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weather pictures from
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43 Integrated-circuit design
by J. L. Linsley Hood

C.b. frequency synthesizers.
Two kinds of synthesizer.
suitable for 27MHz are des-
cribed, with a practical
~ mixer synthesizer circuit to
cover 40 channels. .

46 World of amateur radio

47 Circuit ideas
Linear power amplifier Gray-to-binary converter Ten-beam converter
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Cartridge alignment gauge.
Following on from this’
month’s article, R. J. Gilson
presents a simple device
which makes alignment of
pickup cartridges easier.

49 Quantifying amplifier sound
by Yoshimutsu Hirata
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Six low-inertia DC motors for

Because they're part of Philips with a ran

electric motors and technolo%y second t(gJ ﬁ:;: rgilclj
because they're part of Philips they can bring all the
weight and know—_how of Philips R&D to your project
whether your project is on-going or merely a glimmér in
the eye of your Senior Design Engineer.

Contact Impex right away and find
_ ! out how they can t
your dreams into reality. Being simply years ah);-zad, F 4

Philips can bring you today the ans
wers to :
problems, and that's worth knowing. bel T

IMPEX ELECTRICAL
Market Road, Richmond, Surrey

Telephone: 01-876 1047/8 Ext 8202
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‘DEVELOPME

EPROM-PROGRAMMER  _
ROMULATOR o

MONITOR or TV output (625 line UHF). Data
contents of memory visible — AWINDOW IN THE
CHIP.

inserted, deleted, shifted around etc.). )
O INPUT and OUTPUT: SERIAL (RS232) and PARALLEL

or printer,

o EMULATION of PROGRAM MEMORY in-circuit
is performed by plugging SOFTY into the ROM SOCKET.
Alead with a 24 pin DIL PLUG is supplied.

@ CASSETTE INTERFACE.

@ EPROM-PROGRAMMER: an EPROM may be copied or
reprogrammed at the press of a key.

Q PERSONALITY SWITCH selects 2716, 2532, 2732,

e 28-KEY, 2-LEVEL KEYPAD with HEX ENTRY and EDITING
CAPABILITY. (BYTES and BLOCKS of code can be changed,

(Centronics) routines provide ready interface with computer

SOFTY is used as an EPROM-PROGRAMMER,
a production ROM CHECKER and for the
DEVELOPMENT and PRODUCTION of
PRODUCTS which contain MICRO-
PROCESSORS and use EPROM for program
storage.

*Price is for a BUILT and TESTED SOFTY (No kits)
including POWER SUPPLY, TV LEAD,
ROMULATOR LEAD, 90 DAY WARRANTY and

14 day money-back guarantee.
£169.00 + £25.35 (VAT 15%) = £194.35.

DATAMAN DESIGNS, '
Lombard House, Dorchester, Dorset DT1 1 RX
Dorchester (0305) 68066 (UK Sales)

-ASSEMBLER
MICRO-CONTROLLER

S ——— ——

N L T 3 T 1]
# 41 o5 85 5 gy o5 op
N 1y oo oS 21 B o5 g

€ MONITOR or TV output (625 line UHF)
PROGRAM, STACK and REGISTER contents visible. -

€ 40-KEY, 3-LEVEL KEYPAD with 280 ASSEMBLER
MNEMONICS and HEX. PROGRAM-EDIT, STEP, RUN etc.

24 bits of 1/0 can control external machinery,
indicators etc. -

Q) cAsSETTE INTERFACE.
6 BEEPER gives entry and error feedback.
6 LED gives prompt and page number.

A was designed to fulfil request of
Schools Council’s Modular Courses in
Technology Project for “Microelectronics
Teaching Devices" for use in a module which
is now being tested in schools in Bromley.
Inquiries are invited from Companies and
Institutions with commitment to train
students in SYSTEM DESIGN.

MENTA isfromthe same stable as the SOFTY
development systems.

dﬂaiden Newton (0300) 20700 (Export) J kM_aid_en Newton (0300) 20700 (Export)

*Price is for a SAMPLE UNIT with POWER
SUPPLY and TV LEAD. £115 + £17.25 (15% ..
VAT) = £132.25. - |

DATAMAN DESIGNS,
Lombard House, Dorchester, Dorset DT1 1RX
Dorchester (0305) 68066 (UK sales)
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AMcron
INDUSTRIAL
MUSCLE

Model — M600

' NSE DC — 45KHz + 1dB.
B?J\'/I'VIESTRIESCV%R IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD (CONTINUOUS R.M.S.).

*
*
T 20 AMPS AT 100 VOLTS OR 2KVA.
: B,EREA%LTEJ DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6 OHMS. ORS 4 UNIPOLAR
* FUCNCRUSS N IOUIACE AL rEc o osaligTons
AND BIPOLAR DIGITAL INTERFACES, ; DS
NG TRANSFORMERS AVAILABLE TO MATCH VIRTUALLY AN d
: (F)lEJJI:rLP(lJJ;EI\IGAJI\CI:SISHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD.
% TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.
% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.
% 3-YEAR PARTS AND LABOUR WARRANTY.
% UNITS AVAILABLE FROM 100VA-12KVA.

- For full details on all Amcron Products write or phone Chris Flack

Analogue Associates

PROFESSIONAL AUDIO AND INDUSTRIAL ELECTRONICS

P.O. BOX 3
ATTLEBOROUGH
NORFOLK NR17 2PF

Tel: 0953-452477

WW — 031 FOR FURTHER DETAILS

waanw americanradiohietory com
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SEEUS AT TESTMEX'81 STAND J8
WEMBLEY-OCTOBER 27,28,29

Hewlett Packard.
8407A/8412A. Network Analys

Tektronix
er T935A Oscilloscope DC-35MHz
£1950.00° ZmV-10V/div. Delayed sweep.

£

marconi.

0-111dB. 600

TF2162 MF Attenuator DC-1MHz.

Electronic W
RRENT USED TEST EQU

Everything as new-

Yokagawa
3047 2 Channe! Chart Recorder.
£135.00 0.5mV-100V. 2cm/hr-60cmimin.

595.00 Quantitles avallable — very good £435.00
condition.
ANALOGUE VOLTMETERS Marcon, mﬁptus pridessor vorteol and 88732 &
=g TP 245-TF8 246-TFE247 O Meter and nterTace 445 Bual Trage Portatae Osclioscope. OC
AND MULTIMETERS seilators. 05 to 500, 40K }qusoou '?oes Mtcmptgc essor DMM. Soaie Jery 5 o Fk dely edme;gaoo
Boohtor.. . . N SRR S TTN X 5 voits, resistance 695.00 4 COpe.
334 True RS Rohde & Schwar 7065 s processar conitor s Rszazz sé’é’c‘?;‘?',ef’i‘éi i LD
Voitmeter. 1oMz- LRT éswsmoummnce Meter. ?m room interfage 995.00 3000dviS. .. £2875.00
20Nz, LmV»%tg%\; o 395 p %2 1A PAL \éegrorswpe Nfl)etgawes Lurminange
............ P L E litugte, Chio N TR
B%S‘OIES!&: Rlé»i Adrruttanze Bad .;stce :ﬁEQUENCY COUNTERS Arr;'r’g::mde lefer?rlgg?g%aseand ro';nAS e
ang Detector LER 1Mz — 100MEEZ 2% TCre by ﬁequency ot ggsvs cong:tsc% e ek
00 Defferantisf Valtmeter e e o it} i T
%Mﬁ? ACAIC, m&%ﬁw maMHz Pdiges ... £275.00 gaz 1 K!V IIMHz diferential piﬁgqn ascg‘g ‘lr;y
.................. } WEep ug A
845%?1'9,’ imsance v mmuﬁ‘”sm CALIBRATIDN EQUIPMENT 99, i iy Courter T935A Ostillestope DG ~ 36Miz
Detecter 11000 £600 33% BC Voltage Callbeator. 01 Mg =~ SP0MH2., ... £345.00 Z?V»t%\’#ﬁw Delayed sweep . 95.00
newmtrackard FHLT 10V, Ollppmrasolution 01 3% m%{ﬁg@amg%&&b 7m0£;w5
;OQ& &Cg Millvolirreter 10MzA0NHe o Callbration aocuracy. ... ... ... MULTIMETERS 0
................. X Avp,

ggg@oo AC Milhvoltmeter, Hbiz5Midz, Jv

£T75.00

TF2603 RF Miltivottreter SQKM’:'! SG
. ER

-] 2. ?K\/ 1Um\r’“¥ KV,
0.28- 50%&

ANALYSERS

General Raulcy.

191 1A Saund and \ibeation Analyser, G
<;.“}r’a h?&everemfder A BH2-E5KHz, 1dor

TFXB?O Spectem Analyser 30Mz 1 JOMHz
£6500.00

. HBar SHz resolution .

BRIDGES & COMPONENT
TESTERS

Avo
VUMEG3 Valve Tester ...
BR3/50C Medger {Brard Newj

Boorion

&3Hinguctanse Briige. 0-1 FomH. Bn

freguency 5-500kHz ‘Gg 308

e e
R Bridge. Accuracy 8.05%. B0,

100uF. OQSM?IQ! HOOH,. Qg&nxﬂ 1.1M5% e

. . £925.00

2500

£350.00

...................... £950,00

£475.04
£464.00

8860&-01 8Ye SgLED ACIDC volts
resistanGe, 9,10V resolrion. E&rwwa;%;
E

andresistante. 10z resoiution

CLsrent andhrRsIange

Solartron,

A243 5% Dig- MM ACIDC volts, tesistance.

£1550.00 W eesolution. 30 day wartan
Y 7055

rEsORIton

Tekteonix.
191 Lonstant Amplitude Generamr 350KHz-
FOOMM2 £350.00

DVM’: AND DMM’s

IG’Si Sx‘z Digst DMM. AT \Volts,
Resistance. True RMS. & [V cesohaion

Bt
g!} A% Digit DR, ACIC G{gﬁ CRTE

.. £400.
PRI25I4 3% digli Amtm&:gt\c{ﬁc vo'és Selsiron

DMM Scate Leng A6%{
20,000, AC/DC vgglts
resistance tpy

Fullipadin

SEL
Supef 50 Selacrést, J0KQvolr.

OSCILLGSCQPES

£750.00 ard
Qsclioscope.
wmmgspem temips.

sweep

. £375.00

E800.00

Test Se¢Numbst + 20K8vol, very fr;m;sf

Hewiett Pack:
1 223A Uua! Trace Vamable Persistance Storage
-3 5MH: ZmVJWIGiv Max

hilips,

Hewlett Packard, b 190
3490A 5% Di wMM ACID volts, ,Mffm e Foce fenant 0&%&:0
fesistance, J;N resolubon. 30 day war:amg $M3243 Storage Scope SOM

Timebase. Variable persistence . .. £2,500.00

SELabs.,
SM121 & Channel Monor. 12" ex. Internat
.. £895

454A Dtuat Trace Portabie: Omiosmpe

¢ — ISF)MH: 2m’&/*5w

Full Gelgi{ ECOI

455 Duat Trace Portable Osgiloscope

—-SOMH.Z St 5yiciy. Full Oe’ayed G5 10:8
cORAON. ... ... .. £925.00

a# race Portable Storage Oscilloscope.
DC - 100MHz. SmM-5Victiv. Fuli delayecd
sweep. Max witing speed 1 FQ dndus

amuaf aeamowﬂuawpe thw 208

..... ﬁgggg Moduies. 4 Traees. DC-F5MHz. vav—zov gm
""""" : 953 Oscilloscope Main Frame CAK Vin ang
€77.00 S4A plugn wiris. 30 - 5OMHZ. Smy-
20VION. P defayed sweep vty
fge CRT. .0 £725.00
QSCILLOSCOPE PROBES

EBY0X1 Probe { 2 mir fengih (3¢, - ZOMHZ

£B21 X10 Probe. 12 mtr lerigith DC —
el 1100

.......... 75.00 EB‘?S:Q XiGFrobe. 1.2 mitiength ac
Hz Bual Trace and OMHR or B ~ 100Mpz £15.00
Tektronix

R&LH 3 12KV 1008 x Probe. .
PEOTS 4DKY 1000 Probe

POWER SUPPLIES

MGS 60 :«V@ 0A switching . .
G5-20¢ 20;‘\ saatching .
A switehing ..
MG24-12 24V @ F2A swm:hmg

P.O.A.
P.OA

?&2 Pswer Supply Unit
G-30) e

....... £2650.00 WV at ZA. Metered output,

5GO0D REASONS WHY YOU SHOULD DEAL WITH ELECTRONIC BROKERS

FULL
GUARANTEE

At Electronic

Brokers we give

you a TWELVE

MONTHS
WARRANTY on test
equipment and 90 DAYS
ON MOST COMPUTER
PERIPHERALS. And
we’ll stand behind it all
the way.

"FAST
DELIVERY
When you buy
used
equipment from
Electronic
Brokers, it can be yours
in a matter of only days.
No waiting for -
manufacturers iengthy
production schedules.

LOWEST

PRICES

As the leading

Second User

Equipment

company in
Europe. we are able to
buy in bulk selecting
only the very best
equipment. This means
we can sellto you at the
lowest possible prices.

SUPERBLY
MAINTAINED
EQUIPMENT
When you buy
from Electfonic
Brokers you
know the equipment is
in ‘top notch' condition.
Itis refurbished in our
own service laboratories
and checked to meet the
manufacturer's sales
specifications.

STATE-OF-

THE-ART.

TECH-

NOLOGY

At Electronic

Brokers. we
carry large stocks of
modern test and
computer equipment
and our strong buying
power means we are
able to purchase the
very latest state-of-the-
art technology.

\ANANA A

Brokers

Bruel & Kjaer
2203 Sound Level Meter C/W 4165

C weighting. Fast or slow response.

£3
Bargain in Unused Condition

12in Microphone. 26-140dBA. A,B or
95.00

except the price!

Tektronlx

455 Dual Trace Portable Oscilloscope

DC-50MHz. 5mV-5V/div. Full
delayed sweep. Super condition.

£925.00

I.arge Quantities Avallable

Electronic

Hewirett rackard.
4204A Digital Oscillator. 10Hz-1MHz.-

TMEX'81 STAND J8
SEWESN{‘JI.TEEYS-UBTUBER 2128,29

e

Ferrograph
RTS2 + ATUI Recorder Tést Set

RECORDERS

X¥ Recarder somwmw w
oV F.O.A.

Tape Recorder
e & Fidelectrpnics 12C -»20!<sz
£4500.00

abs.
B0 Channel UV Recorder, St paper
it 5 metrssser. 17 paper .. 110000

tenatie,
41 6CharmerChart Recorder iy

L 250 scan wackh EH495 00
%-gwa
7 2 Charnel Chan Recarder, 0. Sdeoov
he-B0cmimm, | $435.00

SIGNAL SOURCES

|56 A Signal Gensrator, 4.0-1 20MH2.
A it 2008 steps pius fine control, Ot{’oo

Hewlett Packard
203A Vatable Phase Oscillator 0 O@SH2~
HOKHz 0-360 £450

4204A Decade LF Qscilator 10Hz iNtz,
TV 10V into 500K E695.00
G06A AM Sigrial Generator, S0KHz-65MH?.

£4
mam&gnaieenmmr SOKMzZ&5MHE .
AM 95 % £850.

