's fia;- 0""o'l 
switch Vojri- cCnlro ^!e'u: »s Office 
ihietcom, ^.ugc-y .wi homes, botweor c'h'.i. aon wa-r-iooso Euit c-'.-e 'durj i' 
iili.in-<l us to oayi Si* moniha" eon/ico 
doarantoo. P f. 3 119(1 

WEST LONDON DIRECT SUPPLIES <W/W) 
169 Kensington High Street. London W.S 

✓VVVVVVNA^^^ I DISC AMPLIFIER 2 STEREO DISC AMPLIFIER 2 
FOR MOAOCAS'ING DISC MONtTOWNG AND TRANSFER Wl' -I I HE HlfiHfcSl 
QUAUTV Storea Utsc Atopi 'ir.' 2 is a icdcortai'md ineit-e povvfee unn whia" 
acccpte oitri.t-jo opuis a ad piarti.co > na'areea line 'svei asi'.pj's Pe/dSnenl 
'umaic tdi-i.oa anfl S.s tcleO aciocl' liltBiuvj O- ■ uded 
t»||r (a-. 6,-"U sot lorOaBV / auiaut loiaoa 600 otts 
Iota) Kaimonic Dlilorlion 
0 jtaol - lOdBV 7 30 1' — 70KHJ Miow lotr 
DJiPul - 7(aIRV 7 KMr-aaaS. C OOtS'X; 30H«-?!Khr-82dB 0.008* 
Static IntormoOulaton Olitonion 50Kf * 3 4 * 
Output < 10'iav 7 - goes 0 OU-l .o mit c' meatj-e-r eri 
Dynamic IniBftnodulotioo Dtnomon 3 ' SKht sa jam wave IS.agio OO1 a —306^ 
"03KHr; t I:iKHiema wavvt - Rotativa to 16>i"rcomponent. 
Ptc cn-iptae jita mjKii 1 v pk-pk -70d8. 003"a r-i o( BtWRircmnni Ca'DitSge impodanco Intoraction on frequency reaponna. 
Hujti rtduCUMVta oaltnain IH Leas than 0 7c(B 
Ceppuig Point CompiomontaiYto HIAA Curve. : <1-/ ckoe«i t ?4aaV./flutoul 
30H.-70KH/ , Wilhm lOB Clipfllng awtaiiiim-M r., onset nl peak, oitonwn ouxjutie -jt THO ««aeeCing -SCdS 
OfBrBollal Phase Shift batrtoon lati and tight channeli 
50Hr-70l<Hr Wnmo 0 !!' 
West otb1 at LF -ill HF (dier UitrOVB'i Within 5 
G roil talk i KM/ — 76(19 3Ql)l 20<lv - 50dB 

SURREY ELECTRONICS 
Tlyo Forgo, Lucki Groan, Cronleigh, Sutrov GU6 7BG (STD 0A866) 5997 

WVVWVWWVVV^vA^s^v'V' 

COMPUTER APPRECIATION 
86 High Street, Bletchingley/ Redhill, Surrey RH1 4PA. Tel: Godstone (0883) 843221 

OLIVETTO Mcdat 3IS TeletyiiH — iximpit t; a ASC tortt'-ia ; Complete ASd 'st "ty wil-i 
tap:-rcadc'. pu-ich FjltyrefuiBWhec-nil w ih stard ok. £295.00. 
Also with ccrrciponCance-ti ja' ty upjWl ivvor r.eso .11 -r £50. 
TELETYPE Mode ASR 33 ava .-b ? now £425.00. KSR 35. £195.00. 
fLEXOWRITER ASR ryoew-itar tormira; £100-C250 
CASSETYPER IBM Ijollru ntin dual PhilipscssseRO s'.aion. {1225.00. 
COSSOR VDU Modei 40' cwkaylxte'd. nvftncrv etc Cutrreds-'i rock £95 00 
CASE Raoeive Ory VCLs w.-,h video inon-ici -""d VDU controller tc 1C2-I chaiaeier 
tremorv Dated '4/ 75 £75.00. ANNE ARBOR VDU. RS 232 to96CO Baud, a- nt-.v £275.00. 
SAGEM f -oho-iic Taleprmtflr. 7 un t cede 6CtA -iter'ace £45 00. REOIFON VDU caoiiollo'. "Pyboo-d aoe eju- £65.00. 
FACiTdOJi SOOeiw Tspe Reader w ih TI• nte-'.ice as new £225.00. 
ICL Modal 2bC SCCcpi ~aoa Resdat. £78,00. 
OATEK Modal 40 40cpt Tape -laade, Brana i-w desk (oy unit, £35.00. 
DATA DYNAMICS Mooa! DD110 High SpesC Pu-en •> si e-icnj "anme- £195.00. 
TELETYPE Model 3RPF 110 Htgh SpaaO Poach £95.00. 
SINGER 35epi Punch cwipouling TTI 1 te-Mca ma--i n s.o. £68.00. 
ICL Modal '020 High. Speed Pase* Tat;a Teimino with AS 232 nieHac- iwitehaWe 
600 " 700 Baud. £375.00. 

CASE Mooal *20 Tomowt' :pneni dot mail « PRINTER ASC 1 coded 7r" intaMaf £225.00. 
DIABLO Mtxla! 71 17 megabit diso ui- t Wid'OSu mid m o« aema condd.iixi £345.00. 
DEC Mode! Of 32 C se 'nr POP B. £275.00, 
MOHAWK MC5 1102 keybonnl-lo-naawpe unity. £95.00. 
PERTEC 6X40 ? track nagtettc unit. £275.00. Anather. ,-s: e I ecu at "O. £125,00. 
HYTECH Model SI 14 Data logger. Cema.iet ur t v/ ia a" e'erl'or :i £65.00. 
GENERAL AUTOMATION SPO* 2 MINI win 4K S TTV interface, £86.00 
amd Am ?9co microprocessor Fv-iu-tan x > ces.oo. 
MEMORY Ca-ds 4K « 17 win TTL inWaee and a 1 stacuui-etA-im £75.00. 
TEKTRONIX Motte £85 oso oseope, DC to 6CMHI. Will) sweep delay. £275.00 
TELEEQUIPMENTOS'Os; IIOICCBC dual beam £68.00 
HEATH KIT ovtHbUcpBo £42,00. SEFRAM Model RP5 S c-iam'-l uonadU-aim-id i«epidc- DC to 3Q0HJ £86.00. 
NATIONAL CCTV SysleTcomp- sinB "Vjnitv a'ld oam-!ACw 'AI« £98.50. 
FERRANTI Gas LASER iprobathy Melium-iNoor). p.o.a. 
ELECTRONIC ASSOCIATES Ganma specirotreterwit" Nal probe »"U •xyjii.Hi £120.00. 
EMI'EBITRON' moge InlensiBer vidican, p.o.n. 

WW—091 FOR FURTHER OETAILS 
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A SPECIAL 
FREE OFFER 

FROMDORAM 

Buy enl'cr of these superb-value r'L'W DoraM u"ns. 
erther ready bud! or 111 krt form. and we'll enclose thrs free 
digital desk thermometer complete wrth perpewal calendar 
and pencil holder. beautdully f11ushec "a"odrsed 
alurnin1vm. 

But hurry! Offer closes March 1Oth 19 78 

LOW DISTORTION 
AUDIO OSCILLATOR 
AttraCIIVC swllng n 

sa trn fr msh avocado <Jnd 
black. Ready built and 
tested, o nly £99.95 plus 
8%VAT 

~----------------KEYOATA~~-------------, 
P.arge 10H4:·100KI I t.lll-1 <l•!l:ff(:<ts 
Smewave dis~ortton < 0.005% ul 1 Kill 
Oumo1 1 f"IV . Jv JJP ;,Ius C ·1 OV '\q,1,1r\' wuvf" 
SvDply Ma1ns I 1 5i l ·10v hC.'60Ht 

Save [201 Buy"' k1t fnrm . f 79% plus 8% VA 1 

HARMONIC DISTORTION 

. 

-.... - -~ 
~i":_, . ' • .• • -, 

·:c· '1 :. - .. ·:: 
;-~ . :- .-_.,.-. ' ; . . ·< · • '."" . . li ,,. .... ". . . '" 

METER 
A perfect match n 

top qua!;ty ana styl ng for 
the audro oscrllawr. Ready 
bur It and tested, only 
(99.95 plus8% VAT. 

r----------------KEYDATA·---------------, 
Ftequencv 'ol'lge Cont l"tt.oOUslv vOI•t.:UfC 10t-l.t ~Olf.£ 1n 7 

$te;:u 
lnp,Jt range 60·1·V G!>V "'3 tan~cs 
Ois:tOJiio•· ·c~nge '000/o • 0 03% f-SI)rue no ·o0.003% 
High i• tpCd'Cl'ICt! i,·::ut > 1!lok n 
BNC cornoctors. SOC f·t '•lt~r. Acm duill o.HpJt pfo ... ,deu 

DoriJ;"I1 Electton•cs.li'TIIIed, PO Bo.: TR8 leeds, lS11 1UF. We:.l Yorhhue 

rP~~nd;;;;;;~.~~~~;,:-t-;;;-.~~;Q:7'--;(-~~ 
I Low d is toft ion audio oscillator Ordor cod..: I 
I Ro•ov·bu•lt:£99.9; · 8%VAT. 0 74. /1 0-/Wf I 
I Kilforn· £7~.95 8% VAT, 0 50·810·7'/\11• I 
1 H<Hmomc distortion tnOIOr I 
1 Read·f ·buolt:£9995 .. B% VA I 0 74 720·0Wr I 
I ~;1 form · E79.9!) •· B% VAl 0 GO 612 1 •.Vf I 
I ~~~~ESS '' '"' '""'" onrAm I 
1 TOwN ........ :· :: .::· .. :· :: · :::·:: 

0"~o~~,·~~~t'ri.'F 1 
1 couNTY .. .. . ....... ... .. .. . .. . L•o<l> t:s· 2 2ur. 1 
L _ ~':: clos~ Ma~~ Otl~l~7..!. ___ vv<~-. 1 Vmk~•~_j 

WIRELESS WORl O ~t(\RUAAV \ 979 

Radio Shack Ltd 

DRAKE'S SUPERB 
TRANSCEIVER TR-4CW 
S.A.E. for deta ils please. 
.\S ',\'tl:AS !)AAJ(!_ ~CL:If'-M:~I '...-'! A!U n.: O!REC- M•OIItffll$ 0~ HAl 
RnY :..N!) Wt:RO?ROClS:S.ORS ~TI.AS. NYf VORSE <EYS Pl'l[$l(i. Voif U•tr 
~IU)HSS!DNAI ftH.O ST:if N<;;-1- v.nE~S i-'IW ItA!) 0 . CR A.$flt0 200 
..,,....c;AI"< COR ~!)TORS. -IJSTLE". OVtGA 1 S'I'STtM5 YfJ N "CR$ Af\.0 
$Pf~CH =RXESSCP.S. S Ul"f"f)C '•••'C •\l$0 SlOCK S"'UI!.L MIC'I.OPI•ONIS 
YAf.SIJ. t.11:;f'IO'.VAVE MO)U.CS SOU!> f.IAfl:. MCDOllS ICOM COIII.I 
ClOCKS. C.·WH PS. 6A.'fT(l(. r.'iOSl(Y 04. W4. ASA"'I .,.'1.\'II!AM O!CCA A~D 
r"'E USUt..L.'l.CCi-SSO;jJ(S - COAA CC~MCIO~$. I'<SVlATCR$ VALV£$ (I( 

sf::o iOR A CO"''r"OF O(JI'i ~:C{ LIST tSrMit(U p~tt;i • ' 
\'/C;jt~~ ~-.:Wilt.d I"'~ I >l:t>.n)l!' lh ll (1)!'1"' ~, c)..,, 'o•.'t''-l +l~.,.P$~t'l!d \1 ,dti~IOII~ fhtl+(o'n 
i9:0I.t::fiOOI 'I~ !. !~w '1"'"1\11 ~~ "'"' < .rmn i"'hn~ ti•mtn!NICI M Cllo1'1d H09+!')!\ t.IAIIyn 
X~d '•Vt:::ll.l End l4-''l$ ()II t~ Su)OI:! S\,.,.1 I irot' We I' I! 01'111'11' ' o- :.v. "'Q lj.,," R,.,1t11r. 
'9:. !I~ \~tl H¢~1$:::! ¢1>fl"'"'il 9•"' 9·5 Mo.,dly 1~ rr :l<lV. Cll'llllld !!')r t 1,,.-h ~ ·:.0 
SO.!~"th:t'( w~$11:'-Qp!:!O 9· 12 lO<:~o!v \'.'orld v.ldl! l!.o.;IOf1~ 

OMAK( ~SAl£& _., SERVICE 

RADIO SHACK LTD. 
188 BROADHURST GARDENS, LONDON NW6 3AY 

Qiru A<:~:ot.mc No. 583 7 15 t, Tele~uno: 01·&24 1 1)4. C.-blo•; l'l:•cUo Shuek, 

You can now purckase Ibis fantaslic Hi-Fi system complele for only 
£152.00 a) wbat must be a fraction of its value loday. 
System consisfs ol:- lbe famous MATSI TFS60 Tuner/ AMP: a really 
lop quality receiver from one of Japan·s leading manufaclurers. IS 
watts per channel FMIMW/ LW. two LH6 speakm filled wilh AR 
units and a Goldring bell-drive turntable with magnetic carfridJI 
complete with an attractive plinth & cover of ulln modern design. 
Leads. etc. supplied free. 
LION PRICE: Complete MATS! System £ t52.00 
or purchased individually: 
TF60 Receiver: £69 .90. LH6 Twin Speakers £55. 
Goldring Turntable (cartridge Plinth & Cover) £29.95 

I ,.,e,~ f..:~:..- e $ (11 I L£v•S0'•S. R.\.')()S lA"f il'fto=!Cf ~. Ot~IY.i.t I HIH CA~lll t. 
flf(:l);"')tRS,S?fJ,!'.!:RS J.!.'.i'lll !.It::. 'Ut•:.ll A" -''$ 1/llllU#'' ._,1)~'4;C:I\ "if\"~.11wt 
/.t.!':i!>Sf)ll:f 5 f:O:N:IR11!-.ltv1S'O'.:S..,...Jr: JS'C4~1t>STk!,;tl(t, ·s /Ill AT <if II\ I'R'(:r5 

Lion flousc~~ 
s· ~"•·''' ... .,. • ••'"''t>'l 

~("l~ 'il..,l t .HMIV'II 
)}110Mll*".t." (tt..'l'ltl14, MMIWV.l 

'<1 ~~~ ,:.)!~l.~r- 1/ bF!W. 
,~ .... l!l«" '·llt:tH: 

:cw-<t'l ill. ' ~1o01 \! •,~o.,.• •'-ltu \l;!l+ ·•It It+• h 111"1 

~;:r. ... .. s 
WW- 03-1 FOR FURTHER DF.TAU.S 
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A SPECIAL 

FREE OFFER 

FROM DORAM 

Buy either of these superb-value new Dore^ jmis, 
either ready buiit or n kit form, and we'll enclose this free 
digital desk thermcmeier complete -with perpeiual calenda- 
and pencil holder, beauiifully finshec r anodised 
aluminium. 

But hurry! Offer closes March 1 Oth 1 9 78 

LOW DISTORTION 

ALIDIO OSCILLATOR 
Attractive styling n 

satin finish avocado and 
black. Ready built and 
tested, only £99.95 plus 
8% VAT 

n 

Rarge 
Sine wave disiorticn 
OalPol 
Supply 

-KEY DA fA  
I0H2-1OOKI-L t" 4 
< 0.005% al' KM.' 
" rrlV-3V,-;p plusC-tOYsnuar 
Mams 115' 24OvbO oOH/ 

Save £20! Buy in kit form - £79,95 plus 8% VA1 

HARMONIC DISTORTION 

METER 
A perfect match r 

lop quality and stylmy for 
the audio oscillator Ready 
built and tested, only 
£99.95 plus 8% VAT. 

• KEY DATA  
Frequency range Continuously vaui-pk'2011/ ^0li.< iri ■ 

steps 
60'rV 65V n 3 ranges 
• C0% - 0 0.3% F5I> 'eac "g to 0.003% 
>75kn 

8NC conrioctors. 50C '^filler. Residual o.itpj! pro-viJeu. 

Input ranne 
DisiOilioi' ranee 
Fligh i-npedaoce inpui 

o»am Eleclronics Limited, PO BoxTRS, Leeds, LSI 2 2UF, West Yorkshire 

fT ease send me :he !cl u'-vitiy '.im'.j. I erTc'jsu 
Lolu oislotlion audiooscillulor 
Heady-bti t; £99.95 • 8% VAT. □ 
Kit form €79.55 &%VA , □ 
Flarmomc distcnion ncior 
Raady-bi;, 1: £99 95 - 5% VAT □ 
Kitfqtm £79.95 •• 8% VAT D 
NAME  
ADDRESS   

netp-iO. -0 v- i.e 1 
Order code 
74-?10- /'A/F 
60-519-7 Wr 

74 720-OWE 
60 512 1'A'r 

1_ 

TOWN . ...     
COUNTY   

Offer closes March 10th, *9 78 

□aMm 
Deparlmciil vVl IF 

PO Bt;x TR8. 
Leeds LS* 2 2UF 
West Vnrkshire. 

DRAKE Radio Shack Ltd 

# 

DRAKE'S SUPERB 

TRANSCEIVER TR-4CW 
S.A.E, for details please, 
AS W£U AS JHAKL iaulfMSNI V.! AS? TH= 11 RFC" MPO^IItRS 0- HAL 
RTIV -NJ MiCRORROttSSDRS AUAS. NVf VOHSE KEYS. '"ESTflVHF, U ir 
PKOFJSSlONAI rlril S'RFNC.Th VETERS. H.*.V R.-.D 0 C R -VSTRO S00 HY-IiAIN COR BO'OflS. HJSTlfn. OVEGAT SYSTEMS Vf. F l'SRS AND 
SPEECH PROCESSORS. SUPEREX. .VE ALSO SIOCK S»'U«t MICROPHONES 
VAESU. MICROWAVE MCOUtES SOLID SlA't MODULSS, ICOM '.'OP-1 
CLOCKS. O-WHlPS. BANTSX. MCSlEV JAIVA ASAH ,-VBhAM OF CCA AND 
THE USUAL ACCESSORIES -COAX CONNtCKIRS. INSULATORS VAIVfS :<v 

sf .vo rc»A copy or 00" O'Va nm 
We Ardi^iiad |uM .-.'OiiKn um rii'-i-1 Ih-t "3t.c«:cj0 Jidcpfoura Siaiio'n !U.lV.f.illrt I 01, A I-v/ 0- vv. < -.VHV i: '•Veil llflmpWCaQ M aiAOd KOQiOA «IAInli- 
lOdWGM F."l ... Hi ail'l- a-lXii! S"-til I inp Wc Jf-00 !h?-o 3\s og E..4 R(,..in), 
VS «'i l&B -y J 010 0-S v.ondj-, ir rr ^3v. ClnifC lor !.,orli '.-s 
Stflmlay W-JII- OOB" 9-12 30'j"lv Waild vAdc otCiO".'* 

DRAKE ■ SALES .SERVICE 
RADIO SHACK LTD. 

188 BROADHURST GARDENS. LONDON NWS 3AY 
Giro Account No. S83 7IS1. TolBDhooo; 01-624 7174. CAblos. Radio Shook, 

London, N.W.G. Jtlax: 23718 
WW—038 FOR FURTHER DETAitS' 

from the 
-T 

Lion Fiouse 
BUDGET Hl-R DEPARTMENT 

You can now purchase this fanlaslic Hi-Fi system complete lor only 
EI52.00 al what must be a fraction of its value today. 
System consists of;-lhe famous MATSI TFS60 Tuner/AMP; a really 
lop quality receiver from one of Japan's leading manufacturers, 15 
walls per channel FM/MW/LW. Iwo LH6 speakers filled with AR 
units and a Goldring bell-drive turntable with magnetic cartridge 
complete with an attractive plinth & cover of ultra modern design. 
Leads, etc. supplied free. 
LION PRICE: Complete MATSI System El52.00 
or purchased individually: 
TF60 Receiver: E69.90. LH6 Twin Speakers £55. 
Goldring Turntable (cartridge Plinth & Cover) £29.95 

L.iViSC'.S.fiADOS TA0f Rrf,l»r.!:?L .i!;OMTHkl.CASSf Ic 
RFCOnirSS.SPfAKERS AV'U 
AfiitrssoRir, rxpom ititvib 

Eia 
3N* 

.lUtjJ-iJ '-MS1. C-K -- s ir^ 
i -1«JS-CA. INSI RUViJi'S >"X AT 'fi N PWCCS 

A, Lion fiouse m W-'X 

■'.-r-Flci'T- ■i-Filf.", .iV,l> 
•' 'i■ .-•■-.v-1 ('.I':-' labi FS.WIDJiMB 

WW—034 FOR FURTHER DETAILS 
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RES~ARCH MACHINES 3tl0~ COMPUTE" SYSTEM 

A£SEARCH MACHINES'l~-'8~~~~STt'l~~g~~~NfEl 
Re11~lv b.J•t~ v.>:a 1~K ftftM . 2K 'iO M V n-11 ::..-wo\ to l<""":wll ld £.1081.00 
#..~ :ol-o>'el:lltv.it'I 02K R~V, £ 1444 W11ti4.!1<. Rwn £.1895.00 
RI!:$£ARCH MACHINES 380Z SYSTEM 4/KIT 

~"';s~:R~n:.~-:~~~~:~~S~~ ~OM Mvo· l<lo \<.'i~ttoul K\''11<-~i.l rd (539,00 

7l<: R::)M Mon<:IY 4)( RAM £ .398.00 

101 

(IUO 
($.%11 
( .11.11 

~ · -•o 
t3.&0 tu.•• 
CII. U 
(0, 71:> 
(l ,lO 
( 2. 10 $bF1V.tARf $K {o;!$to~C IU'i'<IO< $SOZ 

i 'ollo(>:,:>; Ol)fl'll)oolll tu':·•$ ;;I I!• ~ 38CZ ~ ·e ~v~l3 :1! e C.{l ~K . .t9l( RAM, A$SCMbtc-l:l Ot 
Pllti·A~nb:.cll !<.•t form w l!h or ·,..i~1tovt Kc .. ·bo~tc:-. N I:AS£ CONfi\.C I S IN r£l FOR 
F:u!\TtiCA INH) RMAT!<)N ANil J>iUC~S 

. . . . . (.ll.•a 
( ,\•Gi ~"'0'"'•~ ·~~~ "~" t<ln.:m ·;;:.::c.:c::: :;;;.·.:;;.;·t,<i :U: 

Ol:lf'lf_R'{ C 8"''1:1fo.! Pfl!(£$ (..OJ'J•veofVAT :H·r.c~rri:~gll U.&O 
t O.&O 

• U.30 
jl{l$!109!) 

M ICROPROCESSORS 
A SElF-CONTAINED M ICFIOCOMPUTEA K IT : THE MEIC680002 . .J(tyb~•d 
081.<1 f " t•v. 6 0 s;it 11e:' Ct1pl:~y . .in :eg:t~l C:~~cltf': !rll llo111U :l!H.l W Otd<JofAAM. $ 1nQie 
.-SV PGv.~ Sup::ly 
Ctc\elf .:"lM£K(!.fU>Ot: 2 
MCB$00 . 
zaa.t!'\1 ~~ ;;.>Ill-'.-!> 
.ZSO.CTC 

( 15.97 
U8.44 
! 12.80 

£ 1 9.0.00 

(8.02 
£38.98 
!12.80 

COMPONENTS 
$0lOlC0. CUICK~$ OIS'U.YS CII'ISUl$ """'"' IIIUO 

"" ~nern '" "" ~.'a'V ·~ """' 1$,17 ,,. ... .~.~~.~~~· s» ~:o.a,o:: 1.30· S.l!1ftl , .. .... . .. , .. ... ""'"' ,., "" 
·~•t. f's: "'"' ..... = '"" n~1 t" ,., ~IOI.th ..... 

"" "' T-tl•~ ~OS ~~t ! UO 
, Itt U ll 11 _ ! .. It eo UIW ol lloOOo !Ira ~t'O f.U I l l ( ~!•UlotiC' ~Ht'<l ... :»tit IUO 

CMOS 
:;1)~1~"4 e.o.t <OtQJI "· ((141)1.') .... CQtO:H o.n <:c<~Oliu 1. 13 co:.o,:. 1 .0+ t(>o1.(1.t~ 1.02 00·1l>l (o 0.!11& ::e>~:>n 0.2~ 0 :14.):'1!1 1.10 

\\0#, ,.,01. C0ol016 0.$8 .-...M~ • ... C04COO M8 c":.on 0.2:S CO.SSO:l '-" 
( 0 41>11 1.04 C04:)!'1ol 1.!)1 CC~C11 ,_ .. ·:o:.ors .0.2') C04S1~ l .4 1 
:.:0~!)!3 1.0 ) :;t>4!l!IS 1.22 (040 $? .... -tOL~1 G. l.34 C04 $1 ! 1. 72 
::o~:><9 0.58 .C0.1.0l& u ' C:C.St'o'H .... o(;()" IPJ 0.4$ ctl'l$14 ,_ .. APRIL 

co~co:. o.n. :-:o .. ooo 1.2• coso.:;; o.n &1~:m I.ZO :!1>4:; !1J o.n cc:. ~H· ,_,. 
OFFICIAL O RDERS ARE WUCOMf from Com~nl ... Govt. 0 19t., H1tn. 1114t •• ( 94001 O, l l <O:.O'J l 1.04 co~ooa 1.10 1.3;1 (!1).1.:':(! ~ o.u C0 4$16 '-~ 

w~oo' 0 .17 ~0!.(;2 ~ O.S4 C:O'•V'<~~ S.20 0.:40<;;. 1.36 Cf>~!l$2 .0.2S C046'S ,_., Vniv ... , POl ...... ~. 

~1~ 1.20 -::vton 0 •. 23 CC·~P.1(1 1.)1 CO.i0 ; 9 ..• , ( ().!()(! $ 0 .?4 (;()4~(0 l.lt OIIDER$; C W Q lldtf VA 7 ~r 8~ .;. 3 5,;, p !.p. TetfPHOh'( ~~~~{Cff£'=r (lnv~kt~} ()rJ}ft.·f fd!J 
0.18 (:IH:}~ol 0 .80 Q:l4!).;~ 0.8.$ CC4GW 1. 1$ oCQt06G 0 .,4 r.tH:-.:n ,, .. VAr ~t 8~ + 6'0,:. pip lf'f'} ll>"!"l"-'m cMrgt~, l h#. Oqf~ncf w:l/ b.e f !Jed ;,t C0$1) , ''A$T 

"'""" 1.00 <:1>4'\'l>S 0 .23 00~0.:? 0.$.6 r.0406) loU e tHU6'$ 1.60 ~;O..!'.;l' 1.J. Stf!tll/ CE'. E:XPOf(rO:rum. wt/C()Irlfl, .-l(> VAl 1.1!11 <tdd 10~ (t wope)'. J5~ /O"~:SNS)!OI Aif (.0 4")!0 U8 c~>J.r:le 1.?a CC4~) t .01 o;t<IO(;tl .... <:I,H(I\13 (1.12 Ct-LSSS 0 .10 
0)40 10 O.S8 Co.t!ll1 0 .!11 C~~OH .... ct-1061 :1.811 ¢~:1!14 1·.11'1 COtSSO 

·-~ 
~pAp. 1'01 Erpcn £TI:,fft.e l~fUol?htt~rr ir~s - cof'!uta us· '''$1 

~OH uo Ctlt~U 0 .92 O JOSto 1.4& 00-10611 0 .2S <:1>4-:':~ $ 1.0$ MC'4S2a 1.27 ORDERS TO: INTEL ~ 
0 :1401? 0.23 0::0.:02~ 1. 18 Cll40~G .,, 

O'J4o:l!l 0.2:S tt>:.(l~P. '·"' lo',Cl4$Sl4.6& 
CC.S0 1l 0 .88 t;C.Wl O O.S8 \:~~:~ ,_ .. ~:l-10?0 "" ::;t>t::;~} S.l!. I'I., G1t\il a .OS ~~:BO~~i!~7~fFORD ~~~~~~'j I~.. • 

NB THE NEWBEAR COMPUTING STORE ~ 
Software & Literature Section 

SOFTWA.RE GAMES (v.>lh pape• 13~) 
r .... Onot.:;,.,,. 
!..,.. ; , ,.., ·~ ,..., ,_.,. -••m 
Jt.l:!.<· 
f::~.S.... 
Co •"-O<N l & 4-t< ,..., .. ' "'' 
BOOKS , ;.,.·,.c ......... , ..... ,._, •!""'" 
<:Otl'P'".,~!I" .. 1/111•1• o() '.t t••·<)t"T>.' 
......,.."""'r"'" ,...,,., 11-'1>11 v.:: .• , 1' . ................ ;..~ 
S. ... ·~ lloo;t•,.• '•~ " ' >'• ~ I 
~ Z-8? f« ·:Jt 1.!4>
Z~.J •10 'N"~· ._., ~ 
MO'!Ofot!l, Vn~~n-.""1M•!'OfW•t"$'JI,. )I'" ,•l) 

\'~1 M<'"I"~("''"I'"I')'Oft>lntO•(I '"'"" 
\'~H.1 ..-o-r.•!X>'«'< :.;op non,.-,(.'.•~•1• • 1 " " ' 
M>.O.S. 1'KIInology. X:IM I LltW ".,, .. 
~f,.;)Qf'•I>;~""'"""I '" OI '•' •••~oOI 
u,;;:l.) ,.._,.~""""' 'Ali"~J· 
A4aM Q~. ln·~MI'! :o·. , .. :.-1 .~.,.,..,.., • .·~·, 

\ .c Jlloq......,., 11"'..: 
~.,. I $1., • c,,..JCIII~ 
' '! ., ............ l't~., •('~ 
'11,1!1.1 I' '<!U"•_, "\1..,. . .._.r Looo<IJ"> 
piiOOP·o;o;;t.o-· '*II"' • , ,.,.._ IH•'!i"~ 
t aC· <'-• .. '!1· ~~- ··u ,,. ·""~' o._,.ll" 
S~•·tC,\"''''''" 11,...< .,."1'·' ·"'' 
l>.)·~ .... ,.,:,;n., .-.-("<,,ll' '>'i'"-1' .. ~ 
l ... ,.,,_, .. ,~.s,.,,,.,, 

.. ,., ...... q ... , .. ,, .. .. ~"""" .,, •tur ' · 
SvMo.. r.·~""·"" .. ''·'""''·'"'~· · ·-'"'' lt'..;.41oo.z ..... M • • ,_....,..,,,.,,,,.,.,., to~ '.:.ll·• • .-.., C1V_,. 
o; ,,,.~..,,. liM(.,"'.;.,,..<" IV 
koolbt $0J:.l !>'l'''· •· ·~~~e• <i,..,<~<;~~· 
ij{II,)O )Y ' ,\ •!,. ; .. .-.. : :: •o~I,;-;AOI"o\1\4 

w ...... , ll<l ....... ~-"· !<. .'loi.J•-
t>Cc; , •• ~ ... · c~·· ou>~< c;,. • 

v ,oo 
(Z.OO 
(~.IX> 

C10.00 
( 10 .00 

(1.(10 
( 1 .!10 
c 6.W 
ti .OO 
U . 1S 
U.:lS 
U?S .... 
(l f.O 
( 11 .00 
t s.ou 
t S. .OO 

( 11 .'111 ts., s 
£ 11 ,9 6 

(11 .111 
cS.t !l 
~S .9S 
u .t s 
u .eG 
( 11 .:15 
r.9.U 
C8.00 
t8.00 
n .oo 
(7.:1$ 
(7.71 
tl .OO 

.:(( ~l(',o+(tM> ,.,. "' O:<,""J)o+'''• (4,, $ 
0· :;.oe-~~·o- .... . ( 10.00 
'"'"''' 0."1., ( •1.!1!. 
1>.1'/0~-c,~.... C4.'.1S 

...... c ...... , .. ~ ..... ~.~, ( 1,6$ 

......... ... ,.,,, .. .,..._. ..... ,, '"" ( 1.1$ 
~;.,,.-., !1 '"' " f>,,u.,ov" .. ,olu·~u...,. C% .4~ 

Hardware Components Section 
MEMORIES CONNECTORS & SOCKETS 

( l .!IO .v.ll ?·;>r.;Co-1> c:$.00 S..bmiN..eu,.DTypoo 
11.10 (l i .:O;~:,t;t- .., t 10.00 ';1 .. ~ :lull 
( I ,&(> l llf. :2SO·;., l,b,• . II "'l'f'~« •~ 

.6a ?!S~l)lv:,. 
,,. ~~ ..,~, -.o<il« 

u.o. !l•t<·~~ 
i''<•>•:•• ·.:u•·• lv• 161<..,,-..,,.,,. • .., W!)<.l' 1'"''" IS w.., ol.u(l 

.74 ~:: ....... ,~tt 
• ?4 l~ ""Vs=l:>;; 

MOTOROLA MICROCOMPUTING ICs 
-~~:l!lC·~> ( 14,00 Meiof: :sn~.; 

\~:.;;awl' ce.20 .... ·.:e~~" 
"'CGl!;OP £6.14 .Y.CHJ;~!' 
\ l:;iii! "(IA-" (3.8l VC}~'io~ 

ZILOG MICRO C OMPUTING ICa. 
t 1S.so ZO.'.l NO''" 

( 10 .00 

M t· CRO PROCESSORS 

(11 ,~) 

u .•• 
U .IS !t 
t U 3 

( lO.OO 

I ~ "">}: Y .... •t: 
1~ ""0),((>•(" 

t 1.09 3~ .. WW<M~ 
.63 ;p ... _,.,<-e-n• 

EDG£ CONNECTORS 
W~>:.l"' .$<"')l<>•"'"" 
.J !> w.)o• (: I' ~nUll""~ • 
.>J.mo,C IS. • ~;le~•ll!ll 

(~>'·'·~ tWC<YJ 'tl ~1 k~bull 
~ ''"h :~-<.?'0' I ......,.,llflu !X!<.~IG\2 
Col ""l!f,.;r.''' b- t ....... ,:ud to >!)t"4 .'1 ' n• 

~g:,:~~·~~~M~· .. '.o~.~~~~' 

·" u .so ... 
(2, HIJ 
u .11 
f1 .1" 

a~oo.\ ........ ....... U 4.93 . .• , ... ,, ...... 
0·1-l SOCKETS 

a~·"-"-ucs ._...,..,, .._1,1&-;:o'<ICI,\kU! 
1)(. I.W&/..,11 

INTERFACING IC' s 

r,•O: l !iiS" 
1-'CU:l~; 
?'.i1').\,IF 
~~l l);;r~ 
!;::.~;,:. 
, ... n 

·" ·" _,. _,. _, 
·" _,. 
-" "' " 

~r. .. 
'.;'H 
Jt.!IP 
Y~ ~ .u 
1.! 1\jf 
J·H o) 
1.1 :.-1-
l ol>ll 
1.Zi .1. 
143& 

BUFFERS 

-" ' "" 'S3 ... nr~> ... h i :>! 

·" ] :.;;;;. _,. i ! tG.l 

-" T~! :) 

·" /~liM 

·" '4~11-) ... "~ -" 

t1.4l 
tt.•) 
(1A3 
{1.4S 
(l M 
(1 .~ 
ti . .O 
tt.)O 

.>4• ,. ... 

.as 
1:1.00 
tl .3f) 
( 1.30 
( 1. 10 

LOW POWER SCH01'Tt<Y TIL PRICE LIST 

~ ;, " " .60 ' ol p.n .Z4 ,, 
. .. 2A.~t' (;1 .~0 

"•ill' '> .u 
SCOTCH FLEX CONNECTORS 

U,oi.O 

PRINTED CIRCUIT BOARDS 

...,...,. l,!(lo\!<1 

.. )<;fl:.:l """" 
ilf.,.,..:op"'-'""""' 
Polll"t:;>"1:1' - ~ 

t~~Xo<•..:kns;l,r 

"'01~'"'"" p ~ ~ tn.p. f\U)< ~f<l; ..,., 

fot ;.n ::s"-~" ""'""""'"' 
~( l'Vof.l !X>)'C 
<•,o:.r.,p-·o 1> < 1: 

IIO'A'PK'< .(l•n~'?! 
, .,. lu :.!1 w ..... \.,.,.,. .. ,.,,.,.,Xfl"; 

2)("Wol't»)•o1 
ll..s ,.r.,... .v .... ,...,...;s ,.~r.•n~ "U ' l<-'" 

rc• s t.Oblr. 
4KI'It•,'J ,.._.,,, 

£ 10.1)0 
( 10,1)0 
(10.00 ,. .. ~ 
t 10." 

($.2!11 
c1..St 

t 1S.OO 
~ ..... .: ..... . ,.;:..,-.... • ·•;;'•·.- ! t s .9.s •-l·~'•OC .1t ~~tsn .34 i .. tSH.!I cct .o ' 
s .t..;~ :·c.·_.,. ;:o,·· ;..•"~·•.:. l !,,,s ;>.'l~!c· •21 ;=!lS;:: .31 '.tlS H-:1 u .&, cn.oo 
.;..,,~• u .~ ~.e .£0 },;~;.ol .21 14 .S1~ ,115 HlSH:f u .n M ISC·ELLANEOUS 
~ .• , n .. .- .:: .... ,., •••.• ~ .. ... , ( !11 .2 5 -:.:. .sn .?1 HlS t ri .S4 Hu>~r4 ( 1.1• &ut>~O....,. ...,...tt~• 

,,.,,,.. e '"!' ·" ............. ' '·• ' '"·';()« .:c; ~ .. ~.i1! ~ '"~\ 1':1 r;1. to :;. ... ;;e~'oe-<~nO'Io~·~?'ile .CD 
0;,,,. ,..,. , •• , , '"'"'" ·• n·•u .. 'tl•· .. , ........ "' ~ .e.:.: • l ·h\Kl':> ~~ r.:..-s\n ( l .OII i!lSl 9!1 c:.a-~ ~'"fS~~~·;r""--'m""'"n'"'~"' "nlli g:: 

(\nods ;'ltfl .,~i"IMi~ !of. ·'lXII! w lhlll 2'~ hn<n~ I>M~ ... h•'~l:l & !.t~M.~ VA! .~: !!"h !or H;'ltd~t;'I 'C Compot~eru~ 30:l' l»$l;:.;jC lll'ltl' 0:1 ~11:+11;} tm.c~:S 01!\C ..... ~e ~~.~ :eel Cno:ctu~$ (() t;e o\•~l ~ wt :~ . T~ 
Nc.vl'C.YCompt.oliiQ St.,rt S~r,;:: t(l"',rl v"·:V·<It~ :c ct~:t~10li:IP.) !1.1 lh.;. ?<,.~.-;t>et~r (;(lm;>v1•t'l9 $•(l(C 71klne l:lnl! h~-"b~>l'f l d 0635 <468llB C:.llr.(t.wctc<>'I'IC MO~Il)l tOS!Itu•d!lv 0 .0 !).1.m •• S.3 0 
'!'J""! Tt1e :."o'I~•Conput~n; Store !$.:1 ~·~!$.oro e-1 'lewbl: l'f L:ebt-;)to• t-~ Ltd 

•db>4 ir>i>m | Muu ''•) Im drip>l<hi>il ■Idhing II Po.x- ih.-jll ndai valna ol f S Oll.i.ai milaiv. <■•■ •iitinmu.n 

WIRELESS WORLD rraRUAR1' 19/3 

SINTEL 
r A%l niRVICI IVa giMianiaa inn lalapncnu Oidcu on Ilia lima da. by 111 Oua roil Ooaar •••ivy ill—r 
Ulaphuna anlpaybysivinu Ihaf Aiia»<" Bwlay.aid 

RESEARCH MACHINES 380Z COMPUTER SYSTEM AVAll AP.lf THROUGH SINTfL RESEARCH MACHINES 380Z SYSTEM 10 +K 
Roily l.'<'-. •V'V 16K "Ar.' 2K RDM VcAlf,i yynti Kryl'OH'O i»i4l<oveby!wi:i J2KMAV, £'448 wiihOSK Ram 
RESEARCH MACHINES 3802 SYSTEM 4/KIT 
PaHas^mnica wMhJK P-V. '/< ROM M.<" tin V.'ruioiM K-ybod-i: 
RESEARCH MACHINES 2802 
7< ROM Mcr.itiy 4K RAM 
SGfTWARf 8K =.:«riB^il Bsti'; W 3307 
Vaiio.i, ■•iiMi>tM- ii'"* ni i".- ?8CZ ? svflaolc c r. 4K48K HAM Awonblca o- 
P»il Aj»nbtea Kit for"- w in o- wi:roi,i KcycoarB PltAS: CONTACI SiMt. fOR 
'URI'IER INfORMATION AM! RRlCfS 
DEI'VERY c ey.«>i PRiCLS E«e»j5ive af VA'arsoroaqd 

£1081.00 
£1895.00 

£539.00 
£398.00 

MICROPROCESSORS A SELF-CONTAINED MICROCOMPUTER KIT: THE MEKSSOOOZ. <-ybC»id 
Ob'iI Ei'iiy 5 0 qii 'lei C ip3v "icp'ai Caiacun Ini^itars 25R WcOiot RAM Smplf ► 5V Pew-- Sopnty 
Order ai V.tK80OUD2 £190.00 
MCeSOD C15.97 MC682Q C8.02 
ZSO-CPU12 EMHr) £28 44 Z30ACPU |4MHil £36.98 
780CTC .. £12.80 2BOPIO £12.80 

COMPONENTS 
iOl oiacin CIX*C*PS 
PIUS >nif7f IK 05® ica ioc •4iK <ac 'OM 
I'll HI a ii. lai n uai < l»ii ill a 

DIWATS SIS TY^ ax nasacc 5M ->n illOl u 
aid i.« 

CN 
suoniiiiicimotic 7W 

10410 *11(7- 

CMOS l'. ' , RC-'- 

COWJ 0.17 COICOI 0.18 co«oo; o.i7 COIliO? 1.70 niic:; o.i a 
034003 1.00 C04&33 6.58 C34010 0.58 CC4011 0.20 C340»2 C0-1013 i 23 

C04U,.I COiO' 5 
COMIE :oio'» Cl>50l8 
JOiOJo 
504031 £04022 :0t022 c 04074 
CD432S :W'J26 £04327 £04028 
£04-325 CO-03C 

I Ol CCO!' 1.1*1 II>«U. 0.53 1.04 £04034 1.03 CIHI.15 0.58 5O403-; 1.3t C04C-3' I.Ol CO403B 0.94 CO'-OI' o.2j ro+o-ui 0.80 I IIOI'i 0.71 C34042 1.78 C0404J 0.88 £34044 0.92 £31045 1.18 C34O40 0.58 £3434: 

7 y. C0-IC19 I.D7 1-l.iiMu I 44 £04050 
1.9' C34051 1.22 £34052 3.29 (734053 
Ofl* CT40V 1.10 OJ-liiSS 3 20 £34059 1.'1 C04059 0.85 C040W 0.86 £0-1053 1.01 i 'HOUS 0 95 r-;4ii-./ ! 45 CC24058 137 £04050 104 CCIOTO 

o.na CO40'1 0.68 :a>«!5'7 0.53 :040J: o.94 ;04C7; 0.94 ZDiS'S 094 :ot£ji 1.70 Cl>c;;.'ii 1.38 £0436; 1.36 £04382 4.93 £0085 1 15 £04385 Ii13 £04389 051 304383 l.SS CH094 0.2 S £l>«95 0.23 CH098 
0.41 C1K19! 

0.23 0.71 0.23 0.2J 1.34 0.45 0,71 0.71 0.71 0.74 0.74 1.60 0 97 1.94 1.08 1.08 3.84 

004081) C04099 £04502 
C04S13 C04511 CU451 < C345:5 C045-5 £045'S 304520 CD* 63 7 ;,D4S.12 
£04999 £04995 0.9O M£,452a 1.22 
VC14553 4.68 VC503 8.05 

1.13 1 90 1.24 1.41 1.72 2.84 1.24 
1.40 1.24 1.19 154 1.39 

DATA BOOKS (mil MmniiyOinyn n*-«>io< 
inn) BC-vJAItuni-T'.'"' SiVwin Um i Mr .41 trial BCaS V r.-wu-y.-v Svmrn Dm ■ Ml- -.ai Vwci&x'if.fic'" s'+Camp.-n io int wi<-ap-9c<45« ''0..".0 W;M0S 0y»0»k (Vei 5 if ri 8: Moicas v.6800 Vtioo-oe^ior Aoo fjinpni Maiw»-> V.6Hi>3 "-ij-imiTii-^ Vai.-il Naliyir SC/MFIni'OHUw" M«-vjiI < SC >" Tn'r.-, IlK-.-won Ml-;'.' S;-n(cn3-cin' I'. Uaiaeaol aC* CM05»-4 tmaxi IC Dlli9oa>. Tn.i Irn'/uimna si- C.rligj'OWO £-. 0f A i-l-v ni-o^ V ci </ '100 IC> (PJl many 7 M.t .'V. Alan-CI. ljn; .4j: PlOflivn-. -0 M"-. Jl 2BC.CPUT+iimcil VanwM dii^zaocc '**;•.<; SMc-ii'iw.im ZlniZaOPlSTMbd.-H OATASHttTS '• 76o "Mi n" IMfilOQ 6903 S£• MP. COP'037. 26>0 913' /BOa'- mm 8035.Aim''ya di'j4+ Wd .omCOWii" 

. m avin. (oici loo lira DO 4/"C4 -l<l 

«B,10 C4.25 CS.Ib ct.eo £3.60 £12.95 tB.15 £0.75 £1.80 £2.10 £9.46 and bottom £2.94 £7.60 £5.60 C0.80 
'VS550I TMSBOBD 

SINTEL RED DIOIT OtlK CLOCK 
CLOCK KITS 
0 ^SO Oia-I ALARM CLOCK vy 206iim 
4 P-o O-a" OJSK CLOCK ~ ISAm-n 
4 Dfr Og. OfSK CLOCK w l94mir c I'M Oun car clock iviiii tiveb •1 RM DO-.CAR CLOCK- • 54.nnil. 40-11 
Ski. CRYSTAL TIMI8ASE KIT 

ti 4Cmm ii TJO-m 
ll 40min d 8-mm 
-40mm dBJmm 

• ZC5- -• " 4C"nii a I4C>-n i c dSmm 

coo* PKicr 
ACK 

A RANGE OF SINTEL INDUSTRIAL MODULE KITS la-.amJC-riat -'.tlw-ia-^n:~>,lili!icl'Ci" JIN'El ui—. Un-mCMOSa-^ III ICi '-cm- Litt -d 9->v Y1>. a —I'V imnput .-n •! Hit Itif- Iti; Ml-. 0< 11;tompuiir-n rci.g" i-M'-yl, yd vyltia.Cy*. auitauc-ab'a d-vgr. pi>n.-ai.-£ Tui'-^'g t-« dc Oj.mi'u limy Ek" HI Ml a 141 c/ltd LEDdranU.-a —.PCB. a-; jf p'ccai; -Ki"Wio£T'Voi CMOS ICl. pySb'Xlru, Kl Mi-Iiota ai|iaotci% a"0l. mlia dn.j »r0 ickmo-id -n-.-iicm-. 
kits fo _V*TP,Hf0 counter modules 

CHgna TTL 
Pan No Prior CMOS Pan No Pric. 

V dgd 4 ua 6 30' 
52*812 £10.82 857412 £17.98 721-412 £75 85 

545-470 11082 161870 £18.11 869470 £75.85 
Oil-4t«;;i jy; jj i()9 Ccw.'ey HcaT Oi'O'i! I'ui o'sit donor me tin at 4pvsu: atfnVij- 
ALL PRICES ARE VALID UNTIL 30 APRIL 1978 
OFFICIAL ORDERS ARE WELCOME from Companlai. Qot/i. □•pli.. N»in. Inda,, 
Unlv*., Potyt., »tc. 
ORDEPS: C VJO Nftf VA~n8% - 35oc&D TCtlpHOHf and C«£Q'r«nyfl(cfl/O'tf+rj ddfl 
VA! J[ d.< - 50a PSJ 'c-i/A-.Mtim CU'9«. -v." e? jus-iM Jf ;osr. 'PAST 
SERVICE'. EXPORT OKe/i no VAT am ^ lOVi jEo'cpe, i!t% 'Oi+'jpa;,1 lot Ail 
MftdflAp EttlEtfipnDositiHleivswhoar/Hems comaetuihm 
ORDERS TO: SINTEL 
PO BOX 75C, OXFORD 
Tel: 0865 49791 SINTEL 

THE NEWBEAR COMPUTING STORE 

Software & Literature Section 
SOFTWARE GAMES -V- Ul pate- laC+t 

BOOKS 
Compti'*' dnigim 
.-.E- . 
z+jc /. i':1 
zsnno* - v MoicxoLI 
V- i- 
M O.S. Taehnolouy. 

Adam Otv-.i-n- .- .t ll.q .^.uno-irf.. 

?ai 11 ^ 

Sybaa.V 
M . . 
StoR" 
:':c« 

G'.-.oi .i :. v it- ipfla ibit- VA .... 
ft/'Ayt Co-'ii-m Stole SOTIO x- si ui 
7 <-i ~l-.- AirvoW" Ce-ioulini ilor; u a c -. 

£7,60 £7.DO 16.00 £10.00 £10.00 

£7.50 n 40 I 16.97 
£1.00 13.75 12.25 £2 75 £4 50 £9 SO 
£6 00 IS.Oil 
«5 00 
£6.96 £5.95 £11 96 
£4 96 rb 96 £5.99 
£8 95 £9 95 £9.96 13.96 

£8 00 £7 75 £7.71 £-7.00 
£4,95 £10 CO £4.96 £4.94 £1.65 £1.76 £2.46 £6.99 £6 95 £8,60 £6.75 13.69 

-wyy 

MEMORIES fl.bO l027,-7W:-m £1.80 i-i,-. ,1a.- 
£160 !l1b:2iC-n fl.o* 

. 19K ay-Htn-* n-' 1IHJwtt;i 

Hardware Components Section 
CONNECTORS & SOCKETS (8.00 110.00 lb a 

MOTOROLA MICROCOMPUTING ICa 
•-•9920" 

MC6920P MCCBWF M3I8-|«P 
£14 oo £6.20 £6.74 £3.81 

M-easoL) y';»607P V. I *63" 
«3i55 

ZILOQ MICROCOMPUTING ICt 
ZiOCPOZSVHi £19.47 Z^OPIOPO 

' iKi Ulv PI £10 00 
MICRO PROCESSORS 

9C3-'74 III* ib« 5502 
■Ay! 

INTERFACING IC'a BUFFERS 
.VCIJ39A 
VC 11399 
7S1WI .'s!S- 4 S33 

£1,40 
{I'4®1 , , i i ..J £1,30 1. -1-'V24 ; 1 

£1 70£ -*52i?C £7.60, £1.99 J 
STANDARDTTL 

IS 404 .57 14512 .16 «495 .66 '4-.-3 .16 ::i0' M l4!/4 ^4 74132 .62 
•130 .77 '414' .70 ■+l|i -IS M-IO .18 4217 -18 (46* ,16 
•470 .18 '472 28 7432 34 7476 .1* ;4ni J5 '464 .34 

LOW POWER SCHOTTKY TT 
44»in- .18 r4:6'3 .34 ,'4lSC1 ai '41574 35 '4LSQ2 -21 74.S7J .63 '4-.&33 -21 •iLSfO .3* M.Vj: 78 .'41.979 >• '4)%1 75 (4LSB3 ci05 

-I'lii 'l '54 

.'11S163 iiLs-va MLS" ''} 

£1 I 31 
£7.88 £186 £2.53 

£10.00 

£14.9 iOl 

£1.43 £1.43 £1.43 £1.43 
f I *• £1 67 £180 £1.30 

74. 78 
« as 

ci.oo £1.30 (I IO £1.10 

£2.04 £2 51 £7 28 ei.ia £1.10 £2.82 

Subminialura D lypa 
'7 I'tPUJ .58 20 wfY -Ida .92 ii -ny tO-y" .1 —.if Hi- £1.60 9 cva- ,74 23 "ri .85 
' 5 -vir i> -a ,74 3? —Kf '.ll., £7.10 ' C WJ, i-y-yt £1.0 3.-oilwLil £1.11 14 -Of 5 7-1- 1 37-7/ CC/ki £1.1* 

EDGE CONNECTORS 
3 ' ---0 ■ 14. ■ •15—'I - -2 —i 3 101'" otUd I* '-'Vf It 32 L icit i W.w 0 -0 m-1 -—-•I ■ In >M < C Z ^ I li-i-i --- f^ioc.'d !•) 31'' "I■ '7 ' 11 —•>.• p <i Mn n la- S.50 Bui -Ct—i. Mao- 5 I--- 

O-l-L SOCKETS 
■<—U-V'I'I JltO tfO-tUI ■4-r. ,74 24 p. 
•-.rn 25 

fiao ri.io £4 70 

04-1 *11709 
V6i.il .60 '0 21 >" £1.70 

SCOTCHFLEX CONNECTORS 
£7 .40 II -iv Wit"1 

PRINTED CIRCUIT BOARDS 
'V : 0Oi6 HS'-y I" (OnO '8+4.1 

Id-.' I BOM dir. 
P-OIJIil-tf V . - 1)6— 14CI OftWiit.l P-MV.p-gp- r in,m m:. 
- v-iM ooyi 

oiKyn --i o ; ■ t-— puy 

•- (•'-d-. 

. Bdir.iiv'Atit A iioi" vAi r.:if" -a.ijyyai. ConipTcffUM 3Cc Dsvuaq; hp: paeMr 
•lO-UOCe COIO lu no N.- aIIM1 ccnil.' -j b'sl f / ilann linn ImADU-. "ci 0635 1 
iit-an c' No-ivbuty LaOcMioics iw 

I n-3u48 Way ayainv.) ' xri": ■-K 9.VV IO>-y Ui:< lr-a wain mnraa 'II ' f<" 
'<• SWIM IP. K'-.V navd KJ- S iOOc. -< 9MV |i61i; 

MISCELLANEOUS Sjunvmln-a a—Hthet -i.nycfKi+Cvl'. J1 >..'-^0 9-->VJr (V-a c*vi»ina Dy.- tTiim.ll—ly A*l.m 0 .8—lySPST 
is or.-ati -unnfw-ic atiilf.-l Cif.ii-n !- niyO; njl n: 

33C (111Info wc'cq-iv) Wcmfl.r, loSdlu-Odv 9 OC am. 

£10.00 £1000 £10 OO £9-66 
£'0.91 

£8.76 £7.42 

£8.60 £1 47 
£15.00 
£16.00 

60 £1.00 £1.37 
"Pa 

5 30 
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7~5 
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1AC$ 

""' 14SI 
74!>3 
/4 .. 
1460 

""' 141: 
1413 
'1414 

I ~ SOV TOS 
t A, OOY_.....TO.S lOp 
IA.t00v r05 lOp 
3.;,.400V St,td 100p 
t:!.400V r(.)5 t H$ lOp 

\ 2MOOV Plnt+C: 110p 
164100V PIII' IIC 110 .. 
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l BJ.tl()()V Plll" lt 2ZOit 
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Mmull, ,MOrO•' r l ;o M eliOtder Onlv TECHNOMATIC LTD I 
P&P 25P Gnvt , Colleges, e tc: . otdr:t":s ;:.c:cepred t>4 SA NOHUIISl ROAD, LONDON , NW9 • 
r ~.~s~· M1rl VA I f!l '!tl I Y(ll 0 1 1.04 4 JJ3 Teie• 9~2800 

TELERAOIO SPECIAUS TS!UOES IGt.--:s bt JOMLnultty HIJ(1d 

£~p.c ) !\ tc 1!; vmu Vet.y Low Ort:cruon HIGH F"IOE. IT\' 
ST£AEO AV:»Ufl.t R DC. Ccx.l):ed ... h.O h!.tdt'f 
trt .. su1ab t . £13 rn kr. iJK~ VATl 

Svpp;lu<l 

'AI.tO IIIFo?l/IJCff,' 

pp · ·"· t2 so 

01 oar;$ or on reavv ;,ssemol\lc m Odu te l.otm 

Ph ;.sc l 01:kcd l ¢<:1), f .,\1. ru r'IH. M l•tvOIIMttt r 
A~Jd•o S tgna' Geners;Ot$. T 1-1 Aniii)'Ut, F M , 
S igrml Gctr.r.rlltor ! V'.'obb'.JI;,tor . 

SiJftd SAE tot comproltutiSivc jflvsmned li.<>t$ and •JP·UJ·diHa ptict$ 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, London N9 OPE 

Telepho n e: Ol..S07 3719 ·· Closed l'hurtd~~ova 

carbon film RESISTORS 
ON BANDOLIERS OR PR[fORMEO 12.5mm 

Z&l 

AT '10 EXTRA COST -....... --~ ---........ 
AERO SERViCES l TO. 
.12·'14A.46 Wostbourne Grov& 
London W 2 5SF 
Tel. 0 1·127 56"1 Tel•• 261306 
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7flC0 
MhOO 
'4500 

74LSOO 
74C1 
7402 
'403 7404 
74H04 
'405 
?4C6 
'40' 
'403 
7400 
7410 
MHIO 741 I 
7412 
7413 
74'4 
74) fi 
74)7 
7420 7421 
7432 
7423 '4?!, 
7427 
7428 
7430 
7432 
7437 
7436 74411 
7441 
7442 
7442 
7444 
7445 
7446 7447 
7446 
74 EC- 
7451 
7453 MM 
7460 
7470 7472 
7473 7474 
741574 
74 75 
7476 
7480 
7481 
7482 
7433 '434 
'485 
'435 
7439 
.'490 
7491 
'492 
7493 
'494 
M95 
7495 
7497 
74'.03 
74104 
74105 

Trnr 16p 
28p 
63p 
30p 
18p 
18p 
18p 
23p 
3$o 
25p 
43p 
43p 
2Sp 
27o 
18p 
28p 
24p 
26p 36p 
7Sp 
33p 
36p 
I8p 
40p 
22p 37p 
30p 
37o 
36p 
18p 
3Gp 
36p 
36p 
19p 
7Bp 
70p 

140p 
140p 
120p 
lOOp 

18p 
20p 
20p 
18p 
I8p 
36p 
30p 
34p 
Mp 
56p 
«p 
36p 
50p 
950 
90p 
90D 

110b 
120p 

34p 
320p 
40p 
85p 
55p 
40p 
90o 
'Op 
84p 

340p 
120p 

55p 
65p 

TETT 74ic:7 
74109 
74110 74111 
'4116 
74118 
74'20 74121 
74)23 
'4123 7412!, 
.'4126 74178 
74132 74136 
74141 
MI 42 
74145 
7414? 
74143 
74150 74151 
'4153 
74154 
74155 
74155 
74157 
74159 
74160 74-111 
74162 74163 
74164 Mi 65 
74166 
74167 
74170 
74172 
74173 
741 74 
74175 
74176 
'4177 
74)79 '4)60 
74181 
74187 
74184 
74185 74' 85 
74190 
74191 '4192 
74193 
74194 
74195 
>4196 
'4197 
>4193 
/4199 
74221 
/4?5l 
74 2 66 
74 2 78 
'■1279 
'4283 
•4290 
74293 
74398 
74365 
74366 
74390 
'4303 

36p 
89p 
55p 
90p 

200b 
84B 

120p 
32p 
Mp 
76p 
73p 
70p 
75p 
70p 
75p 
7Sp 

320p 
90p 

190p 
lOOp 
I40p 

72p 
85p ISOp 

90p 
190p 
120p 
120p 
120p 
120o 
120p 
220p 
1$0p 
340p 
2Wp 
720p ieop 
120p 
86p 

120p 
I20p 
I60p 
nop 
298o 

82p 
160o 
IBOp 
920p 
180p 
IBOp 
120p 
180p 
120p 

95p 
120p 
120p 250p 
250p 
160p 
140p 
90p 

290p 
140p 
190p 
1$0p 
160p 
20Op 
150p ISOp 
200p 
725p 

C-MOS I.CS 
CC40:>OAF 
CC4I>01 AF 
CC4002AE 
CMO06AE 
C04007Af 
COJOOQAE 107p 
C01009AS 61 p 
CMOIOAF noiO'iAF 
CMC 12 Ac 
CM013AE 
CCMOIoAc 
CC-10I6AC 
C04017AC CD4-0I8AF 
CIM0I9AF 
CO402CAC 
CC4022AE 
CO4023AC 
f.C4024At 
004026AF 
CD4025AE 
CO4027AE 
CMCSCAC 
C04029A£ 
CMC30A: 
004036A: 
0040—CAE 
CD1C42AC 
C04C-*.3A-; 
C04C46A: 
C0«»7A: 
CD4049AE 
CO-IOECAE 
CC4D54A6 
CC40!>!>Afc 
CD4066AF 13Sp 
01059-6 
CM060AE 
0«C69AF 
CW071AE 
CM072AE 
CO4073*£ 
O'-ceiAC COS082AF 
CO4093Ae 
r.M602A5 
00451CAE 
00-1511AE 
CD45t6At n2p 
COSSiaAC 130p 
CO45209t 
CD4528iE 
0545601 

20p 
70p 
20p 
86p 
209 

60p 
20p 
20p 
66p 
SOp 
Wp 

lOOp 
nop 
52p 

I20p 
lOOp 
22p 
SOp 
22p 

I70p 
65p 
38p 

120p 
55p 

131p 
120p 

90p 
lOOp 
140p 
lOOp 
63D 
67p 

120p 
140p 

1309 
27p 
270 27p 
30d 
21p 
27p 9Sp 

'38p 
ISOp 

lOOp 
I20p 
250d 

"op" 

MEMORIES 
1702A 
2102 2 
2107 7112-2 
27C8 
5101-1 651 OA 
80E0A 8212 
3224 
S273 
5245 
5251 6255 

15V 731 r, 16V 78!B 
24V 7324 

tf '9C5 12v' 7912 
15V 7916 lev 7918 
24V 7924 

M323K 34 5V 

VOLTAGE REGULATORS - h *£0 
I Amp "oucive 

5V 7805 115p 
12V 7812 116p HGp 

115p 
115,. 