00
16BURF Signal Generater 118104 .2GHz Int
pulse Mod, o . £1000.00
6518 'resx Osciiator 10Hz- | OMHz.
Q.1mv-3.16v .. E415.00
3320/\ Freg” aynthas:zer BOHHZ-1 3z,

13dBm mto 5O, La@

geequency accursey % 10 patsin 10 smig%

T ypar
86408 Phase Lacked Segnaf Generamr
0510 520MFiz £3200.00
8&90&!86998 RF Sweeper System. 0 1-4GHz
i 2 ranges. Max OF 10mW o 2GHz and
W04 GHZ ... .. .. L. £2300.00

Marconi

TF1 44H/4 Al Signal Ganerator 10K

F2MHZ. Zuv-2y ch Pg 50LK
TF1060/2 UHE Signal Generatar

450-1200MHZ ... . £495.00
TFI370A Wade Range RC Oscliator. t0Hz-
FOMM2. Sme wave, Square wave upto 512 o%(m

TFZOG%AM(FM nai»ﬁ&mmmr 10KHz-
BEMHz . L1y 20Kz Mod
frenuenay

1200.00
TF2005R 2 Tone Sigrig Source, 20H#-20KHz.
011 1dB 0. JuBsteps . ... £3295.00
TE2008 AMIFM Signal Generator 10KHz1o
S10MHz s:aboury P P M. tuiit-in sweeper. RE
output 2V 10 200My EZFISO0
TH ZD 15 AMIFM Signat Generawr l@m
520MHz .. 587

Wégtib Stereo Generator, Separate L and R
Signats. Carrier iwquency 100MMz % 1’% RF
GIP 3 prepk 50,00

Radiometer .

SMIG1 Stereo Generalor L or RUhannet nernal
or exterral mothulation. [QMMz canier at
oMV I00MV ... £375.00

SOUND LEVEL METERS
Hruel & Kjaer
2203 Sound Level Merer CAW 4165 1"
Microphone. 26—146dBA A Bare
Fastor siow
2203 Sound Level. Meter with 661 3oetave
filter set with gentre freguencss of
31 5Hz-35. SKsz 1t getungs

Only

General Radio.,

1981 Sound Levet Meter. 70-1200B. Digita!
and analogue reading. Peak hold. A wfégm%
1983 Sound Level Meter. 70-12048. A
weighting .. ..., oo EA95.00

;‘M EST EQUIP

HHA PAL Signal Gienerator Hi Uity test
signalstor 625 line ignq 5300‘.00

£565.00

Electronic Brokers Limited
61/65 Kings Cross Road

London WC1X 9LN England
Telephone: 01-278 3461 |

Telex: 298694 Elebro G

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

ADD 15% VAT TO ALL PRICES

Carriage and Packing charge extra on all items unless othetwise stated.

A copy of our Trading Conditions is available on request.

Marcon
'rmsz AF Tratismission TestSet, 20Hz-20KHz

DROTE + W72 Level MmerandOscmawr
SOKHz- 100Mblz. -1 HOGBOAE. Recerve

bandw-dm 3.1 arwt 10K £2200,00

W2006 + D006 Carriet Levei Test Ser xm
12MHz. — 10016 + 10dR

WE2007 + DZ007 Carrier Level Test SeL

GKHz-18.6042. — 12010 + 2008 ., £1800,00

Wan: nd Goltermar.

PRl ngrtal Error Rate Measuring Set.
Consisting of PFM-1 Digital Error Rate Meter
and PFG-1 Pettern Generator
PSO-5 and PMO-5-Level Measuring Set
10KHz-36Miz 110 to + 20d8. g/w AZ£J~!
Scale expanuer

SPM-6 and PS-6 Level Measuring 5&1‘(‘

&KHz- 18 6MHz »i 10dB1e + 2008 !%am; lm

PCM-1 PCM ?est Set, POA-64 FCM Signaliing
Anatyser, PS4 Level Measuring Set Scanner,
063} Dagital Signal Generator,
Digital Sgnal Aratyser . P.O.A,

LfA,.,

SOKHz. -1 1608 to
+ 5008 3uV-300V Lin

© agi frequeﬂ% reaaout

£2490.00

Al POM

WW-200 for further details

Tektronix.
TMS04 Main-Frame
DCS03 100MHz Counter
DM502 3% Du
G503 0. 1Hz-
FuncuanGenemmr
PS503A Poyye }

e Sy

?& [N

ImV-10V measures wow and flutter, distortion,
£695.00 gain £375.00
MBP&W&WG&M&W Provides.aif ISCE il =
{tied sfgn!g'lls mnd AR O VideD MlleELLANEOUS
pnaciiate ... L.

:48! (e M& Waveform morstar o nev 35 am vwsmecer T RMS. Avera

5 .. EREV5.00 and Peak 2&;‘{20(}4(3-1 35&%
Bhilips rograph,
PME501 PAL TV Pattem Generator. E180.00 5?‘7’52 Recoreier Tiest Set Measqres Wow &

?’??Za %%.-x?{g OMC*T stSetanda:ﬂia e
- + (¢ g X

TRANSM SSION testset. “%37800
MEASURING EQUIPMENT

HewlettPackard,
332A Distortion Meter. SHz-600KHz . £595.00
334A Auto Nulling D;stgr:};onmew Shtaz-

2 BOOKHz. 3, -1 Mdcte(tw( lia
425.00 o0

Iggmz&mmg%!%‘a B?; E‘SIM 4379 Insulanc
¢hecks i) ISTOON ¢ £
......................... BOOKD 10 2 x {040
8745A 8 Parameter
HE604A Winiversal ArmgB. 1 ‘ZGHz £2750.00
D080 Seiective Level
Analyser and WMarcond, .
pitmeter 18Hz- TRI910 DevintoriMeter. 410240z

LT
TF2 1638 UHF Atenuator 0-442d8 50@
anglogindiation § smpedance DC-FGHz L ER
TK2214 XY Memory ..
TF2331 AF Distortion Meter
20Hz-20KHz. £ 1 %-~100%
ImV-30V volage rang
TF2500 AF Power Meter. 7 ranges 100 watts
to ?5 watts Impedance 248 10 20KR

¥M8339 ACHIE, miber for TF2

Miles Hivoit
T30insulation Taster Rinistry verson
CTS873 iy

Hohde.and Schw:
NISC Steren Cexer. BOHz 15Kz .

....... £395.00

i 40

New test
equipment
catalogue just
out. Send for
your free copy

now.

R rorne Rroius,
g
s

&%

‘}!'_U'&;. :l
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" Electronic Brokers

CURRENT USED DEC

Computer equipment and periphals

-~

PDP11/70 Systems
available from £22.000

PDP11 SYSTENIS

PDP1 I734A 128BK8
MOS, KY111B
Programpmers-Fanef,
BLITIW Interface,

2 xRLOA D:sk Dnves

rammers Parel,

OL 11w nterface.

RKOSJand RKOSF

Bisk Drves.and

Controller, 6f1.

Catinet. DECwriter }v/

Console. . £9,950.00
PDP11/34A 256KB

MOS. KY | L8

Prograrmmers Panel,

DLW interface,

ZxRLOZ Disk Drves
and Controller, 6ft.
Cadmer, VII00
Console . £19,750.00

POP11/34A 128K
MOS. K¥11-LB
Programmers-Panel.
DLW Irterface,

2 % RKO7 Disk Drives
PDP 1/60), 128K8 and Controller, k.
MOS, 2 RKO6 Disk Latunet, VT 100
Doves £9;995.00Console  £12,750.00

FDPHCPUS

msM 10%” 64KB MOS ..
11/34 105" 128KB MOS..
11/34A 10%° 256KkB MOS
F1/40:32KW Care, 6t Cab ..
H1760 1zaxa MOS, 2RK06

PDP1 1 MEMORY

DEC.

MMI1DP 16XW Core....

MS1 1JP T6KW MOS

MS11KE 32K\W ECMOS .

MS 11LB | 2B8KB MOS. £}
MS11LD 256KBMOS. . ....£3,450.00

PDP11 OPT IONS
DEC.
BA1 IKF Expander Box .
DD11A 4slot backplane
DD11B 4-slot backplane
DL Senalinterface
DL1 IWA/B Seniatinterface .
DZ11A 84ine ruttiplexer . .
DZi 1BB-ine.expanderMUX .
FP1 |E Fioating Pownt {1 1766}
KE 18 Extended Anthmetic
m : TTY interface. . .

1P Progr. able Clgck
MIO5 Dev?c%;?écntor A=
M7264: LSH 1 Progessor Card
+ 4K RAM q°

. £1,325,00
.. £125.00
...£150.00
. £250.00

... £395.00
51.395 00

.. £995.00
£1,975.00

RKOSJ 2.5meg.
RKOSF 5meg .,
e

+ Cirt
R L

i

RLO1 S meg 5
RLOZ 10 1 meg b
kmoz e? mengEW

PDP11/34 wide range of

CPU’s available from
£4000

MAGNETIC TAPE

DEC.

TE10W 9-(rack 80O BP 1 add-ori dfive
TLHO 7-track and 9-track decks avarable
FE 16 rack-dud density 80071 600 b

POWER SUPPLIES

H 7 20 Power su
BRAND-NEW

PDPBA C. W

PQPaA Processécs, systems and add-on
mermory usuatyiavaiable,

PDPBA‘ MEMORY

MMBAA 8KW Care .

- £500.00
MMEAB L6KW Core

£995.00

PDPSE CPU, MEMORY,
OPTIONS

DPSE 8 Commurications Adaﬂ(or
KABE Posjtive 140 Bus, ...
KDBE Databreak,..
KESE Extended Arithmetic. .
KLBE Asynchronous Irtterface .
KLBJA Asynchionous interface
AK;&S é’%ﬂ antlauto restast ..
ore mem stack £175.00
TABE Dual Casserte Dmc:;y andcontroller
£525.00
TCO8 DEC[ape control {Otd. rype;, “asis
condition” K
VT8E" Set'graphtcsc'ontfoi Modues.. "£250.00

TERMI.NALS

i.ABb DECwitter 11 Keyhoard.Printer Termunat.
The Terminal that has become an ndustry
standard, with 132 cofirmus upperfiower case
pAALNgG and switchselectable speeds of 10, 15
& 30cps Available wmerther 'OmA or RS?B:?
interface. NOW ONL =
LA180-PD mattix pnnzer £895 oo
DECwriter 1V Desktop Terminal. complete-with
tractor feed. paper-out, cable.and keypad
options £495,00

MISC. PERIPHERALS

PC I HA Reader Punch-withunibus. control
moduie £1250.00

.00
VI55 Graphics Terminat with integral hard
copier. £995.00

MISCELLANEOUS

Calcomp

Drum Plotter: modelfs’af:S ................ £1250.00
Data General

No\ea [¥) lom‘w type8§33- 2wnth4KW *AS

. £395.00

Houstonlnmuménn |

Flat bed Plottertype DP3 — M55 POLA,
Racal

Moger tyPe.LS1 26 o, e, oot PN

DEC LA38-GA DECwriter IV
Terminal with tractor feed,
paper out, numeric pad and
datalead. As new. . . . £495.00

CABINETS

DEC

Aselectionof 6ft, 4ft andiowehoy cablnets
ysually avatiabie — please ring for Jatest stacks,

PRINTERS

Gentronkcs 101.

Heavy Duty Matmx printer with.64 ASCi-upper

Lase character set. 165 cosoperation. 132:print

positions thh adjustalsie tractor feed. Par;

nput. ONL £4

Diablo Hyterm 1620

Daisy-Wheel KSR {keyboard-send-ecee)

model with szanaavd RSZ32interface, 45 cps

print speed, 1 107150/300 baud. switéh-

selectab!e panty. top-of-farm sélector, Graphics

ﬂ under are cohtrol  £3,275:00
o

Rece:ve-on[y daisy wheel prnter with.paralel
nterfage . . EB95.00D
Selkotha GPSO.
BRAND NEW — Lo
COST MATRIX
PRINTER IDEAL FOR
., A MICROPROCESSOR
.. USERSSUCH AS
HOBBYISTS&
EDUCATIONALISTS
OR A y

BUDG
APPMCAT!ON

* 30¢ps prinkspeed
with tdine buffer

* Standard paralte!
{Centronics-type)
interface

* Full upperfiowser
gase ASCH
:ALUS GRAPHICS
80-Column pnting
with adjustable * Optional interfaces
tractor feed avajlable for RS232,
Standard and IEEE488 Tandy
double-wictth

characters(lZcpt * ONLY £I99300
and 6 cpy} Matl order [otat
£234.

160}

TALLY 1602

160 ¢ps Matrx Prnter-with full 96 upperfiower

tase ASCllcharacter ser 7 x 7 dor matfix. 132

colurmins with adustable tractorfeed.

%d;recuor}?z W”}mdq' dc&uble-wndfh character
ature, seif test fac ENronics- rall

miterface 17 typeg 75,00

Teletype. g}\'m CostPrinter
Tetetype 33 primter
mechanism including
case but no keyboard
or electroncs, 64 u|

§ Gase ASCH. 10 ¢ps,

= prrifeed plater, ideakfor
the electronic hobbyist
ONLY ... EB5.00

PAPER TAPE PUNCHES
B itronics.
135/20 paper tape puncy. Solenoid-actuared

‘unat tapabie of punchvng 540 8 channeltapes

At speeds upto 35
Putse amphtude 27 \/DC . Compacttables

e T ;9‘?300
Facit 4070,
Ihe tgp.quaity punch that has:begome an
industry Standard Asynchronous 75¢ps
operation. A(?ustable for punching 5, 6, 7 or 8
leveitape. Seif-cantained desk-top unit
meafpdrating supply and take-up spools, chad
box. and TTL-Corpatible controHogic£650,00

Tektronix 61 1XY storage
display graphics monitor from
£1150to £1500

‘ H2000 Superb spec.

HI000 The low. low
priced teletypewriter-
compatibie video
display terminaf,
offering your choice of
transmission speeds up
to 9600 baud as well
as parity generation
and checking. 12 x 80
display upper case -
ASCII, RS232 interface,

VDUs

Hazeltine,

Choice of baud rates
Standard baud rates
either {aj 110/300 or {o)
300/1200. (£25
surcharge for other
combinations up to
9600 baud).