LM309K 1 Amc 5VT03 140p 
1.M309H 1 OCmA 5V T05 75p 
I8A62&8 12V 0.5A TO 5 120p 
VARIABLE VOLTAOE REGULATOR 
723 2V lo 37tf ISOmA 14 p-- Di DUAL VOLTAGE REGULATOR 
1468 il6V ICC.tiA-ep-iOtL 300p 
(Adjusumo Cy I'or i 8V ;o : 2CV 
LOW PROFILE OIL SOCKETS BY TEXAS 

6 air 13p. 14 pir 14p, 16 c,.l 15p, 
22 sin 40p, 24 V>r 50j^ 25 mi EOp, 

'•-AS"IC 
A-rp Nrostv- 

ieop 
160p IGOp 
ISOp 
160p 
700i> 

46p 

'45S 30IA ■J'iS CA3I40 1*3 

AMPS 
a; Ai-p " Cant '.•I COmn ! ;»W09 »'.w r.i*f- 

mos un OBmp. 
ns- HiwJ 

TRANSISTORS 

im.ws cp .v-r U.IJtSX Onsr Or A-- 
(.IfrtlK V A.I i-30 
TOO 

'»6 

QJ»s O? *"0 E.I Cor-C l." O-sre u,i.l ?4 1 
£.« C>s. Ot> 

TMarTcT 
«;a3M8A 
.CA3C-13 •<430 3 CA30«Rt .C*3C-Sfl£ •CA3053 ICs7'yO IC-803li« iMjasv IV37JN 
•LW380 
». 11'ISBN 111 .Hi 1 fi .V752 
*v.c:36ii- Vi;i49SL «w::496i •MC334C0 

•VC3JW ■>£500 M666 \(5B< 

B5Cp 
200p 

lOOOp 
300p 

2500p 
6S0p 
•100 p 1200p 
200p 
400,. 
700p 
450p 
800p 
eoop 

AT 5-1013 600p 
AT 523/6 llOOp 
H0.3-a!.13 SOOp 
XH8' I360p 

OIL -lo* Oil 
UP- OP." 0-.. 8.—3i- 14 pn OIL 'iciDIl 0 JU- C I roiit U o-OIL 2 !4pn 3 S - a >oC" liar On 2,-4 en 0 'Q.i 

'Op J6p lOOp lOOp nop ?ooo 120p nop 
iJg 

70c. 349 J7p 'OP 

T0-1S Oe-B-.W 
Oi" COSCT" '""P ia> 'j T'jr.nip' Ana, (*ti«4 .w*. V.-4M' ClOO '4;.t * ^ ^«r 1 C-. 1 Ii 1 '•••AH ••■•/ T-wr-JV ^•'•IB' C,(l C»r«;< A.-O '03 v 1 
Oa Tuio-.o/iilAmp 'V " 5v,Mm Sar •oar 1 D 1 > on 
-W.I-SIMV- <• 0.-- Mia 3i»0ig*DVM 

•5;.. 4-3 9 r 1 OH iCH 

KF5CG •-'EDO' 
S\f27 \(i •iS';'33 ->V7«OT3"- •is if kiu »iS?EOI3S 

vu C.-ft5 Cco-aai* C-> "V* C Amp ywAunafi*v> SwrcPrcp-v A-iJ *'"B • 1 ' Tj.rp. n-v!'.", : v. Cml lim 'Dr. *..3 P.O. MulPavc- Da Wtf'lfciTKO £«—a-.| *iT."_.in A W Aw, n Amp 
U.u) S=S E'.l -,i" OV Jf-cc 
PU an" 'CO P.. P I I j- flia -I le-w&K tfoi 10 f'*■ C, V.. 16- D1' C»-l»iW VIPm .V-d I'arApdimn -ilh . ■0A-am»m4-2 - Pe. '.-0 ilmc MII* • 

•so.- Oil lion on lip OH n p.- on IB D-on 8 0 • Oil Ifin on lip on 
13 M Ma,-, on 
i pmon p fi." 0' 

16 pin Ok 1 Spin 3 1 
14 pci 3 . Spin OH >p."0 
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THE A DUO 

The C 1 5 1 1 5 is u u!,i(lv& Powot AmQhftor prov d111y SlC•t,..'O 1 5 watts per channel or 3 0 vtans Mono and can be used w11h any car 
r.!dro l tapc t.tN II is simply wit Ad n ~~rie~ with 11'1e P.•i!lt*"9 speaker !eitdS and in conj1JI"A:1ion with (ll:r s.pesket s S 1 5 produocs a systom 
of •nc:fcurble p-ulfo•mancf' 
A ftO\•el fe;n ..Jre ts 1~at tl•o ilnp I c• •s •utOil"at·cully ~~ow• tc••t..--dOr' 0 1 oH l>t sensn\g the po·.vcr line of the radio/tape t.mn hence allevla; ng 
t.ht- nPed 'or al"' on o'l $\YIU;h 
ll•o a•npl f cr ,. ~111 ed iruo- an mttgral tutats·rtl( a"d is 18f<'TWlated by sc•ew connectors mat<ing in.sullatZon a very easy P'fXe"'· 
Th'! S .. 5 has bee"' soeoit ly dc~•un.:c.s fo• at• ... so "''0 Otodvoes perlcumance eQ~.Jal 10 domes11c SI)C3kers yet rcta:n ng rugh oower 
ha"''d .f"g and compcw;t $leo 

c·~ 1& 
15 waus per chenne uuo 4() 
Ow.or. or 0 2 AI I KHr t1 15 w.;tUt 
f'n:quent.y te-spofl$6 50Hl' 30JCH1 
1nput I""C)edance 80 notl"'u'lal 
"pt.t!oerSI(i..,;t.,'JvCIISR.M 5 fOt 1$w1111$0-..tput 

P()o ... -er hrte 10 • 8 ... oh& 
Open 3-ld Shott cu·c.. • P'C'>CK~·on 
The~~lrwotectit>~ 
saea x .f. x 1 nc"es. 

C15 15 Pr1C<it17 74+r??1VA P&Pitcc 

!>a:a ons· 5 
6 .. Otameter 
S ·.:. '• .AJ· Suspension 
2u Active r .... ~e.te! 
20o.c Cetat"""ic magret 
15 'A'tms R -\-1.S . hanolmg 
50 HZ · lSl<Hz fleq~ tesponse 
401mped--

S l 5 Priceperpairt1774+£2.2lVAT P& P troe 

1'110 HARS Gl.i/111/INTEr o;v ALL OF OUR PRODUCIS 

l.l.P. Electronics ltd 
Crossland House 
Nackington, Canterbury 
Kent CT4 7AO 
Tel (0227) 6321 B 

Ph'~JS'' Supplv _ 
"":"o1.11 ""t • t... h ,l!)t:' P r C<' _ 

I '-m•:o..r,t~ C:twqw: - ooshll O•da·s 
P ,.,, ..,(' ,ft!ll11 1nr A~: 1 :1•s:i ,,.,;.,;ount 
At n HII' 1 f1lll'1lh~l 

N.:~mc ~ Athlrnss _ 

WW-U30 fOR 1-"URTIIER DE 

\•lotlt.~y Order 1 
8 , ,·cl, lyCilrd iiCCQU!"\1 [-t 
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THE DYNAMIC DUO 

The C15/' 5 Is u uoiQue Powc ArTplilier provding Slcieo 1 5 watts per channe. or 30 v/aus Mono and can be used with any car 
radio tape on U is simply witen n series with the existing soeaket eads and ir conjurclion with our speakers 515 produces a SySlotr 
of iiicteuible performance 
A novel feauire is thai the amo nc is automatlcallv switched On or of by sensing the powe' line of the radio- tape unit hence alleviating 
toe need for an on off switch 
'he iinrplifiOi is sea ed into an integral Oeatsink and is ter-ninated by scow connectors making installation a very easy process. 
The S' f. has been speciyhy designed fo' cor use and moduces performance equal to domestic speakers vot retam ng high power 
handling and compact size 

CIS lb 
1 b Watts pet chance into >*.1} 
Distort or- 0.2 at 1 Khz at 1 5 watis 
Crequciioy response 50H? 30/Hz 
nput Impedance 8(} nominal 
•iput sensitivity ? volts R.M 5. for 1 5 wans output 

Power line 10 • 18 volts 
Open and Short circuit protection 
Thermal protection 
Size 4 X *1 X 1 ncnas 

Data on S * 5 
5" Diameter 
b'A" Ai- Suspension 
2" Active Tweeter 
20oz Ceramic magnet 
15 Watts R V S. handling 
50 HZ 15KHz frequency response 
40 Impedance 

C1 5 15 Price n 7 74 + C? ?1 VA P & P free S' 5 Price pe' pair £l 7 74 + C2.21 VA1 P 4 P free 

'//O Vc/l^S GUARANTff ON ALL OF OUR PROOUCiS 

I.L.P. Electronics Ltfl 
Crnssiand House 
Nackington, Canterbury 
Kent CT4 7AD 
Tel (0227) 63218 

Pious;.- Suppiy . 
ToUil '■'ipcIiusc Prica 
I -m-iosn Cftntim: ' ^ostul Oiilc-rs 
P.-.tSt- I'tiii* n-y At:i:r?ssiiccounl 
Aitcpurll fiurtibci   
Nuimc ^ A^fdresH 

Sirjni-Iu'e 

Money Orrler T 
B.itcl.ivcard uCCOum 
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BIG INCH 
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FRACMO 
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PARVAL,UX GEAREO MOTOR 

METERS 90mm Diameter 
rvwos.~ o:: "~ -Ql. o-.-. 0-N.XM:O U.1;Xloilrn;.s 
~ l$v '' c <l·~l).o <I( 11~ lilT? o\C \1 1 (l·lu 
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'VENNER TYP E' ERO T IME 
S WITCH 
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SANGAMO WESTON TIM E SWITCH 
h.:<:-S?!•' 200 ?!i~Voc: ~"";>""'"·t·v ;t<~ ~o••., 20¥'!'W.~'C<""':"'"''"' 
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A. E.G. TIME SW.TCH 
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A. C. MAINS TIMER UNIT 
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~>vs-., !<f<M:re•~o-·~ 11"~~~~ 24p ... 
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ALL MAIL ORDERS. ALSO OLLERS AT SERVICE TRADING co. PERSONA! CA!URS ON!Y 

57 BRIDGMAN ROAD, CHISWICI<., SHOWROOMS NOW OPEN I 9 liTTlE NEW-PORT STREET, 
• lONDON, W4 588. Phon e 01 ·995 1560 AMPlE PARKING lONDON. WC?H 1JJ 

Cltned $crur.:!cys. Tt:l. OJ-4)1 CS /6 

WIRELFSS WORtO. FEBRO>aPY 1378 111 

SERVICE TRADING CO 

WHY PAY MORE?! 
MKl 11 V.^oc V:T£e i I .r-! ' » 4 c o c v:» I'I -to OCO >00" 3 :• 0 It O'CO <.r,.JCWv n--- '3> ' - ((.BO - u. ».lr. 1'" 
i£7,56.'.i VAT;, f. 

TRIAC. v>tiv< •• mil ii.•• <!W imv.wo ti«m JMV £1 2B O.- ri.oc i-.- 
iri.vir w Ovi: ?2o. 

0 to 50 MINUTES CLOCKWORK TIMER. Cv- tl.50..Ji;.iO, ill.04 O! VA I'l 

MERCURY SWITCH Bi,.?;-,", hpim 'c'-iiCB.OO • 

CONTACTOR u, i,n> cvp.e ti'. mo ■•Cop-, Cculic.UC.'ll '.C 
^VtcCSOO BSB VSii-.t^.M n VA? ( •a 

#• 

230 VOLT AC FAN 
ASSEMBLY 
irix- C3.D0^- 

T AC FAN A 
iLY — . , 

s.-. -■ 'Jj% 

21-WAY SELECTOR 
SWITCH vv :n reset con 1'" Hia-ncu. vlivm' -- up"21 worn010 ui'itv -nnt tflm ill. ^.••THII |IV ""-Jivna —C .,111 uoii 230- ?iOv '. C C(iim!vr." ,-.t li ."unWO 011 'rA"Q OfWl Cc'"e.!i will :n«v (6.50 <•>.•• .'-2lf0 »6 " VAT i ;■ 
VORTEX BLOWER AND 
VACUUM UNIT S.IHfTifll. tU*0»MU U I.I f I ;r.>. 1 >vn( Mint m.-< an o:1 .11» 5 .uln —n-fif P-- m.-, Vo. MJlii ... >>uii 
&>fln- Wft 3ofii>-i c bto<. •'0-, 2 >IUI-;I/-IU> 3Tm-. 1: MC rvl'lu'Ci 
"mo VI ll.-w -'11 ^nv-*).,. 'C---..0 ,•. y ai« 11 Gvy c III,... •111.---;:.- (irv vuih mnvj Irc '"Hi D •clininn ;?=- . .,0^ 2WB1 . --5)11 iiv-i 
'•«. umu 11 -<*: .nn 1 b.n - -.1.1 r ii -.i >. uttyitKA *•• -i cU 1 i.' s;: :■ Vuw-iia -v';. «" Im 2301 1 7 IB n 

(it r.a •, 11 * l<M>i(7.9a -- OA" A 

CENTRIFUGAL BLOWER Via fi. Gmnh. l-.-l.ntf -1 230.'J40i •; Uwiim Woo. 
s« 5ms Si- (IV-- . ft;-—■ « «-m Ap-nr. 3S-m > 3'. r t - C2.7G. Po.i GCf. n3.il inc VAT i ri 
S'-miiBi.-<ti:^>GC2222C -SV.A < . t„.v ., .. 14.-4.1(1 (*! ■ £3 7G Sn "G: VA '.1311. 0i" 

NI-CAD BATTERIES 
/3 AM 5h A— 

:.r 53:. 

V)< 
2-0 i?5 

(T 
UNISELECTOR SWITCH 4 MAi 7; wlv 70 V IV.' 36 13- 3 C Op-^'nn I< n-w CA2i.!"B'' .i; Ir—lpnr- r: VA I £3.40. 
MINIATURE UNISELECTOR O. I" A... 1B-V(3-y, f.n;-,.1 £2.50 £3.1 

«.V A I'l 
MICRO SWITCHES 

■S". {2,0044030.1 
• 0 12.30 I'M'3i.r. 

Ay 1 vilillvc 0.< l-l-; —.III I £2.48-1 '.'16, S-h-mnalud OmiMV V_J. rS.QJ r.- VAI 1 I', 
53 V'£10.00;—IKK flOIO V .A" & »| "»v:<.3 ' 15M0C'i" '0 i2.SOp-.-ipml £? 70 »Pi '-"-'i vSA IS IV £4.00 .. 5Cm ;v '. imr r £4.SB VA'. ■, l'i 

» 

NEW HEAVY DUTY SOLENOIDS 
"'■J V". 01c v>v-< /-i"' r _Jlw-A Opf A; A" AA.V.7< 20'0 ... i| I 26" €» 00 I'M- 7SsmC»37 -•! VAT 1 "i 'i— Simlir iv .1111.0 •rrtA. I en p. 1 £3,50 ^'T'Ngll 1 53u '£4-43 
230-250 VOLT A.C. SOLENOID Bmil-r .nnotoiraPtf i« 1 -vfa" mi 
fcO-On-A'fl. *1e P"| 3.11 i" .V- ' v» 'X13 1 7 •V>Cl£l{IOI'VX25p £1.3S.n; vAT4 6 $7' 
24 VOLT D.C. SOLENOIDS KNIT —-v -.-.j I li.ivv duly MlnHiHl apiirv. vi* > •-■—o.-'. n' ax-r- ' tv .1,1 ipcni 4 cr -. .- --...i pi , 1 n C I I*."/ Oiili I Ttt»M . 1., -£3 00 C'." £103 £4.32. . VA"?. I" 

ABSOLUTE BARQAIN 
240 A.C. SOLENOID OPERATED 
FLUID VALVE 
®JIIC 1 vi v.*I "Miut uw la 1 v. -oiai bedv " riii-'T- : (nnnj '•> .n ovii: b'p:Suii •j'Ji s-ii i- rain "AI-1 £2 75 ViO £3.57 VAT Of 

CiMriitije extra 

VARIABLE VOLTAGE TRANSFORMERS 
INPUf 230 v. A.C. 80/60 

OUTPUT VARIABLE 0/2GQw. A.C. 
BRAND NEW. All lypos 
200W (1 Amp) Irtlod A/C 

volt moler  f 12.50 
0.6 KVA INIax. 2 Vi Amp) . £15.00 
1 KVA {Ma>, 5 Amp) £18.00 
2 KVA {Max. 10 Amp) . . . £32.00 
3 KVA (Max. 10 Amp)  £39.50 
4 KVA 'Max. 20 Amp) ... £80.00 

LT TRANSFORMERS 
•VI £3.24 
£2 50 •. 

/mi a. .• ✓ . j-v. fa to.ua '5o ti.s? tt' T 'Jv 34. IPmi, tl2.SSi.Xnil bl><(l4,86 , ,.;-i C4..6. 7'. £13.00 i'l :■ ' Mi i£lB,«tvv * 1 TI3,' 20. i:i ;... 1. a; -o .» • • eiAOO ni- . I VI ns.Ol .• 
VA • Jr. IV. Hi. TO' 1 2: 114.00 £16.74 i- 

'2. A* 20. £11.85 PSU £' CO £13.1 

300 V.A, ISOLATING TRANSFORMER 'v li'V n-i-.i. no v.i-n... ui 'lb.- (nr 115 . 730 ."I-.-ISV, .-. 11:... • A ..<• I,,. | lit, 330- miir.ii In--: .-_v - ——. m t-"''"'! -y -Oili.rn Ity POKJIMO UnaCi 13 Si— -.011 •m ,'511:1515: Si—.. £4 00. (a- (' -3 £7.46 — v.'.i J,P, 

COMPRESSOR, 
,> " l.li U' yv a . mill 
Pl.iM£20 ail.' i- .A £23.70). 

£9.72). 

STROBE! STROBE! STROBE! 
HY-LIGHT STROBE KIT Mk. IV 1 i'-vivcv>C'.. w-mi'iMon. SMOHJII; ■ . Ha iVIM;.;.■ nn 'T n"_i I JO ;.10l''l AC ai.i.lmn Sxw 'VnPlio 1 2C'(ii *■ 

.in .iQ-Mi.-:' : "ii-. j*.    ...M! I KTO S* .• hat 1 B SOPPU! v il-in-.-; £1 CO'£9.99 - VA /. P, 
.£18.0On'M!' £2051 
Jl«(Ur-H»f0'l(.'lio"tB.3f 

*********************** 
ULTRA VIOLET BLACK LIGHT * 

* FLUORESCENT TUBES * 40 wan <7,7^ vh fi- 2f*t. 20 wan Ci.aO- ' >0 3f- ^ ifc ^W:'lV»tt>.D£n f V 12:»- 3mtiCVd5.PvM?&n ^ I!2.117mr VAT A A* • n h OC c ^• r« • » .. .v ^ 
* 
* 

*»♦»♦*******»****♦■***» 
XENON FLASH  i-T~-. 
GUN TUBES  ZrErTl" 
ynri < ij. v ^ 

1550 . ifci i.ilin'inr.'Bii• ".npn V • 12:- 3WMI £1.95. Ri £2.371(1/ VAI & f: v- n *>"£1.7S6hi' 25pif7.l«.n * 56 ".ii £1.75 Pp.. :nri 1(2 16 . -A 4 :• ^ _p-.-J~( tAovi i.nii Sun. . 6'' £" 17" •. -• jv /. ~ £3.50 »u> PAP Ai-.a i£4.7l •< '.'AT S a-.: .vn 13 -* i": '.y £3.50 31.;. -1 '£4.21 -i VA'ST- 

RELAYS 
!%•-. £1 £0(C1 81 " V 

A i a n vi 
230'210VA.C. Hilvva: Alt- « e 6, -r-- iyr' 3 c '0 J'"p CI.10 ..£1.40 y -•/. 70 »■»» £150 i£1.84 .'iv VAI 4 », C him' a- 1 7 —'3 fl.OO :£«.10 rf VA' ft P. 
O.C.Roav.'J-vii.r. - : V3C 0 7 J-ia tl.00.tl.30 ii VAI A ' l.y.U'JV'i ' --•■•I NW £I.OO .£1,30 v V.'.T 4 = S-T'pj 12'. 2. .Tyiipv.i. .UK ii.2a n.50 PC VA'-S"! vaf ■ 12. 5 - .-10 M .-., £1.35 £1.57 vi' V21V S.—- 1 . - .• ..-3 I' o.n £1 JC £1 07 / VAT 4 P, a«» . 
".P B«n, i-iu. Olfn .jpv* 

RESET COUNTER 

ig V. -V ft * 6 iia Mv 

■ E2.i t 
'61 10 PA- 

S 

BIG INCH iK VO" fty'l 3 ip' v5A mp.: >j- — • \ 1 Id' -oil AC CO ~i|li icilpi Im • I .->• AC nn/i" £7.47 :4t ?3# 1 (5.40 
mmiiMt m. 

INSULATION TESTERS 
l~.EW)  , 
djc'' s.'it e.n v. i n ii •; „ 509 VOLTS 5iHl(--3-3"i. £40.00 ■u.l fop i £44.Oc 1000VOLTS 'OlOii.',:- -• £44-00 B<il £ pp .£50.54 S*! Il" ylll— 

ncg" 51 

VTA nr AT CURRENT RATE 
ml MM ■ MUST BE ADDED 
WA Mm JL y to ALL ORDERS 

FOR THE TOTAL VALUE Of GOODS INCLUDING' 
POSTAGE UNLESS OTHERWISE STATED 

ACCOUNT CUSTOMERS MIN. ORDER £10.00 

GEARED MOTORS 
100 R.P.M. 115 lbs. ins,I! iD'O .. "Ctwti MM.- 7 11 - >. .(. p,,,,/. IPM —.«■>;• OOk-    Cum' Cw.vft.-v ifftl. imiOKil n, roo. ' -U". g-vtc. 7n.) • JG-" Sa Ml 0. •Mm- 

n.-',' •-Smi-I H--.1'1 ■OA" tft.KO Ci2.0Q IV.I •' (0 £14 58 .i: v*' * •i.i'i.r" i.ft-.j'y " 'M' -c" £8 09 »••• 7a. '£»>9 • vA' ft v 
- -nyy. 15 R.P.M. ' ~ *•'•• <■•' '!lu'' "' o IfHn" G-ft-X- 22C" .B —■ I"' I'f.mm V-itfi" 'Kbru- r—.m 6 

• AM U * >■ .•- SIasj-.'.V (".«• £10,00 .• n- £ (| ea 
Hnl' —"If"""- 'a -y. ■ 77" 7.10 .1". AC 16.CO £7.02 "c *A: A a 

BOOINE TYPE N.C.I. 
GEARED MOTOR (Tvp» 1)'1 r.p— •ft"".'-' O'li RovKMbi. ir 701.1"» - 3c -■ . » mav" •»' o'i.-iv - .:•• ||" i'oi f-cr '.M Jl'j. ic . ,.K »IC-(yp-£S 28 Pe., 7Sb £7 55 '. A'A. ..ift-raftMo ftn rt.79-»■ rt'-n'£4 75 ■ y." * ii.-... 4, !| /ra. 7*JI> .01' A C Ca—nt...c„ •iv'i --£6 50B'.5 7Gi £7,83 VA" 4 P 

FRACMO sernm 240V AC 50Mf 50lb» "idl. -3 7 .1113 _ -'Ci.in ul." 2hmin nil Itmm 6 • lyi CUv'gcJ -l B ..v £15.00 PAP 11 5Ti£17.n2| 

PARVALUX GEARED MOTOR 
Mipm SOlh. Inch, £1500 -y-M f: 

A.E.G. WATER PUMP 

" 1 17 v ill-ftv.i»:| 'PX"' - .V •■Cr. yp' p„ I„. .» .-g ft", ft- .yy ■iv a Da/"—, ft' y', i ■C Npu (In a^-y. « .-oi < £15 - 75y64P £17 01 

CITENCO 

114 ■ S, £14 25 - £18.20 

REVERSIBLE MOTOR 230V A.C. •jO'iiijI 233. ft i". I ISO ' o m C 25 m; C0-3i.11 min .iL'J'i'Jn mtjutif.rn hr»r<*i r*o*C-^C- O-'A •itf 1 tD'-n x ftSm-ft SpnB'i 'y J y 2Cftn"i i.i--. . rm-.i !'-»1 (3.00 C-M a Or 113.71 n- VAT 4 6 

METERS SOinm Dinmeter "(jo obi 5 D£ v.- 3: c; 0 23 a-50, II igi.Am/K ; IG, ut ft/ 'lift- 62T2 AC VI !!••. 
3 M."it. 0 «S.. t-i03v !.0C55.6 8 ' - MCOvr An ■ £3 GO W." PSP 55j £4.37 a - © 

VENNER TYPE' ERD TIME 
SWITCH 2QB 2f.0v a. "ft-. 7 ft ..ii. ja    

 I"'. ' "II" '£ "7 .1 /ft-... 'IM»- ft-U d.y ftft"' a c.. tu. ; (11 - jftift( ;:•.((>.m, Gu mi ,p.—.OSOPV-' (£8.1*1 

SANGAMO WESTON TIME SWITCH T* 525' /CO 250 v • . .in ' .'"-.-..74 hfti. i ?0 ft--y, ■ 17 02 ■( '/AT ((, 

A.E.G. TIME SWITCH 23C 2S0V AC 1 , t u" pftm 3-i lira So impi »lOia^j■wo.!-1 »- u .lift.,- 0-.:« £10.03 "I- Ma ',£11.34). 

A.C. MAINS TIMER UNIT 5<.«( •-«. ft" I'ftli., ...Oi y.-- 2a Amp • -. I.I- •Mien W 10" w UlCfti. (ft- *-V ■: JO by • / "(. ft -.a (> -"lie. y (p. 'i y ■ 'njw. oi ' " on i- - .i. lC-ft- 
Ift- 4 -:-!.-.ftlrr 'aw- T.-.. 'i.r-iir" :. -(■ 1. Bunt-II ft" Anrjc y. -.jl .rUHn' I.-." >a- 35 mm i - ".3 mm . CO m- P-.u £2.23 7c-yl top "ill- 'ft v.-." ' 7ftr £2.871. 

nxy *C 

I 
?/ 

Acorn -om uy >AUVnc«| nilll'i—TU( ( -ii 
25 WATT 10 2a jj 1 :-3 - • ili ".ft 1 M r-.r, £240 £o>i 7!fti(2B" •' V/.Tt2 SOW ATT I.-I'y -.iri 1W ft.lno £2 SO ftft-.l 795.£3 40m: VA-tt 7 100 WAn G 0 / i -.0 • '/ 7x: ■ •. •• .. 2 a- 5ft- m£5.50.--.. yap £0 32 .6 
BUOk Sbvc SknudLnob c - ft-i! - V- | ■) r •. o.„„ i .i- r.w 'ft' .--ft." li'.-o.lyj 24p •«. 

600 WATT DIMMER SWITCH 
€».. Mlipl 6j<v g HiftftiAwl .. , -A, -op.'O (u tOO" ' i-ima raiftpi i- 5'fti</ .i -1 ami ift !•:- •p/'iip".'H ft" ■ limn . ..iniftp | j 55 -ft.. - |£«,61 i.'VA'SF. 1033 ".in £5.50 P-ft 25; 16.32 -t 4: ^."0 ft. . ' C8./8 "iV 400 1110.06 

Aii MAJt ORDERS. AlSO CAUERS AT- 
57 BRIDGMAN ROAD, CHISWICK. 

LONDON, W4 58B. Phone; 01-995 1560 
Cloied Saturdays. 

SERVICE TRADING CO. 

SHOWROOMS NOW OPEN 
AMPLE PARKING 

PERSONAL CAllEKS ONLY 
3 LITTLE NEWPORT STREET, 

LONDON. WCPH 7JJ 
Tel.; 01-43/05/b 
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TEN GOOD REASONS FOR BUYING 
THE NEW FWKE 8020A DMM. 

i . 26 ranges or ACIOC volts and amps. ohms 
and conductance. 
2. 0.25% vdc accuracyovBr 10°C mnge for1 
ve<Jr. 
3. 'High power' ohms for diode testing. 
4. 'low power' ohms lor in·circuit res•stance 
n·easurement. 
5. Conductance ranges allow leakage 
measurement to 10.000 M 51. 
6. 9v battery gives typically 200 hrs.life. 
7. Protected to 250v de or rms on any range, 
any function. 
8. Protects to 6kv for 10f!S on any range, any 
function. 
9. 2 year warranty on parts and labour. 

• 10. Large liquid crystal display. 

Harlow(0279)29522 
=11=TT=I instrument services 
Fd nburgh Wny. l larlm•;, Esse:x. Ct\·120 2Df. 1 elex. 81525 

The only way to buy. 
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• 26 ranges of AC/DC volts pre amps, ohms 
and conductance. 
2 0.25% vdc accuracy over i0oC range for I 
year. 
3 'H.gh power' ohms for diode testing. 
4 'Low power ohmsfor r-ci'cuit resistance 
measurement. 
5. Conductance ranges allow leakage 
measurement to 10.000 M Tt. 
6.9v battery gives typically 200 hrs. life. 
7. Protected to 250v do or rms on any range, 
any function. 
8. Protects to 6kv for IGps en any range, any 
function. 
9.2 year warranty on parts and labour. 

' 0. Large liquid crystal display 
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To obtain furtber details of any of 
tbe coded items mentioned in the 
Editorial or Advertisement pages 
of tbis i.~, please complete one 
or more of the attached cards 
entering the reference numbcr(s). 
Your enquiries will be passed on to 
the manufacturers concerned and 
you can expect to bear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are ~a lid for 
six montbs from tbe date of 
publication. 

Please Use Capital LR11ers 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 
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To become a subscriber to Wireless World 
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this form and return it with your 
remittance to: 

Subscription Manager, 
I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
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To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or more of the attached cards 
entering the reference nuraber(s). 
Your enquiries will be passed on to 
the manufacturers concerned and 
you can expect to hear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 
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circulation list, you may not be 
gelling the information you 
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soon as you should. Why not 
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address is shown below. 
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Mr. Jack Mentel, The Farley Co .• Suite 6()5, 
Ranna Building, Cleveland. Ohio4415 
Telephone : (216) 6211919 
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Mr. Ray Rickles. Ray RlekiO$ & Co. 
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3116 Maple Drove N .E., Atlanta, Goorgia 
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Celestion's Ul 6s 
Up to this j)()lfli >'9U ctK:ld S-a'J th~ proa.t;Cts . 

described are compe1em by p~csenl S.IS(I· 
da~ds, or even very good C~k:Stion·$ UL6 
lOudSpeaker$ hOoke<1 up lo lhe g-<1d ('lm uf'le· 
quivocably the best bvdg:et rovdspca:.:ers I 
have heard. o: in solll?. patlicular respec:s 
me b 9Sl ">ud'SJ)ei::lkf:tS i ~vQ h.eas-d ,v-d~ou! 
i:h~ quat.f•ca!!on of p(•<:e AroL.·I1d !l )O lime ot 
thei< imroduchOn.!l s.rnau gr®p of audio :our· 
n.a!is1s was aske.d by an importe-r of a c-esla.il\ 
well ktlown Jas>.attese !)Pl1"16 1c g 1vc o.pu·:.:~1s 
on the q ;.•ahty of a to~,;dspeal<cr ~~~r ;•le.re 
aboul lo tmpo~. f!or c()O'~l~;r:son. abo:..: e~~~d 
pop ular Bnt;S~l !oodspoakcrs had been 
assembied tvld ~<Jnnt:ctec to tJ comparator 
AI the end c! the sess:O<l there was (Jne p~1r'l! 
on ·11hich everybody S(:'f"ll':!d :tg>ee-:J "-nd tt11U 
wa~ me 1ac• that Celeshp•f s uus appeared to 
sound s•gOIIICa!'\lly smo:;ll1t:t~t1d more even!y 
balanced lhan ar.y o: \he o;•~e( ~.akes Smce 
the dslferel'l(ie ap;>J~UJti SO f)!Ct.:H, av~r~ 
agasnsi s•.gn:f:ca~!ly m:')fe eY.O!o/.~S:v•.: mod~ts 
' nl least wood f:m:l \·~~ether I he ;:>a thcula~ li:;;· 
{(;I"'}"Q' CO:')dittO:"lS had by $Or""..,:! .q;;irk i(l'y'QH!P.od 
thP. U LE.rs by (In vn~.: s\. ~!ly !at:JE? d egre<:: 

No.v, abo\.;; onP.year ia:er I !ir<d :hat 1! ·:.•(:l$1'1 '1 
prov•d"ote and Um! 1~e s~r.J.:er(!aS!Iy baats 
most othcfs into st;ccr:d olace b'f w•ca~u~y 
abilily 11 \vas s~.sggestccl \() mfl ic~ :nsiance. 
and ! ;mnk tms •s !rv f.:: thai tha Ut..6 e<:~n bv 
re:\:QmrntndP.d mr.-s~chve 01 l ij$lr;. ~caus~ 
11'1 so c o.lnl)iew!·t :'la-tul·at an.:.: ! f<~c uom mn~:;,; 
uT.balancus or de1e<:ts 1 bl!.-he<~e most P<!Op!e 
\r..C:Uld QdfTIII !<:· j · ·• h kl fH} !I .:tnd (?- fs-tH}Ir"'!J 
lilA: they c.ou•d 11'-m 'm!tl tn.tlt :'l' l no (:'Iauer w11in 
l~ey !'laC OOr:n prev:Otosly ~SSc.d to. Acccr-amg 
10 wstr:. 'IOU may PfC••3:r another !ooC!$pe;,k._::r 
wi!.h :ts O'Nn pect, !<ar sound. bvt you ,•/(1\.i lr : 
hAve to .adm1! ~hal >hiS SO!mds ·r:-ght' 

II JS COI'flm()(', W'l~n ~Scr1h111:;J lhe SO~lnd <.:·! 
a roudS·I)(!iik.!H to $1)111 !M audto band JOJ() 

bass. ffi ldtarY::)i:Hln o lf~bie H~91tl.l'lS.lMf\Oi:<l l 
wilh eacll separau.Hy Th1s ~s often p.rovok'3C! 
ty the IOt•dsp&aker ilseclf. bcca-s.rse mcsl do 
the :S{!ffie lhms and O\ln't pr~s.-}nf a c.ohet<:fnl 
p1crute b'.Jt ~a tta t..tu 'ed ptogramme ... met(! 

bass ovtpu1 mi~ht be. say, sofl and distant 
wf'l itSi (reble •S bnght and f()(ward 

This s$)h! 1r'1 quality anrl re!ativ~ teve!s •s . .as · 
usual. fai tty vtell ccropensatoo for by the bra-n 
after a sllort learning and ad1ustmen1 pcocess 
Since •t ts so commQO l.he effect iS .atso toJef
.ated .and on~~ does expec! 10 adJu~ to a l 
sp.:aker's own pecu)iac SO'Jnd quality, The 
most immediately stri !<ing ieature of the UL6 l_ 
af'ld t t':.a C:'lA that caused it to so!Jnd f 
su~dor to a li Olhers on 1ha1 g roup lis-le(Hng I 
test descnbed c.a!het 1$ :h.e fact 10a1 
adJ~•stmenl haroi'y seems .necessary or C·1~ -

tad ,or. ll~f-e ~ren"t ·sp:lt$, $u.,:k-ou1s or l 
1nbafan.ces. Tt~ tteb!:: d<:l~~sn'1 le-ap otJt o r 
d!sappear and yc.; Oon' l have to Oec10 e 
wtt&mer yal!.l hke ~uch·.(:lfl(l.. S..JCh a11 effect fY 

oot A.t a t (oad !ur.Or\m-cmat je1;CS the UL6 
)~•st tm.r.-ds vnt:s::..:aHy righ: I can.:10~ s('ly 
thai. behi:\(J !!'Hs· o .. ·er.au fe(;)•: t::Q -:1~t;, ;i <:•lt:
.:::sms are i"litcSSib lo bi..lt 'tie- UL6 cenairHy 
transcends 1!S pr~ce ca:eg<.'ry tlr·c! 'ar.'lOl 
b e "r; ;:>roacred, 1 ree!, by m0$1 spe~kP.-r's 
costtog aro;;s'td t 200 OJ loss. 

ff Y':>l• wam lv ht:a t a s;::~al<.et W1!tl t!';9 ·.• ... l'lOlO 
of t!'Kl aud.o range present and transmi !1ed as 
.} smcoth c::>h<:renl whore. lis1er. to tr.e t;L6. II'S 
as r:hmHled as any .:::·l t~1e b-est soeak.£lrs bu( 
cccesl'l·t ac·"l!~v<.: l!'tss by ra.!se tmper .m:~tA.~J.r 
o~ lr<}b-!€1 pfCtnHl&!tC~ An ABA (A~,;)(,hary Bass 
Rat1laton i ~ used tc aygment bass re$pc;;se 
a:1d !or lhe ltr f-1 !in1e 1 can rec.ai! tt doeso·~ , . 
plOd\JCe SOt;QY. · ,ndFJ!in:t~ :)<ilSS q cali!y. The 
f!'\<l!O .... 1!'-akne:;s 1 fe:l was some wood<:f! l"!asat~ 
ity •f"! ~·O<:"a's O{.:t th•s was 1M o.niy iorm of 
('.O!(Hanor< easi!v t d<;~t!!: :Jable. 

P.:_->r(:ti$Ston m;;ln.:ments .,oi~ r~ t.stonssi'n f'lgty 
power!u ! and rt?atzsbc to• a spoakercf tnc sil.e 
a:'"ld perhap$_ just ~ S·Xoft :l am:>'.All o l r€sonanl 
bOOm ~onlnbuteo !O!h1s very largt~ and exc.o,1. 
l~fll ceffcrmarv..:o whrcl'l wdt 1 assu:e yc\J 
t•)akfk a ma•t:::fzty ot bod~!;t equr ... afcnts sound 
lzl-<~ :1~cutcr~d cat~ t•··!)ICtl they are tO sp1!e cl 
O(mci 'Oy some that rca! oass C(ir! be wt\l tJgnt 

! tfotn a 1at1eo up $h<.X!. box} 

! Extremely g f' 
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Now listen to this .. 
'Ve don't. expect you to take every thing you 

see in the hi-ri magazincsahout sneakers as 
reacl. Rd)'ing. OJ) someone else'scar:; - even 
when t.hey are as expert and sensit ive as 
PhiHp tv1ount's- isn't quite the same as 
getting the ' 'message"' firs t hand! But we're 
more lhan conlidcnt that you will iind very 
little todi.sa.grccwithonceyou 'veheard the 
UL6 d•rnonstrated. 

Celestion 

Gvhv o~ta~ne of your-=t~ocdso~ I ta(X!s along to a Celestion dcak:r' and listen. 

I name 
1 address _ _____ _ _ _ _ _ _ 

I 
I 
I 

0 7 l $.02 
Rola Celestion Ltd •• Ditton Works. 
Foxhall Rood. lpswidt. Suffolk)l'3 SJP. 
Td eph<Jne: Ipswich (()>IT.~ ) 7.l l:JL 
Cables: Voict.'Coil Ipswidt Telex: 98365. 
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Reproduced Itom PraciHal Hi-Fi 5wpl."77 

Celestion's UL6s 
Jp toinis point you ccxjia say the products 

described are competent by p-'cseni siao- 
darris. c-r even very good Ce'estion's JL6 
loudspeakers hooked up to ihe end are une- 
puivccabfy the oest bodgc't loudspeakers i 
have heard c in some particular resoec's 
the Cesf nxidspeakers i i-ava i caret .vtthoul 
ihe Qualification ol price Around ihe lime oi 
their mtroauciion a smau group oi aud'O ;our- 
itali$ls was asked by ?-r irttDurte' o! a certain 
•-veil known Japanese brand to give opinions 
on the quality o' a 'oudsoeakc they were 
aboul to import £or :on;oansOn about eight 
pcpular Britrsn loudsoeakers nad been 
assembled and connected to a ccmparalnr 
At the enp oi the session there was cne pn.r'. 
on -which everybody se- -ed agreed and Ida! 
was the (act that ileleninr- s U_5 appeared to 
sound sigoiliearilly stnopltio'and more evenly 
balanced than any ot the oa-er makes Since 
the difference appeared &r: grea' even 
apamsr signJir.anlty irce ecpensive mortals 

1 at toast wonde'Gd wbother mo oaticular Irs- 
tening oocd.i&ns had oyaome Quirk taWiired 
the jL6's bv an unusually large degree 

N'cw, about one yea' *'<:I i 'md that <• •.va$n I 
prcwidernTfl ard Iha! the spcakd' easily beats 
most others into second place by uncanny 
ability I' was suggested :n rrn ior instance 
and ! trunk tn.s is irje thai I'm IJL6 car- be 
reepmrnefldeo irrespective oi tasie Because 
it's so cttnoictoiyfaturai an;; i-eu from ma;oi 
imbalances c delects I be-nevc most people 
v/culd admit to i liking n and ?— tirc'mg 
that they could I've witnlht! un.l iv> ciaUer wiiat 
they hac been previously •isi-d to. AccccJmg 
to taste. vOo may preter another loudspeaker 
with Us own oecul ar sound but ybJ wouf: 
have to admit thai this sounds -ighi 

I! s ccmmor-wnen describing Ids sound rj! 
a loudspeaKor to sput the audio band <nio 
bass, midrarvge ana treble regions. Irnjnoeei 
with each separately This is often provoked 
by the loudspeaker iis&H. because most do 
•he same tniflg ard dool present a coherent 
oicturc but a fractured p'oya^^j .^hc.-o 

bass output might oe. say soft and distant 
whilst feole -s Dnght and forward 

"his split m Quality and relative levels is. as 
usual, lai'ly well ccmpensalcd for by the bram 
atera snod learning and adjustment p-ccess 
Since it is so common the effect is a<sa toler- 
ated and cne does expect ic adjust to a 
speaker s own peculiar sound quality The 
most immedialeiy striking feature o* the UL6 
and tha one tnat caused it to sound 
Supanor to ali oirers on thai group listening 
tesi descnoea earlier is me fact that 
adiustmeri hardly seems necessary or ca'- 
ied for There aren't splits, suck-outs or 
idbatarvce: The -reDle doesn't leap Out Or 
disappear and you dooT nave ro oecide 
whether ycu like sucn-atid such an e'fect c 
rot At a b'oad fundamental 'eve' the UL6 
yus! Sounds unusually '.'g'',1 I camot say 
ti'at b<Mi«na tti's overall ice-rg detail dii- 
cisrr.s are imccssibie but mc- UL6 ceaainiy 
transcends its price category onn cannot 
OB appr:iar;he{3 I Ine! by mpst speakers 
cosimg -irouoo C200 Q; less. 

if ycu want t;> hear a speaker wim Iha -.vto'-o 
oi the aud.o range present and transnnned as 
a >mcotn cone'eot whole li'ten to the JL6. u's 
as detanea as any of me best speakers but 
doesn't aci.uvc this bv rai$e upper n-.idrange 
ur treble prominence An A3R (Auxiliary Bass 
Pad'atoo ? used to augmo-m bass response 
and for lire lifst lime I can r»cai! doesnl 
c'ccjcb soggy uidHiunte oass duality. The 
main weakness i let v.as some wooden nasat- 
,tv rv-.-a & Dyt ihic, was the only form ol 
•.iviotauon. easdv cjeortfiable. 
Percussiori oiif.ir-enis were asiomshingly 

pcwerluiand reaustio fo'« spoakercl me size 
a'.d pemaps just a sma i amo-.-ni of resonant 
ncom conlrRjyted 'i- this very large add exco'- 
't'ni performance' wfveh svsli I assure you 
make a ma-cnty oi buayut equivalents sound 

1 ko uoutered cats iwinch '.fioy are m soite of 
oetiof oy some that rca; bass can be wrought 
from a larleo up snoo box) 

j Extremely g 
It was litfe loudsi 
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Now listen to this... 

k * 

o 

We don't expect you to take everything you 
see in the hi-fi magazines about speakers as 
read. Relying on someone else'scars even 
when they are as expert and sensitive as 
Philip Mount's isn't quite the same as 
getting the "message" lirs: hand! But we're 
more than con I idem that you will find very 
little to disagree with once you've heard the 
UU) demonstrated. 

Celestion 

Wh y not take one of your own records or 
tajjes along to a Celestion dealer and listen. 

name. 

address 

RolaCelestion Ltd.. Ditton Works, 
Foxhall Road. Ipswich.Suffolk IP38JP. 
Telephone; Ipswich (0173)73131. 
Cables; Voicecoil Ipswich. Telex; 98365. 
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NOW FOR THE MICRO-PROCESSOR USER - A LINE PRINTER YOU CAN AFFORD 

THE I.C.L. 667 BARREL PRINTER 
150 rpm x OS WtKtert. 8 4 ASCU Cha~lef re-penoir~ . Formi1 CO"'ttof. t flii'IC)Ut to hamtnet$ .and TTl QVtPW from ~r•~* •no lf'ldtlt 11\fta r<td ief\SQis S;.;an~tO 
l~V Sl"'fiJlt ~MOtOf~. AtuatllW flh:eglaS$ c.aJ'e Silc onty 28 • 29'h 1( I ''h"' 
GOOO CONDmON- (12.50 Meh As New US ..ch. Less HatntnOf 0flWf Etocuonicl(htlncesile1 3,; 191h .- 12V~~1 t45 e.cf'l, Clrriagt •'1 un.t! ci.2S. 

Tt:KTRONIX OICIUOICO,.tS: EX-MINISTRY OSCILLO- FURZEHILL EX-MINISTRY AUDIO 141A woiJ'I G PtiiQ II"! CtiO. 145 Nitti C4 r-lug.-in £200. 541 M~on 
tr• ..... s.I1A Ytll'lfttiM Sll ... oth$2 ~g·on £425.U1 wo:b 4$1 SCOPE CT436 GENERATOR 0 -20KHZ 
(..350. 

Double Beam OC·6 MHZ£ 120 Sinewave output. Metered. 600 Ohms. 
SIOOUI O'l.,._ltto ~CMIOOpept a.W:tys ttwl.ngong. f"'¢.:.1"11!1~ 1}-N:<I!. Size 16X 10X9" deep. Standard mains l'lu~ t.~l\ol t t'OI .ol<ln.,.r"~· 

SOlAAT'RON CDt740 Dl!l•3aB 60MHt So!ir. $tAte £375 @.llch. MARCONI TF801 D/8/S now at £15 ea. 
TEKTRONIX M7 3~8 50M Hr ( 450. SIGNAL GENERATOR TRIPODS MARCONI VALVE RIISAIIU•O FroQ Spotlmrllch 6N48JO\ £650. VtrV good ~OI\d 1tiot~ MA"CONI Swoopor JPI 9 (45 "*"; P&THEAD . VOLTMETER R.IPOlYICOP $\'1001 t 410 ell. £42$ uch 
MARCONI OICILI.OICOJ'E Tf t 33(1 1 S YiHZ t70 !:!lith. £22.50 e•ch TF428B £15 ea. TtUQUIJ'MlNT Oti,•IIOtcOI)O 033R 6 .\4H:Z £.0 Nth. PICK-A-PACK-t4. J', O«.i!IOScQ90 1Ypo 1858 C100 .ac; ... 

DEC. MODULES AOVAHCI Mii.UVOt.TMITIA VM78 £50 No:!). 

50 PENCE A POUND TIKTIIIONIX OICILt.OICOPI tvlJ~ 502 Hogh goaotl l""ihid 
~ih(lll ftcl\ M8357 M7264 M7847BJ lX>MINiiTIIIY X lAND SJ'•CTAUM ANALYSER Ct152 (M.ar· From our .. Pick ·A ·Pack" area M8655 M7228 MMV11 corl Ht03&) & SQH~ 10 9 . /GHZ J'ow~t t'l:t~ : 11S•2!.0V weigh up your own components. -'$ GSOHZ p_.ChiNt.< CIS Meh 

Prices and ocher Modul.s •vt~ il&ble on application J.A.C.. IUCT'fiiOfllliCI JAIQUINCY MfTIR ~·oe 331. Hl tO J No restrictions on whal you take. 
Gtt:Z "•I'd Ol.t Cll ..U. 
MARCOIIII IIONAL QINIAATORS. f:1eq nng• 10-4:iOMHl * TRANSISTORS/DIODES/ * l~ 1~10/1/$ 1.110 :::t' O.O'r,..u.!(O 0 • ••vr•Tt•$ lOV ...,.,. 
MARC.OIIIIAMJ Pllt I tON GUUIIATOR lf20028 t17S •n~a~Mr ·•~· · ,.,.. ... c....,.......,. RECTIFIERS, ETC. r-M t AM IIOIIIAL O INUlATOR type A-. / U SM 18. 10 10 

___ ,, .......... 
•)()I.(HL ....,.._, •··••,ur tJOO eldl Ill." 4h"V • 0;011! ... H.•(ltt A!< lS .... .u.·tt ,..., G...-.-.~."'J lMt ~ ~ ... · ),U.-.""CJt 
Htwt..rn PACKARD OICILLOSCOP£ 1 '1S4 DC-50 MHZ Oo<.abte ...01'MAMCO,t0• IO ___ ( • .,_::a "69 -4:1-p~ 
&umcsto .,.!\~M~PC:Z.20. 

.., 
~g~~-.. 2~~~~:~:.~ ~::t ~)·,12.·;:~~~: ~;;;· aJIIU['L. JUot:.- Aucoreo*Vib-M41'1k~~ f~ 10~6. S~·.V•o/'C! 

-..o ,.00!\ S,..Z tO tOJCI-tl l 12.5 e~ •TtU.r"Oiil.t.. , I'IMI 0.• ""• U& S;x.o,. O• ,_...,.,. 
BA107St. SVC83. l-.4011, f $81 ; l:hS0-¢0, 

AUIMlC WAVI ANAI.Yilll 'vPt 748 £.40 t~.ch (fJO ~ "'""'"·'· .. '~ il...,l.,._,)'~tl4.50 :.t 10p~, .• 
POLARAO RIECIIVIR ti!Odd fl~·62 00-r"~e 1·10GHZ £311. ... "&""' -" o""""·""'~ .. c-, ... ........ "'"Lt SFX8!>, 1t-.4733A, SN74$1N lh')U0 1 b <V 011'>A MARCONI Wlo. RI"Cff O~llltot Tfl370 rr\'q t~nge t OHZ 10) ~~rns"s .,.It 'OCI ~,... "·'• ............. . ,y~o "· lh'Zt:> 1Sp et fiP'JO 20p ,., 1 P34A- lOp I'll!. BO!):U:J- 40p $ill. lOMKl .$hfWI.,.O I0HltO 100KHZ Squ••,\\'II'~. H•gn"C~:PIIl$"11 

TUlJ'HOHl t.ltC ... -.10110 ( 1 , IO I !lowly""""".,"' ~ .. l+ooavt 04ily 8oidg~ A.cll1•or - 20p • • l&A810S - 75p 1"<': 10 31 611 Good Vlllo~Cal £tO •ct• ('>tllllf toni" ....... ttl. C.\31:Z3f - t1 N: DOYiib - (1 ta l UI 0-' - t1 "' :ZN30SS -MARCONI ADA,.Oft TW\Ht3 fo, 1f21QO, TF\ 3 13. Tf86688 40p N. 
£20e:ll!lh l61A580C0(.Z. IIII 1Nli43Sl " 03 run mount 10A20.0p1,(11M AIRMEC4 t•teuc:oo• l '(po2,9 laro.-&e•e!:!n U5. I Uflflt.Uil - I,_IINO NIW - IIE,t.ACIMfNf Tu• u 2N!i8J!l m th ?N$8$1 MOIOfOill 150W Comp p:u1 f2 f)l 805~~~;. I MARCONI nt4U DIITORTION fACTOR MET£ A govon.g ~~ O'I'NAMCO )100 IUUCIJ OIJC:U..t.OICOI'EST'I'I'I! 50538 Cum;~ . ~~· 7tlp nr 
$11!f~tll~ 6-.JfO/hOI\ \Ill I dlfotiJy tllht!liUt!:d dolll lll'ld w'l(IUd!:!!o' lf.OY . III IM.AR 01Joi1QM M<lil" 1- Q A I<&M<~IM $<*'' 'o\',_""'i: lirNrAT D 709 - 2Sp •11 'PlliiOU' C~o.'ltfllt W loJOKIIZ £28.10 o.'l llond,...<l•l'l)(llo'l'l. • lttc!.JIIII J "'G if IOtr • - lllt (oH >< 

l~h Speed VO'I ~(l\! CO•"IN'410f 7 10 - 1lp ~~~ MARCONI I'ORTAel.l PRE.OUfNCY NI£TER H 10 :Z611 l 100 !.o11• '>¥•'f \ b1
/ tM Y 5ft'tt.,¥1rt4VI CM ''"""'""'"~~·~ 

10 lf:i00,.,J1~ Vtry f.-!14'e:On(llll(lt'l US. Tf1028:4M 2-'GHZ U5 $11 MO!" 13'1" Pti.? {o:ri'I Qfi!IUi:l!•· •:; 
i~-<IS II A "'IJf;.! Ali ll!'ol'o\111 r Oll T .. [ OVNAMOO ~ ·Ot> PINNEO HEAT SINK r>IIQIII JO:l- S~tt4!4•· x 3'' x ~%"SOp COURTINAY MAJOR Mil, 2. 250 iovl~s S ou1po,tt$ C$11 ~I! lSC-1>"1 0' ltlf4~ JQilt , ,., tll(,liHJ".AliiV P'I.\NS!$f0fl; 

c:ombir«<12$0 f<l\lltt No h....cl' UO. $COI'f IUI~OI~ A\ t fiS • ..,, t;.o'"t?J tt 1)0 ~ 0~P 75o 
III.HOOI li ICHWA.R% Tvrn!abllll lndu::no"9 A~pli'i!:!t 'IJ8M £711. lor"'" 0\I'C,.~ot• • , .,., N"'-'"'~ .e. ... t~..o.. 
TtKT .. ONIX 180A T ofi'IO MDli..IIQ G•f'o$t!IC<Jt tS-6. O!SK5 ... 1h l'v•·<h Ruder "" .. '"'' 11 •d ICo;>A~oo•u S01nt A.SC 1 1 
AHODIE .. SCHWA-"Z J'OWIEIII METIER. BMtO.!N 2417t 50 I' ...... T ... ...-111' )..W ... , ol'lo ~ot(I,Mf.> 1'111' f~l 

V;,n(t.(l mo(,ler, f'Qr-! (200. .... -oTOMULn ..... ll• r¥1N ·~)A U..., ,.,. I)O 0 ... ~. Yz" MAG TAPE MA-"COflillll, li'OwtR M n iR. TF1020A/l 7!. ~,., £65. r'"""""''~ 
"MOO I • ICHWAAZ Po.o. .. SIQNI G-61~ a~ 100' 1COKH.t :::-·:-~w,':'':.~::U. lY ~~-~-:.. 't,r ::J' ~¢oa. i .QQQft ~owu,...,.,.,,.,, o-stoorteat• 015., 1030'Al1ZU.2 ... ' '""' •ooo ... ca.••·~· ~ ..1£RROLO SWUP OlHIRATOR ~A t115. I.AJIICI ........ Of (liCT.Ofl,UIC VOU'follTlA$. roRnnvou autLotA '*t•e»CMl • :no 1.:.x a~Scr~~;£9-Tti.ONIC: lwtiPIA IM-2000 - .._., ~ .~~- - UMe" ~o.liOOVr o,. .. Xtw~ ~-;~;,_,~ -

~~--~~ =..m:t=:=!~=.~:Ooa ~~~~':"ou-:·~L• ~·: -~-· t.~ toot PlROtC 100017000 - ....,__ 
MAJII:C.ONI Ht7Sf...,. Rt"''l•l\meGen. (18 $11 -~~ 

LM,r • .-..... uo..,.t.•s ,~ .. ,~,,,.,,. ~ t:OWAJI08 HIOHVACUUM PUMf'S 1SC30 t50,ES35 £.0. ~UMOU.,...St »-.,,.--, o- >~" 1 ~ ?~U !U. VDU aoA.-O ASSl.M8LY 
MARCONI $9'M11 G--.* tfet01 8 13 / S £110~th. MeVIIIfOU:f'MAit II(.'Ao.,.-4:<vUUA. t11S. $ ..... -ebo41"~hllQI'Ol 12''' • , .. - 011 DO .. Ifilfl .O~tiroto-4 [llf'O:JI~~ -..lt. S. fllt.O HR(HQTH Mf'ffll B-N1SlXhwf.t,AM~0 l :C ~"'··-'''''"'""'"~...,.r,. e._,....,,_,,._ ~~ £0 c::"WW'Kwtl • ~· ._, 14 ASC\ I t"~fi~:'le--s ftu.fwt'~:; 
3 Y~zt111. vur~• 32 «~~'ltf:l l.o"P>O>!'~ N;v.uabht b."'id r~ote: tc~ard ""~Wt: 
H.P. UHjt-OlNlRATOa Modo! 612A..t50.173o MHZ USO, 

* SEM ICONDUCTOR PACK 
~.:al vn-.IVO~< IfNt.; tt"O.I ·t-• .,. IIV •ntt - llV lind :an~ M-04 , ,.d 

H.P. WAVl ANAI.Yiflll tV00302A.£150, lC-e'o'.S.:Ofl Ql "~ .... 0!1 101 G~l."'lftod 10) {lf0Yide- ill ·~ t•o:~<~:tt 
R. a. t. awtrl' OCNI!IIATOR 9~4242 l.ii>KWZ·1 2'WifZ £ 11& Q .1•t11MC!Od 1UII ·~ 0\tv<e-l m:.ke up !Jut p.co;; : :;:ure Sll{)l)ll!d m ,n fOfl'f! (•! coM;ao.,en•• ,,,pl);ut(t~ ttS. 
'K> t t.Q lafjO qllltll1ot .. ~W.I'•M U\0 iMI.olll •~'<'flo l<':lin;1 Aunm~t"'-'~nlc:d £147.SO, P61"[1 .7S 
KAY IWUPifl \ 6MIU.220MHZ CWO• S"''"O £12.0. 10 o...-.e-o1 lot Ct P&, 40o 
FUfiZEHILI. V11l.,.t VOIII'M\Or v2()()A, C2$ ~1-. ..'1'\'lfllt>N~ TELETYJII! ASA ~.) I!{WI ( 4 150 
PowtR UNIT 31(\1' Sla~uhJt~IJ US •li(:h TEUTYPf KSA.U C::US FENI.OW Lth¥ ,_'0<1 AlllllyliOtU ;tHZ to ll<llZ U S. * I ,C, BOARD PACK NON4TANOAAO KSRU C9 bUIO A$,1 ~ 20 ,\U. Ior:-;~ - t>v1 , , .,11•J REMKOI"I SOl B&K.tlt)'wolltin~-tllbe 90011 ( 75 .. 50 i C s 111'<1 lllh4«' llttful to"'poron:r. '*"' (:1 i'$i' ~t fl: { J l(l!l IIIXw\! 1tllndntd 0 1•'1 0 .umo OI IM 1'r 'l"tiQI$ hjJo.,-ng t~:n H.l". P.AtO. CONVI!RTIIIItype 62 2e (50. ,., rt!M;.llf::l. C2SO, 
S.T.C. OISTOATION llf 742523 (6$, T£UTYPIE 31RO - +'1(ll'll~n C120 e4<'1 

~~:~~'i~.~~:~:a~~~a·"::~~':t~~:~~~~~L~~~l MUUARO 'BIUMAR OSC~llOStOfE TUBES 
TELETVPf35AO M!IIC.I t 110 •oeh, 

8RAND MlW IOXED- AJ.L RlCTA"GULAR 
TllfTYPt: 3:5RO t.l~Kl - whn Ill 'Nit• , t.Ctl04'1+< k~ybtl.'l'd (37~ 

OSCilLATOR l0331i AICI IVlR l O,. J. SWEEP 
~, 

OSCILLATOft 3Wt38b1•: TRANSMITTER l OS· I : LfVIL 01<11.121 Ottfft 60V.t;, 'W' 4 1V/ CM £45 • • • A.f VITFIQN P-.OCI!SSOA t;OI'._'tt+"P ol VUU *" n rn~!:!l!~ n~fO)• 
TRACER (0 ~pltv~ 3034h1D. CAfUUfA fR I!QUINC'I' fboYI:' tiUI P1 PlrwltP"Oot Uli • • • Dt'l48GM Pl 'l'~il)'l. £326. 01111 001) 
l EVU M ITI Tt "" '18: I.IVU TRANSMt-ntR IFP$-H , us . .. OI0·2t 0Citt132 c•o u. c.-.. ~~~~ , :1 MfLCOM 83 S~tn1w11'1 •r!oo"'l"oll-<1•· (421, 
CRT INOIC.ATOIII "''til 1'1.1?-int SG· 1: SWEEP CONVE.RTOR 11.11:!11$ (1 .75• .. Un'ON SYSTEM "'""00 - U?l 0' c'let 
'-"U1 .. 
<lt.'!CJ ...,.u ~~. "'wnoJ" once n20 Pfl' IAI4. R~iQn too- COSSOR D$CtLI.O$COPE CAMERAS BACK IN STOCK -- ~~eo ... et ... "'~" ~Oiell!t & 'h,.~ c12 

U1D IIAC:K LlO.tlt..._Jonft(;HI s .. ~r,._,,S,.,. :So. + OCotfstt -.dl. O.•••'"'Joo ( 1 7 s CREED 78 TELEPRINTERS -· TH E CHEAPEST WAY OF GETTING A FUll Tl'""'OIIIIX OIOrTAt. UNIT. fvoe 230. $.;tl*b (100 SOLID STATE TIMEBASES OUf[AAI..IlAOIO t'ULit: SWtiP GUf. TJ'PI13918 HO AlPHA/ NUMERIC PRINTOu T FR O \I YOUR 
GI:H(I'IAL RADIO. O.C.U...n 1 20!18 250--$"20~-:.is. EM! ~ e,..AAQ( IJt 'USH VA'fl.Jfld::TUftUtS MICRO AIIIIMEC AM/ fM&tG.. GlN. I}'Oit.:.07 200Krtz OMHt £300. -._~, ,..,._~T.,.,.,.,<oceowo.ag02 

Large Mint$try purchue l'f\&biO:s us to otfet rttese a t R.Uttt AC..OC VOI.lM rfllll. ~8038 rto -...c-b. .-..::"010(f. l)4ol tn~ eo & Mn pet em .,. 23 ·~ 
W000€N C..V, 11tANifOIIIMU$. 23:)11 ~ S.SV !.A~~~ Jlot!"'AdOoodt,;r."''""" 8 ftOftlP'11MICOI'ol'o(llos J) £25 each u-. lr;w~o.,.~l • ~oil "'"'t..,.. S k t'• .... oc:.~d 
Alc:AO c•ua 40A"W ~vi>A f l'4 Sitt- <lh -.; 2':'> " Sl" "''9~ ltMI I)e,.._ $rt«,6V.. .. 10 "dwp Gv,•:.l"'te-td ,,.. -:;-s _ • ., ,... """"···• ........... '•o "'"''" ~c a.:: ..., . ~, Svpplood leu ti~Mt tt Neh, P&.•P t 1. ,&, ~ln!oll.1::r1., ~ I'Wiw "'O"_..,t ·"'a<l m.arJ•.-ctv••·· , :.SC11 rQ,._:,DOt Cl"''~lle-t roo t'O"'O' "0 111 .,.ovr oroeu-.·I>'O()tn;;· a.-ool(_,:t l!t..O VIICOMntR Molloe'! RVt (IO"'P"'t" w-11'1 1 SPIIKiiRl ~ct~~g -,g Coll'lf),.$1 .....,~h "'"t me 'y coMpte'*",. l"11'$e ;.~n!l" Mt l"•OO!WIOt ~nl~ HIO"O 1N41Ait.h Cottv•'• "'.¢:Vded & !illlnll For 130V SO Ill As new U 7$. ~COCI'!' ol "'""~WI (17 .SO ••· Pll,. (2 !.da(lulJitC!I., O<t~,;kt(t l:;~l)~••ll~tll fill41 IIUI~· I01 (J 75 

A lARGE QUANTITY OF MISCEllANEOUS TEST GEAR - CHASSIS UNITS. ETC .. on view at LOW COST 
Mm·•nvm , • .,~,a,l Ol<lt"r (2. Exce$~ PQ$li1QO rtfu n(ltd Unlo .. stated pie .. & add £2.75 cHHl'iage to • II u1lltt 

VALUE ADDED TAX not Included In priCCII - Ooodt A'llllr'kad with* 121Jto/o VAT, otharwfte 8% 
O fficial Orders Welc:om~. Oow.l Educational e~fl.,, Authorltlea, et~ •• otherwi1e Cash with O•·der, 

~ 
Ooen g t .m lh S. 0 om Mon. 10 Sat. 