SUPER VALUE

including full XY cursor
addressing and edit
facility, 27 x 74 display,
upper case ASCIl.
RS232 interface,
switch-selectable baud

H2000C NOW ALSO
AVAILABLE with

25 x BO line format and
C-MOSlogic . £375,00

Modular One. Now

. with upper/lower case,
XY cursor addressing.
24 x 80 line display,
dual intensity
detachable keyboard,
choice of 8

transmission rates up to
9600baud. . . £399.00
Also available from time to time
Hazeitine 1500 from

Hazeitine 1510 from

4010-1 Graphics Terminat withihigheresoluhon
graphics mode, standard-giphanumenc mode,
printer port, mntegrat stand £1,750,00
4014-1 graphics terminal- with enhanced
graphics £6950.00

KEYBOARDS
New ASCI Keyboards
KBFS6MF 56-station k?oard with:full
upperfiower case ASCH, parallel ngut,
mounting frame for extra r@dity power
requirernents +5V, —1 £39
{mauorder otal . €47, l 5|
KBI71MF as.per 256MF but with 71
keystations iNcorporating numerc padand
cursarcontrol keys £65.
{mai order total) . £77. os
KB702 Sleel-enclosure for KB758 ke

(mé‘ai orderzoraij £23 ooy
SURPLUS ASCH KEYBOARDS
Clare-Pendar KB3, 63 Station reetsswitch ASCH
Keyboard with.ROM and testec working,
circuit diagram supplied.. s
fmait ordertatal . E4l 98}
Clare-Pendar KB3 63-station teed-switch
keyboard: un!ested and-without. ROM
fcircurt supphied} . 15.00
{maif ordertotal . £ 18.98)

STNEW, JUST RELEASE

BRAN

HM 203 PORTABLE
OSCILLOSCOPE
(ILLUSTRATED)

Duat Trace. DC to 20MHz. 8 x 10cm display.
Risetime 17.5nS. Sensitivity SmV/cm-20V/cm.
Adimebase 0.5us-0.2s. X5 magnifier. X-Y operation.
Auto or variable trigger. Channel 1, Channel 2,
line and external. Coupling AC, or TV low pass
filter. Wenghs only 6Kg. Size (m.m.] H. 145, W.
285.D. 3

£220.00

Unbeatable value at

HM 307 OSCILLOSCOPE

Single trace. DC to 10MHez. Risetime 35nS.
5mVicm to 20Vicm. Timebase 0.5us-0.2S.
Built in component tester. LPS technique
provides stable and reliable triggering

up to 30MHz £138.00

NEWMODEL.

HM 412-5 OSCILLOSCOPE

Dual Trace. DC to 20MHz. 8 x 10cm rectangular
display with internal graticule. Risetime 17.5nS.
Sensitivity 5mV/cm-20V/cm. Timebase 0.5uS-0.25.
X5 magnifier. X-Y operation. Z modulation. Auto
[peak value) or variable trigger. Channel 1 or 2,
altern. Ch. 1/1l, line ext. Sweep delay. Variable
hold-off time. Weight 7.5Kg.

Stiik at only : £350.00

HM 512-8 OSCILLOSCOPE

Dual trace. DC - 50MHz. Risetime 7nS. 5Smv//cm-
20V /cm. Timebase 100nS/cm-2S/cm. X5 magnifier .
X-Y operation. Z modulation. Sweep delay and
delay line permits viewing of leading edge.

THE BEST PRICED 50MHz SCOPE

ON THE MARKET AT £580.00
All the above scopes are available with P7 long
persistence C.R.T's {except HM 307 prices on
application

The above prices do not include carrlage or
5%].

Please send for Technical Literature.

Electronic Brokers Limited
61/65 Kings Cross Road

FLUKE 8050A (ILLUSTRATED)
4V2 Digit LCD DMM with true RMS on AC vaolts
and current DC volts 200mV-1KV, 10uV
resolution AC volts. 200mV-750V, 10uV
resolution. DC/AC current 200uA-2A, 0.01pA
resolution resistance 200§2-20M§2. 0.0182
resolution. Also reads dB direct referenced to 16
stored impedances. Conductance ranges 2mS and
200nS. £245 mains model £285 mains battery.

FLUKE 8012A

3v2 Digit LCD DMM wiith true RMS on AC volts
and current. DC voits 200mV-1KV, 100uV
resolution. AC volts 200mVv-750V. 100V
resolution. DCFAC current 200uA-2A, O.TuA
resolution. Resistance 2002-20M%2, 0.1§
resoiution Low resistance 2§ and 2082, 1m§2
resolution Conductance ranges 2mS-20uS-200nS
£218.00 mains model £244.00 mains battery.

FLUKE 8010A

3%z Digit LCD DMM Same spec as 8012A plus a’
10Amp AC/DC current range, but not low
resistance range. £167.00 mains model £193.00
mains battery.

FLUKE 8024A

32 Digit hand held LCD DMM with peak hold
level Detector and continuity tester. DC volts
200mv-1KV, 100uV resolution. AC volts 200mV-
750V, 100uV resolution DC/AC current 2ZmA-2A,
1uA resolutton. Resistance 20082-20M%2, 0.10
resolution. Conductance 200nS. Peakhold of AC
or DC volts and current. Leve! detector operates
around + 0.8V reference. Audio tone on level and
continuity. £155.00, carrying case £8.00 extra.

FLUKE 8020A

3%z Digit hand held LCD DMM. Spec as per
8024 A with extra conductance range of 2mS but
no peak hold, level or continuity ranges. Complete
with carrying case £125.00

FLUKE 8022A

3%z Digit hand held LCD DMM. Spec as per
8020A but no conductance ranges and slight
reduction in accuracy, £89.00 carrying case
£8.00 extra.

Also available a range of accessories including
current shunts, EHT probe, rf probe, Temperature
probe.and touch and hoid probe. Full details on
request.

he above prices do not-Include carriage or

. Please send for Technical Literature.

London WC1X 9LN England

Telephone: 01-278 3461
Telex: 298694 Elebro G

NEW PRODUCTS

680G MULTIMETER
(ILLUSTRATED) 48 RANGES

DC volts: 100mV-2-10-50-200-500-1000V AC
volts: 2-10-50-250-1000-2500V DC current:
50-500uA-5-50-500mA-5A AC current:
250uA-2.5-25-250mA-2.5A Resistance

2 x 1-2 x 108 x 1004 x 1000 and Low$?, full
range 1§2-10M§2 Up to 100M$2 can be measured
using ext. AC supply. dB scale-10to + 22dB.

OdB = ImW into 6008 Sensitivity DC 20KQ/V, AC
4 K2/V. Accuracy 2.0% AC and DC. Battery
Eveready No. 8 Overload capability 1000:1 on
resistance ranges. Protected by internal 3§2Fuse.
Size with case 10.8 x 11 x 3.7cm. Meter size 10cm.
Supplied with leads and carrying case.

£24.50
680R HIGH ACCURACY
MULTIMETER 80 RANGES

DCvolts: 100mV-2-10-50-200-500-1000V AC volts:
2-10-50-250-1000-2500V DC current: 50-500uA-
5-50-500mA-5A AC current:
250uA-2,5-25-250mA-2.5A X2 switch on all
voltage and current ranges except 2500V AC
setting. Resistance: € x 1-82 x 10-2 x 100-2 x 1000
and Low§, full range 192-10M82, up to 100MS can
be measured using ext. AC supply. dBscale — 10
to + 22dB. 0dB = ImW into 6008 Sensitivity DC
20KQ/V, AC 4KV . Accuracy DC 1%, AC 2%.
Battery Eveready No. 3. Overload capability
1000:1 on resistance ranges. Protected by internai
382 fuse. Size with case 13.7 x 10.4 x 5.4cm. Meter
size 12cm. Supplied with leads and carrying case.

£32.00

- MICROTEST 80 POCKET SIZED

MULTIMETER 40 RANGES

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

Qx -2 x 109 x 100and Low Q, full range
192-5MQ dB scale —10to +22dB, odB = ImW
into 600Q Sensitivity: DC 20K2/V, AC 4KQ/V
Accuracy 2% AC and DC. Battery Mallory RM .
625N. Overload capability 1000:1-on resistance
ranges. Protected by internal 3@ fuse. Size with
case 9.3 x 9.6 x 2.3cm. Meter size 8.5cm. Supplied
with leads and carrying case.

£16.60

Please add £1.50 carrlage per meter plus IS% VAT
on total meter and carriage price. d for

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

ADD 15% VAT TO ALL PRICES

Carriage and Packing charge extra on all items unless otherwise stated.
A copy of our Trading Conditions is available on request.




WHO’S
LOOKING....

For

Sloping Front Boxes

or
Overhang FasciaDisplay Cases

You Are?

Then look no further
You're looking for one of our

TOPBOXES

Truely hundreds of options
and
Our prices won‘t make your eyes water

Zaerix Electronics Limi
i
46 Westbourne Grove, London wz%sa Elr$glea9d
Tel: 01-221 3642 Telex: 261306

Double Angle Desk Consoles

. 30.5m.

WW — 042 FOR FURTHER DETAILS
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FAST ERECTING

Here is the
expertise you
can depend on-~

When you choose a mast
from the comprehensive
Clarke range you are
assured of a high
standard of Engineering
and operational

reliability. H

Why compromise?

Extended heights 4
metres-30 metres,
capable of lifting
headload 1 kg.-200 kgs.
Sectional or telescopic air
operated for field or |
vehicle mounting. Write ]
or phone us for details
today.

CLARK W.T.16 vehicle-
mounted in a Saviem-
Renault. An air-operated
telescopic mast mainly
used for raising heavy
antennas and
instruments.

Extended heights 3.2m. to

CLARK MASTS LTD.

Binstead, '

Isle of Wight,

PO33 3PA, England. .
Telephone: Ryde (0983) 63691, Telex: 86686.

WW — 011 FOR FURTHER DETAILS

WIRELESS WORLD OCTOBER 1981

The EP4000 is not just an EPROM Programmer . . .

Not only does the

EP4000 copy, store,
program and duplicate

the 2704/2708/2716(3)
/2508/2758/2716/2516/2532
and 2732 EPROMs

without personality

cards or modules, but

also includes a video [
output for memory map |
display to make the & 1
powerful editing
facilities really useful
(and this is in addition to
the in-built LED display
for stand-alone use), but
it also comes as standard
with comprehensive : @
input/output — RS232, 20mA loop, TTL, .
parallel handshake, cassette, printer and direct /

memory access. Now the programming power
‘can be expanded with our range of add-on
accessories listed below.

. . . but also a Real Time EPROM Emulator . . .

Real time EPROM Emulation is the second the external system so that data changes,
major function of the EP4000. This facility entries, editing and downloading can be
allows the machine to directly replace your in- implemented. When the program is complete
circuit EPROMs during the process of program and working, the simulator cable can be
development — the EP4000 can be configured replaced by an EPROM programmed by the
to look like any EPROM it is capable of EP4000. ‘
programming. The press of a button isolates

. . . with real technical baCk-up and service.

- modules, multi-EPROM simulator adaptors,
buffer pods, EPROM Erasers, video monitors,
2764/2564 programming satellite, printer and

~ production programmers. The EP4000 is ex-
stock. Price — £545 + VAT (+£12 for
DATAPOST delivery). Telephone, telex, write
or call for full data and Distributor list, or place
your order for immediate despatch — Overseas
customers, please telex or write for quotation
and terms. Agents in some countries, and
distributors in Britain required.

>ows
. -
< ﬁ

Made in
the U.K.

The EP4000 comes with a technical manual
describing every aspect of the machine — its
purpose, its use, and how to use it. It also has a
section describing the whole process of
program development.

And if you ever need technical help or advice,
you can now dial direct to our technical
department for instant attention — Tel. (0803)
863380. A

Finally, a full range of accessories in now
available — these include Bipolar programming

G.P. Industrial Elgctronics Ltd. |
Unit 6, Totnes Industrial Estate Totnes, Devon TQ9 5XL

Tel. Sales (0803) 863360. Technical (0803) 863380
Telex: 42596 GPELEC

- wWw- 050 FOR FURTHER DETAILS
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Reaction from press,
trade and public to the Quad
ESL-63 has been rapturous.
Hardly surprising since the
virtues of the’63 are so

readily apparer§ to all but
the most jaundiced listeners.

Orders are pouring in
from all over the world and
demand far exceeds initial
supply. It is an enviable
position for a manufacturer

to have a full order book, but -

frustrating for potential
customers.

To alleviate the problem,
we have devised an ordering

for...

WIRELESS WORLD OCTOBER 1981

You will have to wait to
acquire a pair of Quad

system which ensures
fair and orderly

instritéuti(:irL EISL-GSS, but in these
our Qua gloomy days it is comfortin
dealer has full details. to be associated with anothgr

Quad, hence British, success
and your patience will be
rewarded by many years of
listening pleasure.

We are increasin
production as quickly as
possible but to do so without
compromising product
quality necessarily limits the

rate at which this can be
e O AIN

apology for
success.

production to meet
the requirements of
the UK. market.

Of course we have
to export. Quad needs
the prestige and
Great Britain needs the
currency.

. The Quad ESL-63
is well worth waiting for.

QUAD %

for the closest approach
to the original sound

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

QUARD s a registered trade mark.

WW - 007 FOR FURTHER DETAILS
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"

Data recording and analysis:

meet the time shrinker!

If youneed to record and analyse data analogue and digital inputs from most

from multiple inputs, consider the
advantages of using the Microdata
M1600L data logger.

Magnetic tape cartridge Because it
records on a standard ¥4 inch magnetic

tape cartridge in ECMA/ANSI format, the
output can be replayed at high speed into a

computer, calculator or other data
processing equipment. Alternatively, the
internal replay facility of the data logger
can be used. No other data logger has this

write, telephone, or return this
transducers. Cards are available at low advertisement clipped to your

cost to condition virtually every type of letterheading.

electrical signal, to reconfigure the MICRODATA LIMITED, MONITOR HOUSE,
instrument for different projects. No other STATION ROAD, RADLETT, HERTS. WD78JX,

data logger offers these facilities. ENGLAND. Telephone: RADLETT/(09276) 3333.
Exceptional versatility The M1600L, Telex:924937.
isavailable either as a mains powered, s
free-standing, laboratory instrument or in
the portable weatherproof form operating
from its internal batteries. For more
permanent installation in existing

. instrument ready to handle mixed

systems, it can be supplied in chassis form

for mounting in a 19 inch rack. No other A

datalogger displays this versatility. -
The M1600L is now widely adopted | = 3

for projects in energy, transportation, - *

agricultural and environmental research.
If you would like further details, please

MICROD)/AT/A -leaders in the field

WW — 027 FOR FURTHER DETAILS

capability.

Individual conditioning cards
Individual, plug-in signal conditioning
cards are used—one for each of the 20 input
channels(expandable up to 100). As a
result, each customer receives a bespoke

SIEMENS

The all-standard

TV aerial tester —for
both the professional
and enthusiast

The Siemens S43202-M-C TV Antenna Level
Meter is a portable, self-contained unit which
greatly simplifies antenna orientation to receive TV
signals including those of foreign transmission.
Signals are visually monitored on the integral
70mm diameter screen, giving the facility of
detecting ghosting, unlike meters relying on
directional pointers.

The unit is very accurate, yet remarkably simple to
operate and embodies all the technological
sophistication allied with supreme reliability for
which Siemens is recognised.

Contact Telecommunications Test Equipment.
Department at: :
Siemens Limited, Siemens House, Windmill Road,
Sunbury-on-Thames, Middlesex.

Tel. Sunbury-on-Thames 85691

Telex 8951091

A Siemens tester for all standards

CHARGE BATTERY

@
-
? ‘

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

In March 1984, the Sinclair lead
increased dramatically. For just
£69.95 the Sinclair ZX81 offers even
more advanced facilities at an even
lower price. Initially, even we were
surprised by the demand - over
50,000 in the first 3 months!

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

Softwarelibrary is growing every day.

Lower price: higher capability

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

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

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

New =~

Every ZX81 comes with a comprehensive, specially- written
manual - a complete course in BASIC programming, from

- first principles to complex programs.

Kit:
£49.%

Higher specification, lower price —

" how’s it done?
-Quite simply, by design. The ZX80
‘reduced the chips in a working
computer from 40 or so, to 21. The
ZX81 reduces the 21to 4!

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

New, improved specification

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

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

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

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

@ Graph-drawing and animated-
display facilities.

@ Multi-dimensional string and
numerical arrays.

® Up to 26 FOR/NEXT loops.

® Randomise function ~ useful for
games as well as serious applications.
® Cassette LOAD and SAVE with
named programs,

@ 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.
® Able to drive the new Sinclair
printer.
©® Advanced 4-chip design: micro-
processor, ROM, RAM, plus master
chip —unigue, custom-built chip
replacing 18 ZX80 chips.

WIRELESS WORLD OCTOBER 1981

Sinclair ZX81 Personal Com,
the heart of a system
that grows with you.

Ao

///////}\ G

9.

Kit or built —it’s up to you!

You'll be surprised how easy the
ZX81 kit is to build: just four chips to
assemble (plus, of course the other
discrete components) - a few hours’

work with a fine-tipped soldering iron.

And you may already have a suitable
mains adaptor - 600 mA at 9V DC

nominal unregulated (supplied with

built version).

Kit and built versions come com-
plete with all leads to connect to
your TV (colour or black and white)
and cassette recorder.

g )
o & £
L

e 5
,' o J
Q"".; ” '
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16K-byte RAM
pack for massive
add-on memory.

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

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

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

— (g | — | | g
-6 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 66104 & 21282.

Bradiohietory com
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Available now- &

the IX Printer
for only £49.%

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

A special feature is COPY, which
prints out exactly whatis onthe
whole TV screen without the need
for furtherintructions. pack as well. A roll of paper (65 ft

At last you can have a hard copy long x 4 in wide) is supplied, along
of your program listings —particularly with full instructions.

useful when writing or editing
programs.

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

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

The ZXPrinter connectstotherear
of your computer — using a stackable
connector so you can plug in a RAM

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

EITHER WAY - please allow up to

28 days for delivery. And there's a
14-day money-back option. We want
you to be satisfied beyond doubt -

How to order your ZX81

BY PHONE - Access, Barclaycard or
Trustcard holders can call

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

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

fo:Sincal Research Ltd, FREEPOST 7, Cambridge, CB21YY.  « order 1

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

Qty I item Code | Item ;ﬂce Toéal
Sinclair ZX81 Personal Computer kit(s). Price includes
ZX81 BASIC manual, exciudes mains adaptor. 12 49.95
Ready-assembled Sinclair ZX81 Personal Computer(s).
Price includes ZX81 BASIC manual and mains adaptor. 11 69.95
Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95
16K-BYTE RAM pack. 18 49.95
Sinclair ZX Printer. 27 49.95
8K BASIC ROM to fit ZX80. 17 19.95
Post and Packing. 2.95

{1 Please tick if you require a VAT receipt TOTALE ...l . .
*l enclose a cheque/postal order payable to Sinclair Research Ltd, for £ = .
*Please charge to my Access/Barclaycard/Trustcard account no.

ST G e e S —— e S— ., E— ——— —

*Please delete/complete as applicabte. ol e B4 DESEREN A EE S I I
. Please print.
Name: Mr/Mrs/Miss L[ L | | | [ | | |
I EATES b | 5 L) e ) il 1)) S R B ]
T JC Ao Sl [ TR ST CR | Tl e S bl T | e o |
’LFREEPOST -no stamp needed. Offer applies to UK only. WRW 1 oJ

WW — 005 FOR FURTHER DETAILS

and we have no doubt that you will be.
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LONDON & HOME COUNTIES STOCKISTS

COMPUTER /ALy,

SYSTEMS
F”ff

E.-p
A g;mms Afp

404 EDGWARE RD. LONDON, W2 1ED TEL: 01-402 6822

TANGERINE- TANGERINE TANGERIN E°TANGERINE-TANGERINE

MICROTAN 65

Microtan 65 is the most advanced,
powerful, expandable micro-
computer available - it

also happens to be the

most cost effective!

Electronic Today |

International held a
mammoth survey of kits
The resuft Microtan 65
. WINS COMPUTER CLASS!
MICROTAN 65 CONTENTS
High quality, plated thru hole printed circuit board, solder resist and'silk
screened component identification. 6502 microprocessar. TK monitor
TANBUG Now with V' Bug. 1K RAM for user programme, stack and
display memory. VOU alphanumeric display of 16 rows by 32 characters.
MICROTAN 65 system file binder. 136 page, bound, users hardware/
software manual with:constructional details and sample programmes.
Logic and discrete components to fully expand MICROTAN 65.
The MICROTAN 65 kit has won widespread acclaim for its superb
presentation We pay attention to detail!

ki ForM £69.00 + £10.35 VA T. 1otal £79.35.
MICROTAN 65 assembled and tested,

Specification as above, but assembled and fully bench tested by ourselves.

£79.00 +£1185VAT. toral £90.85

TANEX £43.00

CONTENTS +V.AT. £6.45, total £49.45.
High quality plated thru hole printed circuit board, solder resist and silk

Nt . g .
©®, ; screened component identification, I.C. sockets for maximum expansion

TESTED,
and housed in
ATTRACTIVE
CASES.

” £395

mnc. VAT, P&P

6502 based microcomputer VDU alpha numeric display Powertul
monitor TANBUG. 8K RAM. 32 paralel I/D lines. 2 TTL seriai 1/0 lines.
Four 16 Bit counter timers. Cassette interface. Data bus buffering.
Memory mapping contol. 71 key ASCH Keyboard, including numeric
keypad. Includes power supply. Also includes the first *10K MICRQ-
SOFT BASIC * available in the U.K Al the usual BASIC commands

64 Way D.LN. edge connector. 1K RAM, cassette interface, 16 parallel

$11/0 lines, a T.T.L. serial 1/0 port, two 16 bit counter timers, data bus

buffgring, memory mapping, logic and discrete components for
maximum expansion. TANEX users manual. N

TANEX {Mini configuration) A bied ..
£53.00 +v.AT £7.95, total £60.95.

TANEX EXPANSION

Expanded, TANEX offers: 7K RAM,
locations for 4K EPROM (2716),
tocations for 10K extended
MICROS OFT BASIC, 32 parallel 1/0
lines, two TTL senal |/Q ports, a
third serial {/0 port with
RS232/20mA loop. futl modem
contral and 16 programmable baud
rates. four 16 bit counter timers,

TANRAM

AVAILABLE NOW TANRAM - 40K Bytes on
ane board!  Single board of bulk memory
offering: 7K Static RAM {2114),and 32K
Oynamic RAM (41,16). Onboard refresh is

MICROTAN 65 OPTIONS

LOWER CASE PACK MINt MOTHER BOARD
Two integrated circuits which connect

into locations on MICROTAN
allowing 128 displayable characters
£9.48 + 142 total £10.90

GRAPHICS PACK

Five integrated circuits which connect into locations on MICROTAN
alfowing the display of chunky graphics (64 x 64 pixels}). What are
chunky graphics? Well. imagine a piece of graph paper with 64 squares
verticafly and 64 squares horizontally. a total of 4096 Each square can
be made bfack on white.

£6.52 +v a1 980, t01al £750

20 WAY KEYPAD

Inexpensive means of getting up and running. Uses 'Schoeller’ key-
switches, and connects to MICROTAN through a 16 pin DJ.L. piug on
ribbon cable. Black anodised escutcheon, with TANGERINE legends,
finishes off what must be the best value for money keypad availabje
Available assembled-and tested.

£10.00 +vAT £1.50. total £11.50,

“Space Invaders game {for use with keypad only)
£15.22 +V AT. £2.28 tatal £17.50

Buit £10.00 - var

Used to connect Microtan fo Tanex.

totally transparent to CPU operation and is
unaffected by normal DMA's. TANRAM fully
expands the available address space of the
6502 microprocessor. MICROTAN, TANEX and TANRAM together
provide 16K RAM. 48K RAM, and 1K 1/0 - that's a fot of memory
and a lot of 1/0! Built and tested. TANRAM ASSEMBLED

40K RAM CARD with 16K DYNAMIC RAM £76 +vAT
CONTENTS: High quality plated thru hole printed circuit board, solder
resist and silk screenedicomponent identification. Full complement of

cassefte interface, data bus
buffering and memory mapping
EXPANDED TANEX KIT (Excludes ROM, XBUG and BASIC)
£89.70 +va1. 11345 1012l £103.16.

EXPANDED TANEX ASSEMBLED

£99.70 +v.aT £1496. 10tal £174.66.

DPTIDNS TO FULLY EXPANDED TANEX IN SIMPLE
INEXPENSIVE STAGES.

10K Extended MICROSOFT BASIC in EPROM {with manual)
£49.00 +V.AT. £7.35. total £56.35.

Extra RAM: 1K (2 x 2114) £6.20 + V.A.T 78p. total £5.98.
SERIALI/OKIT. £10.26 +V.AT. £1.60, total £11.80.
6522 ViA  £8.00+ VAT £1.20, total £9.20.

XBUG £17.35+V.AT £260, total £19.95.

AS YOU CAN SEE THE PRICES OF QUR EXPANSION
COMP ONENTS ARE VERY, VERY COMPETITIVE!

- LC. sockets for maximum expansion. 64 way 01N, edge ¢
-1K RAM (2114). Data bus buftering. TANRAM users manual.
.

EXTRA RAM:

K STATIC (2114)  £2.95 each. 16K DYNAMIC (4116)  £1.50 each.

MEMORIES cxpaND YOUR'SYSTEM WITH 0UR TANGERINE
Discounts 10% for 4, 15% for 8, 20% for 16 APPROVEQ CHIPS.
2102 1Kx 1 Static RAM - 80p” IM 6402 UART  £4.50

2708 £3.50 21147K x 4 Static RAM  £2.95

2716 £6.50 8080A
MK 4116 16K x 1 Dynamic RAM AT 1 £:.[ll) T (0
£1.50 Al plus VAT x 8 Static RAM £7.50

TANGERINE DISC SYSTEM .

78 CONTROLLER CARO £150.00 +vaT
OO0UBLE SIOEO OOUBLE OENSITY DRIVE
5.00 +vat
CP/M DISK OPERATING SYSTEM
£80 -var

71 KEY ASCIl KEYBOARD £56.34+vAT
NO EXTRAS NEEDED. J
Uses gold crosspoint keys. Includes numeric keypad and ribbon cable.

MONITORS (PROFESSIONAL)

RECONDITIONED AND NEW -FROM £35.00 0 £129.95

POWER SUPPLIES )
MPS 1: Input 120 or 240V AC. Output 5 Volis at 3 Amps Regulated
MPS 1 wiil power both MICROTAN and TANEX fully expanded Built an
the same size printed circuit board as MICROTAN etc. Available as a
fully built and tested unit. &

£23.00-vAT 345, 10tal £26.45,
XMPSZ +5V 6A. +12V. -5 and 12V switch mode system PSU

£69.13 +var

CENTRON |cs Ideal for Tangerine
PRINTERS /

CENTRONICS P.|. £150 4 verp
SHEIKOSHA £199 + viry

Modei 730 £350 +vaT.
Model 737 £395 +vaT

MINI-SYSTEM RACK '
We have produced a mini-system rack which accepts MICROTAN 65,
TANEX and our mini-mother board. It has an integral power supply.-just
plug it into the mains and away you go! Finished in TANGERINE/BLACK,
it gives your system the professional finish Front pane access for /0
cables. AVAILABLE AS AN ASSEMBLED UNIT.

£43.00 +v AT £6 45 iotal £49.45

Available as fully bled and tested.
SUPER:METAL CABINET IN TANGERINE/ BLACK
£20.00 +v.a1 £300, total £23.00.

NEW MICROTANTEL
POST OFFICE APPROVED
PRESTEL - VIEWDATA

FULL COLOURGRAPHICS ¢ MICROTAN

PROFESSIONAL ASCIl KEYBOARDS
Ideal for = i
Tangerine

£29.95 ...

* 52 key 7 bit ASCH coded

« Positive strobe +5V-12V

* ASCII characters

- Parallel output with strobe

« Power light on control

* Chip by General Instrument
(G.1) TTL output

< Superhly made
- Size 13x 55 x 1.5ins.
* Black keys with white ledgens
- Escape shift return &

reset keys
* Control repeat & bell keys
* Complete with DATA

OWNERS CAN COMMUNICATE WITH EBAECH

FULL SYSTEM RACK

For the man that has everything! 19 inch wide
system rack which accepts' MICROTAN 65, TANEX, TANRAM, SEVEN
FURTHER EXPANSION BOARDS, TANDOS and THE SYSTEM POWER
SUPPLY. Available in many formats, e g Individuai front panels, full
width hinged front panei, back panel with or without canhectors.

£49.00 +vAT 1735 otal 5635 *

USED AS AN EDITING TERMINAL e CAN BE
INTERFACED WITH PET, APPLE etc.

Just connect to the aenal socket of any colour or black and white
domestic T.V. receiver and to your Post Office installed jack socket and
you are into the exctting world of PRESTEL. Via simple push button use

you are able to view 170.000 pages of up to the minute information on
many services. order goods from companies - all this without leaving
your armchar!

SERIAL I/D

el PHODUEES
H 0 RIGH DEFIN;YIDN LOLOUR GRAPHICS
AVAILABLE

90.85 inc) vaT
cONTROLLER CARD £120.00 -var

AIM-KIM IN
SEAIALI/Q

TANGERINE -TANGERINE -TANGERINE -TANGERINE

Stockist Enquiries on headed nofepaper to:

COMPUTER KIT LTD.(Principal Distributors in U.K.})
11/12 Paddington Green, London, W2, Tele: 01-723 5095

Telex 262284 Ref. 1400 TRANSONICS

PARALLEL I/0 CARD {Fram)
AOM CARDBUILT| LesSRoM  £47.50 -var

SYSTEM MOTHER BOARD WITH
4SOCKETS FOR SYSTEM RACK
SYSTEM MOTHER BOARD WITH
12S0CKETS FORSYSTEM RACK  £55 -var
32K RAM CARD £115-var

32K BoM CARD (LSS CHIPS| £54.65 inc. var

£58.00 -vat
£47.50 -va1

CARD [From)
£39-var

rerracecaRD  £59.00 -var
KIT £17.25 inci.vaT

ADDT'ON A compact 12 button keypad LIST PRICE
KEYPAD suitable for use with above £22.00
o keyb?ard to extend its functions | OUR PRICE
S plus four extra keys. Supplied
é’li brand new with data. A non- £7- 95
A ' § encoded single mode keybaard. + VAT

PLUS MANY NEW EXCITING PRODUCTS IN DEVELOPMENT
AUTOMATICALLY AVAILABLE FRDM US WHEN RELEASED BY OUR
PRINCIPALS TANGERINE LTO.