III CHILTIIWEAD L TO 
il9 ART HUR ROAD. RE.ADIN G, 81RK$(nalr ltch. Colloge.l<lng•a R~. Tol. Re•ding682105 

114 .VIREIESS WORLD FE8RL)ARV 1978 

IVI n%AI FOR THE MICRO-PROCESSOR user 111 VIVV   A LifviE printer YOU CAN AFFORD 

THE I.C.L. 667 BARREL PRINTER 
:50 p!>i X 96charactefs; 64 ASC'i Cha'acie' repenoire; ^oimai control. 1TL input to hairficsand TTL outputs from cha-acteranc index infra ieo senses Stjndarc 
?40V Single Phase noiois. Attractive Fibregfass case SDnon y 28 x 797? * 127?" 
GOOD CONDITION - £62.50 each As New £95 each. ess Hammer Dcver Elocironics (hence s-ze 13 x 29',<, » ?■/,") £45 oach. Ceniage e l units L;3.2C 

TEKTRONIX OSCILLOSCOPES 
541A with G P'utl 1 El80, 645 wish CA PlusJ-io £200. 847 Mam fta'n- 581A Vain f'ame 885 wnhS? P jg ii £426. 661 with 4$1 
t350. 

Siocm cf benei as-: iicscapM always clur 
Flug-n urns cot -a <1 ssp-raleiv. Fill I 

State C37B each. SOLARTRON C01740 03 3BB 50MHZ 
TEKTRONIX 847 333 50MHz £450. 
H8«S Aua'io Finn Saccirngtaiih BN4830' £650. 
MARCONI Swcopot IF:<)90 £45 wai 
H 6. S POLVSCOP SW091 £450 ea 
MARCONI OSCILLOSCOPE IM330 15 V"7 £70 each 
TELEQUIPM1NT OscilloicnpB D33R B VH2 £90 each. 
H.P. Oscilloscope sype 1853 £100 csah 
ADVANCE Ml Lit VOLTMETER '.'V76 £80 each, 
TEKTRONIX OSCILLOSCOPE Ivoo SC2 Higl- gem I 
ba.iCv.-dr'i £185 each. 
EX-MINISTRY X BAND SPECTRUM ANALYSER C""' SC 

■Hid 
I Mi 

iDbt I 1 5.-250V 
K7 

£1035) 9 5GH2 to O./HH? 4$ 650112 Pan : imanc £85 nach 
J.A.C. ELECTRONICS FREQUENCY METER lyco 33l 
GHZinend Ol-i £55 o«isl MARCONI SIQNAL OENERATOHS. 'icq 'anna •C-470MH2 
Ivp; Ifa01D.'l/SC260«ch. MARCONI AM/ FM SIGNAL GENERATOR IF70O2C £775 
FM/AM SIGNAL GENERATOR lya- AN'USM 16 10 10 
470MH2 I t led Quantiiy £300 e<toli HEWLETT PACKARD OSCILLOSCOPE t 754 DC-50MHZ Oc-iblo 
Beam £190 Wiih delay a-np £220. 
BRUEL£<KJOER Ausocna'.ic Vibrai-or txener (yo- ID'S S ncVVayc sww-a Com 5H2 so 10 KHZ £ 125 isacn 
AIRMEC WAVE ANALYSER Sypn 248 £40 each 
POLAHAO RECEIVER Model FIM-B2 COTp -le I 10G'I2 £325. 
MARCONI Wide Kanse Osciilnio- 7Fi37n Freg 'anae sUHi to iDMHZ Sinn Wave'0 HZ so-CO KHZ Squxrr Wave.'h-ph easpus. ,.a 
1031,6V Gocd va'joas £90 aaoh 
MARCONI ADAPTOR IVf-'IS 'or 112700, -F1813 "Fa6636 
E20K»yi 
AIRMEC 4 rr^esccoe 1ypc279 Lflroa SCiyen £95, 
MARCONI TF142F DISTORTION FACTOR METER giw.io 
percensoBe C-iwotii. iyi * diroclhy Caliotascd dial and nclud« an, spjncus coTno-iB'iis up lo30KH2 £29.50 an 
MARCONI PORTABLE FREQUENCY METER TrlOZS.' 11 TOO 
SO 160MHZ Very f rccordnmr £25. "f 10Z6MM 2 42H2 £35 na 
COURTENAY MAJOR Mfc. 2. 250 joules 5 ouspiits C«-i Oe 
Cl-mbired 125O|0ul«a Ho'leads £30. 
RHODE Si SCHWAR2 lunsablu rndmasmn Ai-lplKiyr UBM £76. 
TEKTRONIX 180A TimeMakmg GBimtSfot £56. 
RHODE 81 SCHWARZ POWER METER. BNRD-BN 24-, 7-50 
£50. 
MARCONI RF POWER METER. IF1020A/ I 75 ohm £65. RHODE S. SCHWARZ Powe-Sipnal Generaipe 3H41 CO' ' CCkH/ 
so 30MHZ £325. 
JERROLO SWEEP GENERATOR 900A £165. 
TELONIC SWEEPER SM2000 - nnmy n joinsava abln - smi- 
tiBQ.'lno- lesjuirec bKwcen 0 to ITO0MH2 
MARCONI CT44 Wast Mnmi 0-6 wasls £30 ea 
MARCONI lie/if WiSf RB-ige Pulse Gar. £18 « 
EDWARDS HIGH VACUUM PUMPS ^ SC30 £50, ES35 £40. 
MARCONI Siflnal Gere-asw 'F30i B' 3'S £180 each 
R. ». S. FIELD STRENGTH MEIER BM 500 with Amonns, 0 1 !t 
3 VII2E196. 
H.P. UHF GENERATOR Vcdel 61 2A15CM 230 MHZ £350. 
H.P. WAVE ANALYSER lyce 302A El 50. 
R- & S. SWEEP GENERATOR a'J4?4? 50KHZ I2MH2 £176 each 
KAY SWEEPER 1 6MM2 220MH7 CW 01 Sw-ep £120. 
FURZEHILL Valve Volimeset V200A €25 wch 
POWER UNIT 3KV SlaSilisec £25 escli 
FENLOW LowF-eq AnalysofJ ,3HZ 10 1K<I2£75- 
REMSCOPE SOI BasWy woi-ira - sjoo QO-KS £75. 
H.P. FREQ. CONVERTER lyoc 5252eE50. 
5.T.C. DISTORTION SET 742523 £65. 

WANDEL 8. QOLTERMANN and SIEMANS EQUIPMENT 
LEVEL OSCILLATOR 3W5ia SWEEP UNIT W2 1. LEVEL 
OSCILLATOR 30335 RECEIVER IDb l SWEEP 
OSCILLATOR 3W533tl8; TRANSMITTER IDS-I. LEVEL 
TRACER IDisplay. 3D34abla. CARRIER FREQUENCY 
LEVEL METER TfPV 76; LEVEL TRANSMITTER IFPS<'.V 
CRT INDICATOR will P-.g".y SG I; SWEEP CONVERTOR 
WU 1 Otnc L.nts .iv.s At;!- Average price £120 pat h-ni Ruilinstisn far 
quartMv 

rm Geh S' sw.-Sa -FOColfu-l FEED BACK LTD. W 
£60. 
TEKTRONIX DIGITAL UNIT. lyp- 230. Samrb £100 
GENERAL RADIO PULSE SWEEP GEN. -•„>« 1391 6 £90 
GENERAL RADIO, 0»e. Unit ' 2C9B. ZSfl-SZCMeas £60 each. 
AIRMEC AM/FM SIG. GEN. I vise 40/ ZOOK'lr SOMHz £300. FLUKE AC-OC VOLTMETER. Modal 803B £90 oach. 
WOODEN C.V. TRANSFORMERS. 730V npul 5.5V 5A r..,!,/,,! 
ALCAD CELLS 40APH "vOO f°4 Size 0/. x JV, , *1" h/in Supclied leas llud £6 ooch. P4P 11.75. 
BROOKFIELD VISCOMETER Model HVT aimpiete w in 7 spinclori a nans Fb'730V 50(12 As new £275. 

EX-MINISTRY OSCILLO- 
SCOPE CT436 

Double Beam DC-6 MHZ£120 

MARCONI TF801 D/8/S 
SIGNAL GENERATOR 

Ve'y good condHion 
£425 oach 

PICK-A-PACK - 
50 PENCE A POUND 

From our ' Pick A Pack" area 
weigh up your own components 
No restrictions on what you take 

EX OYNAMCO Oicilleicopn IftWrRTIKS 30V Iriaul • KW Ouzpu. am 2" • 4Vi" > IV,". compwi. with clmrfttlOMlh O'/Oi' 
M h ftlURF - Oxi • . DVNAMCO.iO . 
Ofc- 

atANO -si.1. <■ •f.n i>4= 

•rEnpnoned £6.40 vu WMvti 11,11 TOe a-/.T> « '4®•_t -o.rt Da VI, C130 •nAhDsrrs onv ■■?,$ si, £1.74 P&P >ia (ELEPHONt tXCMANCfS. tfl 'x vninott^l^lien C9&. 

SUftPlUS - OBAhO WIW nEPLACtMENI IU»IS FOR OTNAMCO 7100 Sinitl OSCII IOSCOPES IVPf BRIMAR 0I341QM Ml.'« h 0 A lixmis'." Ssx • A'Oc Be<aiij|vu-6 . 'O,/- - uvi i- - i«ni-.v','V. cm ' icy . iv Cm ••xnexrdnxztxis 
w-o" 'J'" •Mis 'S 4 VuSI AS » ShMll 'OB T"t OVNAMCD '"it! •SCO*! 0P/3SA. fOft '-If niOti'l'/AUtV •'XVSii'Ot- SCOFS BUi.Kfi A' 1SS <U"i\yy ■; 40 

in'vh? ov'<na^>< v". Vj—iixi i- -""ex >'Ci to 
PAP8T V.c- 7-tOv . ,i m PHOTO MULTIPLIER . r* 
•BtCHIVX TRIMMERS ' i',ul &. <J.w :,4P ICO all C3AO. "/." /Sr MO ol " /S VOlIC 0" £24.'4'. LAHGI RANGE OF ELFCinOBIAriC VOL C..irOvZ"fJ,- ?l;-. Mv 3vv.. U"* £4. tl p.f KV. rsr 74: DONT FOKCf t VOUB MANUALS Si; i 

'0 -v £15. 

I.H.T. TKANSFONMtKS -hXv 240KV aiNOLE PHASt ZCxvA 240V SINGLE PHASfc •KVAOut 
£70. . £84. £176. 

FURZEH1LL EX-MINISTRY AUDIO 
GENERATOR 0-20KHZ 

Sinewave output. Metered. 600 Ohms 
Size 16X10X9" deep. Standard mams 
now at £15 ea. 

TRIPODS 
P&THEAD 

£22.50 each 

MARCONI VALVE 
VOLTMETER 

TF428B £15 ea. 

DEC. MODULES 
M8357 M7264 M7847BJ 
M8655 M7228 MMV11 
Prices and other Modules available on application 

★ TRANSISTORS/DIODES/ ★ 
RECTIFIERS. ETC. 

Suweniwd a|| luii SMC aavtoes Mvmiwmn' M^K -MI-, 
A: Bp each 
BCU/. 2N3/07. 7M4403. BCI'iD GC2o;. 3C2alB 1(03468 
9C17IA.B. BC4I3. 010 50132. aC2'2 BAX13, thaSF 
BAI07BE. B7X33. 2H4047.1 S6l: 2t<6D40 
At lOpeASt 
BFXB5. IN4733A,SN745'N BVXlO 1 !><V 0,36A 
RVZ'15p 68, TIO'O 20p ea, I P34A - 50p ea. BODSH - 40p 84 
Heavy D,,lr Bridge fl-eti-ier - 20p fa tBASICS - 75b ee 
Writ £1 es: COY55 - £1 en Bli: Q4 - £1 -4 ZN.3C55 
40p w 
iaA5a0::O£2«« -N1436T r03 Tut moLint" OA 2(i0pi', £1 >ti 
7NJB73 wnh 7N5S81 Motorola tSOW Comp pair £2 ;.r 8.0535 
HOSBSComa pa-r 7Spr.' 
Linee'At-a 709 - 25p y* 
("jh Speed Vc.laa» Comparaic 710 - I5p as 
H?.'* etna on all item: 
FINNED HEAT SINK 
na °'.P 750 iglii 'OS - St/. 4'V x 3" K I A" 50p 

DESKS vn'h 3i,mh fteade 
Vanouc(Vtf-laly t-ori £200. Some ASC"1 

V2" MAG TAPE 
Abbkh 7.COO H NOW 25p oach. P5P £T 0-5 lo- 
FORTMt VDU BUILDER 
nay- Vorneetiani ii.Bnliinl ■- lypr L'ML - 77) 7- 

lo- PEROEC 6000/7000 - anquviB* 
I Scm, 

CZ 7$: 
1 £9 -a 

• SEMICONDUCTOR PACK 
jjaraniced lull sr-.- -jevbei make up tin iw. 
'ho large quaniilieavi^r-eni ir." vahiei -n.-yi tying 1 

60 ae. far £1 FSF 40d - y-v 

50 i C 1 and I.C. BOARD PACK rh.v co-nporenwi£1 
75c 

'SR 

MULLARD & BRIMAR DSCIILOSCDPE TUBES 
BRAND NEW BOXED - ALL RECTANGULAR 

014.; ?• Qreen oOV.Hz V 4 zv-CV £45 oa. Ai 
bove Dui I'' Pv.ap'io- £35 ea. Di3 460'/ P,' 

£36 as. 010-210GH/32 £40 aa. Car- ySP yd 
Pan C1.7 5 ea. 

COSSOR DSCIILOSCDPE CAMERAS 
Brand New (taxed win 4 l«in imcky & Vsnuai £12 

each. CA-'- je £2 7$ 

SOLID STATE TIMEBASES 
iRERS 

"jO 2 
0y -ARGfc BRUSH V AND TACT 

icea-c a Plvy-/i Modular T nterd-.c 
wxt pm nil lu 5 y-:i per cm in 23 

Tjn.nBl I'nlc '1 gyyting 3 Front Panel Cmiiolj 3? 
r-a.ii-No'y 'FETi all alug-n Sn.e-anodised 
Pent (ime S ze 1 .514 « 10'/." ilyop Gosranrjeo obiautely brand ne-w n cgiria- rrahutaciutp.'s 
cackag ng ConiROiP »'lh edrcmc v coniprahei-, 

e cony ol mantwi £17.50 oa. f'KP f7 

VOU BOARD ASSEMBLY 
Sna-wa-dapcro. 12".H1- - t3P:c!.lr<|.-0c-,1into4 EurcMtd TOAidy ig rharaoer. ■ 74 imej; da ASC 1 •.'veaie-: Haeti"! 
lu'aot 32 came i.mehorc adjuiiahle t^j 3 ra'e. kc.Baard nuui. 
serai irfl.i<oiiinu'. --qj-Pi -h&V en.l - < 2V and an, /nadUi) le-e.itor, 01 viaeti mon-lor. Guarftne-u to p-ovidc i roc* -iMtOy 
aciure Suppl gd m .11 form (an comaono.ms i..pn i->d. £96. 
AisooiW."I end lasted £147.50, P8P(1 75 
TELETYPE ASH 33 'it,'" £450 
TEltTVPE KSR33C325 
NON-STANDARD KSR33 eg basd ASCI ' 20V.1 o ar ni 0 r,!9 fllwve i-o-da'd u in n y-:-r- V inc 5yrpr 
retocatw. £250. 
TELETYPE 36RO - ,d(«,8S £120ea.-> 
TELETYPE 36RO Ci.v-1 £180 each, 
TELETYPE 35RO .-ewd wnti ow-ai- -Ncurnic Kf 
eaCi 
VITRON PROCESSOR Cdj-srina o' VUU iw- , 
Tallin. £325. One miy 
MELCOM 63 Syuem W4h irlo £425. 
LITTON SYSTEM Mum gs - £375 or c'lcr 

- but yina 
hav no PM 

'd £370 

BACK IN STOCK - 

CREED 7B TELEPRINTERS 
'HE CHEAPESi WAY 01- GtllING A FULL 
ALPHA/NUMERIC PR'N'OUl FflOV VQUR 

MICRO 
La-ge Mintsiry p jrchase enables js Ic offer these ai 

£25 each 
" aooa Wlfk r-g .-rnn- ASC. 11' baud: i CM-.-I Incie units .iir, P-ucesyc" 
Adaguaici, ooclu^l W pue 

fu- COuii rg 
leilea aei&rc Oil 

loi £3 7! 
A LARGE QUANTITY OF MISCELLANEOUS TEST BEAR - CHASSIS UNITS. ETC.. on view at LOW COST 

M n mum Mail Otcer f.2 ExCoss postaae 'etunoec Unless »ta«od — please add £2.75 carriogo to nil units 
VALUE ADDED TAX not Included in pricea - Good* marked with • 12Vz% VAT, otherwise 8% 
Oilicial Ordor* Welcomed. Qow./Educational Ept*., AuthorfUea, etc.. othorwiae Cash with Order. 

Ooen 9 a.m it 5.30 nm Mon 10 Sal. 



Electronic Brokers lt 
The Test Equipment People 

TF2333 
MARCONIINSTS 

M.F. TRANSMISSION 
MEASURING SET 

TF893A 
A.F. pOWER 
METER ''*' ,...,.. 30Ht-SSO (ttl ) ........ 

A,...._IOf~ 
,o.•~·oa.,.., o11o'WOt 
':';;~ ....... ,,. 
~, .. "*"""' .. .... """OrHJ. ,. .......... 'St.OI\ 
..,.,~. 

f!IEO RANGE 20Hrto 3~~~z 
. .v.et. tmW to · 

S J»'tef na,2 S ohms to 20Kohms-
tmpedanec · Of\balancad· 
.n 48 stepS- Sala;:;;:i~ itl\-'111lttS and dSm 

REFURBISHED AND 

RECALl BRA TED TO EG;Q,QQ 
U ST PRICE £900 + 

'""""· Dorect c& ' . AND 

REfURBISH~D TO sPEC· 
usRA £155 

R usT 

BRAND NEW FUNCTION 
GENERATORS 

NORMAL PRICE ( 39.50 

£29.50 

RACAL RA117 
H.F. COMMUNICATIONS 
RECEIVER 

I :=-1 --
SULK PURCHASE 

LIST 
PRICE 

£199.00 

BRAND NEW 
£175.00 

CTRONIC BROKERS Ll IT ADD 

49-53 Pancras Road, London NW1 2QB VAT 

Tel. 01-837 7781. Telex: 298694 :~~~~~ 
Hours ol Business: 9 a.m.-5 p.m. carriage and Packing charge exfra on all 

•--------- -- Mon.-Fri.: closed lunch 1·2 p.m. _l!e.ms Wlltss olherwose Slated. 
WW-017 F'OK Jo:URTHER DETAILS 

Bectnm Brokers ltd 

The Test [quipment People 

^comiNsfmvmifs 

M.F. TRANSMISSION 

MEASURING SET 
TIM riig- 30rt,.55:) <)„ 
'3'>acii 
JOllB.; • 0 'IR arn | 

roc^"'f"iw"'^75t0 

MMsuroi '.-pent- oi pciive a»"Cl irncum 

MARCONI INSTS 

TF893A 

a.f. power 
METER 

REFURBISHED AND 

recalibrated TO SPEC. 

LIST PRICE £900 4. EBOO.OO 

inputs. Di»©Cl calibtalion ,n q 

^U^^^aSB.OOl 
REC"jr., , ,cT PRICE £2£0 09- '  

VIDTRANGE 

MULTIMETER 

,w,1\andneW 
( 

BRAND NEW FUNCTION 

GENERATORS 

Bp' 

ilifls-.. 
s - ,to * 

,D^S»'■^^o,5A,s<, 

ac cyrent ..band v.iv 
penjio^ 06 *«»*• 

, w,\b 10$1 ''tS0'- 

IVrwmlA- va-a"" 

1 * 
w I 

NORIVlAtPBlCE£39'50 

£29.50 

■■Mil 

Spocal Low P,ic0B 
'O' Limited Period 
While Stocks last 

G.d32 
•Aeqoeiicy i io 7 I M-, „ anoiHarvjie .svfromc 
* Al-", :'mollareously ICV Imm ^ "'"^ 
NORMAL PRICE 
£115.00 

G.430 
I'Jii.H-.cr.i 

I Hi Hi 1 MH» . O-laui. B.p-. 
wave. (MfTv /.m.s from goo Sqeara. 
jwve 0 2^ = 0 ';00. . ;,.60 03 
d*,srts4:ct 
NORMAL PRICE 
£95.00 

poR
DTY*™CO mOOET^J^79.50 

-°RIABLE °"AL channel 

OSCILLOSCOPE 

O  . 
:«ai' 

£59.50 

MONTH 

Swop -a Witi rt!ta 
IX2 a-id i Y2. 
New fondiiion DC ro 30MMi 
'Torinol2aS IOmV/,i,v HiwxiOaa,, 
ar,,w-d'v!,0H'- Comst«ap,i, ■ayti-r^ba,. 
FialSpe; vn rPSJ„sl 

I'-rep dp 

TODAY'S VALUE 
£500 PLUS 

UNUSED 

£350.00 

HEWLETT PACKARD 332A 
DISTORTION ANALYSER 

RACAL RAH 7 
m p COMMUNICATIONS 

RECEIVER 

IREQ.' ■ 30MH' TONING. 

agsss^wsssss*--- 
1 rang?* 

A. V Onieetc l*.'.ii!v 

R £CA^B 

OUR PRICE £495.00 

FLUKE MULTIFUNCTION 

COUNTER 

1900A 

CALIBRATION: l^KHiir.c.v^. ^ 
•antein 106p"™^clwcL^u. ((i[ jgaB^nai ^NSmyiTY:^^.^^,. iM ..eeB ■ 
A? selectivity 6 . 

icialiN'a""'- 

u> no's' 
id f«i»8 'at'"- 

landw^oihs a''-1 oNta''1®0 -> 
Cc^oldfy iDiotn^Bd ana 

TODAV'S VALUE AT LEAST €600.00 

\SUPERB rnMniTinN £3bO-UU 

;JJ:0 oiii 'SOMHr 
'0:A 2'. l!o3li!)939 
-ui^Y 10 80VHi 

LIST 
PRICE 

£199.00 

BULK PURCHASE 

& 

•d 

.is 

BRAND NEW 

£175.00 

ELECTRONIC BROKERS LIMITED flDD80o 

49-53 Pancras Road, London NW1 2QB vat 

Tel. 01-837 7781. Telex: 298694 
Hours of Business: 9 a.m.-5 p.m. 
IVlon.-Fri.: closed lunch 1-2 p.m. 

TO ALL 
PRICES 

Carriage and Packing charge extra on all 
items unless otherwise stated. 

WW—077 FOK FURTHER DETAILS 



T~ !l(i$8 ,._ G.,,.._.., l CN~ 
:1-ov~t• JNIU rwnc:1o0ns: F·,qt~e1CV 
n'1<1t"', R t.1 A Fall loMe. A..Tpl tt..ec. 
Olfttl QNy, Pot!)l.lftt6G.;i~ot Allp!llo fieo'l 
'•.C. It', flo ' 0"-'lH~ {20 MH, n doubl<11 
c~o;he moaot. Oel•y & Wietl, 25 
ns«sll MC. fiA spocific.uro.-, on ~nt 

£81&.00 
ly!)* $G$7A W<l.- R(lr-got01ltlllllt01 H~. 
Mllf'(lf I lof(· l MHl $on.otl;iql..aro. Oi.oiJIUI 
All'lllh\...de wl) 10 2 SV 8\lltfoy OQfftff(l 

us.oo 
fl F S1gna l GII'IO r:~:or 84a1 301(~1:· 
:•OMhl OultiVI t - 7!) lm Mod 
110011r 0·80~ I'IO>'i.tl<w (Qo l;.ot Mod 
·AII'd;oo/ pO·IOVat.tOOHc irto&OOO 

£181 
SG-fl~.t. LIM o,. ,on.on 0,;1\i!l:.lM, f .!.HJ· 
fi)(II(Ht t; I V. {11!2 IN!nnry Pll tk. NC'"' 
oondll><~n uoo.oo 
H ! WLIETT PAC KARP 
10~1 &AFo,Wf i'ICy 00~1~· ( 75.00 
F M I A,M Slw·o, lGe•<l!til \v< 2021-1 F M 
A, M, e w. & Pu''' c;OVCfllq~ 54 lo 
216MIIl n ~ o / p O.,jioV.O 2\' 50ohu 
l m~»~~an~ , , . , . . . . . £491.00 
8\2A..u H I' Sig nfll G11nor:~~or 4!iO. 
I ?30M HI 0 t,.v.Q ~V (~OOII!ol$> AM 
ln•• •\flil & e.•:•oo\61. Pv:!'~ trOll la;;mL~$ 
&VPEAIJCCNDIT\ON t1250,00 
G08A " · '"' s iJll:!l Gc:n-IU:ItOf 50Kih 
GGMHt (550.00 
M.AIIiCONIINSTFIUMENTS 
ff iOGO UHF Si~;n~l <i•~•ttor .t.50· 
12$0M~f $woe oYIYe -Md p;r sc: 1.m 

£400.00 
$t;N11 G-r111ar TFII7, lGt:.Ht.30MHl 
o/p0.41lV-AV lfll & t o.c tn00 S~,;Pf)lo$d 
Nih llt'Mi,_..;,ii \II'Oi~ £.11$,00 
Sobel St.lc: Cenc:r*r 80 588. r req ,...,IX' 
I U.$0~,__ ,.,;, & t.:t. mod. !req. St:~. 
0001• WIO'-""C'td.,_ ts3o.oo 
' Y Sjgn11 Gtf'~tiiOI >f'IO I 0 t I S 
Y ~"'~IO..taSMHl 

tuo.oo..c:-aoo.oo 
llt.C ~* JJ•310A. 10H1· 10MI-'..t 
~VW-l.ptolOOitHtH-9-.0.,.t~ 
"'PID31 $V Ul$.00 
,..,., ... v ~ Gtn.o.-.or lf 1003 
0 4-UV..H, t1$0.00 
AIY s..:r-e G-~»- TT801Dtl. h coe. 
,.... 10-AlOMtU R f. ~t6-J •• Jv 
,..,.,~.~~~ 
l.g"• G•.tMt•1<.t• 'H144 H/ 4 L• t er 
....... ....... (oO!'odi ... 

HOO.OO lo tMO.OO 
TUOO) AM $ifi.,.J G-.tor ll:HO"I· 
n 'oi:H( 100. A V dlr#. r-1 • n 
•'otb'w l0Ht-201(H! R r OHJ 0 .1\IIV 
2V Solid St.• . . . U16.00 
fr8t$81$ I M I A.M Stgn.ll Gc~:uot 
200(Ut220"-IHI • . ~ U75.00 
Ill \01 Ill ( Otl>ilt~O# lOH1·200KKc 
eOOo,.M h-~•d•r•u· Oljt~ntl v~ri"btc 
lmV 20V .. • .. .. .. £105.00 
rnooo"' , S15Jrual Sour()~ 2'0th-2tntHt 
1 •1.,8 Att•nul~t ot'O 0 I ~S. ttt~ I.Ow 
Gu.,, Oft nas.oo 
"f2('.0!)11t r w0 TQt'lt Soon•l l;QurC.,, ' 
dtN Clll OtC:iii<IIIO•' :lOHt·:lOKH~ 
<0 I 'WI (li, !Or~ior for • rle•modul~tior.o 
"~""''~"'•"!' or hi9h c;u<~li tv .A.r 
I(Nil)n'lt!ll • • . . . . . £415.00 

--

PH.fUiiS 
5QMHI 9.,1$1.' G e!let.110r PMS11 2 

(4.95.00 
!P\.4t~w <>VS7 13 £100.00 
~GieneGlortPMS716 ... £900.00 
lf ~.or 9~10~ ICHJ. tOO<HI 
sn. & SwJor• ~ 7'-\ll , .. s l Sao.~. 
'WOolp U.WO«ort>>O\- <0 8'* tiOHI· 
100t0id £'1$5.00 

RAOIOM'ETER 
SMGI C S{.,.,o$cg;W~IQf 

nso.oo 

DIGITAL VOUMETERS 
AND MWIMETERS 

AVO 
Tntle~' · · «.OO 
Ml.f'lie.irot Mlt 4 c f w C~:~''!""9 e~ .atlod 
~ tt4.00 
MOCI$1 7 " £<&0..00 
~yl)utyMk5 (wii~US~ , . £40.00 
A.'.'O Modet 8 )C" UJ.OO 
:..VOMoad9o•T~r.S"" N;,) (SS.OO 

OYN.AMCO 
{)!;•:ill \'d lrnltO'If OM 70<!3 Cl w 0(, 
'~'~''Y'"'!* un~ C l 5;;alll 99999 0.00~% 
f $ C ()C A~:~;arllw 10J.V· 1 KY OC 

(450.00 

flUKE 
0C Oisll;,l Vo!I:'I1CW 8200A <l'h 'li •Ql: 
SO~ O'.>erilngoi:Q li!JtOrlln; 'IQ , l)lllll'i b1.1 
tQn r.,lr.go .:.(1(1 ! ut:c;hM M)lfl~c .:an, LoU 
;Wit<~o!J (lo\ (1 • ~¢1\'1\)1(1 f\J)t.<l !il to)o 
Mo:mv option11 Cllfl oc obt,icau- for ~'~""' 
air.g ti!eS200•'• up;,b,l+l-es £595.00 

HfWUTT PACKARD 
0Vr.l ~~·oc 3430A3e.gl: S flln(lO~ \0011\V 
~a 100\' ~S ot~pu: rautancn lOMO."lnot 
O..t:tiQIUI pi'QI~o()t'l £.145.00 
i:l•ll ~.,_! •n;.o~;,..,.ti'l 3.1.10 2,.. ....;~It Oi~;:•,y 
34.7-~CA 4 dig.'l~hpht'f .t r~ngn oo11'1 
AC & Dc-olus a '"~ges cl o.nrns. AC tune
~o:H"> !)Ovt:rs q !)H1 I(> I OOKH1 Qtu-ot 
tiU"Q(I'~~ 1000111"11$ Io I0!.1olvn11 FS U:O 
di~t,,, Nc:w<":~l't:li~ion. . . , t400.00 

PHtULP$ 
tit-.lrCII"'i:.lo.-.a!ogue Y.U'Wt~c~er *'"2503 
OC&:..C'V~>Its f00TV I K\If.5.d Aes•n 
~~ ·oo ol':~.s·10M 0'11"111. DC&. AC 
C..rtc.."Ot1 e:..tJ. f.s..d £10 .00 

SIGN/ ROGEA$ 
~f Vo"'~AM.ll4 (50.00 

$0LAJI;TRON 
A.C ~ .. V.1219. lOmY- lOO'V 
mt.kH'~~.Freq.~ tOH1 •O.ut 

P.O.A. 
;>C ~ .. ~ l "'U·l01 
25&.V- 1Kv • 5 ~ •005,._ 0C 
~ •• •• (.13S.Ga 
O.Vto& Tl'J)* J.,.-.1410 :lSi 9C !If"" 
R..M S M'l!! fl'tMII. A C """""""9 ~~· 
::e ......... *" ... ~ o! .... ~ 
~'"n'Oil «a.~ :0.25 ,.. f•cq 
20rt:- 2010n • • • • (350.00 
CVM l'J1»' lM 1=G.l 10,.V- 11t•OC- ~ 
fMIQIM- 0..,.. _,~ ..... .... Ao
(UI'aty~0033" fSO~OOOS<Il ~ng 

.... ... • ... O.A. 
OV.M. W1480 l A\lliOI'l~ ft~ 
of U.J 14<-0 3 M.u r.e:~<:~ r.og 39999 
~V-2(\' OC. N!lspcec. - ~esr 

P.O.A.. 
OPAM. J(!5:!):,A.,·~ta.'l9-"1gl U4$.00 

SCOPE TEST 
E$!1_!PMENT 

T EKTRONIX 
Tonott M&;k Get~_,,~~~ U C.! £215.00 

5~ ft~M Glt'wlfii!OI ~ 2 10\ CIW 

1.=-:b-~~ (116.00 
t ..,. -..~,..,a ........ 2to' c•so.oo 
,.~~IW~\10 fti.OO 

OSCI.LOSOOPES 
eosso" 
Q;.;e_ 1-.u .$coo. 4000 50I.otJoll ,,.. 
P:>M: """"' S..V!Oft M"''IC.v.ty 0. ••*' 
.,...... ONv GlMIII tw~t;.t• X 'f tttllll'r t 
1( ~~ ... ..,...., , ... ..00 