All products are availabie trom stack.
FULLY GUARANTEED * BUY WITH CONFIDENCE

BRITISH DESIGN & MANUFACTURE ANO|ON OEMONSTRATION
IN OUR COMPUTER DEPT

] *TANGERINE TANGERINE +TANGERINE *TANGERINE
All orders pre-paid and official advertised here and.elsewhere
in this magazine by TANGERINE to be forwarded DIRECTLY to

COMPUTER DEPT., 11/12PADDINGTON GREEN, LONDON W2

WAWW americ

ACOUSTIC & VIBRATION
BRUEL & KJAER
2113 Audio Frequency Spectrometer
2203 Sound Level Meter 450
2305 Level Recorder 650
4230 Sound Level Calibrator 95
4424 Noise Dosemeter 375
BRIDGES & V and | STANDARDS
BONTOON
71AR LC Bridge
GENERAL RESISTANCE
DASS56 DC Vand | Calib 14V-10V 30mA
HEWLETT PACKARD
4261A Digital Automatic LCR Bridge
4342 QLC Meter 22 KHz-70 MHz
MARCONI
TFB6BA Universal LCR Bridge
TF1313 Universal LCR Bridge
WAYNE KERR
B224 LCR Bridge 0.1%
B521LCR Bridge
COMMS & CABLE TEST
EQUIPMENT
CHASE )
35A Field Strength Meter 20-850 MHz
HEWLETT PACKARD
3556A psophometer 20 Hz-20 KHz
STC
74216A Noise Generator CCIT
74261A Psophometer CCIT
TEKTRONIX
1502 TOR Cable Tester CRT + Recorder
COMPUTER EQUIPMENT
CENTRONICS
702 matrix printer
TEKTRONIX
4610-1Hard copy printer for 4010 series
computer display terminals
COUNTERS & TIMERS
FLUKE
1910A-1 125 MHz 7 digit Cntr. AC/ Batt
1911 250 MHz 7 Digit Counter
1912 520 MHz 7 Digit Counter
1912A01 As 1912A but inc. re-charging
batteries
1920A 520 MHz 9 Digit Counter inc, Brst.
mode .
1920A14 1250 MHz otherwise as 1920A
HEWLETT PACKARD
5300A 6 Digit Display Unit — P/in reqd. 99
53058 1300 MHz Counter for 5300 325
5308A 75 MHz Counter Timer for 53008 12
RACAL
9024 600 MHz 7% digit Counter
9025 1 GHz 8 digit Counter
9905 200 MHz 8 digit Counter Timer
SYSTRON DONNER
6053 3 GHz 9 digit Counter BCD O/P 790
5103B Strip Printer for 6053/6054 375
DIGITAL TESTING EQUIPMENT
HEWLETT PACKARD
1600A Logic Analyser 16ch 20 MHz
1607 Logic Analyser 16ch 20 MHz
5011T Logic troubleshaoting kit
TEKTRONIX
7D01F Logic Analyser 16¢ch 50 MHz P /in
832 Datacomm Test V24/RS232/1loop .
MAINS TEST EQUIPMENT
COLE
T1007 Volt/ Freq/ Spike Monitor Rec D/P
DATALAB
DL019 Mains interface for DL905
GAY 3
LDM AC/DC/Spike/Time inc Printer
MISCELLANEOUS
AVO
RM215 AC/DC Breakdown/Leakage Tester
'COMARK
1601BLS Thermom 10ch 87 + 1000°C typeK 75
N.B. Thermocouples not included
DATALAB
DL901 Digital Transient Recorder
HEWLETT PACKARD
X382A Rotary Vane Attenuator WG16

1400

150

600

600

250

275
375

2950

500

430

575
750

220
450
360

2300
1500
126

2650
1150

110

300

475

500

175

MULTIMETRICS

AF120 Dual H/ Pass L/Pass activi

filter 20 Hz - 2 MHz .
TEKTRONIX

521PAL Vectorscape

528 TV Waveform Monitor

575 Semiconductor Curve Tracer

1485C TV Waveform Monitor PAL/NTSC

NETWORK ANALYSERS/
PHASEMETERS
DRANETZ
3058/3001 Phasemeter 2Hz-700KHz

HEWLETT PACKARD
8405A Vector Voltmeter 1-1000 MHz
8414A Polar Display for 8410 NW.A,

THIS MONTH'S
SPECIAL OFFERS

PHILIPS PM 8251

CHART RECORDER

single pen writing on

10 inch chart paper.
12 chart speeds +

12 voltage Input ranges
from 3.5mV to 50V F.S.D.
£325

. 600

2200
750

2300

HEWLETT PACKARD
427A MULTI-FUNCTION
METER
with linear and dB scale.
DC Volts 100mV-1000V F.S.D.
AC Volts 10mV-300V

(10Hz-1MHz)
OHMS 1092-10MQ2 F.S.D.
Baftery operated
£135

PHILIPS PM 5129
FUNCTION GENERATOR
1 mHz to 1 MHz sine/
square/triangle/puise/
ramp 30V p.p. output max.
Variable over 60dB.
Internal FM and sweep
Single shot and burst modes
+10V variable D.C. offset.
£595

ONE YEAR GUARANTEE

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

OSCILLOSCOPES &
ACCESSORIES
GOULD ADVANCE
0S3300B 50 MHz 1mV 2 Trace 2T base
HEWLETT PACKARD
1804A 50 MHz 20mV 4 Trace Plug-in
1825A Dual Timebase Plug-in
1805A 100 MHz 5mV 2 Trace Plug-in
PHIL!PS
PM3211 15 MHz 2mV 2 Trace TV trig
PM3212 256 MHz 2mV 2 Trace TV trig
PM3244 50 MHz5mV 4 Trace 2T base
PM3260 120 MHz5mV 2 Trace 2T base
PM3262 100 MHz 5mV 2 Trace 2T base
Tr View

675

625
500
625

390
550
1450
1450

1150

TEKTRONIX
465100 MHz 5mV 2 Trace 2T base, 1150
466B 100 MHz 5mV 2 Trace 2TB, inc Probes 1550
475200 MHz 2mV 2 Trace 2T base 1750
485 350 MHz 5mV 2 Trace 2T base 2300
661/453/5T1A 1 GHz Sampling scope 775
7A12 105 MHz 5mV 2 Trace Plug-in 300
7A18 75 MHz 5mV 2 Trace Plug-in 400
7A19500MHz 10mV 1 Trace Plug-in 950
7A22 1MHz 10pV Differential Plug-in 575
7A24 350 MHz 5mV 2 Trace Piug-in 950
7A26 200 MHz 5mV 2 Trace Plug-in 625
7B53A 2 Timebase Plug-in 100 MHz Trig 5§00
7880 Single Timebase 400 MHz Trig 550
7B85 Timebase with delay 400 MHz Trig 650
7603 100 MHz CRT r/out 3 slot M/ Frame 1250
7704A 200 MHz CRT r/out 4 siot M/Frame 1350
7904 500 MHz CRT r/out 4 slot M/Frame 3900
P6013A X1000 12KV Prabe
P6201 FET Probe DC-900 MHz
TELEQUIPMENT
D63/V1/V115MHz 2 Trace ImV
DB83/V4/S2A 50 MHz 1mV 2 Trace 2T
Big CRT
D1015 15MHz 5mV 2 Trace TV trig
S1A Single T/base Plug-in50 MHz trig
VUDATA
P5935/975 35 MHz 5mV 2 Trace — unit has
built-in 3% digit DMM + 3% dig. cnter 675
Note: we hold & range of cameras ~ POA.
OSCILLOSCOPES (STORAGE)
HEWLETT PACKARD
1703A 356 MHz 10mV 2 Tr 2TB 1000 Div/ms
TEKTRONIX
466 100 MHz 5mV 2 Tr 2TB 1350cm/ps
603 Bistable Storage Monitor XYZ amps
T8912 10 MHz 2mV 2 Tr 1TB 2580cm/ms
7834 400 MHz 4 Siot M/ Frame 2500cm/ps
POWER MEASUREMENT
FLUKE
8921A 10 Hz-20 MHz 44 Digit & Analogue
TRMS dBm/V meter 500-1200Q2 & 10MQ
HEWLETT PACKARD
B481A Type N Coax sensor for 435A
478A Type N Coax sensor for 432A
MARCONI
TF2512 DC -500 MHz Powermeter
TFBI3A 10 Hz-20 KHz Powermeter
POWER SUPPLIES etc
ADVANCE
1V5S Inverter 24V DC to 240V AC 500W
FARNELL
FFSL5V - 20 APPSU module
L30B 0-30V variable 1A Metered
FLUKE
415B 0-3.1 KV variabie 30mA Metered
HEWLETT PACKARD
6966A 0-36 V variable 10 A metered
MARCONI
TF2154/1 0-30V variable Metered
PHILIPS '
PE1646 0-75V variable 6A Metered V + 1
PULSE GENERATORS
ADVANCE
PG57 10 Hz-50 MHz 10V 509 Vari RT 6ns
EH RESEARCH
132 10 Hz-3.5 MHz 50V 502 RT 10ns 2 pulse
MARCONI
TF2025 0.2 Hz- 26 MHz 10V 502 RT 7ns 2
pulse
RECORDERS & ACCESSORIES
BRUNO WOELKE
ME102B Wow and Flutter meter 75
BRYANS SOUTHERN
BS314 Chart 10” 4 Pen 16 speed
B5316 Chart 10" 6 Pen 16 speed
HEWLETT PACKARD
7015A XY 1 pen A4 size
TFO046A XY 2 pen A3 size
MEDELEC
M/scope Combined 4 ch scope + UVrec'dr 1900
SE LABS
994 6 ch galvo preamp + DC bridge supply
6008 UV chart 8"’ 25 ch 16 speed
6150/61 UV recorder 12 ch-inc 6 ch amps

95
300
525
750

295
136

1400

2950
750
650

4990

350

2500

700
995

450
950

1000

SMITHS :
RES41 Chart 8" 1 pen 8 speed
RE501/4701 Cht4” + XY 1ch 10spd
AC Batt
SOLARTRON
3240 Modular Data Logger system
Note: UV recorders are priced less gaivos
SIGNAL ANALYSIS
EQUIPMENT
MARCON!
TF2300A Mod Meter 1 MHz-1 GHz AM/FM 450
TF2330 Wave Analyser 20 Hz-50 KHz 425
Note: see also "'Spectrum Analysers'"
SIGNAL/FUNCTION/ + SWEEP
GENERATORS
ADVANCE
SG63D Generator 4-230 MHz AM/FM
GENERAL RADIO
1362 Generator 220-920 MHz
HEWLETT PACKARD
8640B Generator 500 KHz-512 MHz
AM/FM Phase Lock
618B Generator 3.8-7.5 GHz
612 Generator 450-1230 MHz
614 Generator 0.8-2.1 GHz
MARCONI
TF144H/4S Generator 10 KHz-72 MHz AM
TF801D Generetor 10 MHz-470 MHz AM
TF2012 Generator 400-520 MHz FM
PHILIPS
PM5127 Function 0.1 Hz-1MHz Sin
Sq TriRmp
TEXSCAN
9900 Sweeper 10-300 MHz 6/in CRT disp 525
VS60 Sweeper 5-1000 MHz 890
SPECTRUM ANALYSERS
HEWLETT PACKARD
141T/8552B/8555A Complete .01-18 GHz
3580A 5 Hz-50 KHz with digi store disp
8445A Pre-selector 0.01-18 GHz
8558B 0.1- 1500 MHz Plug-in for 180 series
VOLT/MULTI-METER
(ANALOGUE)
AVO
8MK4AC/DC/—VI+Q
BOONTON
92C AC/RF 10 KHz-1.2 GHZ %mV-3V
HEWLETT PACKARD
400E 10'Hz-10 MHz 1mV-300v DC D/P
400H 10 Hz-4 MHz 1mV-300V
411A 0.5-500 MHz 10mV-10V DC D/P
3400A TRMS 10 Hz-10 MHz 1mV-300V
DCO/P
MARCONI
TF2603 50 KHz-1.5 GHz 300uV-3V
TF2604 20 Hz-1.5 GHz 300mV-300V
PHILIPS
PM2454B 10 Hz-12 MHz 1mV-300V DC D/P
RACAL
' 9301 RMS 10 KHz-1.5 GHz 1004V -300V
VIBRON/E.L.L.
338-2 ImV-1V Electrometer ;
VOLT/MULTI-METER (DIGITAL)
ADVANCE .
DMM7A 1999FSD AC/DC/V/I/Q
BOONTON @
92AD 1999FSD 10 KHz-1.2 GHz 10V res
FLUKE
8010A 2000 FSD TRMS AC/DC/ VI
8010A01 As8010A + re-charging batteries
8020A 2000 FSD Handheld
AC/DC/ViQ +cond.
8022A 2000 FSD Handheld AC/DC/VIQ
8030A-1 2000 FSD AC/DL/VIQ Batt + AC
BOS0A 20000 FSD AC/DC/Vi&t dB TRMS
8800A 200000 FSD AC/DC/V&
HEWLETT PACKARD
3490A 100000FSD AC/DC/V/Q
SOLARTRON
A200 19399FSD DConly 1uV-1 KV B85
A203 19939FSD AC/DC/V/Q 175
A205 19999FSD TRMS AC/DC/V/Q

Carston,
Electronics Ltd
01-267 5311

Shirley House, 27 Camden Road,
London NW1 ONR. Telex: 23920.
- - — =] |

560

450

7w
99 Wi

/AUOSIR)

77
7
/4’

550

625

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

WW — 046 FOR FURTHER DETAILS

We take Access or Barclaycard.
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THREE FOR FREE

Available from sélected stockists

ELECTRONICS BY NUMBERS
No. 10 SOIL MOISTURE TESTER  _

No more wilting houseplants with this soil

New Line of
Wave Solderable

Heat Sinks

Thermalloy lntgrnational offers 35 different styles of wave
§olderable heat sinks for TO-3 and plastic packages. Styles
include board mounted stampings and flat sided extrusions.

SOLDERABLE
STUD

- ™ qd,r . i M3 Thread moisture test. Just place the probes into the e
bSolderable g:ug l(-ileat Slr:jks allow the heat sink/device to b R | sail and it will light up to tell you whether E:)Jj;lcjt"sﬁ%a;lfaﬁgsﬁrgc;;&ngu322::‘@?\3t§<f:pon
e preassembled and treated as a si . the soil is "too wet"” or "too dry”. You rest GSC stockist, or send direct
production line. It is dropped into plar':giiet?l?lr.ln l!l):))lzzril:l (:Eeylgg Ly o dopi ey hged BEETingers Tt you will recelve the latest
. 3 .. : = - .1N ITAL R TTE *ELECTRONICS BY NUMBERS' leaflet.
Board and wave soldered with other components. Eliminat PC. Board g, S == Y ¥ " EXPERIMENTOR BREADBOARDS '%lr?e :uspgnlg andA;citgg;(tiof the casino B 11
Randreciaenn d ] . P . Climinates YL No soldering modular breadboards, simply plug in your own home. Just press the button = ™ 2 i, T e € b ©
} ering and extra inspections to reduce your produc- 3675 + 125 WMor i components in and out of letter number identified the circle of lights go round and there is the lafn goeu ofv76 glasz% QD";J:: Ses,ﬂc,k t?\e apégpri,ate
tion steps by 50% . All work can now be done from one side Plated-thra Hole =~ il nickel-silver contact holes. Start smait and simply sound of the roulette wheel as well, both B P e s ¢
of the board dl : ] . ’ snap-lock boards together to build a breadboard of gradually slowing down to reveal the
, and less mounting hardware is required. : ey S, winning number, PROTO-BOARDS
F Al EXP Br‘eadboards have two bus-bars as an integral No. 12 EGG TIMER . -
Oor pr oduct samples and full technical lite; : 3 part of the board, if you need more than 2 buses How do you like your eggs done, hard or The.ultimate in breadboards for the minimum of cost.
rature f P d id of p  soft, just set the timer and it will sound 1 ily assembled kits
contact MCP Electronics. i?ply SeRbpil Inore DUSLEERInIES oid g when the egg is done to your liking. Long o se £ ' -

battery life because it switches itself off
automatically. So get cracking now!

Want to get started on building exciting
projects, but don’t know how? Now using
EXPERIMENTOR BREADBOARDS and
following the instructions in our FREE
‘Electronics By Numbers’ feaflets,
ANYBODY can build electronic projects.
For example, take one of our earlier

EXP 325 £1.60 The ideal breadboard

for 1 chip circuits. Accepts 8, 14, 16 and
up to 22 pin ICs. Has 130 contact points
including two 10 point bus-bars.

¥\ MCP Electronics Ltd,

} 38 Rosemont Road, Al i
S , Alperton, Wembley, Middiesex.
%2/ Telephone 01-902 5941, Telex: 923455,

T Thermalloy International i
EXP 350 £3.15 Specially designed 4

Advanced technology in semiconductor accessories. for working with up to 40 pin ICs
perfect for 3 & 14 pin ICs.

EDESLS QGNTHRATAL SMOMITRS GaRroRaT

——————— Has 270 contact points including | projects, a L.E.D. Bar Graph;
; 7 : . two 20 point bus-bars. KT L ! PB6 Kit, 630 contacts, four 5-way binding posts
3 WW - 014 FOR FURTHER DETAILS 5;»‘1_“. = 1] accepts up to six 14-pin Dips.
' EXP 300 £6.75The e o oo offlo o o ol 3 offloo o O PROTO-BOARD 6 KIT £9.20
most widely bousht | SRkt o

bread-board in the UK.
With 550 contact L
= . = points, two 40 point
The new CES d METER PROB LEMS ? bus-bars, the EXP 300 will accept any size IC and up Display

ImMicC ropa d 10 6x 14 pin DIPS. Use this breadboard with A

Adventures in Microelectronics. S )
You will need; One EXP 300 or EXP 350

breadboard 15 silicon diodes
6 resistors 6 Light Emitting Diodes
Just look at the diagram, Select R1, plug it
into the lettered and numbered holes on the
EXPERIMENTOR BREADBOARD, do the
same with all the other components, L e ues
connect to the battery, and your project’s
finished. All you have to do is follow the
large, clear layouts on the ‘Electronics by
Numbers’ leaflets, and ANYBODY can build
a perfect working project.

© 00000 0=l efiie alDe kDo ‘

‘A
{ o)

) 5
doMo000s oowed

S ASSIATEIASE AT e
‘¢ SQ ‘Q%thcb ¢ Proto- Hoa 1 no.100

EXP 600 £6.30 Most
MICROPROCESSOR
projects in magazines
and educational books
are built on the EXP. 600.

EXP 650 £3.60 Has ‘6" centre
spacing so is perfect for
MICROPROCESSOR applications.

PB 100 Kit complete with 760 contacts accepts up to
ten 14-pin Dips. with two binding posts and sturdy
base. Large capacity with Kiteconomy.

PROTO-BOARD 100 KIT £11.80

EXP 4B £2.30 Four r o om s o smam |T'S EASY WITH G.S.C. vn =n s ssm =m = 1
more bus-bafs,‘*” SEE e TO RECEIVE YOUR FREE COPY OF PROJECTS 10, 11 and 12
“snap-on’’ unit. b ek AT S0 SR ? i 2 i H H i
P e TEE FAFESY ) Just clip the coupon For immediate action |
The above prices are exciusive of P&P and 15% VAT. Give us your name and full postal address (in block The GSC 24 hour, 5 day a week service.
Y I capitgls). Egc|osg créeque,. %pstql orqerhor credit card ZslaphoneE(0799) 21%82 ?nd gi\ée us vg:r Acécess, I
number and expil ate, indicating m the appropriate merican Express o arclaycal e al
Th p h @ TH E GSC 24 HOUR SERVICE box(es) the brs:drgoard(s) you rquire. ¢ order wiil be Fi’n the ;r;os(ricmr‘r'\eclria(elyrr,‘ Y
¢ microphone for mobild EXPERIMENTOR IC CAPACITY [UNITPRICEINC | Qty
radioith DTME signallinh TELEPHONE (0799) 21682 | [Eisiiod conracr [ SEARSIY [BANERSENS | 0
and optional AN/, brings With your Access, American Express, I EXP 125 0 3 £2.70
i ; i, BSaas
e nteriaystermia . ) \ Barclaycard number and your EXP 350 270 3
i exibility to , 137 Standard Ranges in a variety of order will be in the postimmediately [ [ _ExP 30 550 6 f 755
your telecom network., Interface ! sizes and stylings available for 10-14 . EXPLO0) £5.3
d . N GLOBAL SPECIALTIES CORPORATION TP
g l%m""z ays‘ deinEy T mOthey Ranges and I EXP 660 270 06 pich £500 lenclose cheque/P.0.for€.......... I
For further information contact the sole agents Limviltcet:is special scales can be made to order. . Dg’uz-gtarr‘p Rebiv gy "BgicidycardavAceess,
I EXP 4B FOSLSA»OBZTOSIM ‘£ 3.50 American Express cardNo. ..........
29 Market Street Full 'I nformation from I ................. Expirydate . ,..... I
SCrewkerne \ 3 H . H G.5.C. (UK) Ltd., Dept. 7TT PROT%—BB‘OARDS o [ = L FT T J :f VO\9.I missed project No's -
omerzSGrAlSyIY Unit 1, Shire Hill Industrial Estate : : to 9 tick box. ]
' ARRIS ELECTRON lcs (London) Saffron Wlerllde'n, I?ssei Cg11 3AQ I EBHG 760 | i | ©472 [ ] ForFreecatsiogue tick box o I
Crewkerne (0460) 74 . Tel: Saffron Walden (0799} 21682 GSC (UK) Ltd., Dept. 7TT, Unit 1, Shire Hill Estate, Saffron'Walden, Essex, CB11 3AQ
Telex 46283 int‘aci ;4433 138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 Telex: 817477 L s Em = = - - A A T L
‘ Telex: 892301 HARTRO G.
WW — 010 FOR FURTHER DETAILS WW - 021 FOR FURTHER DETAILS WW — 074 FOR FURTHER DETAILS

www americamradiohistory com
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T ) 7 LCD DIGITAL MULTIMETRES HAMEG OSCILLOSCOPES
TRIO 0SCILLOSCOPES S THANDARE SINEEATR SPECIAL PURCHASE - LIMITED PERIODONLY | 00 T 0 e ol
S ggléab:eslog coséponable instruments, bench models all 6220 Reliable 22 range hand he(l‘d 3% digit LCD ynthlvoh/ol:)rxzra:;?nr::\;:é:nﬂ Professional (UK c/p ‘307 £3.00, other £4.00)
) T . -5 15 x 5cm. Generators mains operated rest battery and range signs. 10amp AC/DC. battery warning. lower p y ingle trace 10 MHZ: 5mV: 0.5 micro sec. Plus built in
g‘zgge ?Lf”r(na/mst%pglr)ated Scopes with 5" displays. triggered (supplied). UK ¢/p Hand models 65p. bench£1.15) Model lilglll A?so has range hold. continuity buzzer and improved accuracy. Al g;ﬁ?ﬁ;ﬁ&ggﬁer‘ . 7cmr3isplay. £158.70
DUAL:'MC: p £3.50) DIGITAL MULTIMETERS (3% digit LCD) g,?d?:s high quality rotary operation. Resolution 0.1 milli volt: 10-Micro amp: (Opﬁonalz%arryzca?e“%%%HZ o
: TM354 Hand held, DC 2A, 2m ohm, 1mV - 1000V DC. 500v AGC. .1ohm. ¢ 203 Dual 20 MHZ: Trig to : aMYV: (.o micro secs:
= gg:ggﬁﬂo‘wz; JOMV. 1 mico sec 2557_95 £45.94 ‘ {6220 1000v DC:0.2/10A AC/DC: 600v AC: 2meq ohm. Was £55.95 NOW £42.85 | 203 Dual dipla (rplacemoc 32 o MHzfszs?i 00
I 15 MHZ; 10mV; 0.5 micro sec. £34155 TM352 Hand held, DC 10A, Hfe test. Continuity test £57.44 i ' i ved accuracy. Was £85.95 4125 Dual 20 MHZ delayed sweep: trig to :5mV:
gg:g??: gg m:% gmx: 8.?micro SEc. g gggggg ;MaﬁalBench. 2A AC/DC. 1000V AC/DC. 20M an_ 6110 As above plus 20mA AC/DC and impro y NOW £59.95| o ;Bicro se;:ll.:zx Bﬂfmg‘ijsmay‘ £ 334'23.50
;2mV; 0.1 micro sec. } ypical 0.25% £96.60 | : - 512 Dual 50 MHZ. Delayed sweep: Single sweep: Del
CSIBSOMK I S0MHZ 20V, 02 microsec. £626.75 THGS| Bench, 10A AC/DC, 1000V AC/DC. 20M ohm r THIS SPECIAL OFFER IS QUALITY WITH VALUE ine:Trigto T0MKZ. Smv: 0.1 micro s 8x 0cmd slay
itted delay line ypicat 0.1% £14385 50 In SOCX. i Y ;
GSITS5 MHZ, TmV. 0.5 micro sec. Mult display Audio scpe T Eoumns e 620020/200mA ver5|o1n181622?‘ tie no 1? amp) g%gg Options 203/412/512 Viewing hood &g%
£31280 PFM200 Hand held LED. 200 MHZ, 10mV (600 MHZ with TP00 P cuersioifo oG thegn 1AM g3sn | Comporenlastgheld A128l2 '
SINGLE TRACE - £57.2 188m 16 range with H;e oo ! £60.05 Carry case (state model) £21
CS1550A 10 MHZ, 10mv. 1micro sec: 5" display Triggered TF040 Bench LCD. 40 MHZ, 40mV (400 MHZ with TP600) £12650 189m 30 range with Hie checke e e LB IS O
swesp (K o/ £3.50) £251 85 TF200 Bench LCD. 200 MHZ, 10-30mV (600 MHZ with (e EOUIPMENT RO e VI
MHZ, 10mV. low sweep for observation below 1 HZ and u f
lo 60 mupzmmm dislay (UK o/p£2.00) £12420 ;::g‘;gggmi : ;0 Pfssca:’ef,‘o my £33 GLOBAL SPEGIAEMSNLSIUK 31! £1.00) : PROFESSIONAL
= els. | _ ench models) mains operated y i i
XTEB50" XI0E1050: N ey io 5295 X100£16.95 T6100 Function. 1 HZ-100KHZ. Sine/SQ/ Triangle/TTL  £90.85 AT R e g KEITHLEY
, | T6102 Function. 02HZ-2MHZ. Sine/Sa/Triangle/TTL £166.75 T b L e DIGITAL MULTIMETER
- TG105 Putse. 5 MHZ-5HZ (200nS-200mS) various outputs £97 75 N apariable P LR o 100 ' LoD
CLAMP-ON-METERS | 0SCILLOSCOPE (Bench model ow power portabie Fheqtincy Gouskers UK /n800) ' i oc. Eacyo ol
INSULATION TESTERS| (s H22" trace. 10mV. 0.1micro sec. All facilites. MAX100 100 MHZ Counter. Battery aperated. 8Digit 30my DS Zeida! 1.
. Model SC110 , £159.85 typical. Bench portable LED ] £89.00 DC Voits 200mV-1000V 0.5% 100 micro volt
3 (Rechargable battery pack £8.63. AC adaptor/charger £5.60 MAX50 6 Digit 50 MHZ Hand hefd-LED £56.00 AG Volts 200mV-750V 1% 100 micro voit
OPTIONAL ITEMS MAX550 2 range 6 Digit 550 MHZ hand held LED ggz%g DC current 2mA-10AMP 1:2% 1 micro amp
Carry case (bench only) £6.84 AC Adaptors (state model) £5.69 P$500 500 MHZ prescaler for MAX50/100 gl ‘ AC current 2mA-10AMP 2%1 micro amp 1
E:{fg}[???[%ﬂ%’gﬁrg?\:ﬂ;"ﬁ%;mm“'m;:[%e%g,y p) Resistance 200 ohm-20 Meg 0.5% 0.10hm  £102.35
CROTECH OS(:'lloscopEs fg?II?'IqL/TTL/CMOS:LSMHZA 300K ohm: Pulse £19.95 SAFGAN PORTABLE oscllloscopEs
Range of Portable Scopes mains and battery operated LP3 DTL/TTL/CMOS: 50 MHZ. 500K ohm: Pulse: Memory, nai i
Plus special features (UK c/p £3.00) g : 95 Range of low cost Dual Trace Scopes mains operated. Made in UK to Mm A
3 All, 8,10. 12, 14 & 16 PiniC’S. Indicates Pins on/off exacting standards. Available as 10 MHZ: 15 MHZ or 20 MHZ. Ali feature :
LM1All8, iniC’S. g \ ]
(UK ¢/p 65p or £1.00 for two) Muiti-range clamps all with resistance | 3030 Single trace 15 MHZ, 5mV. 0.5 micro secs. Plus built in DTL/TTL/CMOS/HTL. Logic Monitor £33.00 5mV sensitivity: 0.5 micro sec: 6.4 x 8cm dispiay. (UK c/p £2.50) % o] =
CHOOSE FROM UK's LARGEST RANGE range, carry case & leads. Also dig7ita|_ component tester. 95mm tube 166.7 0P1 Digital Pulse. Single shot or 100pps. £56.50 BT410 Dual 10MHZ g;gfzs o &le. ©
KRT101 10 range pocket 1K/Volt £450 | andOCclampinstock (UKc/p75p) 3131 Dual trace 15 MHZ, trig to 35 MHZ, SmV, 0.5 micro sec, - 07415 Dual 14 MHZ 91620 @Tﬁ oo
KRT100 12 range pocket 1K/Volt £5.50 | ST300300A600V9ranges  £25.95 | 130mm tube, plus component tester. 4 ; VARIABLE REGULATED 07420  Dual20 MHZ £216. ols g1 1 e
NHSS 10 range pocket 2K /Volt "£6.50 | ST310300A600V9ranges  £29,05 | 3034 Battery-mains dual trace 15 MHZ. trig to 20 MHZ, SABTRONICS EQU'P MENT PDWER SUPPLIES Optional probes available (see Hameg above} =
AT1 12 range pocket Deluxe 2K/Volt £7.75 | K2602 150A 600V, AC 7 ranges £35.05 | buitin Nicads.5mv.0.5micro secs. £356.50 New reliable range of DMM's and Mains operated requlated
'S‘;g 61 ; rang pockit 4%'\(/?\1; ! glisgs ;’;ﬁgg%g%%Ab %%QIV. :CC g ranges gggglsl (Eliminator charger optional £28.75) trgquency compgters with those single metre (UK c/p£1.50)
range pocket olt I g p ranges £53. q ; iliti titive 2410/12-0/24V tamp £35.00 e ;
YN360TR 19 range plus Hte Test 20K/ Volt £1350 | K290390A. 750V. AC G ranges £77.50 | A """"""°§8332' ?'3'6?:'1%%03%3034 Efggﬁ? S)r‘itcrgsfa/f:l' 'g:fﬁ:r';doc%?]aptgé ' 1545-15volt3amp  £4400 | /|3 ammmm - o \ ] 1|
ST303TR 21 range plus Hfe Test 20K/Volt £15.95 K2103 1000A. 750V, AC 9 ranges £95.00 3337 dual 30 MHZ, 130mm £40325 {supplied). Except 5020A mains. 4230/12.0/24V 3amp  £54.00 \ ? !-El_ §i339 3
KRTS001 16 range - range double 50K/Volt  £1650 | *Optional temperature probe  £13.60 (Optional Probes all models - see Trio above) i Optional mains eliminators available. IRL =
AT1020 19 range Deluxe pius Hfe Test 20K/ Volt £16.95 ELECTRONIC INSULATION TESTERS . I\ S 8 0IGIT COUNTERS 0.1 HZ to 10 HZ Res. g
ETC5000 As KRT5001 pius colour scales SOK/Vol;:” % Batteraoperaé%doc&)mplete with carry - ’ == 10mV sensitivity to 100 MHZ : LASCAR BENCH MULTIMETER TV COLOUR BAR
! case (UK c/p £1:00) UK c/p£1.00)
17'%2510%%‘?:n;;ag?:sd;’zl;‘bge(;‘gﬁl28 50:( Q/O" ee il Lo 0_102:3%0 L PAC BE e ELR e OSCI lloscopE SI0A0EZ I HEE gn 2 faﬁgs 31 Digit LCD Made in UK: 25 ranges with basic 0.1% - f;elLEi?VNHF%EdgsFHATORS
} ont. Buzzer ] p 5.45 accuracy: 2A AC/DC with 0.1, Microamp resolution:
N2 e e on sy BTG | 0N e Pus o2 SRR, PANEE g, s | Kkt s LT
SOk Vo AEEEAE10ADC SKUAC/ OC K3106 500V & 1000V. 1000 & 2000Meg. ~ R (UK c/p S0npsighing) 8 OIGIT COUNTERS 30mY sensitivty 10 AMATEUR/CB Aokt e model 2Meg ol L U 3 catern £2210
ATZIOSS S o B £27.50 , £104.00 23 (UK c/p 45p) Available BNC plug or Banana 1GHZ. Resolution 0.1HZ-T0HZ ~ ~ KOMG 1.5 to 250 MHZ Dip meter 2A AC/DCETC. £57.70 (UK c/p 65p) LB g i
Saige range i l:;:escale 10‘/\[1‘001/%0&( ’/i\{ngtestgg bgo m%l HEarlt’h resu;t%n.ce tfs{gr ‘t:l 36,50 Lgader LDPO76 50 MHZ. UKelo 65p) X1£8.50: X10£10.50: s A 82535 6 ranges £38.50 - .
] and cranked insulation tester 10MEG ohm. 10n Sec. with c X1-X10£12.95 Lol -
ohm. 1KV AC/DC 100K Vot £3495 | 500V, 100veo. £67.50 | carry case £5690 | 0/40KV:20K Volt  £18.40 | Also X100 (BNC only) £16.95 w0008 tohz-1GHzingranges, & SWRSS-1SOMHZSWR+FiS o | LEADER AUDIO RF FM o o
= - . -1 SWRS50 Twin meter SWR + Power TV GENERATORS
1 FUNCTION GENERATOR (UK c/p £1.00) . £13.95 Y
TRIO GENERATORS PROFESSIONAL MULTIMETERS | THURLBY — _ wihmasadaptor ;’,‘,‘fvsf,'f;’,‘e N oWR PeweT
P . g B - 5020A 1 HZ-200 KHZ Sine/Square = £8.95
DlGlTAl ] Triangle/TTC Freq. sweep. Low ;?(‘;vswn/Power/FS-m/wOW !
distortion - ) E £11.95
MULTIMETER OIGITAL MULTIMETERS Two LCD 171 As 110 Twin meter £14.50
hand held - one with temperature 175 SWR/FS/AE Match
4% Digit. 0.05% 7 Function LCD range, QBN LED fench AN S 53 “AUOIO
AUDIO AND RF Made to exacting standards in UK~ ¥ -5 | '2“0%5: g-% digit LCD hand. 24 AG/D :)Z,mf 175+ 0/5/50 Walt;:m95 & -g’é LAGZ6 4 angs 20 HZ-20KHZ. SirLe/
* MAINS OPERATED 30ranges: 1200V DC, 750V AC. 10A AC/DC. 32 Meg ohm. Also includes . 20Meg ohm ETC £95.45 178 As 175 +0/10/100W + MOD = Square: 5V o/ p: Distortion 0.5-1%
PORTABLE EQUIP- frequency measurement to 4 MHZ and 4 KHZ output. 2037A As 2035A with -50°C to Scale 1 HZ-1 MHZ£S7'3 '6/0
Price is with batteries, test leads and mains adaptor. 150°C Temp. range 0.1° 3 . . LAGT20A 5 range 10 HZ- . Sine
QAGE‘%TZ%U:;,C‘/%%]F‘I& KHZ - 30 MHZ = 1 : (optional carry case £20:45) £171.00 :es‘?gution e £109.25 e SWIFJI n:f‘ter :’Ius 20';:/2\6035 High quality mains o?erated Square: 3V o/p: 0.05-0.8% Max
MOD. 100 mY o/p Variable SIS INTER 0 | ke r"aﬁ;fso) Allfeaturing AC/DC Volts /Current & UKe/p£1.00 2010A 3%, Digit LED. Auto decimal & | Qplons Touch & hold | 137008 Humeter L9, equipment (UK c/p£1.50) Distortion Swithed atenualor,
AG202A Matching 4 range Audio. 20 HZ - . X o - minus. 10A AC/DC: 20Meg ohm etc. | Probe for DMM’s 144/150 MHZ LSG16 RF Generator (matches LAG26) y ,
200 KHZ Sin Square. Distortion 6.5-1% Ry s I MALALIOCOR ey el CALLERS WILL ALWAYS FIND A RANGE OF LOW COST TEST EQUIPMENT £05.45 S e hierale 5 ranges 100 KHZ-100 MHZ (300 MHZ LAG125 Low distortion (0.02%)
Variable o/p 0 10V £78.20 Sl %6750 | ACCESSORIES TOOLS, IRONS AND BOARDS IN STOCK. ALSO SPEGIAL < 2015A LCD version of above £108.25 | Batery eiminators | 1102l CT U8 A0 harmonics). Int/Ext MOD: 100mY version ofLAGIZH Plus B b
AB2035 band 10 HZ - 1 MHZ. Sine/Square: 0,518 K1400 26 range large scale 20K/Volt: 10A AC/DC: OFFERS FOR CERTAIN EQUIPMENT WHICH WILL VARY FROM TIME (c/p 2035/37A 65p- All others £1.00)} (state model) 369} jry ging professional ranges. Lip ot aceiacy £63.25 glogals el Speaksrles ;
dev.laltjllon, Distortion Max. 0.1% Switched Alternator & 20 Meg ohm: 5kV AC/DC £79.95 TOTIME POWER SUPPLIES 13 8.voit. Output regulated ' iries Invited
ngll;ilNeSTﬂcK N £126.50 K200 39 range 10 Meg ohm input. 25 HZ-1 MHZ £95.00 PRICE CORRECT AT TIME OF PREPARATION E & OF. ) mains operated (c/p£1.00) | DISCOUNTS Small and large quantity Discounts available for most products for UK and Export Your Enquiries Invited. PR?éEL
ewtronics 200P & 200SPC 0.002 HZ OPTIONS Cases: M 1500 & 1200 £16.50; K 1400 £19.00 ALL PRICES INCLUOE VAT. 5 Jto5am £15.50 ; its. microph d public address equipment accessories etc.  {INCL ()
5.5 MHZ Generators (200 SPC with 100 MHZ counter) Temperature Probe for K1400 £13.80 CHUUSE FRUM UK'S LARGEST RANGE g.v & 5 tg 8 amg £17.95 ALSO STOCKED Range of chassis speakers and kits. microphones and pu d — = V4 TDE