DYNAMCO 
Pon~btc Scooc 1200 PIYt I 'If n01 6 
1,.1 $olod SQ!c CD~blc ~ bt•"ll 
J'IOWI'Od I~M AC ct OC DC HIM I-I: II 
lOMWIJ'v 0""'1 CI'IIIM .. ' XIO Gll+fl, 
(:j!+I)'Mf(f~......., <lf l'y (Jti,OO 
Prcc:isicn TV 'h ....... lt;~rrr, Mor 1~1 7060 
PI;1Q IM '1114 & '11'18 ~ull ipoc, on IU 
(fU(I" CliO ,00 
HfWUiTT PACKARD 
l".ot11ble Osc:lllo,~~~~• 1 101A OC•71.1MHt 
Oullt cnanl\01 6 "' I OcM .,,,,,.,., $efl 
r.1w1t., - lC<nV/O.v, SWIItP<It:l;\yod 1!111• 
rw11 . . . • , . . . u z•.oo 
PHILIPS 
PM6507 lo/lo'JoW'If Cuf'Vfl 11/ICif So!oll 

~~~~~·,;", - ,o )( '"(I" ,,,n tn~.8~ 
PROISU 
X~ "nr•"o.9C ,, , C7.00 
XI O ,llfl ~(). {11 £1,00 
X' 6r X\ 0 ftv..•ol•tbl+~ Pftot ~Q U!~ 

(11.00 
SOLA.RTRON 
CT436 Dllil 81111'1'1 DC.fiMHt 
IOOMVtc-n+ACx 10tvlfl~ 10'f1Vml"' 
W'I'•IIYI~y . , . • , , (101.00 
CQ14()() I)¢.16~Ht V w P'luO ll'lt 2 I( 

CXU-41 & 1 .,CXIU4 CJ>Iobr"l'fd 'WMI\ 
011->-i .S" d""' Clll tno.oo 
TfKtRON IX 
OC'lCMHt ~j!IC»CCOO ~&Al.IW~6 l 
~oM , C445.00 

l'fPof485 J50Ykl P<W\Mlot 0Wt f'Wc 
StlfNI ... l,..., . .,,_.ttt>t ~ 
_,. A4lfO toe~ ,..r_.. ......... IIOIJd 
on $0 0/W'I$ ~~'~ .... ,... "'IIU' ~>~««~ n .uo.oo 
l~ $$1 0(.'1M.U Y.w. HJ'I'-tt ll"4 
~~ V..to(MII .... ~ ... l"lti!W.a!&. 
IICI'O (410,00 
rw-U4S iM~'I",.II'Wi SIOf• Otclt10> 
S::t9'1 V~>0'-"1)1....; ftvt'UI'S$'0;t.t~:O,oo 

8474 ICT$SIA,1 ..,IOQitdlfiCI OC. 
'OOMHJ 0\lal TtK' h•oolo.f(tlnoa PI lb ll".t 
l0A2A & 11 1!11A 0.200.00 
54380Cl3VUI~Iw IA11'1\t~ l fl 

• • • • C4SO.OO 
533A OC· l :IMHI ¢ t w (4 N>Jp In 

, ' U:li.OO 
!A690C33\IHlCI W lolo1 l'luQ I"' 

CIOO.oo 
561/t, s ... •"tu-.u ··ooi)O ~/ oN 3$10 ~ 
3r1'J uso.oo 
!$56 IIOV."'Jd•nQ ''IUpP'Y) t;. I W ) A 1 ... 1 
PluG ' '" . . . cau.oo 
58\ A OC GOWb t/w Ovot Tr~• rvo~ 
11:.0 .. • .. .. • uoo.oo 
585A OC·80MIIZ CIW 0·~·· 'I IIICC l ypq 
s2 . un.ao 
TYP£ M PI~ In '' l18et UIO.OO 
f'rPl W 1'!\1; In, l'lllle!•!!lllll C321.00 

49-53 Pan eras Road ADD 8% VAT 
london NWJ 2QB TO ALL PRICES 

Tel: 01-837 7781. Telex: 298694 
WW~ FOR FURTHER DETAILS 

[lectramc 

The Test [puipiJient People 

SIGNAL SOURCES 
ADVANCE 
V H - Square nave Go"b!SIO< SO'/" I 10 
KHt-'OO V.K< M»«. o/ a 2V £50.00 
Hlf Audio S-orai Scncalor Sine & 
Squve '.VV.-e I 5H,.5i)KHj. 200V va 20V 
Sie;. DiW.ion 1% T 4mV to 140V 

rSojarp' B'srd row confl'tion £75.00 

'ype =059 Puie Gone-atO- 7 Cl «i  SogOle oulsa functions: T'cqucocy 
Wiflit. R.so & fall Time. AmplnuBc. 
C'lsot Piepuiao aOaio BoRoiitiO'" 
Ff?a THi to "OVHt :2C MH/ n double 
pulse mooc) Delay & Width 26 ca?;s •' Isec. rui soocilicaltoe or toooos! 

£595.00 
T'vpa $(i(>7fl W-lft ReogeOoollloto' frao. 
Hai'.jU I Hy-1 MH," Si"" 0- SquSfC Oulpul 
Amp-tudo up lo 25V 8»ii»iy ooa-aied 

£95.00 
K ' Sigra' Generator SASJ 30KMr 
HOMH/ Oulpul 2 - '!> mi Mod 
4COH, 0-8OH- P'ovifor lor E.«l Mod 

•Audio o/ p C ' OV a: 400 Hi ir to 6000 
£166 

SGfiHA If/ft Dsioil.-ir OiClllantr I-PHj. 
1 POKHj e n at? battery pact Ncn 
OCirduor £200.00 
HtWLETT PACKARD 
!05i 6A FreauenCy Double- €75-00 
FM ' A, V 5la-iBlGe-ie'etu'?02H FM 
A.M. C W. a pu it coverage $•) ic 
2l6MHi (I f o/p O.lnV O 2V SOot-ms 
lrrpj3a.-ico  £496.00 
812A-L H ' Signal Goncato' 480- 
iPSOMhr 0 ' iiV-C 5V (BOohirtlj A M 
IniB-iipl 5 eitenal ;v!e noO (aSilil es 
SUPERB CONDITION £1250.00 
606 "< A.M S gnal Gcncraior EOKH? 
GSMHl £550.00 MARCONI INSTRUMENTS 
'F1060 U H F Sigral Generator 45C- 
I250MHI Sine nave and pulse a.m 

£400.00 
Signal Genaraior TFS67. : (.KH?.30MHr 
o/p0.4i>V-4V in 5 '.i .-vis Supplied 
n.Ill Termiivslina unit £185.00 So -'StaleGcrirralor50588. rreq aige 
3 12.5G*lr. int. 6 E.t. rod, Trcq. Siac. 
0 CO? -ft fiC.) .nofldanse csso.oo 
A V Signal Cpne'HIOi T'SC I 0 I S 
V la-v ve'iian 10"135MHi 

E450.00-E800.00 
n.C. Oscillator rH3704 lOHi-lOMHi 
Square Wave up to IDOKHi H.gn Ouipuia 
up 1031 6V £225.00 
pnaw'A-v Signal Ceiwmior tf 20C? 
fl 4-17V.Hr £150.00 
A M signal G-rerato- TrSOl D ' I. ;rea. 
•angc '0 470MHI K.F. oulpul O-1 u-TV 
Fuior aitenuaior. SOonrvs impedance 
Signa Gonoiaip- -.'1448,4 pier 
-oodoli :< eoper condiio" 

£600.00 to £660.00 
TF70C2 AM Sig-ia Generato- lOKhr 
77 VHI 100% A V depth nl a m 
-.-arieb'e 2CHf-20KHi R.F p.-p C.luV 
2V Solid Stale . .. £675.00 
'£9953'5 ( M / A.M. Signal Geroraiot 
200<(li220V.Hr £675.00 
fhV.Ol RC Oscile-o. 70H>-200KH, 
SCOohm iTcedar.ce Oulcul variable 
1 mV 2CV . . , £105.00 
712000 A f Signal Seuica ?0Hr.?0KHr ■ • idB Anenuetoi In 0 I '13 eieoe low 
n-tpriior £325.00 
'F2G05H Iwo Tone Sijn-i Soute- 7 
CCPtiCal oscillalurv ?Ch'-?0KHr 
-:0 I ft dijlonior 'ei '-leimodulatior 
measuremenis on nlqh cuatily A.f 
equipment   £415.00 

PHILIPS 
SOMKi Pulse Generator PM5?*2 £495.00 
Pu so Generato* PV5' '5 £800.00 
"utn Generato- ''.V5776 £900.00 
IF G«nei9Wl PMblOb lQHi-1 OOKIIi. 
5i-ie 5 Square 7ViR M S t Si.ia 
sedo-p law CvS'otin.- <0 Kft ilOHr- 

ICOKHj) £156.00 
RADIOMETER 
5MG' C St-ueO S iji'-I GenerAior £350.00 

DIGITAL VOLTMETERS 
AND MULTIMETERS 

AVO 
leal leads £4.00 Mi.'tiniiror MV 4 g/w untiylrvg ejio and 
««!« .. £'4-00 
Model'x      £40.00 
l<e®>v Duty Mil 5 lynin casm £40.00 
AVO Model BX £53.00 
AVO Moce 3 or Test Se Nd 1 £55.00 
DVNAMCO 
Digital Viyimawr CM 7023 C'w CC 
•ang.ig urn; Cl Stale 99993 O.OC I % 
' S D OC Aoooraty IC V-l Kv DC 

£450.00 
FLUKE 
DC Digiia' VoUreicr 62COA 4 /. Digit 
60ft oaerangirg auterang np. push bui 
tor rargo ard lureuon leKtct or, loll 
■JUBrO -ig Slip A ••f^OWblB ■put lilter 
Many options can ce cdtsirec for e«can 
ding tie82004 capabilities £595.00 

HEWLETT PACKARD 
DVM r/ae 343DA3 s git 5 ranges 1 OOmV 
tc 100V hS input rosstarsss lOMc-uns 
D,rrlrad prouv?ion £145.00 
Dig ts) iivu iinele' 3470 2A with Diseay 
34/4CA 4 dic-l B splay 4 ranges soih 
AC & DC alus 8 ranges c* on mi. AC lunc- 
ttcn co.cn 4bH? in ' OOKH> Oluns 
rargas A e lOCphn-i lu IOMohn-i FS lCD 
ditpley, NewcDrditlcn . £400.00 
PHILIPS 
Electrcnic Analcgue V.uuinietor PM2503 
DC A AC Volts. I OC.tV ' KVf.s.d Resist 
anca -00 ohrslCM Cbms. DC i AC 
Current" iiA-1 A f.s.d . . £90.00 
SIGN/ROGERS 
- r Vci'livator AM??4 £50.00 
SOLARTRON 
A C CcnvcHc- -VI 219. 3CmV-300V 
mean reading, f'eq. -ange lOHl ' 0<H 

P.O.A. 
DC Dig tal VoJimelor sMI420 2 
2 5&V IKv n 6 rarges -C 05 .-, CC 
accuracy £236.00 
DVM Type l.VI470 799 DC true RMS and maar. A C ims ny ACOuaie 
-ruauremenl i-respecll'-c o' Katmpnie 
dlstcrton accuracy c0.25 v f-cg 
20Hi—20KHi £350.00 
DVM TypalM 1440 ? 10pV-2Kv DC. It 
ranges O-zen ooniro^eo "mn diode Ao- 
•u!9cy • 0 033ft F$D ;0 COSft rwdng 
  P.O.A. DVM. LVldOO 3 Ajtorarginc yenisn 

el LM '440 3 Ma< road r.g 39993 
S*V—2(0/ CC. full spec, or 'equni 

P.O.A. 
DMM /(iliO'A.itrrangingl £245.00 

SCOPE TEST 
EQUIPMENT 

TEKTRONIX 
Time Made Gynerewf •.84 £275.00 

" is 

5riBu- Ps'lSe Gsnrratrr Mode 210' c'sv 
loads anU corncclors £575.00 

me Var^Gene-atc 290' £450.00 
P-jise Gereretor Model 1 IC £95.00 

OSCILLOSCOPES 
COSSOR 
Oua Trace Scour 40CO 50MH/ /nee 
Aise TimeBmV'cm sensiiryity C» if -9i9d 
<r<99p ttaay. Gaied tnggc- X Y id splay E 
v IQCm £495.00 

•- 

ft m 

DYNAMCO 
Portable Sceac 7200 Pluc us 720' & 
'212 Solid State Capable c- being 
rowred trom AC o: DC DC lSMHz ai • DmV'i! >• Dual Chanrr. XlC Gam. 
Ceiilretea swrep delay £31 s.oo 
P-cclsicr T>/ VVavelorx Mor lor 7050 
P .,g Inc. 7174 & 7178 Full spsc. or rc 
WOW €850.00 
HEWLETT PACKARD 
Portable Dscillweoue 1707A DC-7EMH/ 
Dual cranrel 6 * I Ocm C<splay Sen- 
itiviiy —iCmV.'Div. Sweep delayed time 
baw £826.00 
PHILIPS PM6507 tiamieior Curve T'af'i SoUc 
Stale CRT - '0 i '7c>n Full apes or 
resoew £475.00 PROBES 
X" 0an No, 90 , . £7.00 
X-ORan No. 91 £9.00 
X' ii xio (sw.cM'te! Pen No fib 

£11.00 
SOLARTRON 
cr435 Duel Beam DC-fiMHi 
'OOMV'cm •AC" IC giving lOrrVnun 
Mftiiiivity £106.00 
CO1400 OC-lb.MH; c'w Pug Ins 2 «. CXI441 5 1 , CXI444 Ceiibraieo ivvyiep 
d^y. S" diem CRT £190.00 
TEKTRONIX 
0C30MKi Oscilloscoar !>45Ai • w "A 6 . 
Pug-mt £445,00 

Type 485 350 MK/ PotlaQIe. Dual T-ace 
5mV'div 1 riiir.- div s>>/ccp raic Delayed sweep Aulu focut. rattle i-igper hCd 
jll 50 u-imi internal ir.-ut protection . £3.280.00 
T-rtse 55' 0C-7'MHi. Vain Irame and 
rcuvc: supply Vai-am f/.ig-inur is avail, 
atxe £450.00 
Type 5641! iMa nframei Slo'ege CjC'IIo- 
scOoe Various plug n units ava at e £760.00 
647A 1015364 Ruggortijed DC- 
" DDM'lr Dual Trace tncluCmg F ub Ini ■ 0A2A S 11 B2A £ 1 JOO.OO 
54:iB O0 33Vli; c'w I A' Pug In 

  £450.00 
533A DC-13 MMi c' W CA P' jb In £225.00 
5458 D0 33Vhfc w'A' Ftugln £600.00 
56'A Senpling smpr .. .. 3576 ft 
3177 C65O.00 
555 I In: ji-mq P'SiWyJ c ' w 7 . I Al 
Plug Ins . £895.00 
5B*A OCeOVMi d'w Dual Trare Tyae 
87 £600.00 
585A DC-60MI)Z cw Dual Trace Type 
B2 £775.00 
"YPE M Plug In 4 Trace £250.00 

YP£ W P.jg In. Di'l-re-itlal £325.00 

49-53 Pancras Road aod 8% vat 

London NW120B to all price; 

Tel: 01-837 7781. Telex: 298694 

WW—079 FOR FURTHER DETAILS 
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T\'l>E 112 ~..glt~ UOI.otf'ow.• S!.:~ 
•• (110.00 

t'\7€ 151 f>~ tn UN IMI"'tt..I -
~ .. uoo.oo 

TtLlQU.,MENT 

8aaMot..'I':-I'~S,..-X)pe$SoiAII: r1-~HOW!h 
? J 10r.9 pers.uenu on s~ tneot 
0C.10M .. ( 10MV/ CM C..t'o\~Mc:l OOf'IOO> 
nc., U0$.00 

TRANSMISSION TEST 
EQUIPMENT 

AIRMECI RACAL 
Wii'•• Ao'<;t;~o!• 248A 6 300Mt11 

uso.oo-noo.oo 
'•":lh'e ANyscr 24j:t hf(l ••"')<~ SMiit• 
l(lO.\-IHt , £145.00 
Mo<t.ll.toQo\ M..-:t:t• '109 •• , (Zt i.OO 
lvpe 2 t 0A NodWili!On. M~tM 2 fi, 
3C<h\o1Hl, AM R1111g(l 0 ·1 00'\t. FM R..-.v, 
O t O !'" l ()QI(H(Ifl "' (IIIIIJ05 

ttiS.OO•U41.00 
G!NlAAL RADIO 
Tvf)$ 1 9Qt)AW~ Ml&ty''" t l w Gt~t!lhh: 
l~ ROOOr~r I $218 
Spo;>t I 9"00A., 2011r•501Cih 3 fiMid· 
wkl~l!.s 3. 1 0 .,,d -50Ht Y r.:te~u'<(l n~.tQ•l 
30-n.V•300'.' f ,S.O. h'IPI:1 If'I'I:Ol'I<IAo\C(I 1M 
ollm 3 ~"Mter ~eed5 
S:~ec. 15l lEI !;,51-h·:i'OOICHt I onv ""' 
Sit'"''Y '-"'IOJ~f o-& jJIQl<lf o.m ' · ~"'Y~t•~c 
~-~20.J.0(1180d8 tiii'IQO £2,000.00 
HtWl.ff'T PACKARD 
9....:x-pong l oc.tt O~tor 3595~ f>'lv\1 "''' 
IQr v&e .... -.th 3500A Wf~>~• Arutl'fnl rreQ. 
'*'.,~ 20Ht t~ 6 20Kiir . . £610.00 
MARCONI I NSTRUMENTS 
OistoniOI'I h::to• Me-:er lf14lf Fo~n 
e;,-ne!"lt1o\ft~ R:.ns;.e 100HJ.81(Hl D>$1. 
~UMQ ~f\91:$ 0 -\I'Wo O·e-0'!1. Mitt· 
vr"llll '9Yf...,.COMI)(Into•jj JIHO 301CWr 

tto.OOo£80.00 

BRI>GES 
WAYNfKfRR 
COMP'Ot\(NT 8A OGt 852t tC:UlS}. 
A~ 10 tw1QK k0<1\ IM ON'fl tO 
tOOGW ollftl Ca~>Ot 10 ~ 
'vn SOo.,J.F 1o SOOof t"'dutu~• 10 
~ f"'n! 1.J ~ S00 .ICH. Ca~N of 
~c:o:'J1)0Ctoef1Aifts.-:u (tOS.OO 
......... MI 3~ 8:2ltAt(:T$30) 0 IK 
~occ:uracy ~~ ft G. C & L.. Y.:am 
~ . •. . .•. •. (.271.00 
lDwi~~Ol11AIOI'IioMI 

-lb~· tl'$.00 

~ 
COUNTERS 

ADVANCE 
~.;. tCii Sl-l.r-30M:Hr S die• 

£110,00 
tmoer C«<rllt<" fC I 4 9 dicil OtCJfaY 
s:::r..~. OC - 2SOM:Hl. Tune lu•no!~ 
~«::l~~ 0 t 10s 1005.- Mull ~e CIC'f'IOCI 
IHCI.JIQC 10.J()o. ~o!<.,o(y 10MV, 

lOOM','. SOOm•.' (h-.~ P*Qit<:Nd 
£415,00 

T"n<!< Cl.:u11-~e• TC15 9 digi( Wllh 't0f1111e. 
:.rd p;ug·in a:~11bili'!Y. DC 250 Mih 
Spoc. s.m~.~no lC14 . (IU.OO 
PluQ-ln unu rcu;. "' JMHJ·50¢MHl. 
10o-.V·1V. lVII SOOMHidotpl~y w.th I Hf 
•mlvtiQf'lo~Q~ 'J~ noo.oo 
Ti:r~1 CUunteo TC1 7A 6 diu I. OC 10 
SOMH:r. G-ltt u r.e-s I O<!s ~o lOs 1t1 de 
cadi: S.1tp$ Sen$.ti'th v 2!i'ftV 1r m.1) sine 
w~. Ovr.rlr:.ld ptCitOCII:d (!110 .00 
iiol'lllf CCiufltlll TC2:.0. MIIHvf•~ -
Ftll\'lt.ICIICV OC - lOOMHr. C d+IJ+I. lomo, 
j'\OO+Ild, pct>Od il"o'OIIIQO, llll\otll, I(!IAI ,., 
vttt~ .......t~th. t .:rloQ noo.oo 
T-,pe iC18 Tit'llo$ COvnltl Fo;~ +*'lirnv••• 
l!'.eiii10Ht·5 12MHt 6 U:git U:O d +SI)III~ 
UIH1SCO CONDITION • • , UJf.OO 

VOLTMETERS 

MISCB.LANEOUS 
AOVAHCI 
~Utt P-.1 ,..._, QP-\4 l02 . 103 
112• )01 lOt :101 302, 30:1. JOG 
:J&3 ,.... ............. ~ .... 
Co+N• ~ ~ ION Ate ""'-.. 
~tn-iMII C:IO.OO 
.V.tt~~~~••·· ""•'""'' "' Ass l '~~"i'' 0120 050010 1200'..V)0600MfU 

•• 1421..00 
Vl.-.....c-.ot lcmNMt ., 3 '-""9"'5 
Q.lft / 0.100 I O.rtOO'N »e0QMKI 

Cll5.00 
U\1 ll & ICJAI Ill 
~:toodoo'n*-~--- '"01 (250.00 
Ao.llCf'!'I,K!¢ v.~-OCO"t lo.c.• tOll 

£411.00 
OIINUlAt, ftA.OIO 
Suond.-d l l<tqt.oi"'CV .YI.IIil>••• 1 1 I? A 

I'Tic;.t & ..,.. .. on aHiication 
St;anci;a•d Ft~1>4"'1C'(Mioi11pl,.r '1 1 n 

"""' 6 IIMC., on •~tlofl 
MA"CONI INITIIIUMINT. 
11 F ~~~ ~'"'nH&lAI1 n o.oo 
Co01 Ct~·n •l'ld 0.<~Y T'tt: $~ iFZ904 
&2611,_. , , • UOI,OO 
fl r P'owft Mtll'!' T'2&023 a,O \0 W:ttl 
r.tnO!fOC 1QJ1 r , • , • UIIJ,OO 
I. t:. ((ttn,,ol'l Urltl fMI4-48 •or l.l~ ',..o\1" 
OA 1094A ,.,.. (200,00 
AHOOI & ICMWARl 
Stende•d e•t•tCKICICO<Itt M$0C 0N4 193 

ceso.oo 
uso.oo 
taoo.oo 

•• C47I,OO 
S llllllod«Odcl 

. cno.oo 

lyptM$C;$f$1~~1il/~ 
t 1.2SO.OO 

RECORD 
o...ti't~ - SOO,..Mor~t ltn. 
&Snoerh:ll.t ••• £70.00 
WA.Yna( 
h'¥"»'~ PNMMt:* 11$ 

£71$.00 

CAUSRAJORS 
&STANDARDS 

M~lltfl~ Oo"o''dM )'5()A.. U1;ed ter c..t.n.
r-(llllll)n <tl ~rt<;i$:101'1 OC Volt l'MI.QciS,. V~l· 
bo..,_ DC Celitlreton. t iC: Ttl$ $Qut;met~t 
is ., 10ppm ;0 .001~J cfivitfe1 M;h 
1o'""•lr.hell irop11t ~aps.101ng:ing ftom l \ 00 to 
1 IV & $w<leh• CI<Ivtp.ot taps rang.ng l rom 
llOOVtuO 1V •. ( 180.00 

Nvll oe:t•CIQt lit4!,i~ AJI :;Qild lilol!t. 0<-. 
~gned fUt to-.t•t•l'lt ly h tiJh ltlne,ot lmp(jdM· 
w. ~l!'•~iti .. il'y 11:'1(1 iM)Ia :iOtl Operate~ frem 
,ilhto r..-,. (It l rtlOTI buoii-Ln rcct'l:.tgt;l':!!t 
t-.tll! ·il!t 111 V lhrough 100'.' OC en:! 
:.c;, !._, il'l 19 ••n;;" 11$io'!) Xl \VId X3 pt'O· 
i'l!!i'SiO'I ruu ~:~« Ot'l '"'q~ £47$.00 

HIQ"'' Vni:IO&ft Oi'oi'dtr 80£.10. Ptow.!M a 
highly ~ltb\t .• OCU,.IO ti'IUI'.$ ()! rno.
li.Vil'lij vol'l•g:t-HIIH¢ I 0 K'.• ir. ¢0o'ju"lcti(lt'o 
w~l\ dct!ertM!:.I- \?ltrr.e!e"$. d .v . .:n.s. 111d 
co:wtl\'lional po:llrtiomtote<"S ~ur~t)' 
-:.0 0\.. . . . . . . . . £111.00 

fi.UK£ 

FREQUENCY 
SYNTHESISERS 

f~uerqo Sr1;he$~: SO l lA. P~ 
~(If""'~. co;,,tl:f 11M """"' ""*"" tO.t,.l UIJ-..t 0..1;)o.:: 
041"'1¥-SV t·••u.) 1 ~l!O ~ 
Aci:¥T.Y - J pwts in '0 ~ Ol"llt' y>:-~ 
keQ ~ FIAI ~non on .-cq .... 
~ . u.uo.oo 

' 

Carriage and packing 
charge extra on all 
items unless otherwise 

Please note: All instruments offered 
are secondhand and tested and 
guaranteed 12 months unless 

stated otherwise stated 
Hours of business: 9a.m.-Sp.m. Mon.-Fri. C'losed lunch 1-2p.m. 
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H 

rv^E 11;- !r. Umi Powtpr Sioolv 
. £120.00 

TVPF 151 P'JO •" Uml rwinom jr,- 
CMKwieS £200.00 

lElEQUIPMENT 

m 

Hi:V Mounvng Scspf S6-*A1I f»;t«l wlh 
P/ 'irii pnn.riiencc C>ll 5 io!c uacc 
OC-lOMh( lOmV/cm ooofl<- 
lion £205.00 

TRANSMISSION TEST 
EQUIPMENT 

AIRMEC RACAL V.V/.- Aiv y^r M3A 6-30OMIII 
E2BO.00-C300.00 

'.Vivo Ariyw 3flS hi"I jMHi- 
£146.00 'A.rtM'h*. M^-.-r4C9 ... £296.00 

Typr 2>0A Mefiulaiion Mcic- 3 
3CC V.H7 AM Range 0-100% F V Banco 
010 r ICOKH; ».-i •! 

E186.00-C245.00 
GENERAL RADIO 
Type 19O0A'.Vs.-B Anolyso' c W G-aciic 
le,n Ree.-illei 15? 19 
Soot 1900A 2C'I; SCKl'f 3 rand- 
wid'.hn 3.10 and 50H? T racMPg avWAgai 
3CtV 300V '.S.O. Inpi.i TfKidanon IM 
oFm 3 TCISI saecdi 
Soec l£2"a a 5Mj-30nKHj 1 inV sen- 
siliylly LiAaai 09 plOlof r rn s. sc-voOage 
W 20. AC oi 80 d9 'anc? £2.000.00 
HEWLETT PACKARD 

Ltica' Om l.aiof 3505- P 
tV use v\n1I' 359CA Wave Analyser Free. ■9-Hje20H(W620KHI . £660.00 
MARCONI INSTRUMENTS 
Dislonion :s;lo- Meier TFiaS' Fun 
oarcola r-ej RanoelOOHr-SKH? Dist 
rwiiur>ng rargen J-5% 0-!i0% Veee- 
n'eael' SSKKKluOOOinponeiMBuplB 30<H7 

£60.00-E80.00 

BRIDGES 
WAYNE KERR 
COMPONENT BRiOQE BE2! rCT335:-. 
Rcomarte IC rangai, Irf.T 1M onm 10 1O00M ohv Capannaic- ID -a-igee 
'-OT 5C« iF lo SOCuF Induciatlto C 
rargos IroT 1_F -.o 500 KM. Caaaolc a' 
nrnas.irirg ccnpr-nenDi «n slu £105.00 
Jnk-ei«l P-'idU- B271A iCTSSC' 0 1% 
Acccacy Meaeuros B G. C & Mains 
oaerated . . . £275.00 
iCfi Impeoi-icc Adapioi 023'A for une 
•ASihaeovt C75.oo 

FREQUENCY 
COUNTERS 

ADVANCE 
OourllVr TCIo 
T me' Counter 
aorage. OC 

5H'-90Mht 5 diotl 
£110.00 

TCM o C-.-il C iplay 
250MH2. Tmc limiK 

iccciatae C '^slOOs. Mvltlslc acnon 
a^-eiagc ICO- SerVSrlivity '•OmV, i()!)mv. hCOmV Ovartoed protected 

£475.00 
T-ner Csuntei TCI 6 9 digit With sicago. 
ard p jQ-in caaaSillry. DC 250MHz. 
Spk sra-ic'CU . £685.00 
Ping-ln Unit 'Cil* P* ' MHi-SOOMHz. 
lOmV-IV Full 500 MH; display wih I H/ rStiyloliOn in nn'y 3 w.* £200.00 
Trr.-i Counter "CI'A 6 du'l. OC to 
80MHz Gale iOes la "Os in de 
cade steps Senstivily 2Bfr.V i* m.s > sine 
•Art.-e Ovr.tlc.id prnteaicd £290.00 
Timer Counter IC33 MBASiMae — 
Fiegucncy OC lOOMhz C dig.t, lime Boned, pcf-sd Bvcrago. co-jim, lore -•e 
pi»»e w/ltl. ratin £300.00 
Type TCI8 T-rr-Counter Fr-q measuie- 
rr«nt 10H:-$l2MHz 5 tyit LED d splay 
UNUSED CONDITION . £275.00 

FLUKE 
li'duefs Counter "pialisor liid'A. HH/- 
HOMHz 40 TV sonsil v.ly f P V -rw jtemen: . £160.00 
CotmvjrcJiKuis COunler ' 920A $-1: 520WH' i5mV semitivity 9 die. LED 
Display . . . . £400.00 
RACAL 
F-egtency T'encd Meter EH'-lOMHr 
9620 Pciicd Average ■n—ntemeriii 

£110.00 Uni.etifli CnuniMi Timer 9838 Mea 
rtu'irg •i.iici ona — Fret je-ncy S na e 
eml muili perkid Raid and Mu-iiple ia:ic 
Time Iritrrv-: - sngle (ire and dc.i8le line 
totalising. 10 -Ir to 1C<! MH? 'tapuoncy 
1C Hi :n 5 Vh: Pe< oo I „ 5 lo ' 0' sec 
lim-pianus .. £286.00 

VOLTMETERS 
BOONTON 
R r Vr/tmeiergi C Measarement isnge 
' inV to 3V Fteqjency range 20 Kill to 
'200 MKt Jwith T' AcsBtc lupp eot. 
Supp es also with H F probe and tip and 
60!! term.nanoo Weight ' 7 ifis 

£455.00 
BRUEL 8i KJOER 
Eipcforlc Vcltmcter 24C9. True R.V.S 
Average and Peak. 2H2 to 200KH/. Sen- 
vtrvllv lOmV — IIV £260.00 
FLUKE 
CC Di'le'enie Vcilmeier 8914 ncm 
rang?! I. 10 •DO. "ODIIV DC «llh 

OV. ovarer^mg rlmito input 'esislarw 
0-1100V ACso .te aau'ecy: 0 01% c' 
livpul I i-iV >U scale Null Sensitivity. Re 
solution I pum ol range . £395.00 
GENERAL RADIO 
Eeet'oac VoltmMer IEDOO AC OC 9 
Rei-starce : 2% accmacy. W-do 
frequency range — up to I fiOOMHu 

£175.00 
hewiett Packard 
R F Vo'imelet 3'106A 20pV sensiHvity 
average respcnsc. I mv' wrsitivity. ' mV 
- 3V F.S. 3 rangas lOKHi - 1 26H? 

£485.00 RHODE E. SCHWARZ 
Selecii-.-n M-.-ovultm-ter USVH 9'. 
152' 10<Hr 30MII1. 0.2V V 
Fsa arlcwestrangc IV £675.00 
MARCONI INSTRUMENTS 
"F?eOO Sens li-re Valve Voltmeter • tnV- 
300V (12 -angcw 1 r* Accuracy up to 
600 <Hi £175.00 
TF2504 R.F F •rol'pnlc Voltmeter 
300mV-300V i7 rargesi 2CHc-l SGHi 300mV-IKV DC SOCohms-SOOMOhms 

£226.00 

MISCaiANEOUS 
ADVANCE 
Dieital Panel -Vcters DPM 102. 103. 
112P, 20! 204, 301, 302. 303. 300 343 Prica and apeca. On appliCalion 
BIRD 
C<M>« ReeisiP- 3053 IOW 9= cwisi -J,j revs'-< _ .. , £20.00 
War.meie- "eimoliro 6935 J *angcs 
0 (20 0600 D.)200',V 3C 60C MHz 

£426.00 
•Vattmcter Termalmo I 
0-25 .' 0-100 ' D-'uOOW 

i/ 3 ranges 
3O-50CMHI 

£265.00 
BRUEL & KJAEH 
Rai dcm No se Generator 1402 £260.00 
Autcmat-c Vibration £>e-.lcr 101S 

£495.00 
GENERAL RADIO 
Sl8ivJ9fd Fiequency Vuitip io' • 11 'A 

Price & Bpecs. pn applicalion 
Standa-d frequency Vuliplicr 11120 

Price & spec*, on application 
MARCONI INSTRUMENTS 
R F =0-0. • Vetei TF1 • 52A' 1 £80.00 
Cop- Gain ana Ceey lest Set TF2904 
625 lire . . £805.00 
0 F Power Meter rf2502 3 anc '0 wail 
ranges DC 1 Gill £355.00 
L F. Ekiens op. Unit IM344S 'c use with 
OA •094A ter gs £200.00 
RHODE 8< SCHWARZ 
Stendstd S'ete-dcccde' MSOC 6N4193 

£850.00 
"OlySOop I £950.00 
SeieHomaiUSWV £800.00 
Frequency Indicator FKN £476.00 
Type MS-DC Standard Sieteodcceder 30Ht-15KHj £850.00 

lyje MSC 5l-«coxln- SNA I g? -7 
£1.250.00 

RECORD 
Chart Pecorde- £00 uA Movement I m. 
3 6-i. per hat. r ... £70.00 
WAVETEK 
Frcgra-rm-hln Pnnw Mn.io: 775 

£795.00 

CALIBRATORS 
& STANDARDS 

FLUKE 
MaiBt O i»aio' yfiO- S.w. lot DC von- 
melera - 0 CO' V Ip 1 Kv Accjravy 0 1 •«" 
Resolutian IOOj.V DCAmmoiers .1UA 
:r, IDA Accuracy =0,25% Rcsolut.on 
1, a AC Voltmaw-s - 0 001V to 1KV 
60Hi and 400Hf Aceurwy -0 25% 
Reso'jten 100, V AC Ammeters — 1 M A 
Id tOfl eCOHl i 400111 AccurodV 
=0 75% Ohmatan — 0 to 10M ohms 0 IK.seltirg i C 5V pfrma ReWlu- 
lip-r" ohm Fu i spec O-i 'equ-ei 

.... £2.150.00 

RetmancA Divdn .'LOA Used idt ea a- 
taion il piaoiter DC Vaiimcteti vpi- 
I'U'er OCCal'jraws -n Thfl nn....Di-i0ni 
is a IOppt i0.00'%| dvrflet with 
ffwilched input taps ranging f-om ' 100 to 
1 IV 5 vwuchad Output tops tang ng Iron" 
I lOOVtoO IV (980.00 

■Noll RtMMtor a4!)A9 AJ sclid state Ce 
ilgnevl 'or -Mtemaly high incjt imMdan- 
ur jen-ilivityandiialatipn Operates Itam Bill.er or I'C-nt pull-in -cchargcaaie 
Swtl-nua I pV through 100V 'OC end 
scale in 19 rang.? using XI and X3 pro- 
gression Full swe ci rogu-rat £475.00 

Hign Voltage Divdet 80£-t0. Provides a 
highly stable, accurate moans ol msa- 
su'-ing vc- tagos up !B 'CKV inoBi-Ju-lrtH"< 
vwth dilterentid valnteleni d v.m.s. end 
convcntiona' ooierilpn-elers Actu'scy 
40 01% £285.00 

FREQUENCY 
SYNTHESISERS 

FLUKE 
Treguercy Synthesiser 50'-1 A. T'e'lom 
(unciens ol an asc atot. counter ard 
e.ei matflr lOHi-'lMHi Output 
0.4mV-5V i- m.s , 7 digit LEO o tpiay 
.'ecuracy - 3 parts in 10 'or on? yefl' 
Ftca stnragn Full Socci'naien on reqj. 
Ott £2,650.00 

Froaueiv-y Synihaiaw 5160-/ox 
4MH,-30MH, in 'Hr Siepi Output 1V 
nto 50 ohms Stab' lv * I aart in 10® n ?4 hours Fu'i Spec an recuest. UN 

USED. SAKGAIN PR C£. £675.00 

Ptease 
, 5'Ve ^ fsa //4. v 

nng. / ^ V- 

01- 
177781} 

Carriage and packing Please note: All instruments offered 
charge extra on all are secondhand and tested and 
items unless otherwise guaranteed 12 months unless 
stated otherwise stated 

Hours of business: 9a.m.-5p.m. Mon.-Fri. Closed lunch 1-2p.m. 
WW—080 FOR FURTHER DETAILS 
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I OLSON ' MIN/CASES 

- Overa~ension c... Cote Chroma 
Type W ldtt'! Heigh t Oepth nowntt wi1h vents log 

21 - 6-%'' 41/t" 4 Yl " 4.75 1.00 
22 az, .. S'h" 5Yt '' 5.35 1.00 
23 1QY," 6Y.t" 6¥2" 6.35 1.05 
24 12lh'' 1Y.t" 1Y.t" 6.95 1.05 
25A 6¥2'' 4Y2:" 4 }':"• 4.60 5.15 1.05 
258 6Y.t" 4 Y.!:tl 6'.4/t 4.8 5 5 .40 1.05 
26A 8~" 5~" 61,4H 6.50 7.05 1.05 
268 8!'1A" 5'A" 8'.4" 8 .83 .7 .38 1.05 
27A 12!4 ' ' 7 1h " 5'h" 7.10 7.75 1.05 
278 1 21.4" 7 1h " 8' ' 7 .70 8 .35 1.05 
28 A 14" 1 0~" 6 1!Jil 8.40 9.05 
288 14" 10Y1'' 8Y, " 9.1 3 9 .78 
29A 10" 4'' 6" 5 .88 6 .43 1.05 
298 10' ' 4" 8" 8 .20 6 .75 1.05 
30A 12' ' 5" 6" 6.40 .7 .05 1.05 
308 12" 5" 8" 6.70 7.35 1.05 
31A 14" 6" 6" 7.00 7 .65 1.05 
318 14" 6" 8" 7.35 8 .00 1.05 
6 1 15Y2 " 7 1h 11 

9 'II " 10.60 
62 17 Yl" 8 1h " 9'h" 12.35 
63 16 '12" 9V2 " 9 1h" 12.35 
64 1 51h" 7 1h " 12'/.t" 12.35 
65 17 'h" S'h " 12 \'1" 14.00 
66 l 6 'h " 9YJ ' ' 12~" 14.00 

C.R.T. TESTER/REACTIVATOR 

Surtable for Monochrome 01 Colour T osu. omission a.nd tnter 
electrode leakage. A thrH step r .. e'livtr+on f-.cilltv tO boost WOtn 
rubes. £66 + V.A T 

INSTANTTRUNKING SY 

- :_:::·l<i I · "-· ~.~..1 - """"-'-"-1··...1.··1 _j. ··1 
Ready to u-s~: Proco £21.50 ,+ P &P &V.A. f 

lntemttl w •tu'lliJ s.u•table for 30 smp 

FOR INSTANT MAINS! 

lii ' l l I I l I COMI'LElEWITH 61'T CA8LEAN0 13 '!! . . : '.·
1 

' . 

1 

' 

1

' ','

1 

' · ,AMP FUSED PLUG 

...- 4 tOdiOII 13A 

lil. '. · · : · · · ·. · '-h()(:koltl t 3Atwitched , I I I I 
SsockOtl 13A • 

".! 
1 1 1 

,. $~<>(kilt 13A fWht.~Od 
AU DISTRIBUTION PANELS ARE finED Wl f H MK SOCKH$ & PLUG 
ALL ITEM$ + P &P + 8~ V ~ T 
c:iit.SOff f.LICt·,.ONICS LTD ... I'Ac-iOR't' NO.I, e. 7 LDHO i T,. LONOON U IHJ 

TIL: 01·Ut 2:143 

WIR£'il[SS WORLO. FE8RUAAV 1978 

Design 

Development 

Prototype or 
quantity production 

Wound components 
sub-assemblies 

Professional or 
consumer 

applications 

Design on our 
capability 

Probably the best -equipped - and most experienced 
coil -windings specialisls in Europe, Plessey Windings 
invites enquiries lor alllypes of wound components 

and sub-assemblies. 

PLESSEY 
WINDINGS 

Vicarage Lane. Iiford. ESS<!J(, £ngiand IG 1 4A0 
Telephone (01)478304-0.Tcicx 23166. 

Name_ 
Company 
Position 

\VW- 084 I;OR FURT HER Ut:'I'AII.S 
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OLSON 
MINICASES 

Type 
Overall Dimension 

Width Height Depth 
Case 
no vents 

Case 
with vents 

Chrome 
leg 

21 ew 4'/j" A A" _ 4.75 1.00 
22 8/7" by," 572" — 5.35 1.00 
23 lO'/?" 616" 672" — 6.35 1.05 
24 12-/J" 7 !6" 7 72" — 6.95 1.05 
25A 6'/?" 4,/6" AA" ■ 4.60 5.15 1.05 
25B 6 Mr" 41/," 6%" 4.85 5.40 1.05 
26A a%" 5%" 6%" 6.50 7.05 1.05 
26B 8%" 53/4" 8%" 6.83 7.38 1.05 
27A 1214" TA" 5'A" 7.10 7.75 1.05 
27B 1 214" TA" 8" 7.70 8.35 1.05 
28A 14" I OA" 677" 8.40 9.05 
28B 14" IO'/J" 872" 9.13 9.78   
29A 10" 4" 6" 5.88 6.43 1.05 
29B 10" 4" 8" 6.20 6.75 1.05 
30A 12" 5" 6" 6.40 7.05 1.05 
30B 12" 5" 8" 6.70 7.35 1.05 
31A 14" 6" 5" 7.00 7.65 1.05 
31 B 14" 6" 8" 7.35 8.00 1.05 
61 l/v" 9'A"   10.60 _ 
62 1 7 Vj" SV?" 9 A"   12.35 _ 
63 16'/;" 97," 9'A"   12.35 
64 1 5 VS" 7 At" 1272" — 12.35 _ 
65 17V," 877" 1272"   14.00 _ 
66 1 e'/j" 9'/2" 1 2 72" — 14.00 — 

C.R.T, TESTER/REACTIVATOR 

•V 
© 

0 

SuiIaDle 'or Monochrome or Colour Tests, emission and inter 
elecuooe leakage. A three step reactivation faoilitv to boost worn 

£66 * V.A T tubes. 

INSTANTTRUNKING SYSTEM! 
-• . •• . • . , • 

•. i • ; ' 

Ready to uSU Pncc £21.50 -r P SP & V.A T 
Interna'. wring suitab.e (or 30 amp 

PORTABLE POWER DISTRIBUTION 
FOR INSTANT MAINS! 

f 

€ 

CflflFLEiE with err cable and 13 
AMP FUSED PLUG 
4 soskctii I 3A   £9.75 
SsccketsiSA £11.50 
4 scchois 13A switched £11.25 
5 sockets 13A switched £ 12.50 

All DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG 
ALL ITEMS + P SP + Sv* VAT 
OLSON tlECI HONICS LTD.. FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ 

TEL: 01-739 2343 
WAV—091 FOR FURTHER DETAILS 

Design 

Development 

Prototype or 

quantity production 

Wound components 

sub-assemblies 

Professional or 

consumer 

applications 

Design on our 

capability 

Probably the best-equipped —and most experienced 

Coil-windings specialists in Europe, Plessey Windings 
invites enquiries for all types of wound components 

and sub-assemblies. 

PLESSEY 
WINDINGS 

Vicarage Lane, liford. Essex. England IG1 dAQ 
Telephone (01 > 478 3040 Tolex 23166. 

More information, please, 
about coil winding 

Name 
Company 
Position 

Telephone 

Please call me 

WW—081 FOR FURTHER DETAILS 4/ 612POTS 



Brokers 
The Computer People 

sroP PRESS ~m~\RIC ·je: 
PAPER TAPE READERS d 

250 CPI Of8ralion.. Colllpict IJble·llot ntini v~tita eonslsllng ol 
1111.p. driving motor. clutoh etec-llomlptlau embly, optln l - • 
.system, jltlotGsessor aue11bty nd ampllller clrculla. · -... 
Power requitemCI'Its Lllmp 9.5V, photosonsors ond amplif ier cicc~• its 
S·I OV. 
PRICE: £165 
Also available - high-speed modots - 500 cps £200 - 1 .000 cps 
£275 

Mini- Computer 
Exchange 

lATEST 
ARRIVALS: 
PDP1141 ~W;IJI981( pa mv CMe memor,., 
menoN Mlt~O'IIIot'l l lll\oCI . .. tlMCW bo« 321C t'ICI<:·O~ 
ntntv coro >'ollh IIICktll&!, li LMF 11 ·UI' ~ MM I a-UPI 
POPII ProeMMn: 41( tO JZK. Wt-K~us eonlig,..t:.:oc;-.t~s 
.1;:1!lablo, ~ttett l tQoo'l'tJ,IOO 
POP*1 I K Proc•MOt"•nUTTY tntedxe &1 ,750 
PO"L4K ~and TTY I II :erl x::~ £950 
liON I.·~ lox Nolf\41( Ot 81< MtMOry 
W.at~«mor1 ffomUSO 
POP11 .01~.10'A~ c:~t.8JCt;~r 10k~•"· 
M~fNMU.lJO 
POP11 140 ,.,......,, 28Kt01• ta,.2&o 
RQ IIRKOS OWI:.._M'IO«Wt'O: U ,950 
RKOI 1"MCtofCNltlo1Cb tlO 
P'R11 ~ ..... ,.....~wil ... ..... ""* (.1,7$0 
AIU11AKOI 0Wt.W. •I"da:ormd t5,.250 
I"C11AR..._/~Md~t2,.2.10 
RT02-Aahloi'Tie"<cb~et!I'VIIIm'll\al--"'~::et.nc 
Ow'" t110 
SPECIAL OFFER - · ONLY A FEW LE"! 
OFU O.IC df ... aNI OOM""'t _.., ellS 
DSJl (_~,..... ~~~ ff1~ -y t 49S 

DEC ADD•ON CORE: 
MMIE 4K M, "'II!'t' •111.-"c CIOO 
MMUJ V.o.,orv t!~ ( 1,300 
MCI[J I K Mo-onorv t)(l~•oot~ t 1,500 
MM11 l iK Me:t~~O!"t'11.)Cl. (.1,000 
M ,, 1 L I K MOfl'<lry 111'1<1 tlllt:kplll.tl/1 ( 1 ,500 
DEC MODULES - PDPSE SER IES 
KAII Po-. tivo 110 8t.~t CUI 
KOU Oa~.t tttt~nll u eo 
Klll Sc!n.ai ll'll t!111t:O C:UO 
KL!M Mn<lllrn (:ot\!tOI U7S 
I<MIE Mttn<lfY · -•tntlon UOO 
KPIE P~ lf!I I A~,o~tOI,~Worl (1) 5 
M8l00 f!l*r ltV t~trti'I'IOOII!e (ISO 
MU10 St.;•sttof'l Cor"I'OI C2al 
MallO 8u' Loodt 111-.1. Cl'l 
MIUO f1moro O•n•t•W Ul$ 
Mf-41 llh $Nttd UO 
M)ll lootano t%71 
DEC MODULES PDP11 SERI ES 
aMt"nYA R.ttWI...,_Ul$ 
&M7tl'f'l IOOUV"'P~ Ul$ 
OC1 1AC Owi~"'O"'''o,~et7$0 
OU1C S.. .. 1~UU 
Hnot.~""-'~t410 

FACIT PAPER TAPE PUNCHES 
~ ~;ICQI'Ie ,._,--~ ··01111· ....... 
FACIT4070 75 C PS PUNCH 
Se' ou wAu.:ilo,......"'tonf\.IMwa"t 
"'ffC!9"''I iii!'7Yt -"'t1"0"11Cf. pl-4 U00 'UPJ)T Mia ........ _ 
FACIT 4080 1 50 CPS PUNCH 
w IIHII"'SS'I I fll~ .,pool WI'!Qilt!• W1h 
Fn.t 5 10) t;OIIli'OIIolll-1 

OUR BARGAIN PRICE FOR THESE TOP 
QUALITY PUNCHES- £950 EACH 
Al.o ..,..Nb .. - , ACIT Hl,.,.,.o.od ""tot• \a~ t•<Y.lou 
Mode!! <100\ RN.Ihn$1 U.lftd 1.<010 10 0 0c.>Pt llllft)tiOI 
wpplv J..IIOOI. UU 
LARGE STOCKS OF ASR33 AND 
KSR33 TELETYPE TERMINALS 
• ASCI I K(lvtiOI'td 
,. H.\o(k.ony 1.11'111 IIICI>O~'> Of tOIOCII.el 01 U"''~~ 
• P~Pt" Tepe po.ol'(ft tM fhli.,(A$A33 onlvj 
• .._Ur O'IU0'1"AI IV1ti0Vl 
0.-crl'!au'tCS -.out~~ 'N(IIIt.loiiOj)l tO lhf I'>IQ"'Ut ~::.,,dl tc!,_ 
IVlCI soldW<Itl 10 <1..,-~,..,.t)' 
Pt--<~ I!Om N25(1($1t 331 •1'4£62$ i,ASRJ:n 
DIABLO~lGHv-....,.I CK'Ir~,JOc:Pl fS~~o 
~Ft .. :It'd ol~t·tct~·· ... "'lt'l1161ill(l ~..A! f.Or ()IJ:il. 
(j~·pto«d~ ~f$95 
IBM 731 and 735 INPUT/ OUTPUT 
WRITERS 
10~~· 1JCD.,~;ce;u<Oifiioog: 1 111Pl.ot 
n,, ~ w_. • .. ...... l~Cl!"'-PftlUSfROM 
r21500 

SAVE up to 45% on HAZELTINE world leaderS 
in CRT Terminals 

HAZEl Tl N E 1 000 coo·""' ,,,m'"' .,;: 
vcdi"""l 1 ~ l!nlt by 80 -tll.a.l lo,tef di,p:,., (960 t.h$ ) tu!ll tl.foLI 
DupiO.t, , ·~0$ ~t411 I llfOtSTffl N'EMO'<Y WIT!I CON$1ANT 
AF,IIU:Stl UI"'C14'!11MeuriOI , 

New List Price £900 New list Price £941 

Catalogue 
Send tor 

~~ I:~~ tru 
t~~.~~ Including 

~
. lalest 

update 
sheels .. . 

... ~ .. . ~, 

"'~: 

Keyboards 
I . . J ..... -

- .... , __ 
- r---.--

...... .... ... . _. . ... .. .. . . . .. . . . .. .. .. . .. . .. .. ' .. ..... ..... -..... .. ~ ., . . . . . . .. .. . . . .. .. . -
Kils REED·SWITCH KEYBOARD 
., 76 $1411o0"1 .-.SCI I k' (OO.rd o<'ICI...:! >~g $tl)lar.lta 

,...,,...,< ¢!Val•'• 0\oi'MI' 001'1~!(>1 't'($ !I"'~~ 
weci•l r.,.l'lt'IIOO'IIllf'ft 

... s~"'~~ " " loo~ 
• Po""'ent Qoliltfflllnlf "- &V~ 100-.,.,t, 1111d - llV@ 

4m> 
lt $•1:-11 ASCt\ ~11<1111 nel~o~cPIG Pat•l~ 

l)fQV'fMQ I~ Oll·ehnr:.ciOt ,r.1 ""':" ~~"f!PM ane 
O.,..tr Cl!&t Oull)lllt 

~y~:r~;:.~~~ .. ~ ~e~'\.07~' .~~z~,uoo'"•:J ((llf'll)let"' 
""''---"full :M.Moeol Ooc~ 111<1 clre~o.c di:~gtlm,., 
PRICH&& • (1.26 a.&p • 9,.; VAT tSer.d£00.75j. - --- -.--

•• 

. . .... . . ... , ................ . ..... .---
. .. ......... <~>~' . ·-............ .... ~ ·
.... .. .. . . . " .. Jr .. - ,_ 
~ 

55SW3·1 &4 Y".;M.OI'I~~~.ol1:~ 
~ H.a ~~""""'I • .$VOC~-..eb;.c 
Ulltt~GIMiclo..np.JI- t\111'0 0, ~ S.."" am-aoacNe ~ 
~-"' 1 ~w l"os wrd Ollio."f s-d'l 
~~-~-·'h(1V.' 
fi'RICI t1t 60 • f2 r-at+ 8 lo V/<,'f b"""CI(~.t 1:2&. 
18-KEY PUSH·BUnON CALCULATOR 
KEYBOARD 
Numertlt0·8 d..cl•ntl 1)(11<'~1 C I( • - x • - Mo1.0 "1~~~ on 
PC& ~r.:utOI"M"'•<OnJ SIA (4- o,: I 'll" 
PR CH4 00 • 50p P&.l' • 8% VAT l s~CI r.A.S61 

-T~ w + • di'lt •11'• DillfONII s"M .... m ,;;...... 
Ke .. a.o.nl ... AICII C.,..,,K .... S at •• • 1 Oot M•ub 
d witc.h.S.t.c,..._ T~lnf.ol\ lht• up to t&OO t..OHI 
,s......ttcM~ , .... tV dttwld.nt cern V.24 '"l*f_. 

NEW LOW PRICE £495 OUR PRICE £725 
ALL UNITS FACTORY-REFURBISHED TO AS-NEW STANDARD AND COVERED BY 90-dsy warranty -I =-t -

ELECTRONIC BROKERS LIMITED 
49-53 Pancras Road, London NW1 2QB. Tel. 01-837 7781. Telex: 298694 

Hours of business: 
9 a.m.-5 p.m. Mon.-Fri. Closed lunch 1·2 p.11. 

ADD 8% VAT 
TO All PRICES 

WW-C)73 FOR FURTHER O£T AIL"i 

Carriage & Packing charge extra 
on all lle11s unless otllerwise stated 

The Computer People 

STOP PRESS 
ELLIOTT/ICl 
PHOTOELECTRIC 
PAPER TAPE READERS 

250 cps oparalion. Compaci lablB-mownling units consisting of 
lamp, driiing motor, clutch electromagnet assembly, optical 
syslem, photosensor assembly and ampliner circuits. - 
Power requireotems Lamp 9.5V. photosensors end amplifier circuits 
6-10V. 
PRICE: E165 
Also available — high-speed models — 500 cps £200 1.000 cps 
£275 

IVIini- Computer 
Exchange 

LATEST 
ARRIVALS: 
PDP11-35 ProcoMoi .vitn 96K aantv c.-c mcmorc 
Tmns'v njnjgeTf*: nra cicr.tictfli bo* 3?*: ACln-O'i 
M":y CO'C Mb MClt0l»i-.91VFII - JP ► MM I I LPi 
PDPBt Piocoumi, 4K to 32K. vat am r.nol gui.vit.n; 
availabls, prtcas £2.500 
PDPSl SK Procoswr «nO TTV l"(et'ac, Ci ,750 
PDP8L4K PiocosBor ard TTV Intortaca £950 
PDPflLExixmcMc 8o> v<ii~-Ko'SK Mamoiy 
cohiTccmtr:. from £750 
PDP11«5 Ptocaixot, K5-^' cl'fwi*. 8K <" '6K cod arc ei from £3^50 
PDP11 /40 ProcoMot, 28 K roro €8,260 
RK8E/RK0S Diik dnvo anflconrcJ £3,950 
RK05 1 6 itcior auk paaksESO 
PR1I High cpood tasder Mnip -n- wi'.lt miBilKCe £1,750 
RK11/RK05 Disk drivojrd co^rd £6,250 
PC11A Ro«tof/ punch and interlace £2,250 
RT02-AB Numaric da:a eni'v terminal wilt drglc line 
ospbv £160 
SPECIAL OFFER — ONLY A FEW LEFT! □P32 Otic dr.va ar<l control, only E89S 
DS32 Fc^nOB- Ottk drive only £495 
DEC ADD-ON CORE: 
MM8E 4K M-moiy Msik £600 
MM8EJ Vemo-yslac* £1,300 
MC8EJ 8K Memory cxtefinci £1,500 
MMll L 8K Mcmc-y luck £1.000 
MPI1L8K Memory aro oackobnn £ 1,500 
DEC MODULES — PDP8E SERIES 
KA8E Pot live I'Oaus £275 
KD8E Oaiaarcak £350 
K18E Ser e Interlace £250 
KISM Modem Contrc' £275 
KM8E Mamorj- B.IBriBlOr. €200 
KP8E Paw— 'nil. AutoreSlorl £175 
MB300 Major tea nen toojIc £550 
M8310 Segictert Cor.trol £285 
M8320 fiul Loads module €82 
MB330 'imieg Cier.etAini £265 
M849 "ft SNB'd £20 
MI8E Soateirap £275 
DEC MODULES PDP11 SERIES 
BM873yA Krarar- leader £375 
BM792YL 3O01"rap oenet £375 
DC11 AC CAiitl A-y-i-F'orOLi ■-itetloco £750 
DtllCSs- at l"i'"ilece £325 
H720E Expsrdet Power Suit ply £450 

SUPER SAVINGS 
ON SPECIAL 
PURCHASE OF 
PORTABLE 
TEXAS 
SILENT 700 
TERMINALS, 
Our special price €695 
Mod«l 725 KSR ASCIi Keylroato. Silsnl nij;!-. speed operation up to 300 baud o < 7 dot matrix electtanic pnrthead f ji i a* na' I 
ouBle- oae aticn. Bu it in accmtc coi.rlc Mcurtted o imegrA aarryma ease Grots viflight 3Dlbt Dimonsons 7' W •'0" < 
BVV4 

JUSI RECEIVED - TEKTRONIX 
611 STORAGE DISPLAYS 
Prlcos Irom £960 
11' SiO'B'j" C" vemcnl sen iiv.tv 
IV I6.2CM isa 'urmsij p-1V - ? 1 CM 
•reel forrall within 2% "SO. 
Maximum mpjt ychage 50V OC 
and cej« AC S-itil eg i me 3.5 
-rcruseu-CM t 5 n-cmoe Stored 
IWOlUtiO-14000 CBAtly iO-Jililli 
'.haro-ers ;9CI < 70"' I 'r«l-i«J yienioij 
line 15 minutes s' 
ess leroi-Tt-ded loi speci'ieo retolulior 

FACIT PAPER TAPE PUNCHES 
Sf-vtuv m-rchase :• Cane new surplus at big viv-egv 
FACIT 4070 75 CPS PUNCH 
Jc^r.ccnt; nod racie rroLttirg unii win 
itegral rtsvo elect'oeics c'us tape supp y ana 

uLe-up spools ~ 
FACIT4060 150 CPS PUNCH 
.-.-tli uityyal supply spool campleto wih 
Fppl 5107 control oM 
OUR BARGAIN PRICE FOR THESE TOP 
QUALITY PUNCHES — £950 EACH 
Also available — FACIT Hlg~-,oe-<! b|'» reaaer 
Mcdel 4001 fiwum-; ipy-c up to 100C cps liiisgral 
supply sacol. £626 
LARGE STOCKS OF ASR33 AND 
KSR33 TELETYPE TERMINALS 
« ASCII Kevbeard * Hgi<Kiov ur.l (Inctior or sarotset paoy'iidl 
. Pupe- Tape purch ana reaacr'ASRSS only) 
. Lire Unit ;?CmA'6V,-80V) 
Ovcrhautee i our ow-i vvryiks'ipps to -Fe hgncst standards ord sold w ih 90 day ws"a.-iiy 
P. res I'O-n fd2a 33l and £625 :A5R33» 
DIABLO I'l-tyr- 1 iWsy-whoel pnple* 3C CPS iBRAMO 
NEV« and olferedcOnrolBiS with lrieriacc-nodu<sldt Oata 
GeoS'S (Kecosiafi Price £995 
IBM 731 and 735 INPUT/OUTPUT 
WRITERS . 
10 aiten coilt'ii SCO e- eorcapancerce coding ; 1 m or 
i ti n. alatcn Va« oa speen 15 cPas. PRICES FROM 
r275 CO 

SAVE up to 45% on HAZELTINE up to 

HAZELTINE 1000 Cnmpaai teimma pro 
vdir-' I? Ii"« by ao character display I960 -hs • '1,11-hall 
Duplex. V.O'u SHI I I HF.0l$~Ffi VEMOSY WIIK COfJSIANr RF-RtSH Unaennc cursor 
New List Price £900 
NEW LOW PRICE £495 

World Leaders 
in CRT Terminals 

HAZELTINE 1200 Al.the eaues 
o' lie Mod-I I DDll but with doubly screen STW ty nl bototien 124 r w o' 80,1 Rrrymsc bloeA rmaoe 1020 
cursor 
New List Price £941 
OUR PRICE£725 

Catalogue 

—-«■ Send lor "r s- "< your Iree 
vi-i copy including 

latest 
update 
sheets U 

S*d 

f 

Keyboards 

KB8 REED-SWITCH KEYBOARD 
• '5 S'B'iO'i ASCi' kByfoard iielua ng separaro 

miWrioclusiB'. cursor control knys ana 6 special 'unction keys 
• SlsndJid "I- 05 c 
• Power recuirencnts - 5V iCOt A tfn() _ • ?v ® 

4riA 
• H-bii ASC:' cede 1 ncluc eg parity. 

p'O.-ding 11,: Sli'Charactcr set with uapor anc Icvsyr OulpOlS 
• Negative sfoor w ih 4 0 ms U- ^>' 
Overoi Ci.T.enson 16% x "< 2". juptiheJ CoinplBW win full technical daia and circuit diagrams. 
ORICE £5!) - £1 25 Cf«p - 0.-- VAT iScrt £80.75). 

55SW3-1 54 staWn ecc» ui>d'id 4.BArn alpharum.-rc •us-oou'd He elect switches, 'iput ' SVDC negatve logic 
i*f,r strobed output. ?wo key roilcve- Sri • > st'.'.iei .f oanei 
i»:-l»jtat 15 <j irdicatc lamttsardor v'f swiien 
Oimenwcs 15% • B'A x 2 /.' 
PRICE £39 50 - £2 PSP ^ 8 » VA" IBenO £44 62;. 
18-KEY PUSH-BUTTON CALCULATOR 
KEYBOARD 
Numerals 0-9 decimal poroiCX x + - MounteO tn 
PCS oerra l c rcis-ns 5% > 4 Vi « ' V;' 
=a Ct £4 00 - 50p PSP - 3".' VAT |„.,d M 361 

HONEYWELL KEYBOARDS 
-ti.r « alpharvumoric ex-oquipmeoi k-yh-iire< 5C 
keystsiionc CiOde-cnccdcc, 7 b.i p-sll ve lug -u. positiv- 
jiroM tTL» OTL-compalible Powe''eciuiiemM-niS 5V 
100•'•A uftjdut Similar to IBM 029. Pr'ce £25 - C ff>: 

' 85: VA-'s-nd £28.09; 

vTelatype eompeilbl* *12" Diagonal Scteon ■TTV Format 
Keyboard *64 ASCII Char.eror Sot .5*7 Dot Matrix 
•Swiich-Soloclnblo Ttonirniaaion Rato up to 9600 baud 
.SwItch-SolecaWo Parity •Standard CCITT V54 Iniarface 

HAZELTINE 2000 Sup-c-P hullfl'tnl '"imlnsl 
with tui edit lAMiitifls. 1398 ch-tB.tyt ;9p»ci;y 127 lines ol 741 
dotsclvclc ASCII -Oyt-aarc mcluU •ig IC-kw ni)tr»tlB pin: "nd lS- 
key ou'Sor control .. _ __ , 
c uste- Se'ectaole NCW LlSt PriCB £ 1 649 I'UdSinisSior "U I •' hah    
>uD'r>ortBtci*. OUR PRICE £895 

ALL UNITS FACTORY-REFURBISHED TO AS-NEW STANDARD AND COVERED BY SO-day warranty 

ELECTRONIC BROKERS LIMITED 

49-53 Pancras Road, London NW1 2QB. Tel. 01-837 7781. Telex: 296694 

Hours of business: ADO 8% VAT 
9 a.m.-5 p.m. Mon.-Fri. Closed lunch 1-2 p.m. TO AIL PRICES 

Carriage & Packing charge extra 
on all items unless otherwise slaled 

WW—078 FOR FURTHER DF.TAI1„S 
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ffiQO[[)DCID 
The firm for Speakers 

HI-FI 0-.·. 
DRIVE 
UNITS 

Audall. H012.9 0 25 £7:5o 
Aud3J~. Ii0208l5J4 £10.95 
AvdsJ~. HO 11 P2SESC •• £6.95 
Baker Sv pcrb £2:2.50 
Cas!!!! SRS / 0 0 (9.95 
Coks 4001 £5.90 
Cotes 3000 . . . . . £6.25 
C91estion HF 1300 II £7 .so 
Ceh!ill ion li F2000 £9.75 
Datesford 0 201 106 ·1" £9.95 
OaJesfo•d 0 :30/ 110 5' ' £9.95 
Oalesford 050! 5 13 6 Y':" £10.85 
D8Je-$h>rd 0 50/ 200 8'' £10.95 
Oai<I'Oford 0 70 / 250 1 0" £24.95 
DllJf: !;ford D100/ J H) 1 2'' £30.95 
Decca Lc.ndcn . £3 1. 2 5 
Oocc.t~ CO i 100018 • £7.95 
~ca OK30 £24,50 
E.I;.Yv fiAI310 4 £2.95 
E!ee GRM 171 £4 .35 
ll,l;,t 6NC204 £6.50 
Ele:e 8NC298 d /e £6.75 
r. l;:~ 6NCZ45 boil'-ss • £5.65 
e .MJ. 1,1 .. v no 1·1" x g·• tu.so 
e .M J. 6" x s ·· d i e l O w"tt £3.95 
Goodm!U\SAlWnt 100 ... . £8.50 
Goodt'l'l(lns Twinalliom 1&'' 80 £ 10.95 
l sophon KK 1 OI B £8.25 
l so ;>hon ~KS/ 8 . . . £7.50 
Jorde'' W aH.; ~'odule £17.95 
Jordan 5Gmm t!tHl . £22.50 
Jord;m CB CroSSO\>er .£22.50 
KEF T27 . . . . . . . . . £8.50 
KEF T1 5 £:10.75 
~£F" 13 110 £10.95 
KEF 8200 £ 11.95 
KEF" S i 3 9 £24.95 
~EFON 13 £4.96 
Kli:F ON 1 ~ £ 7. 25 
Lowther PM6 . .. . .. . , . (39.95 
l 0\'4hc r PM6 MKI . . £42.95 
l owthtn PM/ . . . . . £78.95 
Poorlcss DT 1-0HFC £9.50 
Peerln !l KOHlOT £8.25-
Peert$$$ K040MRf £10.50 
Rsdt<ud BD~5 II (:2$.95 
Aaclio: d M09 £14.50 
Rud!o: l,.l M 06 , , (17.95 
Aadlo(d FN8/ FN83 1 £18.95 
Rtchsrd Alll:'n CGST ... . . £8.9S 
A•chard AIIs!'l CG12T Super £19.50 
Richard Alll:ln HPBS £13.50 
Richarcs A.! leo LP8 8 £9.25 
fl:;<:hsrdAllan HP \ 2B £21. 50 
Rich<~ rd AU~n OT20 £6,2:5 
Ri<:h:m 1A!Il'ln OT30 £6.95 
Ta!ll\Oy HPD 2 9SA £83.00 
T.-nnoy HPO 31 5A £93.00 
i s m1:'>y HPD 38Si\ . . . . £110.00 

tmfJ 
The firm lor HI-Fi 

PAGROUP& 
DISCO UNITS 

Sal<er Gtoup 25 
S;,k.C'f Group 35 , . 
Sek!!l C toup 60 / 12 
8 <'k.ttt G roup 50/ 15 
B;)kc:: r Audi;OI'iu rn 1 2" 
8a.ket Auditorium IS" 

£13.00 
£14.50 
£21.00 
£25.7$ 
£21 .00 
£26.75 

Celes!i~n G12M £12.95 
c.,rcstion G12H £16.95 
Ce!eS110 1l G I SC £27.95 
c.,rcstion G 18C ....... £39.95 
Cetes1lol'l G12/SO 2244 /5 £21.95 
C"lcstion G1 2 t50 2235/ G £19.95 
Col!e$1iOnG 12/ -$02.238 /9 £20.50 
CeJestio n G12/S02241 / 2 £21.60 
Cclcstion ?O' ... •eroe¥ 12 '' / 100 £43.95 
~le!lllOflP<M(!r~.:IIIS"/1 00 £46.95 
CciG'Sf.on PowetCelllS"/ 125 £ 49.95 

F<~nc Pop 33T 
fst'lt! Pop 50 
Fi!"-9 Pop 55 
fe,~e Pop 50 
Fan.9 Pop 70 
Fi!.nc Pop 100 
Fe,le Cuiti!.r S OL 
F;me Gv :ter 809 
Fane Oisco 80 
F;,;ncPA80 
F8!l~ 8:H;~ 85 
Eane Cresce·~do 12A 
F-t~ ;tO Cr9scendo 128 
Fane Cre::;c:e.,do 15-i 10-0 
Farce Crescet'ldo 1511 25 
F:.nc:: Cro..K9ndo 18 
Faile 920 II Hotn 
Far.e HPX I l H PX2 
Fi.\rte PH 50 

·Go:>dm:m~ 8 PA 
Goodms M lOP 
Gw dmaM 12P 
Goodma1~s 12PD 
Goodrna'ls 12 PG 
GoodmaM 1 S'P 
GoodmaM 18P 
(;QOOm<~ns 5 01iX 

fl ichar'd AI:.IT\ H081 
Rich~rd Alla:l- H010T 
fl!cherd AII;~n W012T 
Richtud A!lan HO I $ 
R~cJlilld A!lan HO 15T 

£10.95 
E12.SO 
£16.95 
E19. 9S 
£21.95 
£35.95 
(19. 7$ 
£19.85 
£21.50 
£ 19.50 
£29.95 
£42.95 
(44.95 
£54.95 
(64.95 
£75.95 
£45.95 

£2.50 
£7.60 

£3.9$ 
£6.95 

£16.95 
£ 18.95 
£18.25 
£24.00 
(39.95 
£18.95 

£8.50 

£!12.95 
£13.25 
£18.75 
E29.95 
£30.50 

KITSFO~ M.•GAZr;£ DESIGNS etc. 

K•lS ll'lCI )..Ide drive unih , e{o:~sover:J, 

8.Af / t on.g fibte woot 9tc. for pair o f 
sp(:!!kcn;. C:mi;t!)C C:J. SO. 

f>r8t:I}C:.! Hili & AW io PR0 9·TL 
(Rogets) . ... . ... . .. £118 

Fe.h p~m::l; fo r PR09·TL. 
£5.50 + !: 1.50 p&p 

Hili Answers M oM of (Aogars) £129 
Hifi NC'N~ S1;ue o f th " A; t ~Atkinson) 

£1 61 
Hii i News No Compromise (Frisby) 

£126 

Populat Hih M1ni M oni lor tCotloms) 
£63 

P: it<;~iv;,l Hifi & Audio M onitor<Gites) 
£ 119 

P;tsc~ic.-ll·lifi & Aud io Triang~ (Giles-) 
£76 

Hi11 News f sbor (Jones) £5'1.75 
Hif1 New$ h bo• {with t-14 biiS$ ur~i::;) 

£65 

1N ir9l9ss Woi ld 8o okshell (Wdki n.~on) 
tS$.$0 

•Nlrnlcl):; Wortd T L J I(; EF" (8e~·;J £ 1l2 
'i'h reless 'Ne ild T.L/ R::dford (Bt~ilcy• 

£154 

S end 3 x 7p stamps- tc• if:prm:s / 
con~lfliVtion <ict;tils ci a n'( of abo' ... e 
d t:S!Q!\S. 

CARRIA.GE fs. INSUUANCE 
1 v .. ·eett: l'li/Cu~~:~:Q\'er:;. 40p cac:.r. 
SPt<'lkcrs. o;> 10 1 0 " 7 Sp eact'i 
S~ake1s 1 i " (1.25 ellvh 
SP~,:ii k~rs 1 5" , , £2,1)0 eaeh 
Speakers 18" ... £2.95 e:wh 
Spciil<or Kits £2,$0 peii 
Mag. degign k1l~ £3.50 p ;1ir 

SPEAKER 
KITS 

Pf•oes pa-r pair. Cama.ge q .50. 

Dalaa-fo rd System 1 
D~l (!~lotd Sy::m::m 2 
Dslesford S·;stem 3 
Diilesford Sys1cm 4 
D&tes-l c>td S-,·11 tem 5 
Dalasford Sys1em 6 

E~gle SKi l O 
taglc 51<2 1 5 
~.gleSK320 
E.t~!;IC 51(325 
:Easle SK-335 

. -Gcodmans 01 1~20 • 
GOO<!mant~ Mcun Twmki>. 

i.uw~he·· PM6 Ki t 
l O't.!het PMEi MKI Kit 

Peedess tOGO 
Pr.-erl~s H) 70 
?eet1ess 1120 
:P~rlMS 205·!) 
Peertess 20SO 

Radford Slu tiio 90 • 
Rad' ord Mon,to• 210 
R~dior<: St\ld io Z iO 
Radford Slud io 360 
Richi1rd At• an T w t1\ • 
Rich;lld All;m Triple 8 
AichJUd AI tin Triple 12 
Richard AIJ.so SuperTf,p!c 
ft.cNud All:tn AA8 
Ric.l\ard Allan RA82 
llir.h:1rd Alliin R~S'.\. 

Se:l:; Mim 
Seas 203 
$():1$ 30~ 
s~s303 
Seils 503 

· .. v rwrfc::cf<t19 091'11011 2XP 
Wharted~!e Untc t"' JX.P 
Wh;:nfc::d i119 G1e-nda!e 3XP 

. . £51.50 
£53.75 
£99. 75 

£106.00 
£ 131.00 

£91.00 

£13.80 
£23.50 
£33.50 
£51.00 
£65.90 

£31.50 
£ 51.95 

£81 .75 
£86.95 

£61.50 
£109.90 
£123.00 
£43.95 
£58.50 

£ 154.00 
£208.00 
£275.00 
£390.00 . 

£29.80 
£45.50 
£55.90 
£65.90 . 
£42,75. 
£67.75 
£13.50 

£2:1.95 
£35.50 
£43.90 
£73.90 

£111.90 

£26.95 
£41.95 
£56.95 

E'lt)r y1hi'' 9 "' s1ock. i or rhc 
!:pt.<aker <:cmstrm::w ! 
8AF". ~ng f•b ' e wool fo.-m, 
CrOSSOVt: lS, h:lt pan-e,s, 
<:omPQn$n;s f)lC 

Lars-!: ::de.::I•On o f ogli llt> l3blies . 
(S(lnQ 1 Sp .st; mpt-- fot .s~mph.:s) 
/Ptic!"1'S c:v;rm:: <tf :I/ •' 1 / J J) 

l Send15p stamp.for free 38 page J 

_catalogue 'Choosing a Spea~er· . 
Telephone: Speakers, Mail Order and Export : 
Witmslow 29599 Hi-Fi : Wilmslow 26213 IWILMSI.OW 

ill.OO[[)[](ID 
The firm lor Speakers 

5 Swan Street. 
Wiimslow.!Cheshire. =Lightning service on tele-phoned ctedit cardofdersr IC Swan Works, Bank Squate. 

Wilmslow, Ctleshir&. 
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^DDEO® 

The firm for Speakers 

HI-FI 
DRIVE 
UNITS 

PA GROUP & 
DISCO UNITS 

3 i) 
WILMSLOW 
AUDIO 
KlisrosMAGAZINE DESIGN'S 

SPEAKER 
KITS 

AudaxHD 12.9 025 £7.50 
Auda* HD20B25J4 £10.95 
Aud3x HOI 1 P25EBC £6.95 
B.ikcr Supprb £22.50 
Castle SRS.'OD . , £9.95 
Co'es 4001 £5.90 
Coles 3000 ... £6.25 
Celosilon HF1303 ll , £7.50 
Celes'.KMi HF205-0 £9.75 
Dalestoro 020/105 £9.95 
OaleiloiO 03!; '110 5" £9.95 
Oale^fofOOEO G-ae'/V' £10.95 
DaleslOrd C5D. 2O0 8" £10.95 
Dsicstord 070/250 10" £24.95 
Daleslord 0100. 310 17" £30.95 
Oeoca London .... £37.25 
Occca CO 10OC• 3 £7.95 
Decta DK30 £24.50 
El3c-"W3'04 £2.95 
Slac 6RM171 .. £4.35 
Ftac 6NC204 £6.50 
Elac 8NC298 d/t £6.75 
Elite HNC245 bass ES.65 
E.V 14A/7 7014"* 9" £12.50 
E.M 6" « 5" d/c '0 wan £3.95 
Goodmans Axcm 100 . £8.50 
Gcodn-^ins Tv/inaxiom 10" 80 £10.95 
isoohon KK10/B . .. £8.25 
■soohor. KK8' 8 £7.50 
Jordan Walls Module £17.95 
Jofdsn GOmm Unn  £22.50 
JO'dan CB Crosaovor £22.50 
<fcF 127 £8.50 
KEFTlG   £10.75 
KEFBIIO £10.95 
<£F 8200   £11.95 
KEF B139 £24.95 
KEF DM 13  £4.95 
<EFDN12 £7.25 
Lowlher PM6   £39.95 

nvvlhcr PM6 MKI  £42.95 
Lowlher PM7 £78.95 
Acer CSS DTI OHFC  £9.50 
Peerless KOIODT £8.25 
Peeress K04OMRF  £10.50 
Radla-d DD75 11 £26.95 
RacHord ftrtDQ   £14.50 
Radlcrd MD6 £17.95 
Radfo'd FN8/FN831 . . . £19.95 
Richard Allan CG8T £8.95 
R<ch3'd Allan CG12' Gaper £19.50 
RiCharo A Inn MPOB £13.50 
Richarc A Ian LF'SB £9.25 
Richatc Alan HP" 23 £21.50 
Richarc A Ion 0T20 £6.25 
Richard A Ian 0T30 £6.95 
anooy HPD 29BA .. £83.00 

"onnOy HPD 315A £93.00 
'annoy HPD SBSA £110.00 

Baker Group 2G 
Sake- Group 35 
Sake' G-Pup 50/ 12 
Bake'G'oup 50/15 
Bake-- Auclio'ium ' 2' 
Baker Audiiorium ' 5' 

.. £13.00 
£14.50 
£21.00 

. . £25.75 
£21.00 

. . £25.75 

Celes-iPn 
Colnsi on 
Celesiton 
Cdcs'lon 
Celesiion 
Cciostion 
Celestlon 
Celestion 
Cdcslon 
Celesion 
Ccleston 

G12M ... £12.95 
G12H  £16.95 
G15C   £27.95 
G18C  £39.95 
G12/S0 2244/B £21.95 
G12/50 2235/G £19.95 
GI2/50 2230/9 £20.50 
G12/50 2241/2 £21.50 
Po-ve'ce" -2"/ICC £43.95 
POTvereek 15".'100 £46.95 
^o-vecei 15"/125 £49.95 

=ane Poo 33T   £10.96 !:ane Pep 50 £12.50 
Fane Poo 55   . £16.95 
-ana Pop SO £19.95 
Fano Pop 70   £21.95 
Fane Pop 100   £35.95 
Fane Guitar 8GL £19.75 
Fane Guitar 806 £19.95 
Fane Disco SO ....... €21.50 
Fane ^ASO   £19.60 
Fane Bass 85 £29.95 
Fane Cresca-ido I2A £42.95 
Fane Crescendo 128 £44.95 
Fans Crescendo 15 '100 £54.95 
Fa-e Crescendo 15 / 125 664.95 
Fane Crescendo i S £75.95 
Fare 020 i Hen £46.95 
Fane HPXl/'-PX? E2.S0 
Fano PH50  £7.50 

Goodmans SPA €3.95 
Goodmans 10P £6.95 
Goodmans 12P . £16.95 
Goodmans 12PD £18.95 
Gcodmans 12PG £18.25 
Goodmans IbP £24.00 
Gccdmans "SP €39.95 
Goodmans 50HX £18.95 

MutQ'ola PI pro Horn £8.50 

Richard Alia-, HD8T £12.95 
Richard Allan HD10T £13.25 
Richard Allan HD12' £18.75 
Richard Allan HDI5 £29.95 
Richard Allan HOI51 .. €30.50 

KilS include drive units, crossovers, 
8A-,'Long lib'e woo'. elC. tor pair ol 
Speakers. Carnage £3.50. 

Practical Hili & Audio PROS TL 
(ftoge's;.  £118 

Felt fKionls for PR09'TL 
£5.50 + £' GOp&p 

Hiti Answers Moniior (Roge'Sl £129 
Hili News State of t.-c A-t {Atkinson) 

£161 
Hiti News No Compromise (FraDy) 

£126 

'opular Hih Mm Monitor iCo loms) 
£63 

Practical Hili S Audio Monitor (Giles) 
£119 

Practical Hift & Audio Triangle (Giles) 
£76 

Hi'i News Tabor (Jones) . £57.75 
Hiti News Tabor ivvith H4 bass units) 

£65 

WirelessWorlc Booksholl (W lkinson) 
£56.50 

Wireless Wend T . / KEF (83 ey! £112 
Wireless WotldT.L./Badford (Bailey) 

£154 

Send 3 * 7p stamps lor reprints / 
construction details c' any of above 
designs. 

CARR.AGE & INSLRANGE 
Twaate's/Crossover.' 40p on en 
Speakers up to 10" 75p esc- 
Speakers 1 2' £1.25 oisch 
Speakers 1 5 £2.00 each 
Speakers 18" . . . £2.95 each 
Speaker Kits €2.60 DSII 
Msg design kits , £3.50 pair 

P'icss pa' pair. Carnage £2.50 
Dalestord System I 
Dalur.lord System 7 
Dalestord System 3 . . . 
Dalestord System 4 
Dalestord System 5 , 
Dalestord System 6 . 
Eagle 5K210 
Eagle SK?i 5 
eagle SK320 
Eagle 3K325 
eagle SK335 
Gccdmsns DIN20 
Gccdmans Mc//n Twmkit 

iuwthe- PMfi Kit 
Lowlher PMG MKI Kit 
Pee1 ess 106C 
Pitorpss 107(1 
Pee-ess 1120 
Poetess 2050 
Pee ess 2060 

Rad'ard 
Rad'o'd 
Radfnrd 
Radforc 
Richard 
Richard 
Richard 
Richard 
Hichaid 
RicF^rd 
Richard 

Studio 90 
Monitor 2/0 
Studio 770 
Studio 360 
A1 an Twm 
Allan Ttiplo 8 
Al an Triple 12 
Allan Super Triple 
Allan RA8 
Allan RA82 
Allan RA87. 

Seat: Min 
Seas ?03 
Seas 307 
Seas 303 
Seas 503 

£51.50 
€53.75 
£99.76 

£106.00 
£131.00 

£91.00 
£13.90 
£23.50 
£33.50 
£51.00 
£65.90 
£31.50 
£51.95 
£81.75 
£86.95 

. £61.50 
£109.90 
£123.00 

£43.95 
£58.50 

£154.00 
£208.00 
£275.00 
£390.00 

£29.90 
£45.50 
£55.90 
£66.90 
£42.75 
£57.75 
£73.50 
£21.95 
£35.50 

. £43.90 
£73.90 

£111.90 

Wharlodale Demon 2XP £26.95 
Wharleoalc L men 3XP £41.95 
WharTcoalc G'enda'e 3XP £56.96 

Eve-vthmg in stock for the 
speaker cor'.strcctcr! 
BAF. long I b'e wool, team 
crossoveis, felt panes 
components etc 
Large selechon o! grille labflcs 
(Sane 1 5p stamps tor samples) 
'Prices correcl or .? • I! I //) 

SWIFT 
OFW/LMSLOW 
The firm for HI-FI 
5 Swan Street. 
Wilmsiow. Cheshire. 

Send 15p stamp for free 38 page 
catalogue Choosing a Speaker 

Telephone: Speakers, Mail Order and Export: 
Wilmsiow 29599 Hi-Fi: Wilmsiow 26213 

Lightning service on telephoned credit card orders! GS 

13 The firm for Speakers 
Swan Works. Bank Square, 
Wilmsiow, Cheshire. 

WW—040 FOR FURTHER DETAILS 
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Sp::Uillly d$;i~>lt4 by RT .VC 
lcr ~ott ·<CXJuku~ bi-li 
!"!lttlusiuu.ll:r~~ tiu 
inttll j!O!II!e h•; o tnk· 

$kt,IO•I"I"I>I' " ' 1Wtl (MI il' x 8 ' j $flj)10X.) 
Mt.O l'o\'Utm an$•~air of c.a-tehi:n!l 

tiCUCI\'ert. [atily C'efiSIIUI!ttd,t.iillg i1 f~ ~· 

~a;ic le!ll;. $upjtlitd Cllmple!e 'o\'d.h~n 
usr·::o ·folf~w tiircuit dia!llilm. ~~d "Cttl!;;!l\'1!' 
~Catj)CiltiUS. It!PIII l S a;,•atts rms. £2800 30 wil liS Ftak, eu!J.v~it . 
ca::ineai:r. 2&-- n· s t
(appro-x. l. • 

?HI ST£i!.f0 I'AlR 
t- p b p ES.SO 

COM PACT' FOR TOP VALUE 
Hew all--,ut tlli~ for i r.et~:d 1IM l\)oksh~:l v:1l.t 
!rea fll·'IC! :. (lilif. oi l!i;b ~l ficienq•.Ufii lt 
!()f Galy £8.50 - jutl .t!Jt yo11 nu d lor low· 
powsr amp~ifi ers. These in lU!i~e bait!-: 
l!!itlw~~s ct~me lo f!lutead't mi!~td :md 
p1t~teSslCila1h•li,i4hed . f:u:h cabi·et r::~;a$111 ~$ 
u~ ~ g· .. s .. ial!?f~.t..• 

d:-ep. a.ud i4 io woed 
:si1nd a<t. tos$!ete wilh 
t'o\'6S"" te1)ptolCJ$puktl~ 
ly1 m:u. ~~·erbandl;ng 

of 7w:~m. 

SPEAKERS Two mcd~ ls - Dno llD. te:.~k 
t~.nter. 12 Yo'allS rm$, 24 nam pr.ak. 
18r , 1w N" 
l!l!lifOX.). 
Cl7 , ERPMR 

+p &ll (G .~J 

<h:o Ut 20 wtnum;, 
40· .... ms pu.k. 
u· 13-· • 11}" (iiPPfO:C.I 

'52 I'~R?Aiil 
..-p &o(B!I 

lllt0 '3 
Sill: :!flprux. 7" 1· ' ~11x or •ili:ll 
u nb l<ll!eredirlWt.i!llYi l"&ll CI.W E1250 
(lul~n t l.wiltl~ i-:1e.t nl~tn-s . 

• FRE~ fa PH1SONI\l SiiOPPi:RS 8!J'YI'JG 
CAR RADIO KIT f !fttii()M,H( -Rtt~ .. ;,~t~o· h;-:01 
".-.dtu b t ,lotte.•!.,U .,.;,;•1111d ~"i!th w~HI• fJOO 

r.12H 
95, 
12N 

I P UU. \1U. IU1MC.!U £9S~ 

IN!I. l!411i•V'(I '~";"'" r~a pm (l ror c1.eo 
~~;~r<l~!~.~~.~~,~~ ~~~~~'tClAO IIOAIIO !lfl 

~:.:C:<;?;i~:. ~:~;:(.;;~'!·~;:~.~~:~.~.~!;,:,•;:*:~~ .. ~~' rzn 
~~~ t~~;$~::~~.~~~~·:l!~~~.:OKilumt~ ~~~w b £360~ 
Lt . 1mn ~ tr~:' tJ tu•~'.U ld•UU Ufl'rtil). l-"t s :·ul; '18U 