AUDIO ELECTRONICS .2

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564 Send large SAE
ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2 o . e
, Schools, Companias,

OPEN SIX DAYS A WEEK ® CALL IN AND SEE FOR YOURSELF etc. free on request.

Order by Post with CHEQUES/ACCESS/ VISA or Telephone yourorder
WW - 023 FOR FURTHER DETAILS

AUDIO ELECTRONICS ="

301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TELEPHONE 01-724 3564
ALSO AT HENRYS RADIO, 404,406 EDGWARE ROAD, LONDON w2

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

Order by Post vgit_hVCHEQUES/CESS/ VISA or Telephone your order ‘
WW — 022 FOR FURTHER DETAILS =

www americahradiohietory com
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. The
simple answer
to all your

power supply
problems.

Uninterruptible Power Supplies - UPS

250va to 2000va, 50 or 60hz

[ STANDBY POWER. Invaluable for winding down a
computer programme on mains failure and wherever
continuous power is essential.

U1 STABILISATION. 5% Vital to combat mains
fluctuatllons and ensure the operation of equipment at
%eaT I??efflcuency.

TRANSIENT ATTENUATION. Provides suppressior
mains born interference (spikes). PRgESS N,
An unbeatable power package from £395 ex works
including maintenance free lead acid batteries. At
F()3ra.la'(rek International, UPS are DOWN to unbeatable

ices.
For more information, cut the coupon or contact Galatrek
direct. Mr R Koffler, Galatrek International, Scotfand
Street, Llanrwst, nr Colwyn Bay, Gwynedd LL26 OAL,
North Wales, Great Britain, Te[ No: 0492-640311/641298

Night Service: 0492-30592 Telex: 617114 A/B Galahu
SR

ALATREK 53

INTERNATIONA L

Please send full details of your range of voltage stabili
I filters, cutouts UPS and ge”eratori ge stabilisers, I

Name . I
I Address - I
I Country ) I

ww
_————_-—

Telephone No

v &

WW - 028 FOR FURTHER DETAILS

MONEY-BACK GUARANTEE and in Aberdeen from: l
Granite Chip.
— NORTHERN ELECTRONICS

WIRELESS WORLD OCTOBER 1981

Audio power meter

Wide range:
* 30Hz to 30k Hz x10uW to 50W
¥ 1-2 to 10002 ¥ mains/battery
* decibel scale - 18dBm to + 47dBm

FARNELL INSTRUMENTS LIMITED
SANDBECK WAY -WETHERBY
WEST YORKSHIRE LS22 4DH

j TELEPHONE (0937) 61961

WW — 009 FOR FURTHER DETAILS

ONLY £48 . 50 Post free, inc VAT

LOU
COST
EPROWR
ERVUSURE

Send cheque or official order for prompt
delivery. Telephone ordery will be

HOLDS UPTO SIX EPROMS despatched C.O.D. at no extra charge
SAFETY INTERLOCKED TRAY  Also available in Lo ¥ i
FAST ERASE TIME e R

Transam

QUALITY STEEL CASE

51 Arundel Street, Mossley, Lancashire  Tel: Mossley (04575) 4119
WW — 052 FOR FURTHER DETAILS

RADIATION DETEC TORS

| BE PREPARED |

Ideal for the experimenter

B THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS S —

B UNIT IS SIZE OF FOUNTAIN PEN & CLIPS e SE
FREE AFTER PURCHA;IEC

ONTO TOP POCKET
SIMILAR MODEL OVER £25 EACH £6- 95
” — WITH DATA
Err oy
ENRys 01-7231008/9 _ &

VIEW THRU LENS p

B MANUFACTURERS CURRENT PRICE OF A
Tested and fully guaranteed. Ex-stock delivery. COMPLETE

8 PRECISION INSTRUMENT
British design & manufacture inc. VAT Post & Pack 60p =
404 EDGWARE ROAD, LONDON W2 1ED

WWW america.
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1000 888 oscores

Tried, Tested and now even better!
Since their introduction a few

* years ago, Telequipment’s D1000
series of high performance low-cost
oscitloscopes have established
themselves at the forefront of the
market. High performance because
they are the result of intensive
research and design efforts by one
of the world's leading electronic
instrument manufacturers, and low
cost because of volume production
in a modern automatic production
plant. ‘
Performance to spare.
With the D1000 series, Telequipment
regard specifications as lower

[

Also availahle from Electroplan.

limits, not maxima. For example,
the D1016A bandwidth is
specified as 20MHz. The typical
figure is actually in the region of
23 to 26MHz and the usable
bandwidth nearer 36MHz.

Input attenuator tolerances are
now specified at +3% for all D1000
series oscilloscopes, a considerable
improvement over the previous
+56%. But again, the user may well
find the true figure closer to £2%.
More Accurate Time Bases

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

|

I

.- —

o

‘

»-

2%

Telequipment 1000 Series
The choice iIs yours

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

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

Better Display

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

A Choice of Bandwidth

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

For further details send reply
coupon today.

Please send details of the
D1016A 3 D1010/D1011 3 |

Name

Position

Company

Address

|
|
|
Telephone [
I |
| Tektronix U.K. Ltd.
P.O.Box 69,
| Harpenden, Herts ALS 4UP
Telephone: Harpenden 63141 |
| Telex: 265569