,)'Jtrts ~) (~~:~lt ollot•• · 
~~~~ ~~~~1u , .. uo•lt u r.tru ..,..,,....m ('•tiiKfno' ~l"' ••••• u. g!'~'!,ii. df.ts 
Jt.Ytt.lll'!llllll' AI.I10.IJ(tf tA!.SmECAA$lUUO f'LAYtl. *<cllb tliiO t•• Mu £24.9$ 
401&1T Ut~ntO.Cl«<C,•.tttiM-. N.:lUf. ~ £8.• 11 
.114 fJICti UlCTfiOMICClKII IIAO.hiaiiW.. II~tu•-.,1 ;Jlt £19.95 
&~<Ill fj)tj( Sltfll O C4$SCn f TU'tlllC!I. ..tt. (14~ ' "' nil lhd (4lfl11. t"" 'II •!Oin o-Y tu o o.tr 

o~~~;~:~W,i~~~[it:~~!\ ,.,, , .. ,;:,~~:·;,:~:~;;,., 
: 1: 1 \'.U • .,.Jea andlt\'el '~ntl!!ll c:~d·; 
m11oin!l tO!l~Jhti vrith th-: ~t-:Mnism. 
Spl!r.ilit:a1iCGs. Seositiviw- \C .~;. {l ,3 i.m\• .. lCKOHMS. 
0 in, 4bV" 4B!lX <JHMS:O.ti!111-~0mV RMSII e' 
;l!~ ~"tl " lKtl: l:c-:n 2K OHMS s~utC'!: CrOS$ T; !k l!ldb: 
fall~ Ccunw - 3 Oi1,1il ' !test!!ilh!e : f1~uttlC\' R?!y.~n;e
.UJH? · SKHl:. Sdb : Oeck M~tW - 9 V~:-lt m: '•"''~ 
t lcct:onic ~el:d reg -..ia:ioM· Kay FunctiO I!..$ 
Re4cr:i. Rtvrb ri. h .s: Fun~aJd , Plsy.S~cp & ~~e~;t 

TURNTABLES 
SSR MP60 nn 
s,ng~e~lav retol4 pl:eyel 
ICh;,stit lorm) £15·95 
fes.s c~~~~~;.: . p & i' !1. 011 
f.:~ttlidSU to wit ;~bove 
AC:()S MACtl ETIC 
ST£R~(). • . £4.ts. 

CERAMIC SlER!\l £1 .t S 

SSR au;omlltic rc~ou! 
~tayH deck {Chn$i' l ~1m) 

"'~th t.'tltin:.lwir.e.~nd 
$ l(ll(lC • 

u r<J mit
t:u tl. 

£g.ss 
PH£2.>5· 

TUMTABLE dlus. dia•mond"'''"· '"' 
Pll)l .l~l SSI\Mi>60 
IYifU, CIIr.tFlt lt wi:b 
maan~tit.~amid!l•· 

30x30 WATT AMPLIFIER KIT 
Speci ~lly dtsi g~ed byil T·\!C for ;h; 
tl'll •fitn~td cunstfuil~l. L~is ;:i; tUIIC$ 
~omp!tte in • 'iflY de l ~il. Sart1! v & 
!adli!iu at 'li4~-o1m t l'o' ~mvhhtr. [ " ;I} 
>tha~;l~ is tUd'f!>llfl411cd. drl:lle-!-: 11d "' ' 
!e~mt~Ca'!-ltle l h fi ~isttd iD 1t.l~ EZ9Q.D 

l~sda and HS't·to· 
k:!Oo'bs: 

This m.mh~n9 l~ud;pell!<:! s,·stem is nand m;;; r., 
~il ~m;ui$C$ c l twu' 8•¢ ia•tnmr 8Pilf0,. 
l::~u dtne u11il. wiJQ lle4>'t dio: t;UI ~ha&$i;
lami.-o;,.led r.Mc:~ .,...,,b rcJ!!d P.\i.t . -sutro o;..,ds. 
:wu 3; · di3m~ttu .:~prox. d:-med t•..,·ea;cr$. 
:C.:t!i)'f'o' it h CJU'SO 'I(!f r.tti'IOik$ ( 20,Q 

{4.C.O II &? "l•<~i> P••• 

PORTABLE 
MONO 
OISCO 

with buil t- in pte -;unpli fi ~t$; 

H'.r~ 's the b;g.\'.;h.t~ oombli -;in-o t.e~!st~l e llc ~~ 

121 

Ri ·'~C I It lc~ t ufes a pa;, ci8SR M? GG WflC ac lc 
rei~~. $in!j lC!fl~rFJelrssietlatseri<-s Ht«~ dt(;k;. 
Pllis aU 1heo ~ntrol$ anO !ulmny~u ntte tl)y./ra 

disco p::.rlcr.~ntcu. 0 & I) (GJ-{1 

TI!U t :s:llJe! 11ra-:1ke 
4St~lii i~l. h;)~ hlt/t 

Y"' C64'' 

S~H 3l!tCeSi!lMd'fm : ~t' 
~m:;tl:m. ·.~1'\0 ;et~uins ~Gu:slll 
S.t I t:m:t~ ·ned r,;.-.ot ..,.j;h ;')I[ 'adli\IU.l l ~_;:lltS - l 
fr;t ._i,.:-1 <;uh:u, ~~~~ 1'.'1d for 1H~I:i piJTt-1 C'! 
C8SH11t dq~ it :!I$C <: ~t l:t IISttl lor l;iUIMt~nd 
lfmllllht'atiQI\. 2 \'01 ~- c- tc~! l ~·!:s, 1 10-1 .~ad1 injOI/1, 
" ' so iiJ.t Cilllll l lebl? tC·TlUOis. Power c ;ll pu~ ;r; itll 
lfl ltn.l4! >ft;,.k<' ' 1ilw:1!U IHlS. wi:h re- ~~e 
~~~~~:,kt l 1110~ t~~llhtd!20 '" <Ill$ E3 zso 
Rl,\$ .11 - 9 11 , -o h ofl.CO 

PYE STEREO 
GRAM CHASSIS 

(Comp:'ciC w1ur 
&ifCIIir .d/olfJMfTlf} 

Ctnnplele 11:~!'1 to m~\!h-\'.'1)\'S .ft~nd s LM. \'HF 
Sl tALO. '/HF MllPJO :or vo-ts 1 .;.~ wni· !l ,-olum$. 
ll.1l:u1ce, lln-s ~"d trtMe. Po.,.,e-foij:pu1 7·..,•aus 
ltM.S .P•:t tl\~~el l ~ ·~o ~l! ~ pe:1\ S c.,t::$ 
2" 8 4-tiP,IOX (._ USOS $pUkCI$ ant! 
3SR :;u!C u:t~!d ~l!t O I ll:.t~. 

PHISO(fAl 
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DIY SPEAKER KITS 
15 WATT KIT IN CHASSIS FORM 
Wien you are loo^ng lot a ;ood snwk--, 
no! h'.ili! your own Iromris «it. 
It'i ihe u«l which we looply 
wiihrlir :-t(osu(is iHuilnlea 
hciowSiie'S 5" laoca'.l 
w;ofe' (bVH.lwopl 
iiiBHniMQ crsssovw ;crr®one"is 
Power handling -ajaciiv 
' £ walls ibs. 33 watts pck. 

£1700 PER STiRlO HAiR 
" -P&Pf.3tn 

EASY-TO-BUILD 
WITH ENCLOSURE 

CAR 
RADIO 
KIT 

mm 

PORTABLE 
MONO 
DISCO 

] 

TO PERSONAI 
SHOPPERS 
-Spr- Bo low 

20 x 20 WAH STEREO AMPLIFIER 
iuaeih V icouil IV unn it teak 'mm ;? taame*. Silver fascia with a imum - 
alar? controls end pushC.itons. red mai's IcSicalc ar« sicreu jack s:c«ri £0 Q90 im . ... . > I■■ . I. /.At -»n<i V 

FRtt To cash or cheque persona! shoppers 
A 4 channel Stereo Adap'oi to all buyers of the Visitcuit 23 ' 20 
amp ilier at f2990 0,,fir- Ava'|-:,ble vat EJSB 

- £1.00 r 8 p 

45 WATT MONO DISCO AMP 
C3 5 00 

STEREO CASSETTE tecord.iep'av tu ly OUilt 
? C. board ircofpsraling 4 ICS. usM wimat g lee. 
PAIB STEREO 3 WATT SPEAiERS t JJM il VII. Ji ' Jill" IvJSIfU PVV-I r.M.in I aMiwii.n5oni.Sn.-Si ' i: »i"»- 
suaKMi wcono rvtn* ki-th.kmsi. »■ lor-ubie 
icoowiu t' kui.. < «mn""1 

.k <i». rcHiB »C.H -in Miiuitie usa.im.nn"!' 
95. 
'Z'1 
cqsi 

fknuy 'M* "r'uioJ Viiii'ii ium| ?::> o K- 
.° l Miavv DUT, "a", G-f'ss C0?PEB CIA0 B0M,a 

M M i ll I 25 > 1/ . Jfj-" O.I Oiinrni nmj OECCA rtltOJ S'.f'i' C.a.11. BflHd ' Cs. c cjidlJi" r:iiv >irl UM UMl t'f &eiit il.il 
iy SIIBIO MULTIPLEX can BAOSOimune 

Mn iioj Mtfuiii mVi ! nta onror I C. Suiii I :»:< -.) Cii"". -I'll.' amwis. i 
P'l? »(Jirfn. awi'i __   «AII0*>1 r«»«0«ic AM rwi. mi riVi-ll' mi :m.r« »•!•- "Mil •( C latSlPl I' 

JAlELH timi- AU'O-I Jict JAS3EUECA« STimO PIAY«. M«<.l« JHIO to 

cn 

•36°* 
'18" • • 

.7 • • E24ot 
■ .UCO-C ClOCK 

119 .93 AN ' Dtil ELECTR0M1C CLOC* BAOoS .i» till.. IIW! UBITME SIEBEO C4SSIIIE TAPE DECK (> Jl <- £4 « Or rr.i IW 

57 'aw?" 

f8 BSR B0395 TYPE 
Srt Selt tumtabl: sail. 
In** spest). semi aiie'.- iiie 
jjfj] opnaiiaa 

- p 6 i f7,h 
mmmmmm&mw/ 
PRACTICE GUITAR ^ 
AMPLIFIER WITH W^fw A 
BUILT-IN SPEAKER 

■ mplilici. hastren 
K.-iilmeaigi-edimi'it 
amutBui.naoreQU : cnni w 

I ciii:!.i nmi . it with a'l •'.leiiilir. j l":ulS i 
loi -it si guitar, the I nl 'or •fir jilarf 
LoEJimd?-- it also ca. b. used''or rini tcvml 
jnuMiidtiu.Zool.-etc-iinls," k- each irrm 
,i h.ti' . mlnrhle :;ni'3ls. Power cluii'. with 
i ieniji-teak.-' UlwatisHVS with-?-am 
sjicak?' inutieDpliedl 2Q wnt' E3250 

RMS Sire.i-'riax. 1 / - 9 il .j..M,CC 

a : 

£ 9 

BSR TURNTABLES 
8SRVP8GTvp[ 
Single ;lay record player 
(Chassis toimi £15-95 
'CSS catu rqe . . 

lURUIABLl 11-! 
Pup.lai BSR MH EC 
lype com?'etc with 
maonelitcaftrldg. 

29 

w 
p hp 

s =£#>" 
f2900 »H9fl 

NOW AVAILABLE fully h 

£269E 
jpfiG: 

35 

PYE STEREO 
GRAM CHASSIS * 

20 

R T V c 
323 EDGWARE RD.. LONDON. W2. Tel. 01-723 8432 

III~ i.iSuwi^'MWA" PnA09:>;.ri-S TO-- M.-!I.,Tii*i>. 
21 ft) HIGH STREET. ACTON. LONDON W3 6hC 

ACTOh' Vad Ordc onl. «0 isilce J 35 

»| Specially dssisnod by PT VC 
I Iweoat-rowijiiiishi-l 

-nihusiasis Ibes* »lts 
ncorporate two leak- 

•Jos.-as.tnc EMITS- Sieppiox 
woofers, two lAeetfrs and a pair of -rich 
crossovers. Easily constructed, -.sir.g a lew 
hasin iwls. Suppl ed tomplelf wilheii 
essy-to-fohow tircuil d enram. a-d r.-cssnvti 
to -coneots. I -.rut '.5 watts rms. f n nan 
3D waits peak, each <-• it. i-2aUJ 

n.jbiiitl sire 7C 11 
(appro*,!. 

COMPACT' FOR TOP VALUE 
nun abcut l» i'«incredihl-. rookaha 
Iro- HT-VC. A pair of hieb elllciency i 
lor only £3.50 - jusl nfut you need lor low 
power nmpilieis. These infniiie baffle 
encle£-.-9S como tn you ready mitred arc 
professlOnally finished lath cabinet rca 
12' • 9 5 lapS'C 
deep, and is in nuud 

o-r'ntc. 
iiyi2 lapprox.; sp«5 
lot mai. power handl 
of 7 Walts. 

SPEAKERS Two mudtls- Duo Hs.tenk 
I wans rms, 34 watts oca', 

oj - 13;' Zi' 
appiox.l. 
£17 eERPAIR 11 -• c 8 c EG 59 
J. o 11.30 watts'ma, 
JOwettspoak, 
17■ 13 • IIJ (apC'O* 
EC7 FEPPAIH 

^0&oE75n 

EASY TO BUILD 
RECORD PLAYER Kll 
Ideally suited for I'm 
tooslr-ttor who lequites 
e co-pletn »l«ci! unit 
a sudgel prita fo-:.: 
ready assembled stereo 
amp TiOdulc, Garrard aulo.m.i-ua 
desk with cucmg di.,.;. ce-cut a- 
finoed caCinol work Uolp.l 4 wa 
pot chair eI. phones sackci a.-c 

n socket 

Compl 
the 'ourist 
only. TncI 
rour midiui 
Thetun'ng 
small alaminvm tenl-el koohs an --se-C tor 

el liming a-? relume tttftuol. The mooe 
style lascis -rshrcn HesianeU to lih,->d with 
most cat ir.iciisis a -.J the tl'-shed rndi-- w 
slot into a sle-'dard carraCin aor-Urc 
SUoapprox.?- 7" i,". 'J "Bits pus in 
earth laltered iolernally) p 8 p EI.50 £10 50 

(Juisut 4 watts i-.ts 4 uhms. * ^ 
(FREE TO 'ERSOSAL SHOPPERS BdYI\G 

CAR RACIO KIT riE-TBavA" e..-..-ecv 
• „ i. " .11 wn - 'j ii! i.inri VIMI <300 
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ALL 
PRICES 

INCLUDE 
V.A.T. 

NOTHING 
EXTRA 

TO 
PAY 

1\c:i'f·:··----------! 
c~ ughtonthe I 
I Locallig~'ltil"g just where I 
I you w ant •t Wt:h Chc!c's I 
1 elegan adjustable Spotf·ght 1 
I or snake-a"tn Read1r-rg laTP. I 
1 Tidy wires. 1 
I With CI c< you can h de all voor I 

leads aOO •wues . .nS1de t"'e uonghts. 
I wrtn a neat. S'lap-in covet I , 
I 
I 
I .. 
I 

Keeping it steady. 
Wo:h shcl-.·es t ;xcd f rmly 
the .. '"-all. vov e ·rrinate 'loo• 

v brat on ccoblems. 

1 Finding a level. 
Click brac~ets are ~filii'~;::=~ 

I mbntte'y adJustable 
I fof height so ycu 
1 ca'l" always ge: y our 
I sne~ves revel. 

I 

: Shelving for hi-fi. ..:.il 
:We've solved the problems. 
I ~f_f. Post thrs ad. with your narne and address for 
If~ a10 -page leaflet to Click Shelving Ltd. 
I Lowrnoor Ad. Ktrkby in Ashfield. Notts. NG17 7LH 

••••••••••••••••••••••• 
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7A 

BENTLEY ACOUSTIC 

CORPORATION LTD. 
GLOUCESTER ROAD. LITTLEHAMPTOIU, SUSSEX. Tol. 8743 

AIL PRICES SHOWN INCLUDE V.A.T, AT IZ'/j % 
OM I 

lAjr. ATf, 
i.eiCT 

^CJ IKS Ivi 
. II II.I !l/! io:-! 
iux: 7*2 

:R4frv ill 
:u(g ■VlG ■-v.il 

cjou •■V'G 

CAH5 l>\)! I«V •.»K- '.AK( n.XK» 
i-AU '■AM!. 

•■W lAHl I.as; 
o-W* ws il\W5A 

HO 
9« OM 
*.» IAS 
•to 
:m !.«» 1.W aw J.js a.ra J.io a.Ji ise aw 
ISO 
pro »*" »» t.n 0.ro 
9J5 
MO OW 1.JB 
Ma ijo tJ3 
070 ISO 2» i.N LtO 0.45 MO *'5 IJO 150 1.W 030 151 «.io MO i.ro 
ISO 
IW ».« ass MO pro MO >.?» no IK ISO ISO 
IS? 

>.511' !3i 

0.M 
OM 0.71 IM 111 osj 

3K7A - .v> 

•iBBT ■IBR* OBWVi 
I1IAV7 '■•IXO 

6l.:9 0LD1J 

111 OP s od;Q IM (WpGl P 'S "j-M («( I 'kill IM M7(V1( |» ! 0-A: ssi | !--:?'■" 
um 

OM • 6) Imvi; 
zn »*» 49>l l.'x.v liBfx e.ro user 4.40 liifvr SI8 OJO o.rs 

if i 17 "Jo 1 ii!:!i. 679 IJXi »;o dxrer 

no l IJSVV- •si; 

OC&iA CC3 ":ov'i 1CG».\ mi • 
•IIA* biMi Of.V. 
HT'5 

(if'1 
OI'lB BfiS (■IH MV 
opsa erat '1F!2 mioj mi nil 

OSI 0 v5 IS) "'•1 OA) 

073 091 I 0) MM 091 
0.71 •M 
OM UX1 
19* »« OH 070 MM MX* 
IM OM 
IM 09) 

|»A 09) US 0.71 <0 JM 
unfx.i 
OIXiT WC 

Mi*. 1X70 iKMl 

O.M Oil oil 09) asi 094 091 
051 
W •w 

6VK1T 

>Xf .XSC11 I VUG 

o.jo 4.70 : jo I 4.70 4.70 ISO 4jS 650 •50 1.00 fls» 
•so 095 Ml 190 190 190 
lao 190 .'00 :.oo 4.10 oso 050 OH 090 0.70 041 

N ■ o.?t 1.1 IJ OH md: ijo UD£7 0X0 
"i: ojj "I - OJS "I - 0,45 01 . J.u 
IIIUJII 4.79 nloU oil lOl'LU 4.70 

..•RVV1- «>7 

"l-x 750 >95 
\ce J.io 

"''.CO 150 ViM-i; 450 ",:c 4.15 u.-..* OH I? A!.'. 4M 

17507 I7SHT |2X|- 
(2SK» IKNTO I25Q- 450 I77W7C- 09) l2.1»7 4.75 I31J* 790 IIHT C.75 190 

151 041 1.00 050 490 "MO 
0.70 7J0 OAS 190 190 190 OA< 150 
'G 196 •i» oso 0.75 4A6 990 0,35 4W 1«" 090 995 0.70 
050 4.55 4.70 I PI MR 0.00 •"."12 0.71 WMO VIPl SOH1C I0P1S UJPM 

*6 • HAM I'll 60 IDU "ill .•» 1 .iiy * rtn :od :ci; V»\l 04 »I. AW 
TOPI jip- 75,605 •'■111 2.1V 
9)7X0 
7-67CC. J»U 

■oli.v 9)1.7 

■'ivtn ijo viAS I CO KC1 OW SiM HO iiLOOT OW -v'Ai ua -Vdl 050 -•■mit: *70 S)75li ' PW VIBi 4S5 MCI aro 
WCDOG 490 loan 454 OIUXJI IJO MKl 1(0 »n» 1.45 I AO 1.10 IJO 3J0 !AO 4.X5 840 

190 190 1.10 058 950 190 19! 9.75 796 !») 293 1.70 

MAS •OA I l.VCl VOflV .O-Ci 
IMC9 'ISS<1 
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stunt 

mr TV MAN 

^ 4 EXCITING MOTORBIKE TV GAMES 
Normal and Super Rider Modes at the flick of a switch. 

Realistic Throttle and Crash sound eftccis from the 
TV Loudspeaker. 

A GAME YOU'LL NEVER BE TIRED OF PLAYING 

Super Slunl Cycle Drag Race Stuni Cycle Motoc/oss 
HOW MANY BUSES CAN YOU JUMP? 

Tins simple io ossemhle ^ horn I TV Game Kh comes complete 
(No exMas neelJetJJ - jus-simple soldering, Expecred recall 

price (when available <n shopsl - over 
£05.00. SAVE 50% by boikling it 
yoursell. Be oneol Itie lirsl in 
Europe with this miw stunt cycle cra/c 
01 £28.50 (inc. VATJ I 26p P » P 

Make all cheques or postal orciers payable to Teleplay. 
Mail Orders; 53 Warwick Road. New Barnet. Hons. EN5 5EO. 

Retail Shop and Demonstrations - 
14 Station Road, New Barnet, Herts. 

For further Details and Technical Help - phone 01-441 2922 
Fnr tfura spe&l phone your order on Berclay-nr-Acc-m-c Co'dt. 

1 

f French and 
Gerrnnn unokani 

Light on the scene 
local lit?hti:-g just where 
you want it with C' ck's 

elegant, adjustable Spot Qht 
or snake-arm rlead ng Lan-.p. 

Tidy wires. 
With C «:< you can hide all yovir 

leads ana wires nsidc i^e uonghts 
wiih a nest, snap-in cover st/'p 

Keeping it steady. ^ 
With shelves I xed f rnly to*J 
the wall, you e finale 'loot 

vibration problems 

Finding a level 
Click b'ackeis ere 
mtmiteiy adjustaole 

for height so you 
can always get your 

she ves 'eve m 

Shelving for hi-fi. 

We've solved the problems. 

Post ihis ad. with your name and address for 
alO-page leafieuo Clfck Shelving Ltd. 

Lowmoor Rd. Kirkby in Ashlield. Notts. NG17 7;_H 
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MARCONI TEST EQUIPMENT 
·t.F329GCi"icuil•n&g(,ilic~ iioi1- me :er £ 12S 
TF~SSE V'bwe ~n.,fywr. New. £135 
TF1 101 RC oscil latOI'S. £:65 
Tf1099 20 M Hz !lw~ep gfn(lr~ :OJ'$ 
TF1041 8 &. C VT VottmtH&N 
TF1102 AOlpli!ud e modui ;~ !Qr. 500MHt 
TF10 20APQ\\'$t me;er. 100\N . 250MHl . £86 
n: 1l52A /I P(}wtl~ meter. 25W. 50-0MHz. £ 75 
TF890A/ 1 RF ~est &e-t. £425 
TF8018/3S Signal g~ner11tor. (116 
TF 1 " -17 200M Hz covmer (imperfeet). 
TF1 400 Pulse !)i!'Mrnto.-
TF675F Poise genemtor 
!f 1 ~70Wi<Se•r.'ltlQC RC ooci llator £125 
TF2904 Colqvr g;,in cl cl <~y t (:"$t ~~ 
TF1 058 OHF/SHF signal gen&fator 
Z'enith 8 Amp v.:in~s: C28 .50 (Ca!t t 50p) 

Minia tme type (?,?,mm Ot~m ) Coo.ntlng up to 
16 wrn 'Hsrip ots' . Bta nd ttew with m<1~m!ing 

.hl St.l'uCtiOrl.i. Only (:2.54? 9i!Ch 

Wa~ & Gott9nn8n Equipmont 
l (IV'Ei M elef 0 .2. 1600K"b 
l<:\<¢1 Oscil !atcr 0 .2· 1600KHt 
Levet Transmitter .3- 1350 KHz 
C~:'rr ier Freq:rt-n cy l evel Me.ter 

Resistors and 
Capacitors 

typo 890A. 

123 

1Hz.-110kHz i n four decade rangt s. 
Scope monitored output for high 
accuracy of ffequonc:y. Excellent 
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Edicron 

For Quality 

and Reliability 

Edicron Limited 
Redan House 1 Redan Place 
London W2 4SA 
Tel: 01-727 0101 
Telex: 265531 
Cables:Edicron London W2 

Electronic 
Valves/Tubes 

'A 

% 

% 

T ransistors 

Resistors and 
Capacitors 

TV Picture 
Tubes 

CR Gun 
Assemblies 

EXPORT— INDUSTRY—WHOLESALE 
WW — 095 FOR FURTHER DETAILS 

MARCONI TEST EQUIPMENT P. F. RALFE ELECTRONICS RdHDE & SCHWARZ EQUIPMENT 
TP3?96 circutl magntiicaiioh meler £125 
TF4S5E Wave analyser. New. £135 
TF1101 RC 05C'liat<y3 £65 
IF'099 20MHi sweep gencraiO's 
rFl041BS C VT Voltmeiers 
TF1102 Amp-iiude modulator 500MH; 
IF 1020A Power me-.er, 100W 250MHi. £85 
IF 11 52A/' Power meter, 75W 500MH? £75 
TF890A/1 BF test set. £425 
TF80I8/3S Sigoal generator. £175 
TF1417 200MHz counter limcerlect) 
TF1400 Pulaa genotator 
TF675F Pulse generator 
If 13 70 Wi<lc-range BCosc llaior £125 
TF2904 Colour gain delay test set 
TFl 058 UHF/SHF signal gene'aioi 
Zenii" 8 Amp varuics €78 50 (oa" 15'>p) 

ADVANCE CONSTANT VOLTAGE TRANS- 
FORMERS 
Inou; 1 90-260V AC. Output constant 
220 Vc;i$ 250W. €25 !E2 carnage! 

POLARAD TYPE TSA. SPECTRUM 
ANALYSER. C/.v lype STU/7M .-/lug-in 
unit covenng (rom 9SO to 4500 MHz. 

EVER-READY NICKEL CADIUM 
BATTERIES 
Size = 7.0AH. 1 24 Volts. f2./b (post 2bp! 
SONNENSCHEIN DRYFIT BATTERIES 
12 Volts7,S A.H. €4.80 (post 50p) 
l> vm 5 7 a H £7 00 I301! 50p) 

APT POWER SUPPLIES. SiaOlliSod and 
irgi.ilatod 6V Ivanable) at 3A Srand new 
E25. 

10 CHAPEL STREET, LONDON. NW1 
TEL: 01-723 8753 

TE^f EQUIPMt^T ~ ' 
LEAOFR TV FM Sweep anct m.i'Kor generator 
SOLARTRON CD 1400 DC-15MH* osc lloscnpe 
AIRMEC 254 H-gn-power oscrllaid/amplifier 
BOONTON 80 Signal generator. ?-400K'H7 . . . £ios 
BOONTON 230A BF Power Amol lier £325 
BPL aipacitance decade {5) CO 133 100pl-l uF. . . £45 
GEPTSCh Frequency motor and cev aiion meter 70-1000VHz 

••     £250 oR Stanoard sweep generate". 400KHz-230MHz £485 
HEWLETT PACKARD 6930 sweep oscd ator . . £350 
OERRITRON Digital Wneatsionc Bridge £110 
MUIRHEAO K-134 A Battery co wave analyser 
PYt EHT scalamp voltmeter 0-40KV .... £125 

BECKMAN TURNS COUNTER DIALS 
Minialute type (7?mm Ciam ) Counting up to 
15 turn Heiioots Brand nftw with mcantmg 
insiruciiotrs. Only £2.50 each 
Wandol & Gotterman Equipment 
level Meter 0.2 'BOOKIIr 
Level Oscillator 0.2-1600K-Z 
-eve! Transmitter .3-1350 KHz 
Carrier Frequency Level Meter 

£45 
£200 
£125 

Rnsoonse 

BAOIO CORPS PB1 pulse S bar genera-o' 
SIEMENS .evel oac-llator 12-160KHz 
SCHNEIDER typo ci252 I COM Hz counter irsd! ... 
SCHOMANDL tvpe FDI Irequcncy mctnr 
HEWl.eTT-PACKAHD 180A 50MHz DB Oscilloscope 
Btuel % Kioe" type 330' Automatic Frequency I 
Pecorder 2DOHz-70"CHz 
Airmcc ?0iA Sig-a' Generator 30KHz-30MHz. 
MUIRH6AD -.PAMETR40A D489E V Wave Analyser TEKTRONIX 5bb scope with plug-ins types CA :? of) 21 anc 
22 
TFKTRONIX 545 mam frames. 1.210. Choice of plug-in umts 
extra 
TEXTBDNIX 585A oscilloseo'pD with 87 P DC-SOMH/ 
TEKTRONIX typo 576 VoclO'SCOpe £580- 
IEKTRONIX type '80A rime-mark generato".. . £110 
WANDEL R GOTTERMAN Signal Gon 10Mz-30MHz 
NOTICE. Al the ore-owned eouiomoni shown nns ooen 
carefully tested in uut v/orkshep anc tpcondltlo'od where 
necessary it is said in first-class operationai condihon and must 
items ca'ry cji three months' guarantee. Calibration and 
certificates can no arranged at cost Overseas enuuirms 
wrilcome^rice^uoifid^i^subicc^oji^ 

HUZ Fielc Strength Meter, 47-225MHz. 
AMFTV Demodulator 470-790MH7 
Seleci/ve UHF vi meter, bonds 48<5 USVF. 
Solectomat. RF Voltmeter. USWV BN t5?2l 
i'450 
Standard attenuator .0-1 OOdb .0-300 mHz DPR. 
UHF S-g. gnn type GOR 0,3-1 GHz. £750 
UHF Signal generator lyoe SCh CI ' 5 
UHF Test receiver typo USVO. £325 
POLYSKOP SWOB I 

PAPER TAPE READERS 
Tally model 1806. £150. 
NCR with sound-orool case €55 

r,- 

TEXTRONIX TYPE 561A 
OSCILLOSCOPES 

Supplied i" f rsi-clasa condition complete w th 
types 3AI and 333 plug-in units DC-lOMHz 
double-beam 10mV/div. Calibrated sweep 
delay and suigle-shoi. Time-base 0.5us/div. 
€350.00 

MUfflh INSTRUMENT COOLING FANS 
Made by Pot'on Holland. If.esc are vcy high qualiiy. qy-sl 
turvtina fans, ssecia-ry designed lor rfc civjiing ol all ty'pes 
of olccrre-nic CQuipmenr. Maasyras -5ft 5*1.6". 
'' 6V.4C. 11 Wait: Tno i^r K'lee Of "--eae ia o^-et £10 each. 
Wc have a rwant-iy aw.'at. ^ (KonO new fc- only £4.50 
q«ch 

500V TRANSISTORISED INSUUTION 
TESTER 
LigFrvvfigt-r, small siZ" {• 3x7»4cins). Peaci rnstilMlor 
tram 0.7-'00Vll ei 5CGV orossure. Run (rum 
siancatd 9V P°3 Brand new . £16 50 

TELEVISION WONITORS PKIlipi !lur.'<i auality D'ccisico colo-jr nonlratsand Pye 
mciyxnrsrrc406/52a.'6J6 
PACE ELECTRONICS VARIPLOTTER 
.Type ' IQQE  El 75 

'MUIRHEAD DECADE OSCILLATORS 
typo 890A, 
1 Hz-1 lOkHs in four decade ranges. 
Scope monitored output for high 
accuracy of frequency. Excellent 
gonorator.j 
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Appointments 
Advertisements accepted up 
to 12 noon Monday, January 
30, for the March issue, sub
ject to space being available. 

DISPLAYED APPOINTMENTS VACANT: E7.50 per single col. cent imetre (min. 3cm). 
LINE advertisements (run on): £1.l0 per line. minimum t hree lines. 
BOX NUMBERS: 50p extra. ( Replies shou ld be ad.dressed to the Box Number in the 
advertisemenl . cio \Vireless \Vorld. Dorset House. S[amford St reet . LOI)don SEJ 9LU .. ) 
PHONE: Eddie Farrell on 01 -261 8508 
Clossi{!eci Advertisement. Rates are curr·ently zero rat~d {or t he purpose(){ V.A.T. 

Land a good job 
Your 

Radio Officers 
qualifications 

mean a lot 
onshore 

If '/O.J're thinking of a sh:~r-e-baseo !GO. 
here's ·.•Jhere ycu'U find i•'llerestin(~ 
wort\. job sec:urit~. uood money, and the 
opporiu~1ty to enJOY all the co'l'lforls of 
home where yet1 appreciate ther 1 mos~ 
- at home! 
The Post Office iv~aritime Serv!c.t~ h?s 
v-aca'1cies at Pod shead P.ad1c and 
some of Its other t oast stations for 
qJalifled Radio Officers to underroke a 
woe \·ariet:· of duties, from Morse and 
telepcnter opemting to lfaffi(; 
circu lai io'i and rad c telephone 
operat:ng. 
To a,:p y, ycu ·nc...s: have a U:uted 
Kirgdom Maritime Radio 
Comrr·,1nicatior.- Operator's General 
Certificate or First Class CerlJf ceded 
Profic;ency in P.adio-lelegrap.h~r or an 
eqtuvaler.t certif cate iss. .• ed by a 

Commonwealtn Adrnin1sttahon or fh(; 
Irish Rei:Jblic. And. ideally, you should 
'1i3Ve some sea -going exper' ence. 
The stad1ng pay m 2-3 or over wofkS QUt 
at aroond £4093: al ler li' ree years' 
serv·ice this figufe rises to amund 
£&193. (11 y~u are betw(~(-:n i9 and 24 
yoJr pa'{ on entry wi11 vary bst·;.,;een 
approx1ma!ely £3222 and £3732i. 
o ... eftime ise.ddit=cnal. !:!nd U1ere is a 
good persian sr.:.heme,sick·pay 
be;)efits. at lc-:ast 4 .. .,.eeks' holiday a 
't'€ar, artd excellent prospects of 
promohon to s~ior .management. 

,For further informat1-on, please telephon~ 
Andree Trionfi oo 01 -432 4869 or write to her 
·at the following addfes.s: ETE Maritime Radio 
Service$ Div~sion (l690), ET 17.1 .2, Room 643, 
Union House, St. Ma:nins:-lo-Grand, London 
.EC1A 1AR. 

Electronics Maintenance 
Technician 

University of Wales 

(Male or fcm<liQ) fo r .a d epartment Jesponsible 
for the repair of the l aboratories· professional 
electronic equipment. This involves the 
maintenance of osctnoscopes. precision high 
power magr)et controllers, digital equipment 
such as D.V.M.'s, counter-s, pulse generators 
and analysers of v.:lrious kinds. 
Experience of servici ng I his type of equipment 
is required and it is hop-ed to gradually 

Research 
Laboratories 

extend the maintenance capability to include 
microprocessors, computers and ossociated 
peripherals. 

Please appfy for an application form to : 
Mr. M . L. M~lpass, Personna! M anager, 
Philips Researc h LabofatOfies, Cross Oak 
lana, Saltords, Red hilt Surtey. Tel ; Horfey 
554d, Quoting reference: 102. 

PHILIPS 

DEPARTMENT Of PHYSICS 
ELECTRONICS AND 

ELECTRICAL ENGINEERING 
M.Sc./DIPLOMA 

COURSE 
IN ELECTRONICS 

Applications are invited for 
places if'! the fu ll-time one-.,·ear 
MSc/Diploma course in Elec
tronics. commencing 27 Sep· 
;embef 1978 

Further details and ~pphcation 
forms (returnable as SOO•) as pos
sible) may be ob1ained itom the 
Academic Registr~r, UWIST. 
Cardiff CF1 3NU. 
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Advertisements accepted up 
to 12 noon Monday, January 
30, for the March issue, sub- 
ject to space being available. 

Appointments 

DISPLAYED APPOINTMENTS VACANT: £7.50 per singie col centimelre (min. 3cm). 
LINE advertisements (run on): £1.10 per line, minimum three lines. 
BOX NUMBERS: fiOp extra. (Replies should be addressed to the Box Number in the 
advertisemem. c/o Wireless World. Dorset House. Stamford Street- London SE1 9LU.) 
PHONE: Eddie Farrell on 01-261 8508 
Classified Advertisement Kates ore currently zero rated for the purpose of V.A.T. 

Land a good job 

Your 

Radio Officer's 

qualifications 

can mean a lot 

here on shore 

I 
l: 

!. 

If y-x're thirKing of a shore-based ,00. 
here's where you'll 'inc interesting 
woirt, jobsecunty. ococi money, arc the 
oppor'u-.ity to enjoy all 'he comforts of 
none where ycu appreciate the"' -riosT 
-a: home! 
The Pos" Of-'ice Maritime Serv e-:.' has 
vacancies at Port shead Rad o and 
some o! :s ott;sr coast stations for 
Cualiliod Radio Officers to anderrake a 
w cc variety of duties, I'orn Mcrseanti 
"Icor nter operating to traffic 
circulation and rac! c leiephcne 
operating. 
To apply, ycu must have a Un ited 
Kingdom Maniime Radio 
Comn-i,meatlec Operator's General 
Certificate or r .- stC assCe'l l cale o' 
Prone.ency in Rad'O-lelegraphy or ar 
equivalent cert I cate issued bya 

Commonweall'- Administ'afion o' toe 
Irish Republic. Arc. ideally, you should 
nave some sea-go ng exper ence. 
The starting pay a: ?5 or over works pu" 
at around £C93: alter ih'ee years' 
service tnis iigure 'ises to around 
£5093. (|f you ate between 19 and 24 
yo- ' pay on entry w vary between 
aoproxima-ely £3222 and £3~32;. 
Overt me isaddiltonal, and there is a 
good pension scur-o. sick-pay 
bene'r.s at least 4 wc-cks' holiday a 
year, and excellent prospects of 
prcmot en to se' or manage'n&nt- 

For further information, please telephone 
Andree Trionfi on 01-432 486 
at the 
Servic 
Union 
•EC1A 1 AR. 

or write to her 
address; ETE Maritime Radio 

(L690). ET17.1.2. Room 643, 
St. Martins-lc-Grand. London 

Post OfficeTelecommunicatlonis 

Electronics Maintenance 

Technician 

(Male or tcmole) for a department responsible 
for the repair of the Laboratories' professional 
electronic equipment. This involves the 
maintenance of oscilloscopes, precision high 
power magnet controllers, digital equipment 
such as D.V.M.'s, counters, pulse generators 
and analysers of various kinds. 
Experience of servicing this type of equipment 
is required and it is hoped to gradually 

extend the maintenance capability to include 
microprocessors, computers and associated 
peripherals. 

apply for an application form to: 
Mr. M. L. Malpass, Personnel Manager, 
Philips Research Laboioturles, Cross Oak 
Lane, Salfords, Bedhill, Surrey. Tel: Hodey 
554A. Quoting reference ; 102. 

Research 
Laboratories PHILIPS 

mM 
/USA 

University of Wales 

■IT 

DEPARTMENT OF PHYSICS 
ELECTRONICS AND 

ELECTRICAL ENGINEERING 

M,Sc./DIPLOMA 
COURSE 

IN ELECTRONICS 
Applications are invited tor 
places n the full-time one-year 
f/Sc/Diploma course in Fiec- 
tronics, commencing 27 Sep- 
tember 1978 

Further details anc application 
forms {returnable as soon as pos- 
sible} may be obtained from the 
Academic Registrar UWiST. 
Cardiff CF1 3NU. 

7873 
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Headlines like these are only possible when you're acknowledged internationally 
as one of the world's leaders in avionics. To keep us at the forefront we need highly 
motivated design/ development engineers keen to make their mark. And at Ferranti 
there's plenty of opportunity to do just that. On projects like the Tornado, Sea Harrier. 
Jaguar and Lynx. 

And headlines like these also mean expansion. Which explains why we're 
looking for more graduate mechanical and electronic engineers to join our airborne 
radar and inertial navigation teams. They must have the design / development · 
experience to spearhead the progress of equipment from drawing board through to 
prod~:~ction. 

We are particularly interested in talking to engineers with backgrounds in the 
design of:-

Digital/ analogue circuitry. Advanced instruments. 
Microwave and laser techniques. Optics. 
Small digital computers. Airborne structures and light mechanisms. 
So if you're keen to make your mark on avionics, you'll find you're very much 

on our wavelength. 
Think about it. Then ask the family how they'd like living in Edinburgh, 

acknowledged as one of Europe's finest cities .. 
Salaries are negotiable and, of course. we operate a contributory 

pension and life assurance scheme and pay realistic 
relocation expenses. 

For an application form, write to 
John McPhee at the address below: 

Ferranti Limited 
Ferry Road 
EDINBURGH EHS 2XS 
Tel: 031-332 241 1. 
These posts are open to both 

male and femafe candidates. 
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design/Development 

Ferrant 
space ord, er. 

Ojtfp 

goes 
tope 

rrant 

headlines with us. 
Headlines like these are only possible when you're acknowledged internationally 

as one of the world's leaders in avionics. To keep us at the forefront we need highly 
motivated design development engineers keen to make their mark. And at Ferranti 
there's plenty of opportunity to do just that. On projects like the Tornado, Sea Harrier, 
Jaguar and Lynx. 

And headlines like these also mean expansion. Which explains why we're 
looking for more graduate mechanical and electronic engineers to join our airborne 
radar and inertial navigation teams. They must have the design development 
experience to spearhead the progress of equipment from drawing board through to 
production. 

We are particularly interested in talking to engineers with backgrounds in the 
design of:- 

Digital/analogue circuitry. Advanced instruments. 
Microwave and laser techniques. Optics. 
Small digital computers. Airborne structures and light mechanisms. 
So if you're keen to make your mark on avionics, you'll find you're very much 

on our wavelength. 
Think about it. Then ask the family how they'd like living in Edinburgh, 

acknowledged as one of Europe's finest cities. 
Salaries are negotiable and. of course, we operate a contributory 

pension and life assurance scheme and pay realistic 
relocation expenses. 

For an application form, write to 
John McPhee at the address below: 

Ferranti Limited 
Ferry Road 
EDINBURGH EH5 2XS 
Tel: 031-332 2411. 

These posts are open Ic both 
male and female candidates. 
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Challenging Opportunities in 
Brunei's 
New Colour Television Service 
Radio T clowsion. Btunoi commenced opet~Hions in 1 9 7 5 as the hrst a ll colour lelevision serv1ce tn 
South E~st Asi(l. Dvcif\9 t 978 it is expected that a comptetely new p urpose-buil t 3 studio colour 
television complex v~ill be brought into operation. TelevisiOrl St31ldards are PAL, SystemS. To 
assfst w ith the additional staffing .requ irementS-for this comp!Cll., appl ic~nions for 1he following 
posts in the ;elevisicn studio centte in Bandar Seri Begawan arc invited from candidates with at 
least 6 yeats' experience working professionally in a television service in a senior capacity . 
Aolevant e-ngineering quatificMions are- desiMble but not sssonti~L 

Supervisory Engineer 
D?ndidates should h<lv¢ a W i tH; CxJ)(H'icncc of •1ideo systems e•l g ineering and preferably b:e fam•liar 
w•th EMi typ¢ 2005 cameras. AVR2 Ampex t¢COJders ~:~nd Rank Cintel film scanning equ•pmont 
Working to the Svperi •llC~dent Engineet, he w ill be responsible for the general supervision o f all 
television studio opera~ions. 

Two Training Officers 
One officer will bo toquired to tlail) l<>eol stMf in :;~ II aspects o f audio operations in both rad io and 
tctoviston., wtule the other w ill be responsible for video operatiOt'IS. In addition to wide expenencc'io 
television technie&l Of)C(ations, candidates with some teaching experience w ill be g iven prcfcrCilce. 

Sal ~:~ries are in a sco;~ le equivalent to C88 70-E9505 pa, tax ftee including special auo .. ~nce, and 
;;~uract 25% gratuity. 

Benefits incJude first-class air travel for the officer and his fam•ly. subStd isod hovsing. generous 
p.<~id leave. -edvcation allowances, outftt allowaoce. interest free car loan and free medical attention. 
Appoi1ument is on contract terms fo ' 2 or 3 years. 

For full details and application io rm vmte (Suotll'\9 M T 1832 / WO. 

The Crown Agents for Oversea Governments and 
Administrations. Appointments Division, 

BRIGHTON POLYTECHNIC 
LEARNING RESOURCES 

VIDEO RECORDING 
& STUDIO 
ENGINEER 

£3,678-£4,407 p .a. ph .. • up to 
£ 17.38 a mon th $Upplamllnt 

1<> supetvi:SI!" wl)rk m n.tt\'\0 ukordin g 
;:~nd editing <ltC<~_ ..,.;,n c-o lou r ;c{o·C.Ine 
8 1\d V.l.R .s. ~t>me 10 b10i!d<:!nt 
si:~Ad<m.i. <m <.f ;o anll:il Wiih Qp Ctil · 
1100$ in twO &dJOUlH'IQ Sl t~d OS which 
includoo ;1 viCt.'Q 80 -c<>!ovr $.,.S;cm ilnd 
a 1)0-S! ~rodu<: !IOn a.r&3 ;·.-1th m ulti· 
mr.:k ;qv nO. 
Opcm1ian.,l expc:r>r..nr.-c~ nf :'l.'l)urtd nnr! 
colOllr video S'l'$1&ms. pre!et<'b ly m il 
b road<:3Sting o r cdu<:3hOn~l ms:ttu· 
tion . and "'" l..jNC or eqviv.-htnl 
eCu t:ali<H\31 q u ahi•C&!IO-n a ;e de:;l r 
;~bfe. 

Applr.;,:;)tion form~ .and d c.n.aits i tom ~he.~ 
f>e.r~onne l Officer. S righ tO•l Po!yl~t'l.· 
~1iC. Mculsecoomb. Brig h :ort BN2 
4GJ. Tel: Sm. 693655. EAt. 2536 
C!osulg date. 2 J :hJan u-atv. 1918. 

P~?Sl 

4 Mill bank. Lond on SW1P 3JD. 

The Iblyt€chnic 
of North London 

{Readvertisement) 

ELECTRONICS TECHNICIAN 
V'.'e Sfe tookong for a well qut~llficd elecue-nlcs lettul lc-ian with- .a keen in:cre~ 1 1n 
•I cleo. twdio :md ;jucSio·vlsual. As a member Qf 1hc Eciuc:~hOMI Develop men; 
Se-Ntee, 1h-e technician wcut(! be rr.!;p-::>n sib!e lor: 

* i:sl3b!ishn'IQ- s.etY'>cing rou:iAes a n cl rc~;;or(~li. 

111 ~':ilb t>!rshlr,g technical stand<~rcls ;)nd :t sr.ill~ing p rud u CII0-0 Slaff n >Ji(fco and 
audio rccor dino:s. 

* • ~rSilling 81ld supe,.,ising tollch n.i(.;:sl r.;~f( 

* · c:{l\'~!UJ)!OQ- Sold b.ulfd lf1g <~ncill;:uy <H~ll ipm(lnl . 

HNC or eQoiv.al'fl'lt qv.alifi<,:¢~ricm~ u:c:o ir<!d 3 r.d m inu'null\ ol t'!me yqars' re!ov<~n~ 
$Xfl~dc:nce-. 

S.sl-a•)' Scat~ · t.362 1-t.4227 (i rK:ludir~-9 Ll)ndo.-\ We•gh:lng) plus 5'% ');Hn ings 
supplemen; (mtnrmum £2.50 pet week, max.im um £4 pe-r weel<). 

Application form from Ed ucational Oovelop.,..ent Service, Potvtechnic o f 
Nonh London, Holloway Road_. N7 808. ('1&01\ 
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APPOINTMENTS 
IN 

ELECTRONICS 
Take ~'Otlt p1ck of 1tie 
permanen~ pos•s ~o1 : 

MISSILES - MEDICAL 
COMPUTERS - COMMS 
MICROWAVE- MARINE 
HARDWARE - SOFTWARE 

for exl)~l t 3d+l:(e and imrru:;di· 
ate acb~ on cat.eer m1pro•,-e 
lf .Cilt 'phooe. or write to. 
MJk('-Geu)a18Sc. 

'1~£!3!J9!!l~!:l~ 

NEWCASTLE AREA HEALTH 
AUTHORITY (TEACHING} 

Are.a Supplioa Division 

EQUIPMENT 
FOR DISPOSAL 

£'{1h t U.£ .L. Cub Mnd-ponablc sc1s 
(1968). 0 .5 wau. 17 1 35 MHt . will'\ 
tA1SC4 tl11 ion lmd .a n.tet~na; in w ot1cing 
<:!der (new biltteri~s o-nly reql)ire<,.l). 
Licen«: nCJ;dr.d. Technical qu-e-ries 10 
C h 1el Physicist. Royal Vic;tQri:t In
fi rmary. Newc~lllle-up.on-Tyne {Tel, 
0632 31577) Offers, ' in w rlti n.g, ~o 
Aroll.a'SI.Ipplic-::; Oll ic;~;f, 1 1· 12 Nonh 
Tcrrncc. Ncwc;>::;th:·upt>ll·Tvr'!!:. NE~ 
~AD. (7652; 

ST. GEORGE'S HOSPITAL 

MEDICAL PHYSICS 
TECHNICIAN 
Grade IV 
IH~drtclto u 1p 111 !U (ln~nCIII 1M nuul •:bn 
(I ~ -.i~ ,...,,, ol dhic• Mf t..,INt' IU.'IIMUfrls" 
t$lflf N ib dli!UI tnf "' .. AtJt lnlt-)ttlt-1 ~c~ 
l'Clltl(uaJ, 
lltr fCI'W' aw«~ttt • Rit!a u w .. fl 9f91P ,,,,nti,. • 
1M tltaOti~ UtliUI II tilt dtj»mmft1 tf Mtc!CII 
i'tfliU. 
NJIIinl\ qJiifi:cl tiOit It· M ~t IQI!fl!tfl! W::!' 
$!(Qllt., p-IUit ll tn~ilq. StillY t3.16'Z-(4,130 
Ptd.l.l~ltt tl aJ ~hr!VIU4S). 
h tiUl apflitl1inr lJI r .. vm !.It j1tr 4r.mi~~~~ 
Pcdd ~~ a»~ ir. •rititr M: 
Miss t faitt1K1k- i'tt~WI Otf<*rlnurl. tl. Gewt•"t 
lbs&ital.l:t-:;hMM h ill. SW!). trl .01 612 1t."'S flt. 
41?1. 
Cf:rsro U':t:3telfltflll , lt18. ~1t~ 

UHtYEIIIsrTY Of WARW$CciC 

ELECTRONICS TECHNICIAN 
IPfyellology) 

l.lt:hr.cr~• u rrq.~ifd hr t w.de II!Mt 11 Elt-.lttfk) 
c~·llltpflll! IIIVIC b !lC tJ4allilr.J Of\)atlT:Ut Ol 
h)tt.tlon . Tllut I$ 1 J~lllnhr tll~lllsls n 
illrrhdnJ m::usn cml!l'1.t1 1 ''Mi•!t CC .-u~~rf · 
if,u t 1d 'Ol!tOl ~V$1$ .,, -'liPliUU$ ~r1 U· 
)IU·:ttl !J iun l4nt •utsi••~ ol ~~c ¢1r~""J 
O'*litlelt!IM I ~ IIIIC ltvfl U ~~itt!$1:! Ul&'fllll 
UJ$tltD:I Jtt clnirall .. Ue- pall il P*Uitt.t" ,.,.., 
1$'\lh..Wif "'"'tKQh!ntlt wil bt o•ltlt f~J 
GrKls 5 Ul!lf: tU19-Cl.3Gl 1·'· lr•M·u mit .... 
twthn tlrliultrl art n'lhllt ITo !'lr Se:nb.ry. 
OtWt-•€fll t l P~yt~~Jf l fll, tq,.tr.yy t~o)l 1 tx! t. 
~l$!1. tct!rn 11t$$'ltaliMl thlfl-1 till Clflliiii)Ol" It 
$$11!tltlf ll;lt$n:c t s1blr# . Uli\'lltt-:y II 'NI\f.,.i(k, 
W$:1IIY t'i-1 m fPII!~ Rd. ll.,; 18.-l tn. Cb1iro 
~~~(fit rfCti,lOltW'fC•Illll$ U30!bJIItnt)'. 1,978, 

('.'!HYn 
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Challenging Opportunities in 

Brunei's 

New Colour Television Service 

Ratiio Television. B-uncI commenced ope-ations in 1 975 as the first oil coiou'television serv co n 
South East Asia. During 1978 it i$ exoecied that a complolelv new DUfpOSe-builtJB studio eolcor 
television complex will be brooQbt into operation. Television standards are PAL. System S. To 
assist with the additional staffing requirements for this complex applications for the following 
posts In the television stud o centre in Bandar Seri Begawan are invited from candidates with at 
least 6 years' experience working professionally in a television service in a senior capacity 
Relevant engineering qualifications are desirable but not ossential 

Supervisory Engineer 

Candidates should hove a wdu experience ol video systems engineering and preferably oe familiar 
with FMI type 7005 cameras. AVR? Ampex recorders and Rank Cintel film scanning equipment 
Working to the Suoerlntcndcnt Engineer, he will be responsible for the general supervision of all 
television studio operations 

Two Training Officers 

One officer v/ill be 'oqulted to tram local staff n all aspects of audio operations in both radio and 
telovision, while the other will be responsible for video operatiops In addition to wide experience in 
television technical operations, candidates with some teaching experience will be given preference, 

Salaries are in a scale equivalent to f 88 7C-E9505 pa tax free including special al'owance, and 
attract 35% gratuity. 

Benefits include fiist-dass air travel lor the oflicei and his fam.ly, subsidised housing, generous 
paid leave, education allowances, oulht allowance interest tree car loan and free medical attention. 
Appointment is on contract terms for 2 or 3 years. 

For full deta.ls and aoplication form write quoting MT/832/WD. 

(k 

The Crown AgentsforOversea Governments and 
Administrations. Appointments Division. 

__i 4 Millbank. London SW1P 3JD. 

BRIGHTON POLYTECHNIC 
LEARNING RESOURCES 

VIDEO RECORDING 

& STUDIO 
ENGINEER 

t31678-£4,407 p.a. plus up to 
£17.38 a month supplnmont 

lo iupervile work n rev recording 
.ind editing arcs wit- colour tofo-cmo 
and V.T.R a, some 10 Uioa'dcasi 
Si.ird.'i'd unn 'o ess si w th ooerji. 
vons in two adioming Slut) os which 
nclude n vi0i.i> 80 ce'ou' system and 

B 005! OiOduCliOn area wil'i mulu. 
track sound. 
Oporatlonal cxpetvnnce of sourd and 
coloir video systems proforably n a 
bioautasing ot (•ducaiK»»al mstiiu 
lion, end on HNC or oqu'Valoni 
cuucational aualdicatian a'<- deur 
able. 
Applkiafion forms and Oetn is 'mm the 
Person'-o' Officer. Brighton Potyieoh- 
nic. Mculsecuonit. Brighior' BN2 
4GJ Te : 3:n. 6936G5. Ex: 2536 
Clciuigda-.e. 27 th January. 1978. 

i?a75i 

TheMytechnic 

of North London 

T 
'Hea d venisemen r) 

ELECTRONICS TECHNICIAN 

We aie cooking lor a vvel qualified electronics KtcnniCisn v<ith a keen Htpreai m 
v dco. audio and aucia visual As a member of the Educational Development 
Se-v ce, the techhician would bo msponsibie lor: 

• establishing serv e ng routines and rnr.ords. 
• establishing teohnics' itanda'ds ana assisting production staff n virtno and 

audio recordings, 
• training and Supet\'ising technical staff. 
• ■ developing end bundmg ancillary equipment 

HNC or equivalent qualifications required and minimum ol nine years relevant 
experionco. 

Sa'-a-y Scale £3671-£4227 ((Bciuding London Wei gnu eg) plus 6-' earnings 
supplement imimmom E? -SO per week meximum £4 per week). 
Application form from Educational Oovolopmant Service, Polytechnic of 
North London. Holloway Road, N7 8DB  i/hUl' 

APPOINTMENTS 

IN 
ELECTRONICS 

lake your pick ol the 
oeymanant posts m; 

MISSILES - MEDICAL 
COMPUTERS - COMMS 
MICROWAVE MARINE 
HARDWARE - SOFTWARE 
: or expert adu ce and imrrsdi- 
-j'.c iiclron or. carger mprove 
n-cnt. phcie, or write lo. 
VikoGcnatBSr. 

Technomark 

UVtesiboutne Grove 
London W2.01-339 9339. 

NEWCASTLE AREA HEALTH 
AUTHORITY (TEACHING) 

Area Supptioi Division 

EQUIPMENT 
FOR DISPOSAL 

E ghf U.E L. Cub hand-portabte sets 
11963) OS watt. i?t 35 MHr. win 
base station and.antenna m working 
u'dei (new baiierics only rccuiic") 
licence ncrtdiy.J Technical queries to 
Chiel Physicist. Royal Victoria in- 
firmary. Newcastle-upon-lyne (Tel 
0G32 3' 577) O'fers. in wr ling lo 
Area Supplies Officer. It l2 North 
Terrace. Newcastle'upon-Tytie. Nf^ 
4AD. (7852) 

ST. GEORGE'S HOSPITAL 
MEDICAL PHYSICS 
TECHNICIAN 
Grade IV 
n .•etiirrt to lHp n 1»» flltt-oinroi JM niniliiluo 
(I ; »l« m;e jl iliiict' Sl( nufd MSnwuna- 
iinj tub fliilul I') ini'biie lilN'OH 
ItOMlimi. 
I.n je-ioi ipjcut-I urt (ilr j l*l; S'Oip «ar»irg <i 
iM (hernia milce :i Dm tfipKinn; i' Miocai 
Piyiici. 
Wr.nin q»» 'citioil Its C«C ir iqilnlMl "r'-I 
rettfliliH patttil (ranirj. Sll»i» !3.IE7-T«.t30 
lltJim si »•' itomms). 
Iwnal ippicatiu rifi 'n lib Ituripac 
nutdlinaM lEHritin »: 
Km 5. fihslnjl. Pirutul Dipiilarr.!, It S0Sf|«J 
Hnfftai.i'iiHM- «1M SKI). fd.OI 8?Z IZiS ui 
417). 

: 3li fitnurrj 

UNIVERSITY Of WARWICK 
ELECTRONICS TECHNICIAN 

(Psycholngy) 
«Iclncji i riqnril lir i wdt nroi W dKlrinci 
brllipKil "i/1' ii tic iijiilmj Oijkitu'. ol 
PUCMIoif. Iltr! is i nr:inur onjhisli n 
mitiicnj rcrKticmat '.1 l >V 8l| V ntlWi- 
ml it! ctt'.tol l(ll9»!. Appl CHIS "t o«- 
ore tie t: HV! iinr iijeriSiM Ol 'H-C elrjllirj 
Oiii WjtKns it HMC litrl ir nirrierl nlwiH Kiirntt! ue Otiinil! TU pill ll ptrBKOll Prtf 
potliiwill ill iffaHlHM V/I bi 01 'hi TKldCili 
Grid S UdK It SW fiJBI ;.i. Imwr miew) 
Juntar jidird*1! S" lumli IroT m SKtiUrf 
Dtponaial ll PsycWojt |T«I. Unir-f ?I0II »il«. 
?lM|, ttUiu jl i»uliir jhtaitinmieUllaiUlc 
tMl If tlx «cM<tnc fi|i)liir. UHwrBfr ll WfviiCk 
Uieilry CM :AI qiiIIi^ Ri(. Ho I8.'T/I7. Chriig 
III! !V rKlijI Ol IKMClUlM .«30II Jir.nry. 1978. 

f/sar. 

FREE L STS 

To £8 000 

637SSS/<f**6S6 9659 eve 
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Electronic Test Engineers 

The reliable name in radio communications 
Pye Telecommunications are a well established 
company, involved in the field of radio communi 
cations. both at home and overseas. The Pye 
trademark is synonymous w ith systems that are 
highly reliable. To ensure that reliabil ity, wo need 
test engineers to chock our VHF/UHF systems to 
very exacting specifications prior to delivery. 

Wo can offer you job security and long term 
employment prospects. 

We have openings at Haverhill in Suffolk (where 
thoro is the possibility or local authoritY housing) 
and at Cambridge, both being attractive places in 
which to live. Relocation expenses are available. 

We are looking for skilled men and women with 
experience of fault diagnosis. alignment and 
testing of electronic equipment. preferably com
munica tions equipment. Formal qual ifications are 
desirable, but less importer)! than sound practica l 
ability. Armed Forces experience would be 
particularly acceptable. 

Write or phone (reversing charges if necessary) to: 
Catherine Dawe. Pye Telecommunications 
Ltd, Colne Valley Road, Haverhi ll , Suffolk 
CB9 8DU Tel : Haverhill 4422 or Clare 
Barton, Pye Telecommunications Ltd, 
Elizabeth Way. Cambridge. Tel: Cambridge 
58985. 

U:Ntvt"SITY 01' klHT 
AT CAHHIIIIUfiiT 

RESEARCH FELLOW 
IN NETWORK DESIGN 

A.op!roeMo~'""' ••e ltiVI~ IGI oi l"oJOW'CIOC!Oli!ll 
lllo-:Nt"'...., f.ti<MV>;t to VIOOf'\ o-> - SltC 
~.ee~~--~'X>!'l 
-~'«-............ ~.;._~ 
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'"''"- on:ti!CIIt'~'; 11\t d,._. ~111'1*'1~ 01 >¥\t!,l-~ 
MMoetl fi'IO:k'.'$ r.d<::tml)lltl•·""<<ed proc~a 
ll'c'f lur 1"e ~S.";I"' ol ""'141\llod·p<J1611"N!'I 
l'lo: !WOtltlr. C4nclld~IQ!I t hOvlll lt$ ,•to 1J Ph.O 
~tee in Camfl',IM(I, (ltWon u . f'l'lv!.Jr.s 
era ·~~led M.:lste' t:~nd ,,,,,....,~ e.:rene.nc(; 
111 corr.;~ .. :cr..a.ded (1.,-llfl ~t(l-1'1 que!. .. o..-d 
e. M'l .ldvOII'-:11~ S31ttY ... be on t-'IC> !JI~;> 
r:.:133-i -'.!OO 

~~~ __, .-•a.~ ~v oe 
~-e-~: ~ :t.. $...., Au Sllt :!lt Reg,. 
V.tlll fa:..;l: .. olh~l'l·~~ Ctw:t!l!(:$1 
Ub:it.l l ~ry. Tht l.l rHVttl It t.a'l lf'rl\" ' t 
IC~MC'T~ '1NH Clov.g UfW (QIIII!"!IhC.1:1f)1'tl'i 
) I~~ 1.1n ... ;~~ry 1 !)11:J I' •••• quo:e rnl 
Af>'Ji n 
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UNIVERSITY OF 
EASTANGLIA 

NORWICH 

TECHNICIAN 
till).ln~ '"':he 'Au-stc Cef'IU•I'OMiiS$\lOn~ 
PG'>l•~e r,e 'IOCCC!'iJiul IIIJOI>nnt ii•ll ~n•s.t 
t'!e Se..rn: '-"9•,_,, '"' ,..,. OJIII'a:;or .:.n.d 
lft~tet'..l~ ol ~ ~ "'e:Y4 "9 .al!d 
ete<r.:nc~~~'llo .. -C.'I.....C~ 
"S,.w"M 100 ~f'on-wt lti!CI ptO:~ • 
4 .oiii·'V - ·-C-.f ....... ,. ·-~·'"* ~ 
-~~""'~"moor t.O"I'flll,...wovld!X:an 
•tr··:~n:19t S.alar., o•\ ,,,. 0•11de t. l'i::a'~ 
U SC9 ::. r,l08't 
Appl+oho•~. u v "II llt\llls ol :.gil ano 
~•jllltoM¢$. $tl\1 t!~ fllti"'U of 1..-Q rll fllo (l(l$. 
~h<luld IIQ 10\'lfll t{l Po of~~>~~l>•' •\lriO" Schaot 
(II Fu~• :,fl$ ii!'!Q 'vl\.""Jt( \,IM!vtfS!ty 01 !:.;~<;• 
.\•")h. Hocwoch NA4 '1 tJ IIOt oil.., ztt-.., 
31"J~~~'Y· ~9'11 
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Pye Telecommunications Ud 

Don't keep 
it to yourself 

We need your knowledge and experience 
W1th sou,nd c;ommerdal or industti"-1 e;~;tarltnc:t •nd th-e n.tc:e.uary quali
nut~ons - degrc~. diploma. profe-ssion• ! quaUAealio.n&. HNO, HNC. FTC 

etc., dtp•ndlt!O on your aOtd&tlsatioA - you C.ft train u a lect~o~rer In Further 
a.nd Hklher Ecuea!ion. Wt offer a one year, orant·aidec! course to tr•tl\ as a l&ehnN in one of a ranot of IHtbje<:l .,tus such u : 

ELECTRICAL ENGINEERING SUBJECTS 

Courau start in Septembtl 1971. for fvrlhtt dtta·rs. rln; 01 fill u'l the 
cou"n and u nd ttto the Principal o! any of tM follow;ng colleou: Garnett Co:leoe. 
Downshift Hous.e. RoehatnD-tOn Lane. lof'oon SW1$4HR. Tei:01·78'11W: Bolton 
Colle-ge of EducatiOn (Tt<:hnlca.l), Ch;)ciWi(;\ Suctt, Bollen 8U 1J\'I, Ttl:0204 
'221S2; The Poiyte(;hnic:. Huddersfl~ld, Holly Bank Roa d, Lincloy. Huddersfle.ld 

t-! 0338P. Tei:04U2561 1; Wolverhampton Polylochnl(;, Facully ol Educ~tlon, 
Compton Roa d Wesl, Wolvothampton WV380X. Toi:0902242.86 . ................................................. 

Please send me lurlher details and an appJiutlon fotrnlot your 
oneyearcouru 10 It lin~ .. a lecturer. 
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Electronic Test Engineers 

The reliable name in radio communications 

Pyo Telecommi/nicaJions are a well established 
company, involved in the field of radio communi- 
cations, both at home and overseas. The Pyc 
trademark is synonymous with systems thai are 
highly reliable. To ensure that reliability, wo need 
lest engineers to check our VHF/UHF systems to 
very exacting specifications prior to delivery. 

We are looking for skilled men and women with 
experience of fault diagnosis, alignment and 
testing of electronic equipment, preferably com- 
munications equipment. Formal qualifications arc 
desirable, but less important than sound practical 
ability. Armed Forces experience would be 
particularly acceptable. 

We can offer you job security and long term 
employment prospects. 

We have openings at Haverhill in Suffolk (where 
there is the possibility of local authority housing) 
and at Cambridge, both being attractive places in 
which to live. Relocation expenses are available. 

Write or phone (reversing charges if necessary) to: 
Catherine Dawe, Pye Telecommunications 
Ltd, Colne Valley Road, Haverhill. Suffolk 
CB9 8DU Tel: Haverhill 4422 or Clare 
Barton, Pye Telecommunications Ltd, 
Elizabeth Way. Cambridge. Tel: Cambridqe 
58985. 

I# 

UNIVERSITY OF KENT 
AT CANTERBURY 

RESEARCH FELLOW 
IN NETWORK DESIGN 

AMVoliunj s'c ihyimc loi - Rosi-aoetoiAl 
r-csjaren rv- 3 10 .vo-k SRC 

(vij-ci nvolvmg ihn ^yplicaticn 01 tKir i-ufiS |i, (h- sc-alyStt Aid 
syfl'tiesis o" micrewatre ci'culi and agiul Mif». including (he de-/< octm: ol '(Bl'-f- 
maucsl mo'Jc s jnO ccnuiuni-a-aAp S'lxis 
viri drs-gn ol dsti-BiilW-woT?!?' 
netwofki. Candifiaiti ahoukl Ha>'C j Ph 0 
O-liroe in Camixu no. f ci 'nyair-i 
ca •osicO aunjae' an! r«lovant occncnco 
i" compu'Di-kdod •echn -qucs nou.fl 
be;n iid.Ar'.jij- Salgiy v» bain tno■Afuia 
E3333-C4403 

ApiXtfitor rc-ma anfl iwnwon nav re 
oOlein-B •rcn -.no Shiuo' Am stani Ker.i- 
K'ar faculty ol NbIuisI Scicncca Chnmra 
laboraio.y, Tl.y Lrivo-t ly CaoieibMrv 
<c-tCT2 ;nh C'-I-iijptfte!or^Eatca:iotia 
3lii .'anuary I97S ^ yoie quote rcl 
A62/77 

I'BSI 

UNIVERSITY OF 
EAST ANGLIA 

NORWICH 

TECHNICIAN 
'BOvuyal in 'lc Viusle Ccr.lfc t'oni .i$yuor. ot 
|yj«iLSe Tic succ.;'!,1 a|>a"c«n< v.iii assiai tn? Scjiv3 SnginPB) in It-a oparatior cad 
mainier.arce of na aouni'-'eeo.'d'ng and 
eicciranc tub.-: y-|iuiiraont wh en inr.ludsa a Syntfii ICO ana praleuioaa - 
q.'ai-'y Muca ana no. lio ve y,,!,, (ni-..co-rni-i-^y wouldOo an 
aavartaqc Salaty nn iiio Grade 4 sr.i ;• 
£26B^»f3087 Aoplicaiioi-i, ,| v rq c?;a Is o' age ano 
ciparence, anc1 the names ol *.y,o ra'araay. 
'.nauid rc aam ta 3 Asio" School il hr.t an,-, -no Vaitc_ Jnivcstly ol !■=•- 
Amjlie Nu".ivh NR4 7" 'J no: 'aim llian 
31 il January 1370 
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Pye Telecommunications Ltd 
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Don't keep 

it to yourself 

m We need your knowledge and experience 
f With sound commefcial or industrial experlsnce and the necessary cuali- 

Rcat ons - dearec, diploma, professional Qualifications. HND, HNC, FTC 
"-•(c.. depending on your specialisation you can train as a lecturer in Further 

and Hioher Ecucation. Wc o^er a one year, grant - aided course lo train as 
a lecturer in one o* a range ol subject areas such as: 

ELECTRICAL ENGINEERING SUBJECTS 

Courses start in September 1978. For further dcln.ls, ring or fill m the 
coupon and send it to the Principal of any ol the following colleges: Gained College, 

i Downshirc House. Roehamolcn Lane. Lonocn SW154HR, Tel:01-7895533; Bcllon 
I College of Educal on (Technical), Chadwic« Street. Bollon BL2 IJW. Tel:0204 
^ 22132; The Polytechnic, Huddersfeld, Holly Bank Road. Lindlcy, Huddersfeld 

HD33BP. Tel:04a4256l1; Wolverhampton Polytechnic, Facully ol Education, 
Compton Road West, Wolvcrhampton WV39DX, Tel: 0902 2-)2a6. 

Please send nse lurlhcr details and an app.icalion forn: tor your 
oneyearcouisclo train as a lecturer. 

Name 
Addres! 



Appointments 1Z8 

We have a number of opportunities for instructors to 
t rain our customer engineers to service and maintain data 
processing equipment including the latest 370 Systems 
and Software. 

If you're an experienced or potential instructor with a 
background in software and or electronics, etlucated to 
HNC, C & G standard or perhaps you\le had Similar 
Service's experience-now's the chance to find out more 
about these secure, well paid posit ions based in N.W. London. 
offering excellent salaries, career development prospects 
and in depth training. 

If you are interested,please write with full career details 
or phone for an application form to: Anne Dare, IBM United 
Kingdom Limited,389 Chiswick High Road, = = = 
London W44AL. Tei:Ol-995 1441. = :...= :;:::._~ 

Ext. 4786. Quoting ref: 

for 
fiELD SERVICE ENGIN EERS 

BASIC SALARIES TO 
£5,000 + CAR 

. - . 
30 WlndmiU Street. London. W1 

01-037 5551 

li '10\.1 .. ., lna'Or".g lOot • cr~ns 
'•o-rt 8•..-ck.a4: -v ~-d \ .. o...od L. ... c to 
..,"""""" you· ~ i>$ n ~ d.n!•tt~l 
~~ai'V .,..1- 01. rnp.d v c.o.l)."'nci•'"Y 
ifGI'•ll(l~ r.t:'II:M'W U f; l'l WC WD\. d I il;t 
~u 111~1 an<' l.il' k to ~ou 

W11 e&n offer t:l'Xc:i l. n<.J OIJP!Hto.H'I• 
l•Ot ~0 Cngtn<l~rS wh-O ct~n 01)1:111\1) 
~t!d ll'lton l<'i n. R C.A. Atr~ l)&x , 0li<IO 
M&Chll'l~~ And all iYPC\!. 1)1 HeiiCII! 
Scnn 11!1 well as 1 ILC$ :~ •·d colour 

'"""('''''' Rinv \It now 01'1 01-580 7161 
o/:P.Wo 

-- ---- --

SOUND ENGINEER 
.... Anr;d Cpoma H;,tt= Cov.rfn Oi •· 

(h!n ~ .... •"!S As%•.a•a SIXI"d (ng•tt 
41l!r rtu: J)Ulll Will !liObabl>, 1U I 
tomeone w•t,., a st .. d ocr oto&CICU~· 
11\g .;,aeky •O- I'Ic w~o :1 llft:lllllr~d 10 
wc·k unsoc•ab-te ~Oli 'S Tho wi)Mc ~~ 
vory v;;~ ried and re4Utfil:o an o:n• 
YI!!OOrtng "'"* o)n(i $Omc mutliCrt 
.. nOW! edge 

Replie• 10: Phil L.c;svcr , Roya l 
Opera Houae, Fl or•l Stro e,, 
London WC2£ 7QA, YIII•R· 
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THE OPEN 
UNIVERSITY 
'-:..tty ofT_,_.,.,., 

RESEARCH 
TECHNICIAN 

{C:-«o~f-llf'I<U ;,no "'fei«OMtnu"'•UhOI'It; 

A, f.~llni;;i<ifl 1$ fA(II.<rOCI ~U jQil\ tl'lll i !llt 
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,fl(l l 'fji!fl 1\/h'> ;,ppo!l'ti:O, 

T~ liPIM.I""'! "*"~d liiT«hll-<ft!O•td¥3 11)1' 
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•n,.;T ( ;~d~r ••v $N wi~, •"•u ''0"1' 
~ • t> nt ~·.~ ~..-!:!, g.,....,w, ~<!ll•d•vt •l'ld 
e-c¢1111fw't!fo~1 :: ~-s;J»"t"'11fjl(lo)ll~ 

~~or.,...-..av.-.Ub•· IDV~~ 
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W.-tO"'HS 8-t..':,H(~n M'<14J .. ~ 01~ 
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t7Uh 

THE UNIVERSITY 
OF LEEDS 

A vacaoc.y exist$ '" the Sc~ool of 
Chemi$try Efe-ct10n•~ W or'a(Jhop to• 
M 

ELECTRONICS 
TECHNICIAN 

(Grade 5) 
The suc:cri~ul appl:unl Wll~ d•"'~~. 
oonsif\IC~ and m:=,.ta ll • wiodo Vffiety 
of e erl.l'or.ie eQ\.Iipmcnt. E..cpor •n<:O 
' "modem ;J,n;l!Qgue ahd di.gitJ c.ircvh 
toch nulul!!l and in th e U$C of ~ttl 
~tqulpment is cn<:ntt!ll \ iirufl'tum 
QVill,fictHion.s HNC or equlvn!cnt f)l ut 
1 years· expericm::t::. Sahtcv on tho 
suto ( 31 BO· t3 120 p .n (l•~d•u 
11:!vrew) Applic;:;llio~'il g tvH'IQ ago, o•· 
pcuicnc;:o, qual<ticauon&. • tft tc o t 
ht~al :h end ;he n;,me!l end IOdrt,.os 
o4 :wo referees 10 M r. G . Spi nk. 
SchOol of Ch9misuy, Th• Unlv•r· 
&ity, Leeds LS2 9JT. U822t 

MAINTENANCE ENGIN EE R 
... <'A. 'lSI~ .... _.._,,_,~~~~~"' .. ,..~ 
... ~.n:cy~..:e of A:co•<J "!J s~ .... t • •• ,., 
v .. t ... :;," l:q:.-amllf" t 

' St•.; I'Q 1!\t:ot"•,.n;;.,.. plu\• ;Htt• ·V t<1 
Nig•l A.~m• 

Sound Oov...,...ilr\1& L.lmitocl 
Spofleer Cou", 1 C~lc;col RC'I..,I, l.t~>+oclon 

NWt ·7~ ;tl~! 

EL.eCTROHICS y t;CHHICIAH GrUdt' 
:. rt"~lY i TC: cl for s n ~·li t~bh4hmcnt 
tttgaged 1n res earch a n d ti~Cill lllo! 
based. ~Jn a nuc;:t~u r~Stluch rc• 
,.<:tor. llu!<l be capable ''' ccm 
strucdn~ and m~in~inlnc • V#tltty 
nf ctcctrunic ~qwpmcnt to be 
round tn ;a nuclur c...qablhiiiMftt. 
Applu:3.nl.!l: Jdwu.ld hav• at Ju,Jic 
e>IJ:.bt yen.-s e:c1-eric~c:t tnd & QuaU· 
li~titm hJ ONC le\'C] l$ 4•11r~bl•. 
A knl.lwlcdJ;c of dlr,;llll drct.tH.ry 
., ou1d De .an ad\•ttnlo11\t:. S111ary 1n 
r"n~e .t31S6·.U1:!0 per <~nmtm. .£•· 
c~Hcn~ cqndh ionll. :su perl"iiU\Ii:tl iOn 
sc:hr.me. l-\•ur weekS !1nnuat 1'\0JI• 
t.la \ . !JIUl> .:H'Id it iun<tl d<•v " ~~ Chrb t · 
111 as a tlll EaSti' t' . App((cn1IO/'Ill, h)• 
l-1 February 19l b 10: 'I' IH,t llt ut l <lr 
S\•p e.-vi$<lr , Unl\•e r~tt~· ot Ll)n(l~ln 
ll ~;~c: l<t r Cen tre. SitWO(Jd PArk . S VII• 
nln~hjU, A~c~: \, nt•rkl>hll ~. ~1.,.5 ,_,,. 
Trlel'lt ~;n e: A~~~ 231111 u' 27t. 
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Qouldyou teach 

16M Customer 

Enoineers? 

We have a number of opportunities tor instructors to 

train our customer engineers to service and maintain data 

processing equipment including the latest 370 Systems 

and Software. 

It yourean experienced or potential instructor with a 

background in software and or electronics, educated to 

HNQC & G standard or perhaps you've had similar 

Service's experience-now's the chance to find out more 

about these secure: well paid positions based in N.W. London, 

offering excellent salaries,career development prospects 

and in depth training. 

If you are interested .please write with full career details 

or phone for an application form to: Anne Dare, IBM United 

Kingdom Limited, 389 Chiswick High Road, — 

London W44AL. Tel:01-9951441. = E= E=iE 

Ext.4786.Quotingref: ww/93452 

CAPITAL 
APPOIMTWEHTS LTD. 

FREE JOBS LIST 
for 

FIELD SERVICE ENGINEERS 
BASIC SALARIES TO 

£5,000 + CAR 

30 WlndmHI Street London. Wl 
01-637 5551 

you .-"i • i'li'i-.y lo' r rr.riiij:.' 
•Vo-n Biofedcasl "• ;i-d .vOu.O lu« lo 
-o'oov yi' is ils n dillS'SOt 
cuptcilv W'!'- o r.ifMl v e*pandi-y 
laciltlics r.c-CM- y 1> eit V." .vrn. il I kc 
•.ii rTi«i ai'O (a'k to «(>" 

LVo CSi< rito.li.ny oppOILu''- 
<li05 "0 Engincvi 0 cpnnt'c 
nrxJ polmai- RCA A-xpO' Ouao 
May.incs und all types n' Hfliica 
Scan as .veil as T B Cs j-d colour 
"elecines 
yRing Ui now on 01-580 716^^/ 

SOUND ENGINEER 
"s Rnyid Open' H:hik! Cuveni Gd'- 

i!ei> Assisiam Smrml Eniji" 
<><•• Tlu; puiil will piOPsOly SU'1 
someone wnn a siud o or D'OBdca;:- 
i".y !>ackyiO-iU: w ■u s prepared !c> 
vvx;-* urtSOOOtK -"OU'S The .vo ' ■? 
very varied axd 'cr|u :ei en- 
•a ofiO'ing bias a"" lomo -nnsic: 
*nowedge 
Replies io: Phil Leaver, Royal 
Opera House, Floral Street. 
London WC2E 7QA. 

THE OPEN 
UNIVERSITY 
Faculty o' Tachoology 

RESEARCH 
TECHNICIAN 

9 

'E—sroivci ano TelB«!Otnmunicaii:ns 
A Tecnnioian taquifCB '.u join th« Lioc 
ttomcs Dik plme His or rer <rs n doUc-i "i" I.- 'j <1-10:1 :ai» t= I He Di^c-pkno - rcssatco 
3!Oij*»inme "■ idccorriT.uniiHpOAS difiia oroi?5s«'U osirumerlatior find conirol, 
Ths will I'-volvy 1 or consiructicl sno msin'O ol o,cc- TjPlffi fln" oroiatyoc clcciron1!; 
wi<iiomeoi :t-c mairnRnanco ars uoosing 
3' !o0i-o:or.iai on sna 'JiR.xRgs and :ke 
acoors i-ihii 10 oaozo c" iH? loCl-O'CR1 lac* 
I|I«S <0 ineM«r3r.<» iRioatcM labu-siO'V 
cor 100.11,-cd qualiliCBPOo - ONC to oc-- 
.«.o,rr lb or ecJ'vao'lt. wih. nrRrotably. 
two y?»c: Riaoricncs o* loboreiory or 
oroioiype tWRlOpmon: >vom 
Tl— pB-sona DPsinled will CR Rxpocicfl 10 live 
.■ ll, 7(1 toilcs ol !t-c u—-etiCy 30 
ol'jr "in ronovoi enpsnSRS n 
T:«f;h5 possibly "Nmr*a .v.do va-ie:v W 
CAorporai on sivj ofivR» 0001109, an-.' 
tavo .n Aecoi-tmodsikHt 0*f«r 10 advise 
srd l~i!n no.v appointees 
Tt-e appp'iIiIsro; it a: Icchr c? O-RdR 3. 
vrHi-i thy srIriv RtalC 11 i2'1$3 L?'eR p" 
annjT Under -evifl^ win e-'ec: ''om 
1 I 'I 77;. We c'le- JenRrOus halidays anu 
-irRllflill SOOinl aac iporl'i'J 'RCilil"" 
ABOlieat'on hym* ate avaiiabe. b-y paslcRiO 
icquci: p ran iiR"i 'lie "cfsconel Mspsb- 
a* 1121 -fo Opes J.-iivR'Siiy, C O Zok 76 
Alftiioi H.: Milton (Ceyr-s M<7 SAV orby 
lylRpllOOR ItD"! M lion KeynRs -ji'SOS. 
Clusitui dsiR tor apptioaticis'30 I ;7a2ll 

THE UNIVERSITY 
OF LEEDS 

A vacancy exists 'n the School 0' 
Chemislry Eled-oriics Workshop for 
Jin 

ELECTRONICS 
TECHNICIAN 

(Grade 5) 
T mt success'u I applcent v/ili oevelop. 
construct and mainia n a wide variety 
cl e e-.tl-onic equipmcnl. Exper ence 
<!lmodem analogue antl oigiiai circuit 
icchnlques and n ihc use cl test 
eq-jipment is cssomlal Minimum 
qual fications HNC or equivalcnl plus 
7 experience. Salary on the 
scaio £-~!l 3&-r,3 720 oa (under 
review) Applications giving age ex- 
perience. qua liceuons. stale ol 
health anc the names ana acdresscs 
cl tv/o referees 10 Mr. G. Spink, 
School of Chemistry, The Univer- 
sity. Loods LS2 9JT. '6221 

MAINTENANCE ENGINEER 
A rv.'iU t-T-sti<i ■» " R'.ii'Rr in a«<4i r :ro 
mjinterunce o) Reco'O SiuU-e: 5"ri 
U-;IA Aid tnu-amcn 
6IJ: I'C f'-'e'iencr IMRRRR .'upH' < < 

Nigel Adams 
Sound Oovoli'prr.Hnia Limiiod 

Spancor Court, 7 Chalcoi Ro»d, London 
NW1 7928! 

ELECTRONICS TECHNICIAN Crude 
5 required for an cslabhshmeni 
engaged la research and leachliw 
based on u nuclear teseaich re- 
aclur. Musi be capable '<< con 
structlng and inaintaining a variety 
nl clcclmnU- equipment to b«t 
found in a nuclear cstabllshnvcni. 
Applicants should Have at least 
eiKht years cxperlcnee and a quall- licaliiMi iu ONC level is desirable 
A knowledge of illgital circuitry 
would be an advaniagv. Salary in 
range J31S6-I3720 per annum. Ex- 
ccllent conditions, superiinniiatio:; scheme. Four weeks annual holi- 
da> plus additional davs at Chrisi 
mas ami Easter. Applications, hy 
M February ID'S 10; The Reactor 
Supervisor. Unlvetslly ct London 
Reactor Centre. Sllwood Par's Sun 
nlmthlll, Ascot. Berkshire. SL5 7PV 
Trie phono ASCul 2S911 exl 272. t7s.i; 
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WIRELESS 

TECHNICIANS 
'fhvrw #rc " fimited nurtb.,t ot v:tcoilncieii: ill tht 
lo llow,no Homt- Oll•c• Otpot': Andover •nd 
Htni'I~I(W"' Hanl$, 8r ~tnd M id Gl.o~mQfQ.fft. 
OwitofOfd Suoey. Hinch ntbtoot H . ms. le-wes ''" 
S~.t••• •nd R.ons&ey W•tt Mid~ for Wirt._. 
T.e.t~l'llclans to usis.l YAth the IMtal:aUOft •M 
m•' ntcn11n~e oi VHF •nd Ut!f ll:ysttm'-. 
A,pl)l cants n'v S.I be a i.Jk:l 10 d riva a car a nd bu In 
~')(>llli0'5Sion of acilrtent Ul( d•lving licence. 

Salary 
i-to U,OIO (m 17}. C2."$0 (It 21) and £2.905 (•c 26) 
tiJ;.nQ to £3.385. o l\tt a 181$ P•'l wppl~rn.tnt or 
C3t:Uo o)"Gr .,nod a 1971 ,..., su*emoent of SS ol 
10taiUJn·nQi.Wb.~IO .. miNmumof (10179.'(Ht 
•nd•muirnu~ol £208 80h1 t.W. 

A Secure Future 
whh n non·contributory t>o:n!lu)n scheme, o ooCI 
pro,pects uf prqmqtion nM a g etH:tOuit l u~vo 
nUowMce. Tht-re are cppo•tunitir.£ lo r day relet.M to 
nell\ t-;lgher qv.:~fific.;~ti()cn$ 

Qualifications 
CIIMio~lt$ rna~ 0" ftlftlle. trrust bold " Ctty •nd 
Gu+'<IS lntemle0at9 Tt -ccot'I'I'Ut'lieatioM Ci:fllt.C•t.Ot 
oquhrlll•flt •nd heve pt.elbJ u~r~ ot m.e,n. 
~'tf'lnc-e 11nd co::,;truct•on of VHf and UHf wi•olon 
equlpmoM :~n(l a "'"''1ng \t~owl~dget Qf w orkthOI) 
tKhniqu.:s. 
AI)OIIC$1!mn :.o lra:n R~gi~otOtOO 01stbl.eo Pe r!IOI':: w ill be 
t:ontl(lered. 

Interested? 
Thwt wt.~ ~ t+--f-Pho""t fOt 1'-'fthd oc:tails- Mel fft 
*l)()toCJI: on lou:~: to tlr C I Corm•b&ft. Oir.ctotet. ol 
1 f'ltc:OMfi'\UI\>t.S:•on$. Hor•otorry 1-lo.:se-. Oun RVI• 
Suoct. Lonor..n $'.'.'1 2AW Tcfe-l)hOnc: 01 · 211 61.10 

ELECTRONIC 
TECHNICIANS 
Opportunities for the experienced and some
times inexperienced in St. Albans and Luton. 
Work situations range from fault finding on PCB's 
and components, to batch product testing of 
equipment that utilise very advanced techniques 
including microprocessors and the repair/ 
calibration of all manner and types of test 
instruments. 
Attractive salaries and, where appropriate, 
relocation are offered for the right candidates. 
Further information may be obtained in confidence 
from John Prodger 
Marconi Instruments Limited, 
Longacres, St. Albans, Herts. tel: St. Albans, &9292 

~ 4 ca, ca, 
A GE<:rMARCONI ELECTRONICS COMPANY 

RADIO 
TECHNICIANS 

The H-of'l"t• Olflc.e has vac~mcles fo, A.ndio Tec.hn!Cians 
to uny 01.1' maint~ mocMie1tKSn ~rod~· 
bOtl Ol ~'ked eQUipment includ"'f ~IICII 
w~. App!"ic.ini4 must have • good und•· 
s:anding of rtd.o tunda m.oenlab ~l'ld ~ fett'hl.!!:r w rth 
oommonly uRd radio compontnlt •nd l t!S-I t Qt:ipmen t. 
Tl'lc vac:ancltt w ill 00 loca ted .al SIIM~ore, M icldlc;cll', 
Cem r,, l l ondon (ne.ar Watcrtoo S tMton) and Baldock,. 
J.iertt. 

Quallllc.ations and Experience 
Apol~ntl must OO~!U ehhcr 41 City and Gurld.s 
lrtenntd &It Telecommun~~ Ttehtlicians Certifi
eat«. • rokwll'll OHC oc ~vW.kft' qutTif'c:.ation piUs 
1 yNf"s cw~.c11 v.v\V.opexJ*t.ftet. 
Apptieattona ttOm Regis!er~ Disablod Ptr&Ons will be 
considered. 

Salary 
i:! C2.0 10 tt Yttr a t 17,£2.450 111 215 o r over o n enuv. 
fitiing tO • 1'1\llxinu,Jm o f £3.3$5, pru~ a 1 97ei pay 
.sur.pl9rrr..nt of £313.20 and a 1 a11 P•v ;upplamemof 
59&.~ totllum ng.$, $Ubj"t co • mlh•mumof £t01.79 
<J YC¥ and I tni..Otn'Jtn 01 £208 80 I l'Qf. A Londo" 
We.ghd"f A.!Scwaoce of £465 a VC*" 1$ ~able in 
Cenu.,lOttdon and £275~ ~~ •1 $ttni'!We 

A Secure Future 
wi11'l a non•tOnl•ibv ~c:;ty penS-· on tCh tme, pro!lpe<:t$ o~ 
promocion. oone~rous leave allo w.-.ri<:C, funhet educa · 
tion facll•llij 11tH.I :1 5 · d;)y w~k of 4 1 hourll 1n Lo ndon 
:~.nd 42 cltowhero. 

Interested? 
Then wttlt 01 ~one for tpplteataon four.$ {*oc 
n:.t.urn bY 8th Febr'us.:y 1978) 10" ~~ .J .J WJiis. 
O!f'tc\Of•to of Aad"10 r~. Room !>14. 
'N~t~ediKI 8rldg11: Hou&e. WatttlOO Road, tonefon 
S f 1 8U.A. Ttltpho~: 01 ·27$ 30011, 
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.Marconi Instruments 

ELECTRONIC 

TECHNICIANS 
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Opportunities for the experienced and some- 
times inexperienced in St. Albans and Luton. 
Work situations range from fault finding on RGB's 
and components, to batch product testing of 
equipment that utilise very advanced techniques 
including microprocessors and the repair/ 
calibration of all manner and types of test 
instruments. 
Attractive salaries and, where appropriate, 
relocation are offered for the right candidates. 
Further information may be obtained in confidence 
from John Prodger 
Marconi Instruments Limited, 
Longacres. St. Albans. Herts.tel;St. Albans. 59292 

A GEC-MARCONI ELECTRONICS COMPANY 
i7a'i8i 

WIRELESS 

TECHNICIANS 
There ate a .imiieO nuirber ol v.ic.-ndes at the 
lollowing Home Olliec Dnpois: Ar-dover and 
Hanninglnn Hants. B'dgend Mid Glamorgan. 
G^ilcford Surrey. Hinct-. ngbrook Hunts, Lewes East 
Sum;, and Ronslev West Midlands for Wireless 
Technicians to assist with the instaliatlon and 
maintenance o^VHKand UHf sysiems 
AppKcants must be able io drive a car and Du in 
possession of a Current UK driving licence 

Salary 
is £2.CIC (a! 17). r?.45C (at 21) and £2.905 (at 25) 
ri-vng to C3.3S5, olos a 1976 pay Supplement ol 
C313.20 a year and a :977 pay' suoplctnen! of 5% cf 
total earnings, sul>;eoi to a minimum ol noi 7Sa yta' 
e nd a maxi'iuim el f208 80 a year. 

A Secure Future 
v/ith a non-conirloutory ounsian scheme, good 
prcspecis ol prornoiion and a generous leave 
allowance There ate cuponunities let day release tc 
gam higher qualifications 

Qualifications 
Caridiniiics, male c lemale, must hotd a City and 
Guilds Inieru'ediate Telecommunications CoriiUCatc c 
cqulva^ert and heve ptocilciil cxpc/ionce cl m-am- 
ter.anCo and construction of VHT and UHT v/ireler.s 
eguipninnl and a •vor'ning Knowledge nl workshop 
teenmuues. 
Applicaiions (mm Registceo Oiseblec Peisons will !>e 
considered 

Interested? 
Then write nr lo'eoho-t 'or lulthet oetalls and an 
appl-caiton lonn: io Mr C E Constable. Oirectovate of 
lelecommunicaiions, Honelorry House. Dean Rylo 
Street, LondonSW1 3AW Telephone.01-211 642C 

7805 

RADIO 

TECHNICIANS 
The Home Off ce has vacancies lor Radio Technicians 
io ca-ry cut maintenance, modllicatidn and construc- 
tion cl specialised equipment including mechanical 
construction. App icants tiusI have a good under- 
standing of rad o fundamentals and be lam l.ar with 
commonly used radio componenia and test equipment, 
"he vacancies wilt be leveled at Slarmore. Middlesex, 
Central London (near Waterloo Slalion) and Baldock, 
Herts. 

Qualifications and Experience 
Apoliconts must possess either a City and Guilds 
Intermediate Telecommunications Technicians Ccrtifl- 
cate, a relevant ONC or equivalent qualification plus 
1 year's practical workshop experience. 
Applicalions from Registered Disabled Persona will be 
considered. 

Salary 
is £2.010 a year at ' 7, £2.450 at 25 or over on eniry, 
rising to a maximum cf £3,385. plus a 1976 pay 
supplement cl £313.20 and a 1977 pay supplement ol 
5% of total earnings, subieot to a minimum of f 101.79 
a year and a maximum o' £208 80 a yea*. A London 
Weighting Allowance of £465 a year -s payable in 
Central London and £275 a year al Stanmo-a 

A Secure Future 
with a non-contributory pension scheme, prospects of 
promotion, generous leave allowance, further educa- 
tion facilillaa and a 5-day week of 4* hours n London 
and 4? elsewhere. 

Interested? 
Then write or telephone 'or application forms [for 
return by 8lh February 1978) to- Mr j J Willis. 
Directorate o-' Radio rechnolo-qy. Room !>:4. 
Waterlao Bridge Mouse. Waterloo Ro.-ul, loncon 
SE1 QUA, elephonetOl -275 3005. 

•7 799) 
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Project Engineers 
Electronic Control Systems 

Johnson M~Uh(!V & Co. Ltd., wor•d lea de($ in refining and 
fabri~t1n9 ptecious metals h;,-,vc vacancies for experience<! 
Electro-nic Engineers to joil' our sma!l. special is t team at 
Wemb ley. W ith en HNC/HNO o r dt:-gree level qualiticvtion. you'll 
be in'lolved in the design, prooduction and illStallation of 
electronic CO•Hrol sys;ems to the in(lividual t equireme-nt$ o f 0 \.olt 

l'nill'lufact•,nins c-enHes. 

Systems Engineer 
Or<Jwmg on yom •n•u, egement abilities, you' ll d et3i1 !he systems 
;.)n(t (l(t\lipmem design and organise their m ;.'ulufacture and 
installs~ ion. There w ill be some ! r~vet involved and a clear; 
d riving l ice-nce Is esse•ltial. 

Electronic Engineer 
You' ll need to 1}-e able to thiuk crot~!ivetv for you will d esign the 
analoyue 3n<1 aigl tal ci rcuits to their pre-production st~g& f1om 
state<l f unctional requirements and as.sis1 in the design of 

p•Odll¢1ion equip m-en!. 

We ;)rC offering corn pet hive selaries. accon:!i119 to age and 
cxp~rience. for a 37~ hOlH week ln.add i ti<)fl , we offer free 
tvnches. 4 weeks' annual holiday and a eon.ttibutory pcnsi.oo 

S(:heme. 

To -'PPiy, please w che o c telephone 1.1. Midd !eton-Stcwan . 
Sutff Officer. 

00~7'; 

JOHNSON MATIHEY 
1 CO HIGH STREET •SOUTHGAT E 
LONOON N 14 6ET • 01 -882 6111 

llectronics 
lngineer 
We require an Electronics Engineer at our 
Research Laboratories atAiderley Park to 
strengthen a team involved in the design and 
development of Biological and Research 
instruments. 

Ideally candidates. male or ternale,should be 
qualified to HNC/HND or equivalent standard 
and have had four or more years experience of 
electronic design. A good knowledge of anologue 
and digital circuit design using the latest 
component technology is essential. 

Age: 25 years plus. 

Please apply in writing to: 

® 
MrM.J.Higgins 
Personnel Department 
ICI Pharmaceuticals Division 
Mere side Alderley Park 
Macclesfield Cheshire 

18~0 
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12adi() 
~ngineers 

Oppcrtunili~ ~x1st for sev~ral additional . 
expe<ienced radio engmeers to join !his leading ftrm of 
Ccnsulling Eng'neers. 

Vacancies ex1st ~oth in our SnghtOfl Offices and for 
engineers to serve on contract in the Middle East. 

Chartered Engineers I'Alo have experie<lce m 
several oi !he fol.owing fields ue irwited 10 apply: h.f. 
transmitters and receivers. sound broadcasting. m.f. 
and h.i. antennas, m.f. and h.f. prcpagatioA. 

S«l<.ries fer engineers based in Brighton will be m 
the range £5,500 to £7.500 p.• . with the usual fringe 
benefit$ including asSistance w1th removals. 

Salanes for ~ngineers contracted abroad will be 
about doub~e the above range and these salaries are 
normally payab!e ta:x..iree usual~~ +:~ith free tra~;el!ing 
and local accommodation. 

Degree Engineers with extensNe experience vmo 
are not Charte<ed may also tJ.e considered. 

Please write or telephone: 
G. E. Tedder, Group Personnel Manager. 

PCR Service Company, 
Paston House, 
165/167 Preston Road. 
Brighton, Sussex: 
(0273) 507131 

TheFblytechnic 
of North London 

Department of Eleetronic 
and Communications Engineering 

TECHNICIAN GRADE IV or V 
Appli(;al ioru; ;,;~ invited for the appointment o f <• Gr:ide JV or V TechniCia.n 
In the Oepenment oi Etcctronie Commu,,icadons EnginccrinK. 
Thi :s. in tertMhlg post in\'olves the operation ;,\no;J mshn enance of hi~h Kr~d<l 
test equipmtnt. tqgcther wi~h the fi(lnera! responsibi lity for $tu de nu' 
da)HO·diiY r~;quh·tnteiHS with expe~iment~ and proj ects in the labor:! tory. 
lmp<:;rl;)rit. pardclpalion in research work in l i>~ i$On with academic staff rQr 
lhe rfsht applicant, ! ~·aCing le) ')r(lmoti(m l)tospects. 
E:Quc;ational tevel for Grade 1\' ONCI ONO ;~m;J Grade V HNC:'HND in 
appropriate subject:;. 
Ex~rit:;'¢e: Grade [Vat least 7 ycar:s ( i~(;luding t raining period). 
Gr<~de V at !eaxS YL'.l~r.s (im;.h,lc.l i n~t t r:)ininH t)etiod). 
Salary Scales: (inclu&.ive or LondQn Weighting). 
Grnde V £32L6·£3672 tHu~S% eamlng.s su,l)plement 
Grade lV (3024-CMSO (1\laxim~m £4 per week) 

At?pli~tion forms obtainable fre)m t he £stabllshment Offl<:cr, P(llyteehnj<; 
of North U>ndon. Hollowa)' Rottd N7 80B. further det ails from the 
Departmental Laboratory Superintendent ''lr. S. Elliott 607 2769 txtn. 2 ' 76. 

(73i13) 

BRUSSELS • 
lt~ Techm:~I -CotfiVf ¢ f tflt f.\ of(loM.ln nr-e;::ic~s.:i"IJ llnio<o >$ $$$:<>!"11-ln 

EDITORIAL ASSISTANT 
fo f d~~·e-. ~~""'X'Ii!i"'<! ~he >l''X'"'~"'ti o>l Eo>!)l<UI II<h:ooM ol theE i) tJ ·~ IOIC'i'lfllO::tl ~«!OIHC:!IS !ro:-T. 
~'Ctl' m~tc :1~ to ::vb\..:~1,0:1 

lM post ~vl~ ~~~ o)ol ElliJ;UlC'(lf at i fl:;l\n,.c;:,tt of f 'lg1"fh ••"u.>llt$ •·tt>ll9v~, w.:t• t• lhf'oull) ~,;<1 
c..._!lllroeolee ool re-»~')mm.,onot.Mol>ol$ - prllte r~bt:v bro,cltll1ti M!J! - 11 '1(1 IH • ll!)o!:t y 10 p o¢dv;;e 
dGCu!'i'l(>Jlts '" ! .l:~l:ll$$$ f,O\!)~h I•Oil'l €1':~1•$h iu-\1\1 Fre11ch m~te~l. ~'S w~ II' l>•@!¢i$$ 03"11i!t iorrJ 1)1 
tql;Nh(llll f~('u)rt~$f'o(l¢0: r~O<l(leo·<e A '"li~h$f . th;;ol'l . :tve-~::-;~e-ptor:o=oo:c).' ;,q h e Foem:h lcln;;vug11 
..$~de-lilly l:$$~tljlll. 

Tn;) ~~ry '"'n ~e on 11'1$ V>¢ol•l y ol 5$0 OCO 0$1!)-<ln f l<'nt:s pee ~1num. c:'-epellt:: l!g upr..n .tl!S<'If Q 
1\0(!II:f!t.l"'tC. V.1~h- gGO.~ r.>'OS!)CG!~ Q! .ld•n<IICOl'l'l'><lr:l. 

C~1c't'J11:~~ $ho...:l w m e g owo'l!) dct.l ~$ o l .x!vr..l:!l>ll .a11'!1 c,.;l>l)'rientt' :o 

,. Dir.ecor. Tfletwlleal C.nl ,._ o f 11'1• luto,.en 8ro.de••tirtg Unioll 
Av.n.v.e AJbM, I.Ac\t: .. til"• J2. 8-1180 BtuxoU•• (B•Iglum) !1800s 
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Project Engineers 

Electronic Control Systems 

Johnson Maniiey & Co- Ltd., v.'C'O in refin«rg and 
fabricoung O'ecious mcu>lshjvu vacancies for experienced 
Elccuonic Engineers lo join our small, specialist team at 
Wemblev. Wth an HNC/HND o' degree level qcalification. vou'll 
be involved in the design, production and Installation of 
electronic cont'd systems to the xiOividual requirements ol Our 
numulactuung centres. 

Systems Engineer 
Drawing on vo"' management abilities, you'll detai the systems 
and equipment design ard organise their manufacture and 
installation. The-e will be some travel involved ana a clear 
driving licence Is essential. 

Electronic Engineer 

You'il need to he able to tnink croativelv foi you will design the 
analogue and r.igital circuits to Iheli pre-production stage horn 
stated lunctional requirements and assist in the Cos gn o' 
production equioment, 
We am offering competitive salaries, according to age and 
experience, fo-a 371 hour week. Ir addition, we offer free 
lunches. 4 weeks' annual nolidav and a contributory pension 
scheme. 

To apply, please write o> telephone I.I. Middieton-Stowan. 
Staff Officer. 

178^7) 

.. JOHNSON MATTHEY 
UIVIL X J 1 OO HIGH STREET "SOUTHGATE LONDON N14 6ET • 01 -862 6111 

Electronics 

Engineer 

We require an Electronics Engineer at our 
Research Laboratories at Alderley Park to 
strengthen a team involved in the design and 
development of Biological and Research 
instruments. 

Ideally candicales. male or female,should be 
qualified to HNC/HND or equivalent standard 
and have had four or more years experience of 
electronic design. A good knowledge of anologue 
and digital circuit design using the latest 
component technology is essential. 

Age; 25 years plus. 

Please apply in writing to: 

MrMJ.Higgins 
Personnel Department 
ICI Pharmaceuticals Division 
Mereside Alderley Park 
Macclesfield Cheshire 

C 

Radio 

Engineers 

Oppcrkiriiiies exist for several additional 
experienced radio engineers to join this leading firm cf 
CcnsuHmg Lngneers. 

Vacancies exist both in our Bngntori Offices and for 
engineers lo serve on contract in tne Middle Fast. 

Chartered Engineers wno have experience m 
several of the following fielcs arc mvited to apply: h.t. 
transmitters and receivers, sound broadcasting, nv 
and h.t. antennas, mf. and h.f. propagation. 

Salaries for engineers based in Brighton will he m 
the range £5.500 tc £7.500 p.a. w.th the usual fringe 
benefits including assistance with rcrrovals. 

Salaries for engineers contracted abroad will be 
about double :ne above range and these salaries are 
normally payable tax-free usually with tree travelling 
and Icca^ accommodation. 

Degree Engineers with extenswe experience who 
are not Chartered may also be considered. 

H ease write or telephone: 
G. E. Tedder, Group Personnel Manager 

PGR Service Company, 
Paston House, 
165/167 Preston Road. 
Brighton, Sussex. 
(0273) 507131 

TheMytechnic 

ofNorth London 

Department of Electronic 
and Communications Engineering 

TECHNICIAN GRADE IV or V 
Applications are invited fo: the appointment of a Grade IV or V Technician 
in the Department of Electronic Communicaiions Er.ginccrinK. 
This iniertwUng pout involves the operation and maintenance of 'mgh Krade 
test equipment, together with the general responsibility for students' 
day-to-day requirements with expe'tmenrs and projects in the labor;;'.urv. 
Import jui participation in research work ir. liaison with academic staff for 
the right applicant, leading to pionmtiim prospects. 
Educational level for Grade IV ONC'OND and Grade V HNC/HND in 
appropriate subjects. 
Experience: Grade IV at least 7 years (including training period) 
Grade V at leasts years (including training period). 
Salary Scales: (inclusive of London Weighting), 
tirade V 13216-S3672 plus 5% earnings supplement 
Grade IV E3024-E31S0 (Maximum £4 per week) 
Application lonns obtainable from the Establishment Officer, Polytechnic 
of North London. Holloway Road N7 8DB. Further details from the 
Departmental Laboratory Superintendent Mr. S. Elliott 607 2789 extn. 2J76. 17813) 

BRUSSELS 
'Co Tccfir :ai Cent'-O' "i" fumooan Brooawatinsi Uiiicn 'S swor 3 ar 

EDITORIAL ASSISTANT 
'o- ontallin? :nc stoiriv-j nl tog -in cdBtom c" tl'* F B U s tacnnieai acooocals I'ct 
lou-ec mate- a ro sut csnoi 
th-i cos: vmuk: swi an Fnginoat m "ccl-'i car o' [igi-ih with iifli-nny -"<1 srpononcc in icirson.-ivinicaiioi.i — pnKfabv Oroaec»!''ria - »"d 'hB nfti-iy m pioducB 
doeumenu m Uu-iIbs. Fi-.j .h Iiob*. :Bgi.sl- anc Frc-ich mate'-al, b? w- -1 pieciss i-amlst'O-r o' 
lochncal 'Booa"0-^oonc-1* A oiijlin, ■ 'han - avcaije a-otc —rty i" -l>8 F.-b.-ii!i oi-auagB 
1 BvlOjntly CSSIMt-a, 
T.io ssfy will r.« .1 me v.cac.y Ol 550 DOO 3el5-an tranci pnr B-inum crptm-"g jpoo 33c arc 
Bi.'Oiicrcc wcr gooo r.'OsOB'.is ol advancomom 
Cb--ic.3o*.?i sI-di. 3 wi'lc qivii'b (IBIfl li o! Bn.i'.aiion ;n.i oporicnce to 

ln« Duociof, Tochnlcal Cemm ol ih» European Broadcailino Union Avoiiub Alhan, Lancaalar 32, B-1180 Bruaollsi (Bolglum) *8001 
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BBC Recording 
DOC ~uires an m~nc:cr ~ ith $p.'<'ial responsibility for audio 
recording in tiS lksigns l):partmc"nt In central London. Much of 
the work is apprai.smi or modi(yins comm<'rc.ial uudio recording 
cqllipntenl and ad~oismg those rC'$~nsiblt (ur audio Opt"r.Uior~ 
and mstallations. Tht..·rt" is also a <tubslunual amount of onWnal 
design. both mechanical and de'Ctronle. for lu~iiiar,·cquipments 
and ~ali.sed rccordinjS)"Stcms.. 
Prcfcnmce u.iU be gh"Cn to upplican1s: l'!:l\ill}o: an appropriate 
Univcr$itv dl-grec or profe:..siunal quallfkation. 1'he sucC"C'Ssfu1 
C31ldidatl; lS likely tO ht.I\'C I &Ub$1ftfUill knou Jt"dgc or th(' lhl'Or)' 
of magnetic: rccordinJ.:. a wide t\J)C'ri.:nt..."\.' or I ~JX'i of n..-curdcrs 
mc.-dia and forrn:..t.S:. ~nd be skilll'<l in orx·r.ttioi•a* ah:.:,nmcm And 
laboratory mca.o;urcrnent of u.udio recordin; S)~tem$. He/she\' ill 
befxpencnccd in the ddiW1 of clcclronkeirc:ull$ttnd mecharlical 
devicc.-s, and familiar whh digir11l tC"ChniQUl'li• logic and J>rOCf'SS 
control, and the use of time: coduiam:als rori•dillng. 
The: po~H im•oh e1 liaison with o wh.l:~ range of cnglnN•rS and 
mana.gcrs in kadio. TeleviS-ion aud l::>acrnaiBro:-.dco~tin~. and 1n 
industrv. The posl holder mu~r be ('lblc co c.·,;tuhlb;h cffcc-ti\'e 
oommu.nication wilh them tllld provide cx,x.·rt ndvi~:c· lncludiu~ 
Lcc:hnic;al repor1s and the recomn1endution uf aiiCI nOlive~. 
Salai'~':\C('.Ording Lo cxpcricnoo iu thl'ra:1jtl· .1.-SOSO £5430ri~tnRh, 
£6000. opporlunilic."S for prOiliOti~m.l)~:n!liO•lO:b lc !>OS I. 
Write for application form tl> Tht.: En&lneering rtc:cruilmcnt 
Otricer, DHC. BroadcM iilll: llous<:1 t.onaon. W! A 1AA,qUOIIn8 
rcf<"rl'JKc 77.F. d094tWW arld cnclosiu~nsdl'uddr(."S:\Cdelwdopl' 
a l teas! q·· x4'7 
Closing d<Uf' t'm complc1cd opphc:ouioJ1 tmms hi 14 dlly:S ,·, ft~:r 
publicl'l t ion. 

AMPI*EI X 
Ampex International recherche un ingenieur 
bilingue experiment(! pour !'elaboration de 
systemes de television destines a Ia France. Ia 
Belgique et aux pays d ' Afrique francophone. 

Sa fonction consistera en I' elaboration d'offres 
techniques en franr;;a is. au sein d' une equipe 
depuis longtemps implantee sur les marches 
internationaux. La connaissance des deux 
langues est indispensable. 

Please reply, in French or English. w: 

D. J. Lambert 
AMPEX ELECTRONICS LTD. 

Acre Road 
Reading RG2 OQR 

131 Appointments 

LINK 

CHECK OUT NEXT 
GENERATION'S 
COLOUR TV CAMERAS 
Just about to go into production is our 
multi-mode colour camera which sup
plements our well known type 11 0 
studio/ OB version , now selling i n 
increasing quantities. 

Test Engineers are needed who can 
cope with high techno logy designs 
covering the whole spectrum of studio 
broadcast equipment. A background of 
circu it theory up to HNC/D/degree 
standard is essential, although know
ledge is more important than a piece of 
paper. 

You must have spent at least a year or 
two in indust ry and the experience you 
have will d ictate the comp lexity of 
equipment you can work on ini tially. 
Domestic TV experience alone is, re
grettably, insufficient. 

You would be joining a young team in a 
successful operation, offering salary and 
benefits normally associated with a 
much larger company, plus f inancial 
help in relocation, w here necessary. 

Our modern factory in Andover is well 
placed for a good selection of housing 
and there is easy access to London and 
many major towns in the south and 
Midlands. 

Please phone J ean Smith at 0264-
61345 for an application form or write 
to Mic Comber at the address below, 
giving enough detail of qualifications, 
experience and salary progress ion, to 
make a form unnecessary. 

LINK 
E LECTRONICS 

North Way, Andover 
Hamp&hhe, England 

Telephone: 
Andover(OZG4)6 1345 
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BBC Recording 

BBC requires an engineer with special responsibility lor audio 
recording in :ls Designs Department in centra! London. Much o! 
the work is appraising or modifying commercial audio recording 
equipment and advising those responsible for audio operations 
ano installations. There is also a substantial amount o! original 
design, both mechanical and electronic, for auxiliary equipments 
and specialised recordingsjlstems. 
Preference will he given to applicants having an appropriate 
University decree or prolessiunal qtialificutiun. The successful 
candidate is likely to Have a substantial know ledge of the theory 
o: magnetic recording, a wide experience of types of recorders, 
media and ronnais, and be skilled in operational alignment and 
laboratory measurement of audio recording systems. He/she will 
be experienced in the design ofclcclroniCCireuilsand mechanical 
Uevtees, and lamiliar with digital techniques, logic and process 
control, and (lie use of lime codesignals for editing. 
The post involves liaison with a wide range of engineers and 
managers ;ii Radio, Television and Hxtcrnal Broadcasting.and in 
industry. The post-holder must be abie to establish effective 
communication with them and provide expert advice including 
technical reports and the recommendation of altei natives. 
Salary according to experience in the range 15050 13450 rising to 
SiOOOO, opportunities tor promotion. Pensionable post. 
Write for upplicaiion form to The Enaineering Recruitment 
Ofheer, BBC. Broadcasting I luuse, London. W1A1AA, quoting 
reference 77.E 4094/W\V and enclosing a self addressed envelope 
at least 9, x4T 
Closing date for completed application lorms is .4 davs after 
publication. 

B B C 

AMPEX 

Ampex International recherche un ingenieur 
bilingue experimente pour Telaboration de 
systemes de television destines a la France, la 
Belgique et aux pays d'Afrique francophone. 

Sa fonction consistera en l elaboration d'offres 
techniques en frangais. au sein d'une equipe 
depuis (ongremps implantee sur les marches 
internationaux. La connaissance des deux 
langues est indispensable. 

Please reply, in French or English, to: 

D. J. Lambert 
AMPEX ELECTRONICS LTD. 

Acre Road 
Reading RG2 OQR 

LINK 

W 

CHECK OUT NEXT 

GENERATION'S 

COLOUR TV CAMERAS 

Just about to go into production is our 

multi-mode colour camera which sup- 
plements our well known type 1 10 
studio/OB version, now selling in 
increasing quantities. 

Test Engineers are needed who can 
cope with high technology designs 

covering the whole spectrum of studio 
broadcast equipment. A background of 
circuit theory up to HNC/D/degree 

standard is essential, although know- 
ledge is more important than a piece of 
paper. 

You must have spent at least a year or 
two in industry and the experience you 
have will dictate the complexity of 

equipment you can work on initially. 
Domestic TV experience alone is, re- 
grettably, insufficient. 

You would be joining a young team in a 

successful operation, offering salary and 
benefits normally associated with a 
much larger company, plus financial 
help in relocation, where necessary. 

Our modern factory in Andover is well 

placed for a good selection of housing 
and there is easy access to London and 
many major towns in the south and 
Midlands. 

Please phone Jean Smith at 0264- 
61345 for an application form or write 
to Mic Comber at the address below, 
giving enough detail of qualifications, 

experience and salary progression, to 
make a form unnecessary. 

LINK 
North Wny, Andovor 
Hompshire, England 

Telephono; 
Andovor (0264> 61345 

ELECTPONICS 
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RADIO 
TECHNICIANS 

Govommont Commu•, ieations HeAdquortors M s voctHl Cies fo r Radio 
Techniei~l'l$. Apphcants ' hould be 19 or ovor, 

St~nderdt required call for a sound knowledge of lhe principles of 
tltcuiotty and r'adio. 109e1her with 2 yoots O~~tperience o f u sing and 
m~uu1inmg rodio Md ele(:tronie tes1 go1r 

DutiM eove:r highly skilled TeJtco!'ftmunteationsJetectronic WOflt, 
•nduding the- <.:onstrucbon. 1nstallat.on. mo;n1cnance a nd teS't . .ng of 
red~ end radar te!ecommun~tiont equipment a nd adv&nced 
c::ompv!er an analytic machnety 
Quelifications: tandidcnes must hold oithor the City and Guilds 
Telecommunicabons P311 I (Intermediate) Ce n ificate or equivalent 
HM Force-s qualifl:catioll, 

S .. MV aca1o hom £2 ,230 at 19 to t~2.905 at 25 (highest pay on 
'ontry}, risu1g to C3 .38 5 w ith opportunity ft.>r tldvtlncement to high er 
grados up 10 C3. 78 0 with a few po$ 1¥ corryino still h•gh e r salaries. 
PtiV &upptamonts total between C4 43 and £522 per aMum. 
A.nnUIII Leave a llo\·tancc is 4 W6tlltS rising 10 6 weeks a her 2 7 yettrs' 
5ef\IJCO, 

Opportunities for service overse3s. 
Clndida:tas must be ut< l'esidents. 

Funher p.a.rcicufaf$ and Applie31ion fOtms ove;leble from: 

Recruitment Officer 
Government Communleat lona Haadquartet$ 

Oakley. p·rlo rt Road 
CHELTENHAM, Glot GL52 5AJ 

Tel. Cheltenham 21491 Ext. 22?'0 
(STD 0242·21401) 

THI UNIVIi:RSITY OF i.-EEDS. A 
v~co.ncy exfs:ts In the. I>e;tar lment 
of Eloetr-lcat and "&Uectrome En· 
t1nHrtnt lor an Bleet.ronic Tteh• 
nldon (Gr.&de 5) co wor k Jn the 
Eltetronte. WorUbop .This work'· 
Sl'IOS> unde.rw.tes the development 
and construction cf ?!'ClOtYM 
eltelroatc t-Qu.ipment uud tc 
teachlnr and rHUTCh to~thtr 
with the modilleatioo testing and 
mJinttDinet of an e:xte--:-:.sive unJ:.! 
ot olectNnle equipment used in. 
the lt.achil"'sr -:.nd researcl\ 
laboratorlt$, The m inimum ctu3.ll· 
Rc.!ltiOnf requi red ar~ ONC. OND 
or Cih" and Guilds ccrtifacatc$ i r\ 
l?.feetronlc En~;ineering toge~her 
wHh o.t t oa,o~f 1 yc;:~rs ·retcv:.nt e,~o: . 
oorJonoc. S;~lary on th e scal e 
£S,1SS-t3, 120 a year. Applica\ioru; 
~h'OU1d be $C-nt to M'r. C. S. P eteh, 
DtpaNment of Electrie~J and El~· 
tronlc 'En(lne-erlng. The Unh·Jlnlt'• 
Leed • t..St tJT. < 71'!& 

NEOPRENE SHEET. RUBBER AND 
PlASTIC EDGING. WINDOW 
RUBBERS. Write or Phone Us1 
MELFLEX. 934 Wimbome Road. 
8ourntmouth Tel: 0202 5?7934 ,,... 

..IIRMYH INVERTER C.HARCiES 24 
volt battery trom m;;ai n5 supply 
Al'd Whtn thi$ $Uppty tall& <lUtO• 
m ::a tlcnlly pro,·id~ 300 watt :uo 
YOH ~0 cyl;le :HtU$l'e wave, .1:&0. 
Vllltndl<t d21t:IOOS tr~nsvert.er l)f'O· 
V\dU 200 watt 24(1 volt 50 CYC:If\ 
11fnc wave trom 24 voll batter)' 
1110. Uoth unHs in excellent eun• 
dltlon ; nd in worltine order buyer 
t1• coU~et l(angt;Wn upon 'rhamt'.J' 
aru Tetepbone Ol·t4! · 12SO. (71lt 
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BROADCAST 
V.T.R. ENGINEERS 

Due to expansion vacancies oxist for expe1icnced engineers 
w ith suitable qu ali fications. Depend ing on rhe successful 
applicants .. experience, the posts will be substan tiv() engineers 
or senior engineer (ACTT / ITCA sala ry grades) . Du ties will 
involve op erali on + MaintfHHHlce o f T R70e + AVR 2 
machines togeth er with a (COl umecodej ednm g suito, so 
knowtedge or these would be an advantage. 
Please write: Graham Saych, Ewart 8t Co. {Studio) l td .• 
Wandswonh Plein SW18 1 ET . 

ARTIClES FOR S AlE 

MO RSE CO DE 
RECEIVING AN D S ENDI NG 

R9Cetiving: 
CASSElTE A For Amo1ou' Hadlo t iCemin;);ion p l t!f'818 h otl Spttcl 

:dowly UlOrt.,ing trom 1 12 w.p.m 
CA$$EnE 8 FOt Prottl6tOI\Il o•:."l"'•l'la t on pre?at;,tion. 

Compu1or l)f'Och.ceod M0!'$8 fry.m 12·24 w.p m 
lnctud.nQ ll'lttt nltion;,l p:QCedur.e s igns i nd symbolS. 

Sending: 1M thcilr l~potatJOn into ~es.. 
MOl'S!! Key and B,;uer Ul'lh for Mndfng prae:~ f;od 
own To;pc; '"'cp.-ribOn, PI'IOI'Ie ~~~l. 
P riCes; esch c.n.s.nt. hdud•nt booklets. [4 :K) 
Mott~ckcyancl buuer .. n .t. (4.60 

Fnces ku:llJI!~ VAT, JU)$t;tg•. e:C'. C>-lf!!$~8$ Aitmifli Cl ~11tr.t 

-~ M . M, ELECTRONICS 
12lONOSHOAE W AY. M ILTON, PORTSMOUTH P04 8LS 

COMMUNAL TELEVISION 
EQUIPMENT 

WE INV ITe ENQUIRIES frora anY• 
Whtre in the world. w~ h•ve In 
ttoek se'reru millJo:t carbon rull• 
•ou t J. i . and t wstt, t million 
wtre Wound. resis1ors S ~nd 10 WIU 
- 1 miUiotl ap~eitors - 1 mutton 
tledrolyttc conde.Me-:s - t mflllon 
tranr!.sto;s ~d d!odu. thousand• 
of pot•nUomc::tus. and hosl• ot 
other components. Write, phone or 
~•It at our war-ehouse. - BrOid· 
tlt14~ and Mllyco Dispo$::~lt 1.td .• 
21 Lod.ge LaM. Nonh Ylnchlty 
IAnthHt. N.12. 01·445 0749, 441 'l7U. 

(!1901) 

SOO,OOO H UL.I.ARD C 2RO & C 11\t 
tor sale. V:ll\'eS from Ol Ul-' to a bM•c 
1 UF 2~/400 V/ W prtee per mlxtcl 
pack. tOO/llSO. SOO/ L7.<JO Ntt) (u. 
port 50p). Elec tr onic MaUBrdtr 
l..t<l .. ltoamt;boLtom. Bury. Lan~•. 

(151t 
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SITUATIONS VACANT 

RADIO 

TECHNICIANS 

Government Coirnrmnicaiions Headquarters has vacancies for Rad'o 
Technicians. Applicants should be 19 or over 
Standards required call for a sound knowledge o' the principles c' 
electricity and radio, together with 2 years oxpeiienca of using and 
maintaining radio and electronic lest gear 
Duties cover highly skilled Telecommur cations.'electronic work 
including the corst-uctior installation maintenance and testing of 
radio and radar ts'ecommun'cations equipment and advanced 
computer an analytic machinery 
Qualifications: Candidates must hold either the City and Guilds 
Telecommunications Pat I (Intermediate) Certificate or equivalent 
HM Forces qualification. 
Salary scale from £2.230 at 1 9 to «"2.90F> at 25 (highest pay on 
entry), rising to 03.385 with opportunity for advancement to higher 
grades up to €3.780 with a few posts carrying still higher salaries. 
Pay supplements total between £443 and £522 cer annum. 
Annual Leave allowance is 4 weeks rising to 6 weeks after 27 years' 
service 
Opportunities for service overseas. 
Candidates must be UK residents. 

Further particula-sand ApoFcation forms available from: 
Recruitment Officer 

Government Communications Headquarters 
Oakley, Priors Road 

CHELTENHAM, Gloe GL52 5AJ 
Tel. Choltonham 21491 Ext. 2270 

(STD 0242-21401) l3Uli 

DEVELOPMENT ASSISTANT. Rank 
Video Centre Is a fast expantllnjj 
broadcast television faciliUes 
house, located in the centre ol 
London, operating slace-of-lhe-arl technolocy. A vacancy has occurred 
within the Research and Develop- 
ment Departmenl tor an en- 
thusiastic Engineer having u good 
basic knowledge ot the PAL colour 
TV system and who is conversant 
With the latest analogue and digital techniques. The successful 
applicant will be responsible to the R i D Supervisor for manu- 
facture and testing of prototype 
equipment for final installation and 
operation within tho various 
facilities deparlmenta of ihe com- 
pany. This post oflers a unique 
opportunity for an ERgincer. ideally 
aged 22-28. having an aptitude lor 
design and construction work, to 
Join a small, active loam providing 
specialist back-up to a busy cam- 
mcrcialiy oriented company. Starl- 
ing salary will be cf-4,000 plus p.a. 
with 'automatic progression over 5 
years. Applicalion, in ihe first 
instance should be In writing to: — 
Garry A. Duguid. C.Enp., M1ERE. 
Chief Engineer. Rank Video Centre. 
Film House 142 Wardour Street. 
London. w;v 4EU. ctsso 

THE UNIVERSITY OF LEEDS. A 
vacancy exists in ihe Department 
of Electrical and Electronic En* 
gineertng for an Electronic Tech- 
nician (Grade 5) to work In the 
Electronics Workshop .This work- 
shop undertakes the development 
and construction of prototype 
electronic equipment used in 
teaching anil research together 
with the modification testing and 
maintenance of an extensive range 
of electronic equipment used in 
the teaching and research laboratories. The minimum quall- 
flcailon* required arc ONC. OND 
or City and Guilds certificates in 
Electronic Engineering together 
with at least 7 years relevant ex 
pcrience. Salary on the scale 
t3.186-X3.720 a year. Applications 
should be sent to 5!r. C- S. Fetch. 
Department of Electrical and Ei.ec- 
ironic Tnclneerlr.g. The University 
Leeds LS2 9JT. <7825 

THE UNIVERSITY OF LEEDS. 
Electronics Technician Grade HIE 
required. Will be responsible, 
under the head of the Depurtmeni 
and the Depaflmenlal Elcctrcmes Engineer, lor the construction, 
modtficatlon and maintenance ol 
electronic equipment associated 
with research and leaching ol 
biological studies. Must be capable 
01 working from precise instrac- 
llons. circuit diagrams, sketches 
and manuals. Applicants should 
hold ONC or equivalent quallfica- 
tions In relevant subjects. Salary 
on the scale £2.688X3,060 according 
to Qualifications and experience. 
Applications staling age, qualifica- 
tions and full experience together 
with the names and addresses of 
2 referees should be addressed to 
Mr E. French. Dcparlmencal Superintendent Department of 
Physiology. Medical Multipurpose 
Building. Mount Preston Street. Leeds LS2 9NQ. <<7854 

ARTICLES FOR SALE 

BiaWtiWA' 

NEOPRENE SHEET, RUBBER AND 
PLASTIC EDGING. WINDOW 
RUBBERS. Write Or Pnors List 
MELFLEX. 934 Wlmborne Road. 
Bournemoulh Tel: 0202 527934 

JERMYK INVERTER CHARGES 24 
volt battery from mains supply 
and when this supply falls auto- 
matlcally provides 300 watt 240 
volt 50 cycle square wave. £60. 
Valradlo 024.2008 tranaverior pro- 
vides 200 watt 240 volt 50 cycle 
sine wave from 24 voli battery 
1110. Both units In excellent con- 
dition and in working order buyer 
to collect Kingston upon Thames 
area Telephone 0I-S42 1230. i7819 

BROADCAST 

V.T.R. ENGINEERS 
Due to expansion vacancies exist 'or experienced engineers 
with suitable qualifications. Depending on the successfu 
applicants' experience, the posts will be substantive engineers 
o- senior engineer (ACTT/ITCA salary grades). Duties will 
involve operation + Maintenance o< TR70C + AVB 2 
machines together with a (CDL tmecode) editing suite, so 
krowiedge of these would be an advantage. 
Please write: Graham Saych, Ewart & Co. (Studio) Ltd.. 
Wandsworth Plain SW18 1 ET. 

ARTICLES FOR SALE 

MORSE CODE 
RECEIVING AND SENDING 

Recoiving: 
CASSETTE A 
CASSEIT6B 

PorAnwcu' Raclo oxemiiiHkm piopfaud^ Speeo 
Sldwly inceesing fiom I 12 w.p.m 
Fc Prcfos^o"-! cx/imirsi on preparation 
Compuicr produced mo'se 'rom 12 24 w.p r 
Including lolemationnl procedure signs and symbols 
gnd tbeir ifKOipOlfltiUO into mpssagns. Sending; 

V.or*- Key and Burrc J^ii for s«;n<)ini| p-ac: ce eno 
own Tape preparation. P^ore output 
Prices; each cac-sciic including booWeia, fd bO 
Morse knysine buiaei -il l. C-'.50 

Pnces include MT, postage, ac. O/erseas Ai/ma" f f extra 
M. H. ELECTRONICS 

'2 LONGSHORE WAY, MILTON, PORTSMOUTH P04 8LS 

COMMUNAL TELEVISION 

EQUIPMENT 

I J Kc(.   CBcinvirai Te'e.*' 

n.nea (',• mc loitowrn equ.pmt;-: wro tii 
uw>r>a ol II'.; Cr-jfc s Coir.t ana TfYv<v<!n S, vcr. 

.... ..-tribulionFquiCT^n*.oanMtlrnoi» comoleie 'ifas ivim "OC an 
I 2 Kpp»io- ATSII'.sijoI l«l"iQ lyoc 630^ 

Vnsi -in Acct 

;<lur6wn liv 

A' enaui' r: 4l<ou j be 96c '«isc lo 
H. OavlM. A.R.I.C.S., Veluof 10 tho Council. B. 
Home, ShorwooO Drivo. BlatcMay. Milton Kov 
Tol: Milton Key.w.. (0908) 71171 E.t.427. 

ugh ot Milton Koyr 
MK3 BQfc. 

Shorwood 

^GOB 

VALVES RADIO — T.V.-Industrial- 
Transmitting. We dispatch valves 
to all parts of the world bv return 
of post air or sea mall. 2,700 types 
in stock, 1930 In 1976. Obsolete 
types a speciality. List 20p. Quota- 
tion S.A.E. Open to callers Monday 
lo Saturday b.so to 5.00, Closed 
Wednesday 1.00. we wish lo pur- 
chase all types ol new and boxed 
valves. Cox" Radio (Sussex) Ltd., 
Dept WW. The Parade. East Witter- 
ing Sussex I'OZO SDN. West 
Wittering 2023 (STD Code 024386L 

VHF/UHF MONITOR RECEIVERS. 
air. marine and business bands, all crystal controlled, from £50 Send 
J5'p HO. not stamps. Radio Com- 
munications Ltd, St Sampsons, 
Guernsey, C.T. <7/39 

WE INVITE ENQUIRIES from any- 
where In the world. We have in 
stock several million carbon resis- 
tors i. i. i, and « watt. ) million 
wire wound resistors 5 and 10 wait 
— i million capacitors — l million 
electrolytic condensers — i million 
transistors aRd diodes, thousands 
Of potentiometers, and hosts of 
other components. Wrllr. phone or 
call at our warehouse. — Broad- 
fields and Mayco Disposals Ltd., 
21 Lodge Lsne, North Finchley London. N.!2. Ol-HS 0748 . 445 2713. 

(59071 

300.000 MULLARO C 280 & C 281 
for sale valves from 01UK to above 
I UK 230/400 V/W price per mixed 
pack, 100/1150. 500/£7.00 PSI' <cx- 
pori 50p). Electronic Mailorder 
Ltd., ■RarnsbOltom. Bury. Lanes. 

(7512 

THE FABULOUS D2 
MICROPROCESSOR EVALUATION 

Kit FROM MOTOROLA 
Feaiumg '24 Iwckeyboarc "Scvci tegment 
di»p •>» "Cnssetlff inlcilecf "E'oni Re!" 
FipandeWc C-f -r-. ly- "Fui Do- cunw-ielKln *5 Volt povtn supplv -cd •Ou year's FREF momoe'tnic oi ire 
An-aieur CempuiO' CluO witn evev 
nuthsv?'€176 4 £1 SR 0SP i 8%VAI 
ENAMELLED COPPER WIRE 

SWG i lb 3 or 4 or 2 ox 
14-19 2.60 1 4C 66 3b 
20-29 : HO I.6C .36 55 
30-34 3 00 I.7C 95 70 
3E4C 3 35 1.9C 1.10 ,79 
40-43 4 6C 2 r,f 1.90 t.2!> 
44-40 !>.CO 3C> 2 10 1 55 
47 8.00 5 '■> 3 CO 1 76 
4B '5.00 nof eco 3.30 1 ir-ieo Cooper, fv-'i Ci-I-J" 14-30 £3 pel 
lb Muli coro 60 40 Sol'J-» 185WG C3 /4 
pot it Pi-:« iiclu-Jo nBF and VAT 
SAt onig^ m of copper and levVfrcv 

THE SCIENTIFIC WIRE COMPANY 
PO Bo« 30 London E.4 (7 7 71 

Avjfe P-VJai-« «af I3p 
rriTn) THE QUARTZ CRYSTAL 

Q.C C. WORKS. WfJ.L!N<.10,N CRI-SCITi! 
C1W VAT.nl S-.SURRf V llO< « 
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ARTICLES FOR SALE 

G.F.MILWARO EL·ECTRONIC COMPONENTS 
RESIST COATED FIBRE-GLASS BOARD SINGLE $101!0 ·11,. oil lot~I1J!lll;lt' 1 16' ' :to»UI ~1).1111:'!1 w!l. o IX"•I•'IC ~~~' ll'!ct ..,, ~ 1 1ed ,..,,1,\," • ;~•o: :«.:oH v. ! ,., removo1t'!lo+ I"!:Jiuo'>!J <I P!»'I<N4 luf'O!ralc~"" '" r<oM.ool:l•,..l ~"iJ••<d ;oc:.t' "' .. •Kt'S•leP">O' ~I:''~"• $cao"'<<¥d 1!oar~ ,:).& ...... " li4'W' ... 

t 2 \loft n..,o•••ee•u l.iutu~o 
12'' 8--;~~1 .,. , 'I<~ 
)t·• 13.- I ~tt ~ 

(3.75 
ts.OO ~ ~20oi ... 'WI ',,a.-

0...0 ~·= .aos. ... ,.." )]8..'1 ... g...,.,. b~dGIOtnll'l ,.:.;:e•wr 

Plail'l Co~.ct ' iiWt-(l lau 
1wv".J" 3 l!l~ ,.,..,~ 

7Sp 

""-bW ~ I l.......uy ~GUo- tv ... ~ \9"~ ~Q. ._,.,. .. Ot'( ~ 
oor.we e~~ ~.dc.tu.~OII""'l t~f.<A~ t•;a.ci<U' ~100.:.~~., YOOJ to)ol'l i>!Qdi.IC:I yOIII'O.Yn por•ic<1 to~f~l~ -~1- "I'll ofl •"<'$ ~lf'l*' !Nil" wecoltl Wu,1orl\' xcc:plotl Dv •1\U:o~slry .» ' ' "' P&"J iec~ rnttl•"'" ror .an fl' JIUhPe .-.ofl. OMt:trr. mll t:\110! I tv., s,,w:.,'fii'III\!¢~MI '<.I!IId ( 1 .80 pel0f'·•' •·~·~ 

TEL. 021·327·2339 

SOWTER TRANSFORMERS 
ro• sou,.-o •roo•outc: "'"• ltl.I'AOD ... ~t"O (OlJtPfoiii[N'l 

~~~:: ::.r~ ... ;:t~·:~; -:::"'~ ~ ...... """~+,Mil"' 1~o11 (6jf,- ""Wft;es. c.o.-e .. ,..,.e 
11<1< .. ~ llor om..oll q- 1111 .. It~ 10$ ~ 

SOWTU TTH Stn ·--MUlL frf"AI' llol te:IIOf'MOIII r Tft.UI:ttOII M £11 f'-m"' -~ fw too.,..., ;o::~ ..-.- •"~ 6!!' Olunw• ~~ lwll .... tiO'!I lK d>lfl 10 10 I( 
of>'"> ,,. ll,..nt)' 'f".-!10"" ..... .,.,.,,., ... 1 .,,.,. 10 " ' 
1;0 l t <M•, Cl>nllo•nt(llfl "''"' f•n~ecl MviN!illl liM !}~"'..,., ... ,IN""'"'~. Wnl> ~ ~ 
.oo:ot '-"""• lOw .,,._....., OEttV ua1 ""'ao,_ _._.. U STOC.. ool~'f CC:Y"II" 'i! 
~ ~V~-• ota, .S O'\ •UIOESi. 

f-, A. SOWTift LTO. 
1-(~M-f.o~#">10..~1 

1 1) ... 11_, """"' f- $11Mt I wltfo 11'4 1J .. , T• t 04)3 U7f<& , t\!1 

RECHARGEABLE BATTERIES 
'" 114"C"'' ..,.,.i. 2t .... <: ( ' 1'J c ,.,.,. n tl )f ) - "1l tl' U "l l .& V U.-;.-., 
r~..,.. (~ ~~ -=-·~ -1 ~ t• fl. 
,__._,,....,.~•to..} )& ""'6Cie'< .. lol"' l; 
& 0 .,,, ..,~··. 4"" on•• ~ " ,.fl'l •'•'""'"' 
""'- A.llu •a % oo''· ~'UII•""d '"' •·•"<• Oo~ .. .. ~, t:l:ll s .... n;~t (:'(> JI,E '->t "-'' e.>!IJ '' 11 .~ 11910<' .._(~&lC.m>n~~"'•' boo:~<~• 
.u.,.o .,,.n IJ> t.u~owtu , LAM l.fO . 101 
M~ on-.. s .. - c......-....,. .,.. .... ......... TU.:.l1-IM•H4. 
~- l'f t .Le., st eo-...... ~ C...,... c.., .. ~. W'.C:~. ,,Sol 

GAUS.SMETER WllSSEX 150 01 to stK •11 g~n ath'anee b4 30il-sorl'l\:2 
).f~rconl ~·e~p gtn Tr 109ft 20MKZ 
Heatllklt VVM O·l.SKV, HHOO 
)f!l • K.F. ProbOJ. - Tel Hornchurch IUG30, Lttdlf (0532) G9lo.t.-. 

C7Sl'i 

TEKTitONIX OSCILLOSCOPE$ T)•p e 5-\SA With t.)'JlC CA plug in pr0•6tnp 
tested a nd c::~UbrateCI U2) AJsu Tektronllt R~us te:s~cd and ~ali
brattcl !lSO. Pnloss1anal ~ommunl· 
cation equlpmtnl t.Cinsldered tor part tx-Ch a nxe. Jan Austin t,G4f't..Sl. 
r.\l:mdAYI un~. Orford, W<HH.1brtdge. 
SUJJOIIC , 'l'cl. (13~ 45 32.$. l7842 

ELEC'TitOHIC INST.UMEHTATIOH. 
1f you are i nU:.reatt>d in the bu)'lng 
Ol' $CUing or good q uallly used 
'BI~t.r(lntc •rest Jn!ltrurnenu. ring 
Re~dlur 51074, )ofntin AJaochnes 
and c:onVtr$c Wllh our Shtll:a Ualeb who will deal prompUy 
lritb )'OUr cnq~o~Jry. C7SlS 

LAMPS 
SWITCH. TREPHONE. 
MtCRO·~IDGET, AND 
SMALl. INOICATOAS. 
COMPONENT 
SERVtCES L TO,. 
~St...H~ 
H4fta. T.e; ~ ~•nw 

118t.1; 

QUARTZ CRYSTAL 
UNITS lrom 
• I .J4t.t .Ill 

~T( f()lt 
l !l..VU.T •• I 

McKIIIGKT 
CRYSTAL Co. Lid. 

FOR SALE 
._,)f...uy ~""' • '""'"'I.::T •.1,.., 1..:-:vt-a w ~·~..,. ~ a..o ~ .... en -cse 
111

t ~ ..... ~ '" 6 !!1 t .... Co'l'~~ .. .... lf'l 110¢• 01 Q-li IIW!e:! !l'l!>l~t!On il'l 'f' 

·~· 
QJUNSON IL·fCTRONICS tTO. 
H-.V ~·~ ·tl- Oevet~t-·y •;-.11 .& -10 
~ :b-·~·')Cl:l72 S!lt 

'I'H•l'' 20:.5 

TV TUBE REBUILDING1. we 
spt:el:~~lin In tuppbi,._ 11'1~ widt<ll 
unae or &l.ctron Guns. P:&rts a.n4 
Tub~ c:ompont:nl5 backed by tht• tuiJeJ;t T'tthnlcal advice 1>r1 ~II 
O!I J>la:l~t or Jtubuii<Jing M k tor our lltorature, tor c;ompetiUve P!Jces. wtdcn ran•e. best nrvtee . CtUtronic &miiSfOn Ltd .a BiShqp• ton Unt, St~tfor4-\lpoft·Avon. waru. •phone G7S9·'f~n. \'16U 

FOR SALii: Wireless World 21 year 
lUtQuence J:.nuary 19$0 t D Decem· btr 1&'10 Inclusive. QST Ji.nua.ry 
ltSO tet Occtmbf!r- and Jant..:~n· 
ltl$ to December 1171 both ln· cluJI!/e, . All U~t l>c;und, very gootl 
c.:Qndition. Buyer colleCt$ Kmt=:stun upon Thamt!t area. wn~~ ~ffers'! 
Tel ~1·942 1110. (7818 

TeLEPHONE AHSWERlNC Machtnu fur S.-le, Now £110. An&we-rs and 
ilf¢~rd:s. Plus 2·way Convcrsa!lon~ :md Oi~cauon. l'ree A.ttUJ Drle$ and 
guarante~ 1 yur. cauuve~. -c.a .v. uecltcm!cs ucL. cu •. % .. , tn6. 
OJ·Sto lSOt. SO GOCidge S'rert. Lon· CIOn. W.l. (7088 

tt.SO 
£3.00 
£6.00 
(9.00 

s..,~t 1.dld (t.u ..,...r~ 
~6i6ood !1.SO~ .... ~ 
,S,r:, f' ol.'t'o:!d £:%.00 ~ ,,. .,. ~~ 
Oo •• N-.-. uec' £%.25 ,qvt.re ro..·n 
S•llU!t·l <le!! ( 1.50 ~"'llfll '001 

:>wblt IOCII:"d ( t ,7$ 5(1Urll f<)l)f 

~~wlht..Aw 
,,,...,,,,... t• •~"•'etmc:'Jo 

To do.w 
600 000 lll)fll '()(• 

£1.00 

,, • • t..l-c. YO """* '•'•' fit• 
"""""JI'Od C-::""'o-rc~- .. ~ 
V to:ed ~S"' C11 'OO Vl:' oy 
!o\,tl'(!~ (3.00!!~ 

TTL AND CMOS DISCOUNTS! 

"' " " .. 
C...f ..... '-f-IJiolMoMtt 

.. 
" ., ,, 

.'oCVJ....... .. ~, 
~l!I'..,P ......... I:;I. ~ 
Sow~~-.-.- .., 1SIUIW ,-. •-"' • ""' .,..... a, 

=-::-u .......... Cll 
t nr tua :uti IIU'-l a. ..,... Mn I'M!e l.HI~ 1t 

Hill' tt, n, 
O:lo:l '*'- ll.lrl IHII,OI.llf l;l(\1, --.,... __ ._. . ... ru- .... u»t ..,...-,...._ 
t::'~~i--:-~wJool il2$~-~~un. 
et.-~-~-"1(1'1'1'1 ,,..... C~l•-lof.W'",.''"tU~;~t_,ll l llw'.ft .lod MllfiiiHil•fl; .. llt,tJ_.... 
ltMW Mod • It !I OIU ..... ;!.!'t UJoOUWII (I.!I'S.. 

C. N. STEVENSON (WW4) 
22 Tiverton Drivo. london SE9 2BY. England 

$:..-.- .. ,. .. ,. Yll'.~ ~~!)! •Wil. f""q...C"(t 
~~~~vo• ~~ So.lit:a!lt• fOf lll l •nnur "I 
~. INft(;Ay d".onng ~c.~ n.tr"'AA 
eqJip,....!'lt wh•re cl'ic tNO'"' is not il¥a!lal)!t, 
or irs..,lllllOI\ l rom !hi) M t •flt, 
Cn.mtoQtcl banary c:hafVI,., 1Mo,.,, • • 
,... MAINS-STORE 

Sertdb~to 
~u.r-.... ltd. 

300WIIot!CIS~~W1 
Ttlt 01.727 704.2 Of' 0%%5 31ot t f 

mhs 

$ .AVE ((Ca ON IATT€AIES 

MAINS ADAPTOR 
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ARTICLES FOR SALE 

G^FJVMLWAR □ 

I-1 15 Ii.-n-jrace T [ioj.,! 
n3kii--;( ,i p5ss,wn 3 (i.irjle ro-cin in r-on 
a'a'ilam iniafa JO-'fim « 114n ■> 
&3LBW l.ja-e 2<:j'"-r . 22K|«1>1 
OuiKl tlars 4U8i'in •< 22P<>>m Q -'1' 3wfd fi ! 0,nm , 4SEHT 

RESIST COATED FIBRE-GLASS BOARD 
SINGLE SIOID 

POi'IlVC M 
ngo* 

ELECTROMIC COIVlPOIMEMTg 

"n son., i.-jcd 
in i-^ci 5.J? -'t 3'cic-:" 

-.C (.111 Di.lC r.iilv 

Piain Copinjr-claa FiIm«-0! OawhK>r< 40p. F.- 

y-.-c 1 1 17 Voll Fluotoscnni light nn 1 
1 2" D nai lilt -iij. £3.75 

£1.50 -'V il(, w £5.00 
£3.00 CtmiBlciB v.' !" MVP 
£6.061 
£9.00 

invpiioi imrt'oTTK-r. El.00 
75p 

Apyfoi 2;);)!! 
Anorai t '■ t • ihir.l. 

FOrOLAK -im zentotbCQui- 
P'liiive rein 
umiiivc IdlMly SCIMC- liiT'n , JJI 5piav 

* le/juued dmuii of w ^iiseC r.uil- bwa .ll.i.v a dry 0141,.. • t.....c-vs . C• OOJV •» rou Mil piaauic vc.ul O.v.i Pf-lix: fircy is .vn-- r" . WMk5 
m.i.lii.— tor an p, )(3,vpf. ao,. -Vidslv acccpiM Dy ii«Ja»i-y m a- 1- 

tar 11 ■ > ■ i 3.'i iJrd fl.SOpri 

TEL. 021-327-2339 I 

s.nijip l.Oflll CI.25 Wt,3|« fi".. 
D5i.r'c ii.i-.i £>.50 .oi.ai- loc; 
.S.rg^.siB-p £2.00 -.liiA-- ic^: 
Co.,I'l.-i -JCC £2.25 suuare I'xl' :v"jia-5 aea £ 1.50 5qua'ft *o.n 
Oihiliiv iiacd £1.7b square M.: 

' SPECIAL OFFER!!! !}-,!, s cc r " t; ' £1 C'odil vouchar n •• s-.lco -a iv--'. 11: valueol ynl-r 
l£16 Crcdli voucher inc'.tlcil v.- n. f 00 oro, .- 1 

ilt-i is'ca '.f'iImI ■-non oc'v' Ord-r ttnSay 
I 

TocWai 
iOO ODo iicipob 

V3' jmiff .v.: a. .vi>tinil ConvoretYCii »ic 
V >cd bags oi ••00 Vc, 
ham., £300 II V 

'OS'ASc -•'JO . AT IfvClUDtU 

-A LAMPS 
SWITCH. TELEPHONE, 
MICRO-WIDGET, AND 
SMALL INDICATORS. 
COMPONENT 
SERVICES LTD., 
South St, Homord, 
Hartt. Tel; Hertfonl 57766 

17843; 

SOWTER TRANSFORMERS 
FORBOUI.0 BfCOPDINO AND 8EPAOOUCINQ EQUIPMENT «N! o-. >^i4<5 lo mtov -dUri-.n asmpa-o •iy3rll ma n-oMcMha '.•Fo..il.> -,v.v 

" '<»•«' !4'li «lvfr0l. Co-rniU'rO n*^.. -|'30 ^ ."I'l CvliMii.. le: IT, 3U5w 
aovvren tvpj 387» A ItKllll r-U55^ 

MULTITAP MlCROPHOfir TRANar OflMFR PllTury ~ ■fl.i.j-, (&• HI.XI <^n. 203 5-,- £,^ Otim vv- -iKOoOK, lwa,f^5 2K Him II> 10 < 
•?. L',iqji''ri "W" n-i"-Vi,i *4cs jn II? .anUinfij in wl tniiv-x^ Mumpji 33mm OHm.t.. by ?J— n.;i. -an <015. -ril -re. 10^ fluiamoo DEI I'tRY |imB' 

STOCK ICILY CCVI'I IITlys FRlCt -UU DIT4I.SC-, HtUUESI 
E. A. SOWTER LTD. •WomvY j.iy D,,,;.-.-,, 7 Oadham "no, tor a Sr/SBI 

RECHARGEABLE BATTERIES 
4A IIIII!." "•■■I-:' 70 Sab C .< y$ - IMF' II 5B '.r '"f I' '17 Mate..",a y-»a«1 £5 91 <n', -.r-,v 0=3 .-11. -,.. te 2 3 . ..11,34,, 1: O ■ir.nn- 1 t... J,,,, y., » ^1-, .-OOll- V** - '-'-m •nil,^ '-4*. 120 S" Di-T {?0 S4g • i coia i '■W Cmitimi-. PCnC. lio->..,i 

Mj.' y.tfi.. 'v 1ANOWFLI PLANT lYO . JOI Mopmooih Orivo, Butmn Cu'dhaid, Watt MidUnaa. Ttl 021.3M 
') T.I.C., 37 Crairon SlraaL Channii C'OM. LOAflon, W.C J, , 

GAUSSMETER WESSEX 750, 0! 10 
sok sik gen advance !;4 30K-30ink2 
Marconi .sweep gen TF 1092 20MKZ 
Heal Ilk 11 VVM 0-X.SKV. I'.MOO 
MO - R.F. Probes, — Te" Hi>rn- 
cnucch 51630. Leeds 10533) 6»104-l. 

(7817 

TEKTRONIX OSCILLOSCOPES Tvpu 
54aA with type CA plug in pre-amp 
tested and calibrated 1225 Also 
Tektronix BM15 leslcd and cali- 
brated £180. Professional communi- 
cation equipment ccnslde.-ed for 
part exchange, Ian Austin (G4FLN), 
Mondays Lane. Orford. Woodbrldce, 
Suffolk Tel. 039 15 323, |7842 

QUARTZ CRYSTAL 
UNITS from 

• »atr siuvin 
• "isHiTUHtrr 
• TOBIFMIM 

WtlTC FC 
LfAFLET A* 
Mcknight 
CRYSTAL Co. Lid. 

EL.HVTHE Hi89 
5'0 coot 0703 

■4*911' i»C«53'3H. : 51*11 H"-f 
>oiiTn*«PH» 53« tr 

16044, 

FOR SALE 
rMj~ .Mm,r.,UT '.Uiioldciu-oO 

Lvm .-vn Slfioi -t'd Cl.-ton 6.1 v,.!- 
1,7" X'15 6n '■'ii'1 Come -i- v.-ih lioor one; ...v sea inspectior. *■), 

CRENSON ELECTRONICS LTD, 
n n" Mait-. Diyoni'y N'ti i jmq 

HW i-1 Davcw, 03272 552* 
■fOK3"' 245 .79291 

TV , TU8G REBUILDING?, wc specialise in supplying the widest 
range of Electron Guns Parts and 
Tube components backed by the 
fullest Technical advice on all 
aspects of Rebuilding Ask for our 
iilcrature, for competitive prices, 
widest range, best service 
Grlftronii: Emission Lid 4 Bishop- 

Lane, Slratford-upon-Avon. 
Rhone 07S9-66S31. ,7693 

ton 
Warks. 

ELECTRONIC INSTRUMENTATION. 
It you are interested in the buving 
or selling of good quality used 
Eleclronlc Test Instruments, ring 
Reading 51074, Martin Associates 
and converse with our Sheila 
Hatch who will deal promptly 
with your enquiry. (7Sli 

FOR SALE; Wireless World 'l\ year 
sequence January isso to Decem- 
ber 1970 inclusive. QST Januarv 
1950 to December and Januarv 
1985 to December 1971 both in- 
clusive. Alt unbound, very good 
condition. Buyer collects Kingston 
upon Thames area, What crfcrsr Tel 01-94-J 123D, (7818 

TELEPHONE ANSWERING Machines for Sale. New £120. Answers and 
Records. Plus 2-way Conversations and Dictation. Free Accessories and 
guaranteed l year. Callsaver, — 
C.K.V. Eledronics Ltd.. 01-249 U4i6, 
OI-SSO iSOo, 30 Gocdge Street. Lon- 
don. W.l. (7096 

TTL AND CMOS DISCOUNTS! 

•mi-.,. 
!:i07-3.'« itiir-fj •tll?'8J itiij/s/j lCIJf/l-3 iCHC, !.'«1 Btll? J >1 

0C»?O')-.J fDlll/J IDI39 1J.10 IfUt'S I'lll/) )i'J0/EI I'lH DIM ■11153 

ll|, • Op • Op tt, 
"p lip I3J 
"» JOp ID.p 

V'fiOJ *911 '"•t:i-3 )*<»]'« 
'••II! 1X65' '■ttl (Xll'l 

tn '-mous manuraduicrs. IHO I3» n?3 75» TI50 Up [HI I3f '«?) J3| ||5| Up Mi! is* un sop 'ss: itp 
''?? !'' '•'• S'p M3< Up '(0( Up Ju; !0p 116: Up '•05 Up !J23 35b HI! SBp 'SCI ?9p uia Up mi 25p .'•r: rsp tin up mi jpp t'U Up M33 lip U'l Up 
t':i If ,•S, 30F ,'"i 
Nlfl Up 7*31 30p Mf» 3Jp I "P ?••! Up 7110 «tB >! ? 77p '••' S'p 1411 iSp I«;3 Jlp til! 62p iljr 'Sp .ins UUSJp 1413 IDIp '43S IJp J!l!' 

'JP '444 IMp 'lf4 9'p J»IJf 471 J'P 7446 ISp -461 I Up ,M|}! 4Sr 
" '«P 7447 »Sp '461 30p '.|Jl (3t '•21 23p •!4! J(p •«8I 41b JII4I Tip 

1 
u 

I I8p Up 
Ouanllly aisoiiunl 25 -10 

Ut< '•« 74(1 7414 

30p ^rr" "i 
i®p mil "F Up :«3i l!p IB3I • P. 

"F 1M3I IHSI •iit; 4I3SI 

lie, 
7>c UP 

. .'4 MS tEp Up 74153 | ISp •" 74151 74p -4.5} P 
iSp r4'5l '»p 74155 

• . 

Ui4   M'Ot S)p 11-56 t(;04 31p MIS. '4105 lip UI61 1410' 32p *4161 5Sp '4163 73p i Up 3«. 

uii: 
'• M 

Ifp I3ip Tip 
'•f IIOs 110* nop 'iifi nop 'tin si, .'■•Its ISOp '41)5 SOp '4173 HOB 

■AJOO* 15' 
74113 ntt •;4I3« I64p 74133 U8p .'•111 132p 74112 I Up 74 13 nop 74 15 13, 74-16 !B3p 
'4U' USp 
CHOS 

74I31 iESp 
74117 ISDp 

l!-IP MO I 1107 not 1307 • 101 •06! •on 
•Oil 

as 
4-?? Kb 

OcKrurlc bit i>ii CWKltlWl 
'M 10 T 25, 3f ia wr 524 

V. !(> * 'P 

CsracA Tiikj, m - u,,, 
6(?«uqli|n; M i ; i. . sr k i;i W( (it 11,-1 am 

J'P Wp Up 

t» 5r«4lax K •MW»| LOI. t 0(5. 30*7 ta«CK; •fl.oiuo- r^aii culT. 037, C <7 Bp.CW I2p 13 l5p-7?il lip 
CaHn aoiinn V, ffiatUf (12 imn «!;).:■ ilf s.K-M. oip tm. s.ip j-- a>5o iIk. 

<«•" '0 ii .... jssi .uu*-,. 

'p nan nri ir ami avaio nmo Z 
'Op 2'p 2lp " 

a.fWp. i.iji \GOp.i, m ijcp 

1.0004-20^., any ml*, 
1712 16, 4342 Up • 312 16, IJ43 SSp • 311 85, UU SSp 
• 01! ID, Ml! 142, •015 lip 4046 132; sr.- e*p 101' 106, mo ssp 40<s ii, <12! SSp 1013 S2p 1123 ISp <6)5 ISOp •023 16p 4551 IJOp • 021 2?p 41(3 rap 
• 035 Up 'HO " 4637 S'p 4:7! •323 l<p 4172 1130 S»p Mil MJ5 I Up Ml' 22p Mil 1>p <510 lltp <o<: iip mm usp •or asp mic 12s, • 511 I23p <526 UOp 1521 120p •52! Il£p 

on koeu ' 
jp. up • p. I2p 6*. 13, 
2't- ,»P 

• wu 
40p 22p 22p 22p 

Zron OiUn I7W mm IKr » S-, Ml r:a ipl)«. SJp Ji!.. 
>>:(!<: iUi It SUvd.iu 132-«> 

hf ata-im 7p 5K1. 
X 47.23. 

Co. .CliUCOMt ttJ»<M" w,rm'C<nv- wc(52l«rtra SI2 wn ri :<>. : 0.7^ . (62p etch.' 
51" « 10 'I ."I .Ht O'i "•aWfl 6695. 

a-»-iM« n il--''IK.. *1 inpniaaRVUimyiM>»111 vu 
•suiiu c, rut; iit>n «; fuki ik >tf ii-r«i n-n <im| tniib . i.i».ecu »< «..c..-i ;,r p.,,,'..,1 *-• "f .«n lb" Onruu jii.o.-i «1« 

C. N. STEVENSON (WW4) 
22 Tiverton Drive, London SE9 2BY, England 

INVERTERS To oponta mom, oouip-nom from I2v 
10 24* DC on automatic niand-b. 

vi-.-H vn upa staaiukvu r-"oyc"Cy 
contro' ad Suitcaio "ir mo.niair r,g 
mama supaly Ci-.-inQ ij. jrc rup/HiiQ 
-a jipmpn synorc the AV*"d ii rol iyjil.iblp. ■if iriobhor I'ot iho ma.is. 
CmrtroUod bana^ ehorg;^, ,nco.po-o 

MAjNS-STORE 
S?bd (or inlorntetion !e 

lolorpon MBina-SbHo Ltd. 
30 Old Bond Suom, London W1 

T*•: 01-727 7062 or 0225 310910 
  :' 8-15; 

SAVE £££» ON BArTERIES 
MAINS ADAPTOR 

-» 13 AMO i'C'.O 7 
—'Y mulOKug . 

35p 

OlCf; 

ONLY £3 .60 
PHILIPS |5IS    e«ti».PP1/».-B -.>1:,. , SOp ; , MAINS ADAPYOH. S way 
"•' ' • h - 6 -C 
4 way m/plug, 

Of*f £5,40 i t !. - 

J.E.C. (D-pt. IrVWl. BOX 67. E»K|. 
boum* 87421 3LN. 



AUDAX 
H0\29026 7.80 
HD13DJ 4 , .• , 
H013034H 12.50 
HD 13D31 12.21 
H010025AV 1. 50 
:H011P258C .... 
H017831 17.50 
H021837 18.50 
HD20B2634 10.85 
H02082f$M4 14.88 
HIF19E 5" $,21 
Hlf21E8" 6 .81 

C'EU:STION 
H F1300 11 1.10 
HF2000 8.11 

COLES 
4001 5.90 
3000 8.25 

EMI 
3504 0HM 1 .85 
12" 14AI1 200 14.85 
14"x9" 14A7 '70 12.10 
13" JC 8" BASS 8 .81 

DALES FORO 
0201106 4" MID 9.81 
030/ 110 5" BASS 9 .81 
0501153 S» BASS 10.85 
0501200 8" BASS 10.81 
070/200 8'' BASS 21.75 
D 1001200 8" BASS 23.50 
0 701250 1011 BASS Z4.tl5 
0 100/310 U " SASS 30.85 

FANE 
13"x8" 13-8/ JOT 5.8$ 
JOADAH WAnS MODULE 

17.15 
JORDAN WATTS HI FRE· 

QUENCY KIT 7.85 

KEF 
T27 •. so 
T15 10. 75 
8 110 10.tS 
8200 11 .81 
8139 24.11 
DN 12 7.21 
0N t3 SP \108 4.15 
DN 13 SP'1017 4 .85 
0N22 (104ADJ 38.00 

MOTOIIOLA 
PffZOHOAN a. so 

TANNOY 
HP0295-A 83.00 
HP03 15A 1 83.00 
HP0386A 110.00 

fwlrtyt ..... ""s.ock lot Uw 
$9Nkor conw~od 8Af 
lOng fibro Vo1)0(. foam. iltt 
panolt, crot&<~vecrs and 
~ampononts. l arge U~lec<: · 
tion ol grdlt fabrics. Send 
15P 6ltmOC lor .samplfl;. 

Send 1 59 stamps for frH 
ss.pagt eattlogue "c:hoot· 
ang a IPUkor". 

Swan~kS.BenkSquate, 
Willntlow. ~e. 

~~= ....,,....,..,,,., .. ,., 
telephCit\Od credit cardorcteftl 

Tot: Wttmdw 2-9589 

SEMICONDUCTOR 
CIRCUIT DESIGN 

VOL V 
byTeoc3S 
Priee £9 

ACTIVE FILTER COOK 
BOOK by D. LtH,C0$ 1er. 
£10.85. 
I.C. TIMER COOK BOOK by 
W . G Jung PrKe £7.50 
HANDBOOK OF LINEAR 
INTEGRATED ELEC· 
TRONICS FOR RE~EARCH 
by T. Hornilton. Price £16. 

BUILT YOUR OWN WOR· 
KING R080T by D. L Hu1SCC• 
man. Puce £3.70 
MICROPROCESSORS & 
SMALL DIGITAL COM· 
PUTER SYSTEMS by G A 
Korn P(lcc £18.90 

LOGIC DESIGN PROJECTS 
USING STANDARD I.C.o by 
J. S Wok~ley. £5.00 

TOWER'S INTERNATIO· 
NAL TRANSISTOR SELEC· 
TOR bv T. D. Towers 1977. 
PrtCO £6.00 
HYBRID MICROELEC · 
TRONICS by T. 0 Towers. 
£8.00 

• Ptiees 1ncl.sdc J)O'S~GO * 
TliE MODERN BOOK CO. 

SPECIIILISTS IN SCIENTIFIC 
8< TECHNICAl BOOKS 

19·21 PRAED STREET 
LONDON W2 1 NP 

Phone 723 4 185 
Ctosod S..c 1 p.m ..., 

ENAMELLED COPPER WIR£ 
# w.f . 
tO 10 l t 
2010 2:1 
:10 ..... 
U to40 

Jbrtel 
a .ts 

.cJ;.15 ..... 
£3,65 

~ib,HI 
,, .. o 
u.oo 
"·" U.10 

All 1,.. •tocM~ pncn • •t iii'I¢1'-'SI'w• 01 OOtr.a9o 
ftld paair~ ifT'U'( 

COPPER SUPPLIES 
102 PMIWI(>Od Road •. Whl'lhtglon 

Mllt'ldiiUt•r 2.0 
l~ o&1445111J 100 

EI\IAMELLED COPPER WIRE 
i!NQ ' t lb. 4ol', 2oz. 

14·1$' 2AO .&9 . &0 
20.29 2 .45 .'82 ... 
30<t 4 2.60 .88 .G4 
35 40 2..85 1.04 .75 

inehn ivo of p&!) eod VA1 
SA£ .;..~, C.lalogue ot c:os>oot ~ 

. r~ncrWirC$ in .- ¢0Wflnos 

THE SCtlf:NTIFIC WIRE COMPA!'Y 
.. ~o 114• SO, L~!' E4 88W 1347~ 

ELECTRONIC TJMESAVER LEARN
ING AIO. Unique. Prii.CtlCal. hl· 
speed lnrnlng. ldul beCinnen. 
students, d~o~.bs . sehools, colle.ges. 
Normal pfk;o U .G&. Slldtn,r lntco· 
ductory Ol'!'tr . . H .1S until Y~bruary 
ZSth. Dep t , W'W, 1'BCHNOCF.:STRE. 
PO Box 33, Aekla_m, a.UddltlbrouRh . 

(7S02 

LAII CLI!ARAHCI€; Si}:,ntl Ocncr~· 
t<l~: nrtdaea: Wave.form, transl!ttqr 
~n~ys~rs: Cllbbr3tors; ll•ndndlf: 
rnlllfvotunettr5: d1nt.momcten: 
KV melert: osc'.tloseop•a: r«<td.· 
e-n; Therma l. swcer;>. low dlStcr
tion. w.a RllS. ·audto. F'l:, deV1a· 
tton. Tel: 040·3762.30. (77S9 

RUB·OH I!TCH RESISTANT SYM
BOLS tor 1 oJJ Printed Clrc:uil$, 
Large ranro or lines, padl, letters. 
etc. anUa"blc Up/sheet. SAE c:ata· 
Iogue tnd sample. t,KC BL8C. 
TRONICS. Oat Lodge T'amle,. 
oerbyahire. n sut 

COLOUR. UHF AHD TV SPARES. 
TEUITSXT n IM COLOUR, MANOR 
SUPPLIES " EASY 'TO ASS&MBLE " 
J(lT, Inc:lud.ini' 1''£XAS Decoder . 
Autal lnput, C<:lmplettly external 
unit. no furtbu cOnntcUoru to $fL 
}'UU f~dlfUH, mhtt d TV pro
CN:trUII. and Te!etext. sew.sAub. 
Updatf. and many speelal fe~tures 
not rouno In other unttl. Demon• 
striUion m odel Jn oJ)t raUon " ' 112 
writ& tor turlMJ' mformauon. 
NEW COMBINED COLOUR BAR 
G&NERA.TOR P\.US CROSS HATCH 
KIT (MU) UHF A rrJal in,put type-. 
Riaht ve.rucaJ colOI.lJ' bars plus R·Y, 
B·Y,.. Lumln.anee comblnauons. Cre)' 
¥ca1t e1c. ~ buuon contto1s. 
Bauerr operated. fS!•, Cue !2.40". 
801UCry Holder~ 'i'Sp• • PIP n. 
CROSJ HATCH KIT. \JIIF ACrl21 
lnput type, a\$o gtvu po:.k wtme 
and bl~c'k le.\'els, BatterY: opcra~ed, 
.U t- DIP t:lp. A<ld·o n Grey Scale 
kit U.to• p/p 3!ip . .\dd·on Cotour 
Bar !Ut on 3> ns•. caus 11.40• 
PI P tSp, CrO$$ R:ucb Uftil, com· 
ptete ti'HS tested in De Lu.xc ~ 
118.et• p/ p .u. 
.. Wtrcltu worid " TV Tuner and 
FM Tuner Projects b.v D. c. Read. 
K1t!i ur parts avaiJ:l.blt, CRT test 
!lnQ roaeuvator klt fur colour and 
mono us.so• PIP 11.20. VHF Signal 
SttenJth Meter kit. £18• pip !IDp. 
f.U TV lF Unit fer lU·ft amgs or 
&ape rtcof'CilDg t$.86 PIP 70p. et:u 
COlour TV 'Thynstor ~wer supply 
Untt, t ncl. H.T .• L.T., etc. Jn.c:l. clr· 
CUltJ l$.80 pip 1120 .8Ullh CTV 2$ 
Power Supply UnH 1nc1 H.T .• L.T . . 
etc. 13.20 p/(l U.iO. DUih C'fV 2~ 
Cl>twtrgonce Pil.l'l.et ptu, y(lke, blue 
lateral t:l.60 PIP 90p, PhJUps Single 
Standa.rd converacnct Unl\5 com
plete, incl. 1$ controls U.15 PIP 
15p. Colou.; sean Colli. llulla.rd cr 
P1euo1. U p/ p ttp..__Mulla.rd .*'-T 
lOU/\).3 C'()O\'UJ:, Yo._. J%,$0 p/p 
15p. Wullard cr Plnsey Blue LaUr· 
als 7Sp PIP 36p. :sac 3000 type 
Scan COif11 i2 PIP VOJ'). nush t.'"'I'V 
'2ti Sca.n Coll!t .£2.5"0 Jl/P tOp, Del:l>·: 
Lmu: 01.-20 n.so, DJAo n .so. 
Dt.t!, DS..l 8-Gp p/p f Sp. Lum. de· 
II.)' Unc.s SGp PI P tOp. OS 'J'ripltr 
t f. BRC SOt Tr-ipler U .IO 0/P 'i'Sp. 
Other• l"alla.ble . Phlllr. Ct Dt• 
C:Oc.'ltr part·comp!ete, ft. G PI P 15p. 
CEC 2040 Ex·Rcnttl PAnel&, De• 
C'Oder to.oo. Ttme Buo Js.oo. PI P 
90p. VAJUC'AP TUNE·R.S, URJ': ELC 
1043 J>UO. t;LC 1043105 fS,!i(l, VHF: 
ELC 11).42 U.SO, PhlliPJ VHF £3.80. 
Sjh•ar ca UHF & VKt.' V:l:-ic:aps 
U .IG p/p SSp. SPE<:IAL OFFERS: 
• Pin Vuieap control Unit fl, 7 
Psn Dt Luxe Con\r4 1 Unit tt.SO. 
p/ p SJp. UHF "F'Tsnsd. Tunet$ Incl. 
slow mouon drive n .so. • Pan ~na 
• P1n

1 
Push button 1unsd. £4.20 

PIP I P. Uellcal POll lOOK. 4 f()r 
11.20 ~lp 30p. ThOrn 850 Dual Std. 
Tln'e l:Sa&e pa.r.el:s sop, PhUip& 625 
IF ptTnet Incl. cc:t.AT$Op

0 
pip 70p. 

VIU urret TU.''leu 7 so for KlJ 
Fellhtrll,tn, ?hillPS lt't'Ol iO. GEC 
teto etc:. n.so. Fireball TUttcn. 
Fercu.on. 'R)(V. llarc:ooJ SOp. PIP 
all lunt.r, SOp. Yullard »ono San 
C:ollt tor Philips, Stella, Pye, EJce:o, 
Perranu, lnvtct~ .n.oo p/ p SSr>. 
Lar.:o .tetecUon J..OPT8, !o'OP'l'!S 
S\'3111blo tor most popular J'nakes. 
MANOR SUPPLIES, 1'71 WEST END 
LA.NK, LONDON, N.W.S. Shop 
PrtmiJts, ca.Ucrs welcome. Thou· 
sands of additional ltt:nt available 
qot normally ad\·erllttd. «Nos. 18, 
15t Buses or Wt,Jt Hampstead
Osktl'loo Line: and Brlt111h R:d l) . 
~fnil Order: U Ciolders Manor 
Drnoo, \.Qnd c:>n . N.W.n. Tel: 01· 
'i'94 175t . V.A.'t . Please ADO un: 
1'0 AM. PRiCES CBXCRPT WHEl(B 
MA:RKttn• V.A.T. Sr> (60 

IIRU£L a KJAEA low no1n meuur· 
l.ft.J amplifier '1Pe 2107. Precision 
!iOUACl 1 vibration mta!urement. 
10,v to 300V. List nooo olus t~cll 
for £ 14$0 .. 05 27 S01!l7$1. ('i'S51 

WIRElESS WOALO f:URUARY 1978 

H IGHEST QUALITY 19" 
RACK MOUNTINO C.ABINETS 

o.tt ttO•~ ... ~··-1 r • W" "<;.'"" .,..,..... ~6~.-. • ..,.. .. _r4• •...,. 
'·~ "-· ~· ...... :; '.; \ .. 1!' ~ 
\.;.10 S4 :r t t8 
11 ti·t n ~~ 
Ill ... . 20 ]fi 

~: n ~~ ~: 
'i t &!> n 2~ 
............. -~1).0" 011:..1) ,, 

-(1 •• 00 
(20,00 
~s.oo 
eso.oo 
uo.oo 
(2(1,00 
(1'0.00 
00.00 

AUDIO AND JNST'RUM ENTATION · 
TAPE RECORDEfl•.fliPRODUCER$ 
• "'""'"'u.n Dito"WI ~,; ...... ;;,;wk.,~ : = ;~of'f'~!·~!:;t! ~ 
' A/l!ll';>. lk,_,'IO. t s~ l l ! lt lt t*l' 
• rl lt.I, M.MI ~>:'\C":IS. 4tr~ ~l.t 1 1" 
• t:M!'!ICOO:h;).'td" l Ulo;k' l ' 
• I M IIITRI. t~, ! uotll'•" 
• 1\II IU~!t;,l ·~!l ... r',, •' 

: ::.~~o!r~~~~:~~~· .·::·· · 
• ~ki:tlt'..,...,!U'Kt, •' )~ 

hku of llbo~--. £7t lo t500 
~.r;:;;::;..,., 0«\~-·, ... "'-"'~~te 

MA'"IAI.JI 
W t 1\,.o ,.., .o '1'"-.U'IIII)' Ot l'«' ll fth;ltl MMn.~h CA 
llo ..:won!c Eq~IJ!Ifl~ll l, 11 ... 1 ,...11\IMll~. l \l lf ' " 
IMO. Brn""" :,nd "-•ll'to" No bl.t~ t:ll<ii<"""" 
1•.\,(N, 

.., ....... • ~~"' r...w ,._.r...:r ... !56 
• .,.,.. ""lnr','A Jl ~·~· .. ,,. ~1(1.'. Se-.
...,....,,_~l'O(o n .... -. 

• ll10:$ ..... ~ $.~3 All;o~ """- II~• .. • .. .. • C1't.M 
• u..,.;;.r:t~a n ; L w.._·.,.,,.,,. .. tltw C'\'t.IM 

, , R~•! 1Vo lt'• I.-$ !1. 'To •11oi>IOrlt~ (,'oto.,.,..,,..,. 
t lttW) • • U2Mt 

PU:ASE ADD CARRIAGE AND 
V,A,,T, 

P. HARRIS 
ORGAN FORD 

DORSET 
BH1681R 

90URN~OU1H(020l) 765051 
o/0'0. 

The firm for Speakers 

AUDAX 
HD129D25 7.B0 
HD13DJ4 ?-9S 
H013D34H 12.50 
HD13D37 12.26 
MD10D25AV 7.50 
HDHP259C 6.95 
HD17B37 17.50 
HD21B37 18.50 
HD20B2S34 10.95 
HD20B26Hd 14.65 
HIF13E5" 5.25 
HIF21E8" 6.95 

CELESTION 
HF1300II 7.50 
HF2000 9.75 

COLES 
4001 5.90 
3000 6.25 

EMI 
350 4 OHM 7.95 
1 2" 14A/ 1 200 14.95 
' 4" n 9" 14A770 12.50 
13" x B" BASS 8.95 

DALESFORD 
D20/10B 4" MIO 9.95 
030/110 5" 8ASS 9.95 
050/153 GVi BASS 10.95 
050/200 8" BASS 10.95 
070/200 8" BASS 21.75 
D100/200 8" BASS 23.50 
D70/250 10" BASS 24.95 
0100/310-2" BASS 30.95 

FANE 
I3"x0" 138/101 5.95 
JORDAN WATTS MODULE 

17.95 
JORDAN WAITS HI FRE- 

QUENCV KIT 7.95 

KEF 
T27 8.SO 
T15 10.75 
B'lO 10.95 
B200 11.95 
B139 24.95 
DN12 7.25 
DN13SP1106 4.95 
DN13 SP1017 4.95 
DN22 (H>d6B| 38.00 

MOTOROLA 
PIEZO HORN 8.50 

TANNOY 
HP0295A 83.00 
HPD315A2 93.00 
HPD385A 110.00 

Everyihtng in siock lot ihe 
spcakci consWuctorl BAF 
long tibfo v-ool. foani. 'lei 
panels, ciossoveis and 
componenis Large se'cc- 
lion a! gnl'.e 'alyics. Send 
1 So stamps lorsampies. 

[nomi] 
The Inn) (or Speakers I 

Swan Works, Bank Square. 
WiWnalow. ChosWe 
2 Oghlr* rg seim&on 

ielcphqnetl credit ca'd cnors I 
Tel; Wilmslow 29599 

Send '■ 5o stamps for free 
SB-page catalogue Choos- 
>ng a speaker 
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ARTICLES FOR SALE 

SEMICONDUCTOR 

CIRCUIT DESIGN 
VOL. V 

by Texas 
Pric® £9 

ACTIVE FILTER COOK 
BOOK by 0 Limcaaier. 
£10.85. 
I.C. TIMER COOK BOOK by 
W G Jung Price £7.50 
HANDBOOK OF LINEAR 
INTEGRATED ELEC- 
TRONICS FOR RESEARCH 
by T. Hamilton. Price £15. 
BUILT YOUR OWN WOR- 
KING ROBOT by D. L Hu.SCr 
man. PncC £3.70 
MICROPROCESSORS & 
SMALL DIGITAL COM- 
PUTER SYSTEMS by G A 
Korn P-icu £18.90 
LOGIC DESIGN PROJECTS 
USING STANDARD I.C.S by 
J. S Wakorley. £5.00 
TOWER'S INTERNATIO- 
NAL TRANSISTOR SELEC- 
TOR by T D. TowOrS 1977. 
Price £5.00 
HYBRID MICROELEC- 
TRONICS by T. 0 Towers 
E8.00 

* Prices include posiaiie * 

ENAMELLED COPPER WIRE 
t w.o. IO ne,1 W*««' 
10IO19 £2.05 El-30 
2010 29 43.1S £1.80 
30 W.34. C3.4S £1.90 36w40 £3.65 £2-10 

•VII atoM prices am incli-iivc st pMimgn Ol (uoirn lirUK 
COPPER SUPPLIES 

102 Parnvrood Road, . Withlnflton 
Marctonor 20 

Te4opho«o 061-445 3753 11,: 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

Pi TECHNICAL BOOKS 
19-21 PRAED STREET 

LONDON W2 1NP 
Phone /23 4 185 
Closed Sat ' /) »< .14 

ENAMELLED COPPER WIRE 
swg 1 lb. 4m. 2 m 

14-19 2.40 .69 -50 
2029 2.45 .82 59 
30-34 2.60 .89 .64 
3540 2.85 1.04 .75 

inclusive ot p&o end VAT 
SAE Or ngs Catalogue ol copos' and 

res stance">'ires in a" coverings 
THE SCIENTIFIC WIRE COMPANY 
PO Bo* 30. London E4 9BW I7347> 

ELECTRONIC TIHESAVER LEARN- 
ING AID. Unique practical, bi- 
speed learning. Ideal beKinncrs, 
students, clubs, schools, colleges. 
Normal price £9.00, Sliding Intro- 
ductory olTer £4.75 until February 
2Bth. Dept. WW. TECHNO,CEKTRE. 
I'O Bo* 33, Acklam Middlesbrough. 

(7*02 

COLOUR, UHF AND TV SPARES. 
TELOTEXT n IN COLOUR. MANOR 
SUPPLIES ' EASY TO ASSEMBLE 
KIT. including TEXAS Decoder 
Aerial Input, completely external unit, no further connections to set. 
Full facUIWcs, mixed TV pro- 
gramme and Teletext, Newsflash. 
Update, and many special features 
not lound In other units. Demon- 
stratlon mode-. In operation at 172 
write for further information 
NEW COMBINED COLOUR BAR 
GENERATOR PLUS CROSS HATCH 
KIT f Hk4) UHF Aerial input type. 
Eight vertical colour bars plus R-Y, 
B-Y Luminance combinations, Qrcy 
scale etc. Push button controls. 
Battery operated. £35*. Case £2.40 . 
Baliery Holders 7SpV P/P "• . , 
CROSS HATCH KIT. UHF Acr al 
input type, also gives peak white 
and black levels, Baliery operated, ftl* p/p 4tip. Add-on Grey Scale 
kit £2.90* p/p 35p. Add-on Colour 
Bar Kit CMk 3) £25-. Coses £1.40* p/p ssp. Cross Hatcn Unu. com- 
plete and tested in De Luxe case 
£19.OO' p/p £1- , , ^ 
-Wireless World" TV Tuner and 
FM Tuner Projects by D. c. Read. 
Kits of parts available. CRT test 
and icaclivator kit for colour and 
mono £13.80* p/p II.20. UHF Signal 
Strength Meter kit £13* P/P 90p. 
625 TV IF Unit (or Hi-Ji amps or 
tape recording £6.80 p/p 70p. Decca 
Colour TV Thyrislor Power Supp.y 
Unit. inci. H.T.. L.T-, etc. incl. clr- 
culls £3.80 p/P £120 Bush CTV 25 
Power Supply Unit incl H.T.. L.T.. 
etc. £3.20 P/P £1-30. Bosh CTV 25 
Convergence Panel plus yoke, blue 
lateral 13.00 P/P 90p. Philips Single 
Standard Convergence Units com- 
plete, Incl. 16 controls £3.75 p/p 
85p. Colour Scan Colls. Mullard or 
Plessey. £6 p/p aOp, Mullard AX 
1023/05 Convcre. Yoke £2.50 p/p 
75n. Mullard or Plessey Blue Later- 
als 73p p/p S5p. RRC 3000 type 

Coils ".P/P 91>P- Bus5 pTv 

DUE, DL1 85p p/p 45p. Lum. de- 
lay lines 50p p/p 40p. G8 TnpSer 
£6. BRC 300 Tripler £6.60 p/p 7op. 
Others available. Philips G8 De- 
coder parl-complete. £2.50 p/p 75p. 
GEC 2043 Ex-Rcnla! Panels, D.;- 
coder £3-00. Time Base £5.00. p/p 
90p. VAR1CAP TUNERS. UHF; SLC 
IdSn £4.50, ELC 1043/05 £5.50. VHF: 
ELC 1042 £4.80, Philipa VHF £3.80. 
Salvaged UHF & VHF Var leaps 
£1.50 p/O 35p. SPECIAL OFFERS; 
0 Psn V aricap Control Unll £1, 7 
psn De Luxe Control Unit £2.50, 
p/p 3op. UHF Transd. Tuners Incl. 
slow motion drive £3.so. 4 I'sn and 
6 Psn Push button transd. £4.20 
p/p 95p Helical POts 1U0K, 4 lor 
£120 p/p 30p. Thorn 850 Dual Std. 
Time Base panels 50p. Philips 625 
IF panel Incl. cct- 50p p/p VOP- 
VHF Turret Tuners AT 7650 for KB 
Fcatherllght, Philips 19TG170. GEC 
2010 cie. £2.50, Fireball Tuners, 
Ferguson. HMV. Marconi 80p. p/p 
all luners SOp. Mullard Mono bean 
Colls for Philips, Stella. Pye. Ekco 
Perrantl, Invicia £2.00 p/p 
Large selection LOPTS. I 

f^Scan Colls £l^> P-'P Ueloy 
Lines; DL20 £3.50. DL40 £1.50 

LAB CLEARANCE: Signal Genera 
Hirs; Bridges; Waveform transistor 
analysers; calibrators: standard*; mllUvoltmeters; dynamometers; 
KV meters; oscilloscopes; record- 
ers; Thermal, sweep, l"W distor- 
tion. true RMS. audio, FR. devia- 
lion, Tel: 040-376236. (77S9 

RUB-ON ETCH RESISTANT SYM- 
BOLS tor 1 oil Printed Circuits 
Large range ol lines, pads, letters, 
etc. available 27p/sneel. SAE cata- 
logue and sample, I'KC. ELEC- 
TRONICS, Oak Lodge Tansley. 
Derbyshire. '7809 

S5p. 
'OPTs 

available for most popular makes. 
MANOR SUPPLIES. 172 WEST END 
LANE. LONDON. N.W.6. Shop 
Premises. Callers welcome. Thou- 
sands of additional Items available 
not normally advertised. <Nos. 28, 
159 Buses or West Hampstead- 
Dakerloo Line and British Bail). 
Mail Order: 64 Golders Manor 
Dnvc. undori. N.W.n. Tel: 01- 
794 8751 V.A.T. Please ADD 124% 
TO ALL'PRICES (EXCEPT WHERE 
MARKED* V.A.T S%> <60 
□ RUEL & KJAER low noise measur- 
mg amplifier type 2507. Precision 
sound / vibration measurement. 
lOtfV to 300V. List £2000 plus sell 
for £1450.. 0827 897.378. <7857 
FOR SALE. Several hundred copies 
of Ihe Wireless World from 1933- 
1939. P. E, Brooks. 7 Belgard Road. 
Pooie. Dorset, (7M0 
ECio iransistnred communlcailons 
receiver biUlery/mains. used twice. 
Offers still in original packing. 
Phone evenings "69 0212. (7839 

PERSONAL 
SPEAK TO THE WORLD with- 
out Uccr.ce! Worldwide Tapatalk. 
35 The Gardens, Harrow. Britain's 
largest Tape-X-Change. (7806 
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EXCLUSIVE OFFER 
HIGHEST QUALITY 19" 

RACK MOUNTING CABINETS 
.•U-,5 ■' -•< I-IU. ,,0-. ■ ->•: 'c 
<•£ 54 

on ! "»SO- 

W.rf 

£30.00 
•7 

AUDIO AND INSTRUMENTATION- 
1APE RECORDER-REPRODUCERS 

. PLurc. ma Digiul Unit', v'-" ^ '•' • -V l.-i: . . AmjK* i R I .I'-.M -reta-- 1 

. 1 Mi'Xi nw 1 i-'-'i;1 

. p SI. KM I I • EMrnuoawrtv;'•"'.xw . , v; BTR!. I y—'l i KOtW"." • I.VI»»1U. 2> . Min'-KnCMP-ioo tiOMfl^ 1 . !««.. Hi ll 0.\ if 1. . 1,R»:li Co'inl. ;ira<« . .2«|KwS> 
Prices of above 870 to E500 

?.-CX'..-n'y KV•• ullc- 

.All our aerial equipment is 
professional MOD quality 

. Wn-r-' W.—lVol I.Vn iicU-.c . S.n.ii MA-n«-nivtr" i-xUuiU • Real K.\ l« 4 mc.j f A- IS® : . 4 r-"- C'xl,d VcIm I r'i|u. - .s reiKfi 4 U-..-K- i- S:hw*" ".M T 10 i'O Mr. ... . Bliol- *■ S nw.U HVII . 
r'slcd. j", "-4-I W'.V • ecu."1 -1-feomkur Vrii ..s - 
4 D4K I .i: Mu-ini, I s 4 Sl-lfh A r lin t Vuln-WITW" ' 

(tblf 
si 

, II' .Vx 
lith ii 

B1CM 
t-yl.rtii 

Rich SA-ITt S-r-lwr- Ifboo: B Sc-wxTf filiiiKi. 
aivelv 

HA" 
■in ini 1-. SH iBCfti-    SEJ JACSChf - ••••„• r ■ ■A/P a<C>MS 9 llJhklV 1 MI ni«-m«int<TVOuOl! 

AdiKBCS 3KV\ cv li-i.-'mriK---- (sonKrlll UitfAwiiWieAp-v;!. vfcial i> 1 r»i'« »• t3* » m IXIVlin TlrtfCi (UilmSirctninr.. 

t'.U.R. easo.M WM.tO u.w.w P.C.R. 
"afiO* '' I tuo.« . iVt.»0 (M.W IS1.C0 

t. lack. £16.02 IJ7SOS 
lliOOO . WMi ntao iu.OI tli.M eiew (I jt.M PAW. CMi» eWM opm 

tea 

MA> 1 c iQUlpn-.n.. 
■Al.s r--' V.,,-.I vjta.uis KO'lK l'«. 

Pi-..-, ill 1, -*y B.- I -> Amp ftirrvc 'J!l SlX-Ov- W BCi 20 MCS iWllliuKiws Om All line TWSIg. Urn S» SMKCS S-J! 0 Pcs^r Supplyiili> ir.-i).,>.rium 13 M v-ri-.U.i.jy UniWH-iii . A.'.'.-yvxi V, 11 K1.nv.-12V 1 i""*' SXnnnm ! D 2JI OM''--ivy»-   xVri VT ViliiDeiery I ,\ . 
Kiml MAlSTBpt'-v-'"1"- • <uauisfloow.iii 1 is o.-t.ir.wmi', C > I la-, kw IK SSR "JI'AA- Tf»n««l«T c-. -.KWT6JM-I -A-.'. Ir-n.tv.v,«(i <« R.iJ-il -v. (UC-ivMl DtvprViV 

■ CMIiumi K --, Mtflollf ««•••» •- • H-u—. I'wk^JSlSHStS <-.1 ".S T.ZOHl 
Ami Kin «u> Mill'- ' ■ II , i i:r; lamer «>- ««iioiiA vr -n - ,1.1 ;-l! On M il" l.y •nil" • r 7S Wi I •"■I-- ~!r iuppi>r -j r Hovy-A- , TJ A S.kwa<J SCK -i|l ...ii- "..C i ly-mc arSv.\4iU."urninijl!iv<. 

SJiiera" •«! -i Wv'STrrftropeP-'-.-.K-. ... ... "u. IIv W —l,C' Vini".Sralilitl» (HntlWO. lui!.; MA IT' 1 Ml lu-.iid- I>-..--I sarli SIM<— 6 JrjiAl.lpt B-Kl>T-f0«l« . 
i STTMICTSP' IIi.iiK-i TrJCSSp"- 

XUM nsN crs.M I3S.M 132.M . tli.W euoe 
£110 00 tw.w iTi.JO £62X0 [i:o:.w tiiwco n*M (140.01 £1001 iJS'Ki cuooo P.UJt Sii.M 
£».« P.l'.B. £471,01 . P.Uf. ttOflN M'OOt MJJL . £200 . WOO IIAWI H.W ttitO ei.M £6*04 •J iano 

» I,..,- . ^-iraty ■ 
».ii» 1, ISKVA r. - u.iit» at U. prtcci I. ■.a— 

K.- - K,w-2Sf3 ..   IT*W lV».ln 
XV.4I RA K<- I <«w! 
W , I-. iXOfc. .-J 44(0 'H-— MI 

PLEASE ADD CARRIAGE AND 
V.A.T. 

P. HARRIS 
ORGANFORD 

DORSET 
BH166BR 

ROURNEM0U • r- (C20?l 76505'; 



t Ktton•c componems u;: $i~tors . 
c•P&etlors po:en1iometcns. chau !!l 
!ov<JtP••kcr& semi-~ondu<:tors 
dloekl~. 1V lVbOS. e!l)t:!r..i;Jity< COIOU~$. 
etc .. c;, , tiC. Fir~• or second grades. 
Flni•Md or incomplete o:oduct~ . 
record Plllytrt , ampliften. r<~d ios. 
tvnofl, I(I J)C f6COfdl!!$, e .,::!(HI\U (IS 
t te, etc ttc: 
we w1ll buy comj:,la!e f:teto!iO$ ano 
p;.vc.1sh. 

TI:L. 0 1-49 1 4836 
, E.C.E. AVON HOUSE 
3101311 OXfORD STREET 

LONOON. W .4 ia:llJ 

WE PURCHASE All 
OF ELECTRONIC 
EQUIPMENT AND 

COMPONENTS. ETC. 
$ 1' 01 CASH 

CHILTMEA.D LTD. 
7, 

A. R. Sincla1r 
Eleetronic Stockholders 

Sttvenage 812193 
Wo Pvrchau t~ll typ e$ of 
Mechanical and £1ec-uonic 
Equipment ond S l)rolus stocks. 

WAH1'1 0 , a ll types. of eornmunlcr•· 
uons rccolveu nnd test eq ulprnonl. 
Oet:.lls 10 R. T. & 1. t lectronlcli 
Ltd ., Ashville Old Hall. As h ville 
Rd •• Lond~n. F..ll l •t!'.)' 4 983. (f.3 

cOs.sOit cou 120. W<~nted. ptug tn 
or wbolt acopc. Any 4!0nl!ttion Rtn~ 
C .. \ $ OD 01•!$3 18lf. ( 18(1$ 

W ILL &UY AN YTHING, any quan• 
Uty H prtc:t IS rfxbt. Jtirig Stan 
Willetts, Wt:St Bromwtc:b. Oll·iiS 
Gl$f, (7~13 

ARTICLES FOR SALE 

IJOI(Ha H SF Rugby Re<;eiver. 8 CJ> 
TJMF. OF I)AY OUTPUT, Hi):.h. pe r· 
rormanc:e, ~hue locked >loop radiu 
r.,c•lvtt, IIV UJ)cratum with 1 
s econ <l J .. !D mdiC1t h:m. Ki~ c:om· 
J>h;tc whl\ t unea fe rrite rod aerial 
£14.01$ (tncliJd ing pos tsse 01 nd 
VAT). Atitmbled circuit :&nd c ;a$C'd• 
up verNon a lu :lV;~ Il<~ble. send 
too details. TOQ1u. Sberborne 
f 43$9). Douet t2l 

SOL.Ait'TitON CT$ o$Cl.Uosc:vp• 
malo• tr<~nfformc:r 'fr"'anted* Phone 
011.) $101\U, f?SU 

""T·EKTRONIX 5458 C/W cr. plug tn. 
imm;~c:ulate, nso. S&lA mamtram~ 
.UZO: 1182A Ume b011>e !U G. CA 
d ull. I lt:I.CC .£$0: S54 p ui!< E! gcne r;J• 
tor .£110: !l.,...ttl) t req uency c:.nnver· 
te r tGC.J: c:oM tam 1 mplih.J<.h.l sho: nat 
gent rblt•r £6:1. Hewteu ?:u::k~nl 
IiGA C/W 17$11A <h lill tr ace 31) MIIZ 
arid l 781h dclllYinK t im e base u oo. 
tin U sweep n~dllator A·S GIIZ. 
U O<J. Ttrr(ll (l 107D swee p O!!<:JII:atur 
10·\•MHZ. f70 W3,vnl! Kerr 8G21 
LCft. Brld8• UIO: 8221 LCR bridge 
0 t Y 1110. Sulur freq uency 6t.an· 
dard .SA, IDO KHZ ll!HZ. SliH?. 
0/P. SlttO·lt 'tabiUtY !'iO. VI.F 
nc:elver tor preeidon rtequenC) 
comparison nto. Bun~n. Ul Park 
Road , Ptttrbo•OUl[h. t ~ 

OFFiift S IHYITIEO tc :- POP11 16K 
cornputor With t c!(lcv.·rite rs, 2 l.41~ 
lUO.!IPMU, D~ PDP111,. 4K m emMy. 
~ax Num'>•r ww 7~16 

T .V. T U8. III:EBUIL DIHCO P LANT , 
We&t trn•Whybrow Engint~ring- ean 
~uppl )' tilt ltems 11f pla nt tt.~r 
., u:•llly rebuildhl" or c~1lllUr Tu be:< 
Cornpftto l r'l 'it~ll ;. liun , t raining . 
and , n tlho()ct:ttttl .$upplie!l. 
Wf!$tern.W hyllruw Engineeri ng 
WECO WQrk~o, Prn01 San<'!» Cfn~,; 
Penunc:e Tel: Hl73 616l 22u. 

,;7}1:1 

for immediate C:Qh 

All MAKES OF 
OLD RADIOS AND 
GRAMOPHONES 
PRIOR TO 1940 

OH•~ wft" clet.il• .,,cl Jlhote» (, .._ 
w m-..:Q 1o; 

w.ut-.. Po. 80A q44 
0 4050 ~l'.c-r.gJ.:.(I~ 

. w <l<ffl'nil:'ly 

* MINICOMPUTERS * PERIPHERALS * INSTRUMENTATION 

COM PUnA APPAfClATIOH 
Oocltl~ (081 !a4) 322't 

PERIPHERALS 
INSTRUMENTATION 

Fot fastest. benet CASH offor 
Phone. 

CHILTMEAD LTD. 
58&419 

TURN YOUR SUPLUS C;jpa.c:itori. 
traMittor•,~,. ete., into cash, c ontac:t 
COW:S·HAKDJNC & Co .. 103 South 
Brink, Wl!ibe~l~. C01mbs. G94S·4.1BJI. 
Jmmodl:ue .'ic\Uemont. we a l$0 wet• 
come Ute opportunity 'o q uote tor 
complete factory clearance. (743? 
STO AAGI SPACE is expensive, why 
l 'lOtt t4idundant ~nd l)'bsoleto 
tqt.alpmtnt? For rut ;and cnicient 
oturanc:e tJl aU test ge.ar. power 
•uppllet. PC boards. ~omponentf, 
ttc. rec~arcllcu of e<~ndition vr 
quanlil7 C'l.ll 01·711 9-113. (7414 
8 .0 . I LECTAONI(:$ ctret prompt 
utlltmtn for .surplu5 elcctroruc 
eompontnt.5. t.v/au d lo spans are 
of parUc:ular lntere$1., Con1act .Min 
Huthts., t Westh A'Il't>, Breuon, 
Peterborough. Tel 2$!S21t. <USZ 
WI P URCHASE, FOR CASH t he 
toUo.winl: ~ ft . r. t•ower Tt anli i!'lturs. 
VIH IClOI' J>iOdCli, and all liP\i<.'l il.l 
compontnlli normally used Jn VH f.'/ 
UttY Tr!l nsrnitllnp; equiJimcnl. 
MOOUI..AR E Ll:CTRON ICS. 11.5 liiJt:h 
St rl.!tl $elsu Sv~!!~X. P0 20·0Ql •• 
rcJ. Setuy h t$. t1~t~ 
SOLARTRON ~ 436 t;:SCIJ IO~Pt' 
m~n1 etanslormer W:tnt~ l'honc. ons arol84. ( 7Ul 

EQUIPMENT 

BROADFIELDS AND 
MA YCO DISPOSALS 

11 Lodgfl Lan.e, s. Firt(:hl~y 
London, Nl 2 SJG 

Teh:pho nc: 
0 1·445 27'13 

OI·+U 0149 01·95816.2>1 

MAY WE ASSIST YOU TO 
DISPOSE OF YOUR SURPLUS 
ANOREOUNOA,7STOCK~ 

Wr 'Mil eall 81\)'"''~n!: in thc
B~hbh l$1H.. and !)a} SPOT C-ASH 
tor &~tonic Components ;md 
£qu._..L 

RECEIVFRS AND AMPLIFIERS 

~:~4QORlCl~Ot , t:\f~~ . -~~"': et~~101~i 
11 tock K. T , & J. Ekc:lr onlc!i. U d. 
Mlwlnc Old H;•ll. As hvllle Rd . , 
L...ondon. t it , 1.l'Y 4~8~ . '.ur. 
SICNI\L litn t' t'll t.il rs Os ciJIOSCOIH'J>., 
Ol•ti)Ut M~ll:rs. Wa..-e Voltmeter.<.~. 
l-"rt<lUIIlC'Y )1elers ~tult1 • ran~~:"' 
Mtt ~;~r etc.. tHe.. in s tuck. K. T . 
&. t , £4ec:t tonlc:s l.td. AshviU• OW 
nail. Ashville Rd .. London E.Jl. 
L\•Y 4fi16, (64 

The Decca College 

Microminiature Electronics 
Courses in Practical Techniques 
Short cour5€S on I he microminiature practical techniques 
required in the Aviation Industry are available. 

The standard course lasls lor three days (Tuesday to 
Thursday) and is approved by the Civil Aviation Authority. 
The course is designed lor experienced avionics or 
electronics personnel and alms ro train them to carry out 
practical repairs, modilications and overhauls on 
microminiature equipment. 

Derails of these and other courses irom: The Principal, 
The Decca College, New Road, Brixham. Devon 
TQS 8NQ. Telephone: 08045-3409. 

lUJIO CIRCUITS TD. 
Hlgh,u:ld House 
Wr:s.t KJf'lg&Ciown 
Nr Sevenooks Jtent Wk2J.44 

LABELS • . NANEPLAT·ES. 'ASCIAS 
Oft alummlum or pla!illc, Speedy 
GtHvery C.S. M, Grapb.k 1\rll 
Lld.. 1·5 Rectory L3ne, CuJa. 
borouth (()2873· U.43). Yorks. U.K. 

(5S0.5) 

RADIO and Radar M.P.T. and 
C.(LL.t C!)ur-~ Wnte: Prfnc:lpll. 
N;auuc~l CO.:!~;:-. rtu\WOO<I YYJ 
SJZ {2S 

ltA.DIO A MATEU RS EXAMI NA.1'10N 
C:IT Y' • CiUILOS , P'us lht lmpor• 
1-ant Exarninau.,n a nd obll.in your 
CiS liCence wtth an RRC Home·ltUd )' 
C:OUfliC. Fot dC:t ;t il~ c C lhl$ MG Other 
1:0ursu WCE , proft!l$hmal uam• 
maqoM etc) . writ<: or pMne: Th e 
R;.ptd Kesulls College, Dept: J WI, 
Tutt1on Hu usc, London SWlt 408. 
Careers Ad\' iSor,. Ser vice. Ol•IN7 
72i"3 o r r i n g 0 1-948 1102 fur p rospce· 
~u' only (t-lh r antwerJng •'-'n'1C:.), 

(1$SO 

CAPACITY AVAILABLE 
A IRTRON IC$ LTO. !O: coil 'Win41ng 
L.at&c or ama.ll prodvt'bQn runs. 
Bobbin - IA,)'et - Wan - Dlllar 
- .Wmlarure TOrbid:a.ls A1rtronlc:s 
Ltmlled. Gardaer lndusorlal &1atco. 
Kent HCU5c: La:te, Rcc:kc:nham 
Kent BR3 I UC: T'el. 01·5:tt U47, 

nus 
fi'C8 s / WUUNC/ A5S ENBL Y, De51Rn. 
trtW<Irlt, m;tnuf<lcture. ssr.;C!nHily, 
wltJn i'C' or !!man b~l<:bt$ ot boardS. 1 
~~:anet1 e lc. to hiGh st;• nd ards. 
Quick turntftund and comptHUvt 
prtttll. Contact us fi rt~t: HAJ.tlt.L. 
ELl::C'CRO!'.'lCS LTD. -492 Klngstun 
fto:.a, J..ondon SY."20 . ot.~42 t20S 

DATC:H PrQduction Wntn.-: and Ai~ 
nmbly cG SU~tpill!' or drawtna• 
lilc:Oune t:lectnc-als ltB StatiOn 
Pu~de t:s.hnJ:: common. London 
W.$. TeL 01·191 891&. 175.21 

CITII:DN IC:S fer desi t:n. manulat
turc a nd a.s~mbly c f P.C.b. we 
)rt \II!Cd 10 t he wanled ve,ttr• 
diY S:ltU3Uun i n s roall (If Jar~e . 
bMch quantities. Wt: h>'IVC! ~1 thnr 
,;tr\' lte); "'' llil;tblt!. Contact u$ flf'lot: 
Cltronlu. S6 C•>l es Ruad. MIHon. 
C:untHidge. 1?711$) 

HIGHWAY El. Efi"RQHi t.S. Lo_fil(' 
ch•<etB~. reB Arlwr.:'-. AQ~rnlU,v 
T~tllnt CUSIC'lm bUilt ~l«ttonlc·•. 
- Wrlte ao Unit u. runtnhrynydO 
Ind •. E-ct .• ~ntypoot. Gw~;nt. Nrt 
IPI). ( 774t 

S MALL BAYCH PRODUC:TIO"'$ Wit• 
ln t:: IIS$Cmbly tu ~::.mple or dra~. 
lnt•· SDe.c:laHst i n o rJnted drc:uiL~ 
:.~nmbly Roc:lt tleccronJcs Hl!lr• 
low. £~)U. 0179 $SOlS. (i6i4 

ELECTRONIC ASSEMBLY 
AND WIRING 

CAPACITY AVAILABLE 
M .O.O. approved 

J.N. Eleclronic Supplies 
Osiera Road. London, SW1 &• 

To l. 01-874 6 1 62 ,.,, 

PRINTED CIRCUITS. Ultta fUt 
turnaround. Vcrv compttlttv• 
pr1ces p;~per or g_liss. Punc:he4 or 
d rilltd . Slnste. or doubltt ,id:td 
Also procot)·poes. a.ttwurlc. phOtO• 
~~pby Klbmore Circulu Ltd •. Ito 
Catlands R.oa<L Bedhlll. SUt">' 
Rlll 6NZ. Phenc RedhUl 6.!1550. 

<12§S 

SPAII:E c:Afi'AC"1TY - Quoc:k Turn 
llr4t.~nd Specl&li$;L l'irlnJr U~t~mbly 
<I( larst i!lld smsll iltms t'U~It: 
form s , P.C.B. Wir e w raDI>IIlf. , 
p:~.neh; , etc. u wco. Wc-llln~IJ.>rcJUI ·' 
roe:m Gn7st. , 7UV~<~ 

RAMTEK LTD fur f'CD l111:.,c.un b iY 
using tlow soldc rlnJ technlqu tll, 
Try. ui for coml)etihve quatMions 
ua;unst you r nwn Intern:~ ! cost~ . 
lifo Job too small, raptd wrn 
tr.l'lund, C«f)!l.cily als.o :.vall.:~blc fOr 
W'lre cutting. str1pplns- and l~o1n 
manubcll.l.rc. can \IS loda.y on 
0242 3!&.$8: Lansdown lndu"lrlat 
&ttate. Chelt~nham. Glo<t USI2 

ONE MAN W ORK$HOP ha.!> capac:Uy 
Cor wirin:: l.$1lt-mbl y c1c:. An~thlni 
eon~Jdered Conoact; Jol~on lh\·Jn· 
den. M•rk•t Pbce . t.. ceh iJ~do, Olo•. 
tOS671 sn 67. (n:s41 

A COM PLeTE and e-ffic:icm t PCR 
S11r vice rrom l~y()ut thrDU\:h 10 RJ· 
sembly. lnctapu~:<~lln~ (lU~IIty r e· 
ll~1)Jlit.v a nd price. Nu qt<J.er too 
l ll r~;e or too small. Also rYie<:hllnlcal 
d'- ta lhn~ is undert:'lken. }'Or Cl~· 
tl\ll>~ ana lr~e. estimates plu$t con· 
tut: J. S. Roberts .nn il·$53 2$71 
l(,ft.C . .>\f~WI)f:l D(lthm _.$ Hlth 
Street, Ml!ld~n. £-.sex. U1il 

Classified 
WIRELESS WORLD. fE8RUflRV : 975 

135 
ARTICLES WANTED 

WANTED IN 
LARGE 

QUANTITIES 
tmcuoaic nomponems »«;sistor5. 
capftcnors snicnvomtrors. mass 
OU«JS(>c34;nrs Serni-co^ auctors 

dKXfcs. T'/ lv.bes. especially colour";, 
etc., etc , etc. Fir.-,? or second Qiace;. 
F nisheu or mcoroplcle D'oducjs, 
-ecoia players u.-np .fters, radios, 
tung-s. tdpc recorders, enclosoros 
ei<;. oft sic 
We v/iil buy con'oleie lactn-ics ano 
paycash. 

TEL. 01-491 4636 
E.C.E. AVON HOUSE 

360/366 OXFORD STREET 
LONDON, W.4 J3??. 

WE PURCHASE ALL FORMS 
OF ELECTRONIC 

EQUIPMENT AND 
COMPONENTS. ETC. 

SPOT CASh 
CHILTMEAD LTD. 

7, 9, 11 Arthur Road 
Reading, Berks, 

 Tel. <0734) 582 60B 

A.R.Sinclair 
Electronic StockholdBrs 

Stovenage 812193 
Wo purchase all types o» 
Mechanical and Llectron-c 
Equipment and Suiplus stocks. 

WANTED, all types id communkm- 
Uons receivers and test equipment. 
Dotails to R. T. & 1, Electronics 
Ltd. Ashvllle Old Hall. Ashvllle Rd., Londen. E.;> i cy 19SS. tes 
COSSOR CDU 120. Wanted. Piuc Ir. 
or whole scope. Any condition Klne 
(■ A S on 01^53 1810, (7S05 
WILL BOY ANYTHING, any quan- 
Uty it price is rifhl. King Stun 
wuietts, West Bromwich. '0Z1-5S3 
0>86. (7813 

ARTICLES FOR SALE 
60KHZ HSF Rugby Receiver. BCU TIME OF DAY OUTPUT, Hish per- 
formance, phase locked loop radio 
receiver, aV operation with 1 
second LED indication. Kit cem- 
plele with tuned fertile rod aerial 
ill .08 (Including postaire and 
VAT). Assembled circuit and cased- 
up version also available. Send 
for details. Toukx. Sherborne 
14.159), Dorset ,2) 
SOLARTRON CTd36 oscilloscope 
mains transformer wanted. Phone 
0723 870684. i7S4! 
TEKTRONIX SdSB C/W CA plue in. 
immaculate, £350. 561A mainframe 
£120; UB2A lluic base £150. CA 
dual Iracc £50, S54 pulse genera 
tor £110; sweep 'recitiency conver- 
ter £«i constant amplitude signs: 
generator £65. Hewlett Packard 
175A C/W 1755A dual trace 50 MHZ 
and 1781A delaying lime base £200. 
WD sweep us.-lllatPT A-S GHZ. 
£200. Termlrl 7070 sweep oscillatcr 
to-t-v.HZ. £70 Wayne Kerr B521 
LCR Bridge £80: P.721 LCR bridge 
0 \X <110. Sulae; frisjuency stan- dard SA. 100 KHZ 1MIIZ. n.M HZ 
O/P, 5x10-10 stability £70. VJ.F 
receiver tor precision irequency 
comparison £210. Branson. Ill Park 
Read Peicrli'tr/iugh. • TS04 
OFFERS INVITED lor PDPU 16K 
r.umputer with 2 dec writers 2 tape 
transprirts Dec PDP8I. 4K memory. Ho* Xumhgr ww Tsi'i 
T.V. TUBE REBUILDING PLANT. 
Western-Wbybrow Engtnccring can 
supply all llem.s of plant for 
uualily ccbuildlne of Colour Tubes 
Complete insiallalion. training 
and all associated supplies 
Western-Why brow Snglneeidns 
WECO Works. Praa Sands Cm** , 
Penzance Tfl: <073 fi76» 2265 
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WANTED 
for immediate cash 
ALU MAKES OF 

OLD RADIOS AND 
GRAMOPHONES 
PRIOR TO 1940 

Offaca with dolalli and photos (1 
turnad) 10: 

WalWia. P O. Bo. 1744 
D 4050 Moe-Khonqladbaci 

W Gen-in (?357| 

★ MINICOMPUTERS 
★ PERIPHERALS 
★ INSTRUMENTATION 

.'O' Usivii. o-il CASK ctter. pror.c 
COMPUTin APPRECIATION 

Qodnono (088 384) 3321 
76 n 

MINICOMPUTERS 
PERIPHERALS 
INSTRUMENTATION 

For fastest, hslter CASH uffcr 
Phone 

CHILTMEAD LTD. 
Reading (0734) 586419 

TURN YOUR suplus Capacitors. 
iransisMrs etc.. into cash. Contact 
COLES-HARDING i Co. 103 South 
Brink Wisbech, Cambs. 0943-4IBS. immediate scUIement. We also wel- 
come the opportunity to quote for 
cumpieto factory clearance t"439 
STORAGE SPACE is expensive, wh? 
store redundant and obsolete 
equipment? For fast and clllcient 
oiearance of all test gear, power ■supplies. PC boards, components, 
etc. regardless of condition or 
quanlily call 01-771 9413. <7414 
B.O. ELECTRONICS oiler promot 
setilemcn for surplus electronic 
components, t.v/audio spares are 
of parllculac Interest Contact Miss 
Hughes. 9 Weslhawe, Bretion, 
Pelerhorough. Tel 265219 (7632 
WE PURCHASE FOR CASH the 
rollowlnq; R. P. Power Transistors, 
varactor r>it;dcs. and all special 
components normally used in VHP/ 
"HP Transmitting equipment. 
MODULAR ELECTRONICS. 95 High 
Street Sclsey Sussex. Pf)20-0QL. 
ry), Selsey 2916.  17696 
SOLARTRON CT 436 uscillosc^pc 
mains transformer wanted Phone 
0723 S706S4. i7S41 

EQUIPMENT 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N". Finchlcy 
London, NI2SJ<i 

Teh-phone; 
0I-M5Z7I3 

01-445 0749 01-958 7S24 

MAY WE ASSIST VOL" TO 
DISPOSE OF YOUR SURPLUS 
AND REDUNDANT STOCKS. 
We will call anywhere in '.ho 
Hrilish Isles, and pay SPOT CASH 
for Electronic Components and 
Equipment. 

RECEIVFRS AND AMPLIFIERS 
HRO RX5S. etc.. ARSs. CRIOO, 
1111X400 G209. S640. etc.. etc. in 
stock- K. T. & I. Electronics Ltd 
Ashvjlle Old Hall Ashvllle lid . 
L-ondon, Ell. Ley 4!t£6. m)r. 
signal Genera lots Osclllosenucs 
Output Meiers, Wave Voltmeters, 
Frequency Meters Mult! range 
Meier clc., etc.. in stock. K. T. 
k I. Electronics Ltd. Ashvllle Old 
Hall, Aslivillo Rd London E.li. 
Lvy 4936. <64 

COURSES 

The Decca College 

Microminiature Electronics 

Courses in Practical Techniques 
Short courses on the microminiature practical techniques 
required in the Aviation Industry are available. 

The standard course lasts for three days (Tuesday to 
Thursday) and is approved by the Civil Aviation Authority. 
The course is designed for experienced avionics or 
electronics personnel and aims 10 train them to carry oul 
practical repairs, modifications and overhauls on 
microminiature equipment. 

Details of these and other courses from; The Principal, 
The Decca Coliege. New Road. Brixham, Devon 

I TQ5 8NQ. Telephone: 08045-3409. 

SERVICES 
EURO CIRCUITS 

''""'vd Ci 
JVOUW ~ 
pil-iliriC riiiur.g - F 
lino., u'om 
'n tii; - r^>; 
A or pan if 

ds - Vn 
ft. _ Up., 
"'eg <i 

PKu 
R" 

otfolcfdrK —Cbpvcn 
NnomniWIarg' turti-i-.i-iu iin pinii. 

iM'.. ..■ailiSIr NOW 
EURO CIRCUITS TO. 
Hghfield House 
Wesl Kmgsdown 
Nr. Sevenoaks. Kanl. 

LABELS, NAMEPLATES, FAS CIAS 
OP. aluminium or plastic. Speedy 
delivery C.S.M. Graphic Arts 
Lid., 1-5 Reclorv Lane, Guls- 
borough 102873-1443). Yorks. U.K. 

■ (6305) 

fW.10. 2nd p'adac M.P.T. and L.G.I,,1 Courses Write; Principal, 
Njuiiical Co;leg?. FleeiwoOd KY" SJ2 ' <24 

RADID AMATEURS EXAMINATION 
CITY 6 GUILDS. Pass the impor- 
lanl Examination and obtain your 
GE licence with an RRC Home-study 
course. For details of Ibis and other 
rourses (CCZ. professional exam, 
inatjoiw etc), write or phone: The 
Rapid Kesulis College. Depl; JWI. 
Tuition House, London SWlfl 4DS. 
careers Advisory Service, 01-947 
7272 or ring 01-846 1102 for prospec- 
tus i.nly <24hr answering service). 

(7530 

CAPACITY AVAILABLE 
AIRTRONICS LTD, for coil winding 
Large or small production runs. 
Bobbin — Layer — Wave — Bi filar 
— Miniature Toroidals Atrlronics 
Ltmiled. Gardner Industrial Estate. 
Kent House Lane Bcekenbani 
Kent RR3 1UG; Tel, 01-659 1147. 

'71S8 

PCBs/WIRINC/ASSEMBLY. Design, artwork, manufacture assembly, 
wiring of small batches of boards, 
panels etc- to high siar.dards. 
Quick tumround and comoetltlve 
prices. Conlact us firs'; HAMILL 
ELECTRONICS LTD, IS? Kingston Road. London SW20. Ol-Si? 920s 

BATCH Production Wiring and As- 
sembly CO sample or drawings 
McDeane Elcctncals 19B Slacion 
Parade. Ealmg Common. Umdon. 
W.5. Tel: 01-992 8976, (7.431 

CITRONICS for desifin. manufac- 
ture and assembly of p.f.B. we 
ace used to the wanted veslet 
day sltualion in small or" large, 
batch quantlttes We have oilier 
services available. Contact us first: 
Citrontcs. 36 Coles Read Milton. 
Cambridge. i7743i 

HIGHWAY ELECTRONICS, Logic 
drsigo. PCB Artwork ASiembJv 
TcsHng Custom built eleclronu's. 
— Write in Unit 12, Poninewynydd Ind.. Est., Pnnlypool, Gwonl. .Nr4 
6PD '7742 

ELECTRONIC ASSEMBLY 
ANO WIRING 

CAPACITY AVAILABLE 
M.O.D. apo(Owed 

J.N. Electronic Supplies 
Osiers Road. London, SWIS- 
 Tel. 01-874 6162 vat? 

PRINTED CIRCUITS. UHra fast 
turnaround. Very compeliUve prices paper or glass. Punched or 
drilled. Single, or double sided 
Also prototypes, artwork, photo- 
graphy Ktbmore Circuits Ltd.. 1211 
Garlands Road Redhlll. Surrev 
RHl 6NZ. Phone Redhlll fiSHSO. 

(7283 
SPARE CAPACITY Quick Turn 
around specialist wiring assembly 
of large and small items cable 
forms, PC.B. Wire wrapping 
Pant"'^. etc. Leweo. Wolllngborough 10933; 6777S1. S (7698 

RAMTEK LTD for pen assembly 
usinj; How soldcrliis techniques. 
Try us for compeuiive quotations 
against your own Internal costs. 
No Job too small, rapid turn 
around. Capacity also available for 
wire cutting stripping and loom 
manufacture. Call us today on 
02*2 35658 Lansdown Industrial 
Eslate. Cheltenham, (lies (7S12 

PRINTED CIRCUITS, Small efllCh- 
wiring eloclrlcal testing, miniconx- 
Pulers undertaken b.v Wandtrenics 
Ltd. Skilled ex Philips workers Phone or write (yr details; Wand 
Ironies Limned Wandly Wharf 
KroKmorc. Wanflsworlh, London 
SWIS TIIW Tel. 11-876 6585. 

<7755 

SMALL BATCH PRODUCTIONS v/U- 
lug assembly to sample or draw 
tngs. specialist in printed circuits 

•ssembly Rack Blcctronlcs H,,r- 
low. Essex. 0279 33018 '7674 

ONE MAN WORKSHOP lias capactlv 
for xvirlng assembly etc. Anytbing 
considered Contact. Joiyon Havin- 
den. Merket Place. Ucehlsde. Glos. 
<03671 52267  , 7S5fi 
A COMPLETE and efficient PCI! 
Service Irom layout through to as- 
sembJy. incorporating .|iiality re- 
iiainiiiv and price, tin order too 
large or 100 small. Also mechanical 
dolatlsnc ts undertaken. For de- tail,. and frep estimates please con- 
tad: J. 8. Roberts on 01-353 2577 
"•n-f- 'irtyork Design 45 High Slrect, Maid an Essex. ^7731 
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JWJC£ the lnfotmation •i;;,Mf~~ Tt M/tET~~~~~~ 
Tho I.C.E. range ot multlmttor• provides en 
"nthl'tlled combin111ion of m i Jtl1m.m1 performance w ithin mlnlm\lm dim onsion l, It 41 truly 

low cost. P1us. e CO!"'fl~to r•n; o of •dd.on eece .. orlet for more renuee, more fvnc tlo.-.e. 

A U l,( ,t!. tl\ull, lnli'teiS a t: 1-UC>P -IO(I C::()•n p 'r.t.: With Ul'! b fe-iktbiO l)llllli!C carryi <"-Q 
e•st. tt•1 e.10$. etc. , ;~nd 11 bO.pl ;~t otge 1-v.l y clct-:~iled asu d lll .. t1 ~f 1Gd O p:: ri! ll "l-9 <t l\d 
M 3i"'-ten.tnee ~~ l!t'lu31 

~.,q,r,...,.....,o.et~'W5oc:edVocb\1 t '•"• ' ·~()I ..... ~W.. Of":!~~ '•OICI f~:l~~ $01'\.U, 

~t.lpHteatar 680R Su perte.&10 r ssoG M krot• $1 ao 
(tllutttated) '20'\l v -l" li> ~ O'c¢ ·~;>., · 2'~-u; 
'2Qt.~l'V - I* ~OGC! C "l )V - 2-. ~0I" .. C .&,._tV -l'!(.~~.H 
' .tlt:\1'\1, · ~<l. lto:)ot'~.c .&81iUt'9u - i::tr..,.won~ '40~ - "Sfvooetu:u•• 

·8o A'n(l"- l O FV'I'~•c:.'l' ' 103. 113. 31TT '(M-Dto: :e :wtC'"~ -
' 140x, 105 " 55,,..... £1 9.95 + VAT \.'lf'l!y i)J .o _s.., 23n n• 

£_25,25 +VAT irOl M•~ O,J;, .(Id BOp P&P. £14.9?.+ VAT 
re~ Mil l (.)o ~Mr oldd AOp PM'i ;'<11 l~a1!0!~e.t_!!~ll 0 0 11 

E1octron1c 6 rokers Ltd . 
49.53 Pancras Read. London NW1 2QB 
Tel. 0 1·837 7 78 1 --
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Appointments Vacant Advertisements appear on pages 124-135 
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I.C.E. MULTIMETERS 

Iffi the infomtion in HALF the sizf 

The I.C.E. range ol mulitmotor* provides an 
unrivalled comhinntion of maximum performance within minimum dimontiona. at a truly 
low cost. Plus, a complete rongo of add-on accessories for mote ranges, more functions. 
All I.C.E. mullimeteis a'5 supp iod comp'cte with upb'e^aOln plssiic cairyi-n 
case, tesi eaos. etc. and a SO-plus cage fully detailed and illusratod Operauog a-d 
Marntenaitce Manual 
Now av- wie lew lolcciea nockisit '.vm* ol i>"Oi-e to-1 s:. or 'c: ol c.roci rs^t-jru-, '-v 
Supertester 680R 
(illustrated) 
'yCW'V, I rs fed on o.c 
'•IkO.'V. feilor at 

80 Rai ii-i - ".!i funcueoi; 
:140x.1C5 « 55i:vv 
£26.25 + VAT 
(For Ms' Old"" add SOp »aP| 

MicrotOSt 80 
•ZCkO.'V - fed on c.c 
d.,:/V -2%ls.v0"ac 'dOHaopss BFincliors 
'CanvilOK wi") use — l-U,' 93 » 95 « 23nri 

p, £14.95 + VAT 
foi Mail firOcr adr 30s PSPI 

Elcciiontc Brokers Li<J. 
49-53 Pancras Road, Londor NVV1 
fel 01-837 7781 ww—082FOR FURTHER DETAILS 

Supertester 680G 
"SOk'.VV - 2% 'il i-> a f. 
-k .J 'V. r 2 V; tsa or a o dS Raegni. - ' 0 runctions 
•109 - 113 - 3JTT 
£19.95 + VAT 
To- Wee Oron add SOp 'S? 
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New! Equalization analyzer ... 

a ceabudg 
Q uick and occvrore odjusrmenr of 
sound syszem frequency response Is 
~nolly within rhe reoch of mos· 
budgers. The Shure M615AS 
Equ alization Analyzer Sysrem Is o 
revolurionory b reakthrough rhor leiS 
you "see" room response trouble 
spars in sound reinforcement and hl-fl 
system s- without bull<y equipment, 
and or a fraction of the cos! of 
conventiona l analyzers. 

The portable, 11-pound sysrem 
(which includes rhe- ana lyzer. special 
microphone, acce-sso ries. and 
carrying case) purs on equal-energy
pe-r-octave "pink no ise" resr signal 

lnro your sound system . You place
the microphone- in the lisrening area 
and simply odjusr rhe filrersof on 
OCtave equalize-r (such as rhe- Shure 
51\107 or M610) unril rhe M615 
display indicores rhor each o f 10 
ocr aves ore- proper1y b alance-d. You 
con achieve accuracy wirhin" 1 dCI, 
wirhour hoving ro "p loy ir by e-ar:· 

Se-nd fo r comp le-re descriptive 
brochure. 

Shure Elecrronics Limited 
Eccleston Road 
Moidsrone ME 15 6 AU 
Telephone: Moidsrone <0622) 59881 

W W-QOZ FOR J-~URTHJ:::R DETAILS 

T£CHNKOI\NEJ\ 
n.... Mb15 Anolyroisdi!(llovc:croolns 20 
LEDs ,.,.,. incl;co;e ~o>q""""Y ·~,. 
levelin eochot 10oaov<>bond$lrom32 
Hz so 16.000 HL . 
A rotary hJioenv~ contrOl odM-.~~>e 
HI LED lhreshold teloliv<> to"'<! LO LED 
rhres.~'d. AI minimum ~rti"'. rhe 
resu.ling fteqvency {espotl5oe is correa 
wi!hin .: 1 dO. Include~ inpvt ond 
microphone preomplifierove;lood LEO.. 
A fronr panel switch selecrs ei11'\&r ftor Of 
"house curve·· cquol!zotion. 
The ES615 Omnldlrocrionol Anolyz.or 
M:crop-hone (o~ ovoiloble ~I)Oror-ely )b 
designed specifleo11y tor cquoli:.o:ion 
ono!yzer sysrems. 

Wireless World, Kebruarv 1978 

^023222X3 iOjM !*uon A^au.-^ 

O 

i 

New! Equalization analyzer... 

Balance a system. ..Balance a budget. 

Quick ond occurore Gdjusrmenr of 
sounc sysrem frequency response is 
'inolly wirhin rhe reoch of mos- 
budgers. TheShureM615AS 
Equalizorion Analyzer Sysrem is c 
revolurioncry breakrhroug^ rhor lers 
you "see" room response rrouble 
spors in sound reinforcerrenr ond hi-fi 
sysrems—withour bulky equipmenr, 
ond at a fraction of rhe cost of 
conventional analyzers. 

Tneporoble, 11-pound system 
(which includes rhe onolyzer, specioi 
microphone, accessories, and 
carrying cose) purs an equol-energy- 
per-octave "pink noise" -est signal 

inTo your sound system. You place 
the microphone in rhe listening area 
ond simply adjusr rhe filters of on 
octove equalizer (such as rhe Shure 
S R.10 7 or .V.610) u ntiI the M615 
disploy indicores rha: each of 10 
octaves ore properly balanced. You 
con achieve accuracy within r 1 dB. 
withour having to "ploy ir by ear." 

Send for complete descriptive 
brochure. 

Shure Electronics Limited 
Ecclesrcn Road 
Maidstone ME 15 6AU 
Telephone: Moldsrone (0622) 59881 

TECHNICORNER 
"he M615 Anclyzor b disploy conrolns 20 
i-EDs •■'O' ind cce Irequercy response 
level in each of lOocrave Doncsfrom 32 
Hz ro 16.030 Hz. 
A ratory hi/!o envelope conrrol ociusrs the 
HI LEO threshold reloiive to -he LO LED 
-hres-od. At minimum .senlng. -he 
'Gsu ling frequency respor.se is coireci 
wirhin 2:1 CD Includes input ond 
microphone piecmplilierovelocd LEDs. 
A front pone switch selects either (lor or 
' house curve" equal Action. 
The ES6' 5 O.-nnidlrecrioncI Anclyzer 
m croc "one (a-so cvoi loble sepo-orely) i 
designed specificolly for equoliza* c 
analyzer systems. 

WW—002 FOR FURIHbR DETAILS 
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''.,here's a lot more to Multicore ••• 

Multicore Solid Solders. In Bars, 
Ingots, Sticks, Wire or Pellets. 
For all dip and wave-soldering. 

--Multicore now solders the 'impossible'. 
ALU·SOL 450 solders most types of 
aluminium and has a good corrosion 

resistance. Arax 96S for diffi· 
cult stainless steels. being 

non ·toxic and 
bright. 

Multic·ore· Ox:ide:·frE!e Solder Creams. 
microcircuits and P.C.'s. Also 

wide variety of pre·forms for 
repetitive solder
ing operations. 

'The name that stands for quality and quantity.• 
Please wrlto on your Company's letterhead for further details on your particular application. 

Multlcore Solders Limited, 
Mayland$ Avonuo, l lemel Hempstead, Herts HP2 7EP. Tel : Hemel Hempstead 3636. Telex: 82363. 

Wireless World, February 19"H 
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There's a lot more to Nulticore 

& 

Multicore Fluxes, Chemicals. Pre- 
servatives, Cleaners and Con- 

formal Coatings. For ^ 
^^^highest quality^^j 

soldering. 

■■X. 

than 

meets .. 

the iron!' 

Multicore Solid Solders. In Bars 
Ingots, Sticks, Wire or Pellets. 
For all dip and wave-soldering, a 

I 

m 
m 

Multicore Oxide-free Solder Creams. 
For microcircuits and PC.'s. Also 

a wide variety of pre-forms for 
repetitive solder- 
ing operations. 

Multicore now solders the 'impossible'. 
ALU-SOL 45D solders most types of 

aluminium and has a good corrosion 
resistance. Arax 96S for diffi- 

cultstainless steels, being 
non-toxic and 

bright. 

Multicore Solderability Testers. 
MK III-Tests components semi- 
automatically. New PTH - tests 

plated-through-holes in 
P.C. boards auto- 

matically. 

OWN 'The name that stands for quality and quantity.' 
Please write on ycur Conpany's letterhead for further details on your particular application. 
Multicore Solders Limited, 
Maylands Avenue. Hemel Hempstead, Herts HP2 7EP. el: Hemei Hempstead 3636. Telex: 82363. 
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