T =

T;LEQmPMENTn

hradiohiestory com

WW — 063 FOR FURTHER DETAILS
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T" —— ’ ROCC H 2 U o
C L U R A L : 0 PR g D <
() ( ) “DEVI _PRICE | (DEVICE PRICE | IDEVICE PRICE
M ATR IX P ¥ " CPUs ‘1 Re R 74LS221 0.60
RINTER £895 +var. 6502 ass PoCOURRIONS  oeodl Zis2s - 039
o 18 | 5| ans o
o . . b 7905 i 2 0.79
¢t last a low-cost Colour Matrix Printer for go03 1180 | 7012 058 | 7aiSas3 079
a : 4 : 74L5244 0.79
ext, Graphics, Histograms, Colour VDU 8085A 550 | Mg 200 | 7415245 0.89
Dum ps etc Z80 CPU 4.00 1.8432 MHz 250 7415247 1.34
' . Z80A CPU 482 | 24576 MHe 225 | 74LS248 1.00
_ SUPPORT CHIPS 4 MHz 165 | 7415249 0,68
Colour printout is quickl ‘ g | oitoows 0| EEEL GE
. N 6522 495 i b
Gt Ic(>ur printout is quickly assimilated, 832 7% | +aoin 009 | 745287 044
6821 174 i : :
é‘lj es gr:':ldphlcs more understandable 6840 420 | o of3 | 745250 038
?:t' ols a? ideal medium for the presen- | cocsee sm | 2o i3 | s =
1 2 6862 6.91 in . i .
, no .complex dataor concepts. 6871A1T 1970 | 28 o 923 | - 7415279 0.34
. = o o | 85 il B
- o . ) / ! : 107 74LS SERIES : ;
Compatible with most micr oty ; i 080 | rasoo 011 | 7aiSaes 034
| Sur i : . 7415365 0.34
L Sy L stgprocessors, prints in 7 colours — sophisticated internal | e 17 | 245 011 | 74Ls366 034
5ot T - easy to use. , , ' | 245 | 7alSas 012 | Jaioaes e
0o ressabl 3 - ' I ‘ 8251 g5 || AL S04 013 | 7415373 074
characters in ror?w Ee1h5trus?r programmable characters, 96 ASCIl and 64 graphics B350 1% | e 013 | 7aisers 047
- Centronics interface with RS232 and IEEE488 options AY-3-1015 390 | 7430 Dl Tassn 989
| R Nels s | s sl e | B
The CX80 is a product of our own desi d - MC1aEe ves | a2 03 | 15350 oee
sents a British breakthrough i esign and development laboratories. It repre- MC14a11 oae | 7481 044 | MO8 40005 SERIES
! . - 74815 ; .
re OE AT ough in colour printer technology. Colour brochure on MC14a12 s | 14818 013 | - 4o 012
quest. OEM pricing available RO3 2310 770 | s ' 81
. RO-3-2513U 700 s R 0.13
o 400 | 741526 018 | 2005 o
4.00 D .
780 DMA lasz W Tns2 as [kayiond 0.55
Z80A DMA 999 | 74s30 pe 1 028
mont  Im lame m| t2
: N 3 -
NRDC-AMBISONIC | | men i Am o iR g o
' ¢ . 74,538 0.16 | 4014 058
’ 780 510-0 13.95 -
UH J — : HILOMAST P : 2805101 1395 | Jaroas i e ok
) 0 5, NROC - AMBISONS b ’ 80 S10-2 13.95 y -
SURROUND | ® wrostumon: | SYSTEMS b forsite  nm | 7 a2 | on
UN D v o Z80A §10-1 1395 | Jaro49 3 ooNT si0iB 058
. y = # Z80A S10-2 13.95 3 4019 029
0- 74LS51 014 | 4020 058
D E c o D E R : CRT CONTROLLERS 74LS54 0.15 | 4021 0.60
: 9364AP ’ 5.94 .74LS55 0.15 4022 0.62
The first ever kit specially produced by Integrex for th i 5366 29 | 7asrs oty Moz (3K
i e n i i ” y g
The unit is designed to decode not onIyyUngl;le,: v?rrt:;allT Bar:lug?hNR‘DC backed surround sound system vhich is the result of 7 years’ research by the Ambisoni 5 ; 6845 9.50 74LS75 g;z . 4024 0.38
Ehe decoder is linear throughout and does not rely on |i:lener f;:gﬂ;ad[opihomﬁ systems (Not CD4), including the new BBC HJ. 10 input selthions isonic team. W.W. July: Aug., 77, DATA CONVERTERS 74L576 0.20 28%2 g;g
omplete with mains power supply, wooden cabinet, panel, knobs, e(g ogic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output siynals are provided in this most versatile unit %“ggg 3'58 ?/:::ggg e 4027 030
C 1opS.BIe T o : & 3.0 0.50 .
omplete kit, including licence fee £67.70 + VAT or ready built and tested £76.85 + VAT " . : PN E U MAT' c %NZ%E 6.28 7%385 0.70 23%? ?22
‘ 4.78 74LS86 0.18 4033 1.60
ZN479E 210 | 74LS30 0.30 i
T E LE S C O Pl C ZN432 2809 | 74LS91 0.80 2833 82;-21
I N R D E R i MASTS %“ﬁg §§'2§ ;ﬁggg o Fa 4y
- Y R . 0.34 4042 054
-4y T U Mk 2 ADA ALARM ZN4SOE 761 | 74L595 0.44 i
i With H Offi T 2 1 . o R R R Batad%om{(ener = 74Lg109 0.25 Zgﬁ 822
BTG andboo %00, | 74LS112 0.25 i
ice Type approval : - Data converter ] 7418113 025 | 4048 by =
The original *"Wireless World’ 3 it 2P ‘Rimtsus 025 | 4047 . 0,68
ireless World'* pubtished Intruder 1 . . : BUFFERS 7 22 0.39 4 i
performance. The kit is even easier to build Th;int;rnahlaz-nsug?bel" f:? designed by Integrex to Incorporate several new features, along with improved BINsID i L e a0 43% ggg
or 12V battery operated. Disguised as a hard-backed book ible alarm turns off after approximately 40 seconds and the unit re-arms. 240V A 7415124 1.00 4050 0.30
e ed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for extefrfa’!“l:;ﬂ: [ ;ﬁg}gg 3§§ el o3
Complete kit £52.50 plus VAT, or ready built and tested - £68.5€ plus VAT 743138 3:45 g a5
. 4 - 28
74L5138 0.34 pres 1%
0.37
. RS _ 74L5145 075 | 4063 098
= . . ' Pneumatic and winch-operated telescopic masts and 74::2};3 0.90 4066 0.34
er I - 7. | towers. Vehicle, field and wall mountings available. S e erg] 1 o8z
ss or o I ) Many standard models ex-stock. {Low Power) 25+ 1. 745155 039 P e
r re u ‘ :e r 211aL300ns 1+ 1. et 038 | 4071 0.19
re 5 w lowe o g 40 X
ademark of Dolby Laboratories inc. T PR Pertornance . 1 ’ #oor A%‘g rrn, 74::8158 0.36 403% 3_}3
Nqisg reduction better than 9dB weighted. ‘2331(38 50 25 };g ;2@12{1) ggg 4075 0.17.
“ S . E:frggnrﬁclz\;l(e‘l %SdB above Dolby level (measured at 1% third 450ns es 2405162 039 ggg
o, A n 2 ¥ g
N . 3 . 2716 450ns 2.49 74L5163 0.39 0.24
. | Harmonic distortion 0.1% at Dolby level typicall ingle +5V/ 2.37 74Ls164 0.47 1
Sy B ; \ most of band, rising to 8 maximum Yo oo e oo 550 | 74LS165 0.99 015
fé%?ﬁﬁ?&?‘é‘i&(ﬁ““ 75dB (20Hz 10 20kHz, signal at Dolby level)” 2732 450ns 55’2:14 32t§}$§ 8:% g'gg
. 5.24 7415174 0.54 0.39
& Dynamic range > 4116 150ns 1.15 74L8175 0.54 0.23
complete kit PRICE: £49.95 ; T S 1.06 | 74LS181 1.30 039
b . . + VAT (3 head model available) 30mV sensitivity 4116 200ns 0.80 7415190 0.55 1.90
Also available ready built and tested ) Pri 5 072 7aL19 0.55 0.60
Calibrati i N K 4118200ns 3.90 Z&g}gg 0.69 . 0.49
- Calibration t i o : . k. H
ion tapes are available for open-reel use and for cassette (specify which) ........ Price £2.75 + VAT 6116 200ns 3:23 74L5194 3‘;’3 22‘9’
By it with Aot 2kx 8 . ;gtglgg 0.29 1.49
ol . it with Acvess 8264 200 ! 0.58 .
. All kits are carriage free P = Sakx1 I ZAL5197 0.65 54
. ;as': send S:b" for complete lists and specitications : . HlLOM AST LlM lTE D OFFICIAL ORDERS WELCOME QUANTITY DISCOUNTS AVAILABLE
ortwoo n d All prices exclude post and packin
I By Tndustnal Estate, Church Gresley, MIDWICH COMPUTER CO. LTD.  (50p on orders under £10) and VAT,
5 on-on-Trent, Staffs DE11 9PT THE STREET HEYBRIDGE — MALDON (Dept. WW) e SR AL ORDERS DESPATCHEDSI;JODRAYL(J)TF
q u -on- " HEWITT HOUSE, NORTHGAT ECEIPT WITH FULL REFUN
rton-on-Trent (0283) 215432 Telex 377106 TESISIEA>(AEBA(?N7(YEJ)%2E1N)G5 éA‘4N8% [ BURY ST Egl}nunr{sb%zﬁFOLKlPss 1HQ OF STOCK ITEMS IF REQUESTED
: : el. TELEPHONE: (0284) 7 3 ]
TELEX NO. 995855 'CREDIT CARD ORDERS WELCOME (ACCESS AND VISA) 24 HOUR TELEPHONE SERVICE
o WW — 018 FOR FURTHER DETAILS
WW — 020 FOR FURTHER DETAILS
WWW americamradiohietory com
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Jackson Music presents

),

2

. A/
MAMMOTH 3-DAY SALE:
N % OTH 3-DAY SALE:
.
Z

5

gl

L e

At the Sentry Box, The Production Village
100, Cricklewood Lane, London NW2.

lﬁ AT E”'

“'

: A

.. ‘ ‘h?./

(Off Finchley Road-3%2 miles from the West End—Easy Parking)

Sty | SOGEE &

#% RECORDING STUDIO EQUIPMENT
# FILM EQUIPMENT

% VIDEO EQUIPMENT

** MUSICAL INSTRUMENTS

When we announced the last Sale of the Century, we said it

couldn't happen again. Well, we were wrong!

By great public <_:1emand, we’ve put together another fabulous
collection of top quality used equipment from studios all over the UK.
The Production Village in Cricklewood will reverberate to the ’
sounds of the Bargain Basement, so come alon
best there is.

THESALEIS A 3-DAY EVENT ON 14th, 15th & 16th OCTOBER 1981, e
U " .

‘ 10 am.~6 p.m. DAILY.

-

AR IS e R
i Nearest Stations:

/r.

g and re-equip with the

‘ /

ALY . WIS Yh

‘Golgiers Green (Northern) Buses 245& 260
= Kilburn (Jubilee) Buses 16, 16a & 32
Willesden Green (Jubilee) Buses 260 & 266.

' For fuﬂ'details and payment terms, drop us a line to:
Jackson Music Group, The Studios, Rickmansworth,
] l Herts, England. Telephone 09237 72351 Telex 262284

o\

WW - 033 FOR FURTHER DETAILS
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firm for

Speakers

g EVERYTHING IN STOCK
FOR THE SPEAKER
CONSTRUCTOR!

BAF, LONG FIBRE WOQOL, FOAM,
CROSSOVERS, FELT PANELS, COM-
PONENTS. SPEAKER STANDS,
& BRACKETS, ETC.

LARGE SELECTION OF GRILLE
FABRICS. . '

(Send 30p in stamps for fabric
samples)

Hi-Fl (@ : LA
DRIVE PA GROUP & WILMSLOW SPEAKER
UNITS DISCOUNITS AUDIO KITS
HD12.9D2 £8.75 | ' PA Group Disco units
i £6.75 | .CELESTION G12/50TC... £1950 | K:Ts FOR MAGAZINE DESIGNS, ! T
AUDAX HD11P25EB! £7.50 | *CELESTION G12/80CE... .£2450 | efc i UNLESS OTHERWISE STATED
AUDAX HD20825H4 £14.95 | CELESTION G15/100CE. .£37.95 | Kits include drive units, crossovers,
AUDAX HD13D34H £12.95 | CELESTION G15/100TC. .£38.50 | BAF/long fibre wool, etc, for a pair of
COLES NIMBUS KiT.....ccooimmmnaanies £69.00
AUDAX HD24545C £21.95 CELESTION G18/200 . .£64.75 | speakers . {(mounted on baffle)
AUDAX WFR15S £23.95 | CELEST!ON G18/250. .£81.75 Carriage £3.95 DALESFORD ‘D’ KIT {including cabinet)
COLES 4001 . _£7.65 | FANE CLASSIC 10/100 £17.50 unless otherwise stated £69.95
COLES 3000 . "£7.65 | FANE CLASSIC 12/50. £15.75 | Prices per pair DALESFORD D (inciuding cabinets)
Pt (795 | FANE CLASSIC 15/100 £2575 | Everyday Electronics EET0 £139,90
C E2 £14.95 b veryday Electronics . i 1
e S R £13.60 | FANE CLASSIC 15/150 |£38550 | Everyday Electronics EE20. L IR0 s L LT 2
CELESTION HF2000 £13.60 | FANE CLASSIC 15/200 .£44.00 | HiFiAnswers Monitor o KEF Reference 104AB (carr. £5)... £133.00
DALESFORD D10 fe _£8.95 | FANE CLASSIC 18/200 £47.95 | Hi Fifor Pleasure Compact Monitor KEF Cantata kit £199.00
DALESFORD D30/110 £11.95 | FANE CLASSIC 18/250. £51.75 oo ; £116.f00 1S3 Micro Monitor . p
DALESFORD D50/153 £12.95 | FANE DISCO 100/2. .£28.75 | Hi Fi for Pleasure ECM inc. foam, fet LS3 Micro Monitor inc. cabinets etc
DALESFORD D50/153 £15.25 | FANE GUITAR 100L. .£26.76 | panels etc ... £77.50 £103.95
DALESFORD D50/200 £12.95 FANE GUITAR 100B . £27.50 | HiFi News State of the Art.. £205.00 LOWTHER PMS kit " £132.75
DALESFORD D50/200 £15.25 | FANEPA100.... ..£26.75 | HiFiNews Midiline. £119.75 LOWTHER PM6 MK 1 K £139.95
DALESFORD D100/250 £29.95 .| FANE BASS 100 .£39.00 | HiFi News Miniline . ... £49.00 LOWTHER PM7 kit....... Y
DALESFORD D300. £35.75 “FANE’STUPIO 12L,12B. ..£45.00 | HiFi News Tabor with J4 bass units RICHARD ALLAN TéngoTwin.. |
DECCA London Hor £89.95 | GAUSS 12" models .. £146.00 | ... : .£69.00 | RiCHARD ALLAN Maramba ......... £83.00
i . £8. GAUSS 15’ models £162.00 | Hi Fi News Tabor with H4 bass units RICHARD ALLAN Charisma £119.50
8.75 | GAUSS 18" models £220.00 73.50 | RICHARD ALLAN RAS.... £67.

150 | GOODMANS PP12.

 GOODMANS DI12..
© GOODMANS GR12.
GOODMANS HIFAX 50HX

Popular Hi Fi Boxer cabinets, pairﬂ1

Popular Hi Fi BOXer.......cusmivines £299.00
09.00 | RICHARD ALLAN RA82L kit
Popuiar Hi Fi Jordan System 1.... £120.00

RICHARD ALLAN RAB2 kit .
RICHARD ALLAN Super Sarabande l
..£169.95

GOODMANS HIFAX 100HX....... £24.50 | Popular Hi Fi Mini Monitor .......... £8400 | goiasss &
MCcKENZIE C12/100GP.. £24.45 | Practical Hi Fi PROSTL inc. fetl panels | SER8 225w .
McKENZ!E C12/1007C .. £24.45 | and level controls.... ... £156.75 SEAS 403 N
. McKENZIE C12/100 bass .. £24.45 | Practical Hi Fi BSC3. . £68.00 SEAS 603 1
X McKENZIE C12/125GP.. £3995 | wireless World T.L. KEF units..... £125.00 3EAS D|sco47 £167.50
" 7.76 | MCKENZIE C12/125TC . E3900 . SEAS Disco 47 cabinets, pair. Assem-
KEFDN13 SP1017.. . £6. McKENZIE C12/200 . Flat-pack cabinet kits are available for bied (carr. £15) , pair. £167.50
LOWTHER PMS.... £63.00 | McKENZIE GP15. £35.10 | LS3 micromonitor, BSC3, HFP compact |y /ARFFDALE DENTON XP2 kit... £31;
LOWTHER PMS'M £67.75 McKENZIE TC15 . £35.10 | monitor, EE20, EE70, Wharfdale E50, WHARFEDALE SHELTON XP2 kilt“ £40'40
LOWTHER PM7...... £99.00 | McKENZIE C15 bass.. £59.60 | E70, E9O (also E90 in Pro disco style). WHARFEDALE LINTON XP2 Kit..... £56.20
PEERLESS KO10DT.. £1150 | MCKENZIE C15/200 £63.25 ) | WHARFEDALE L60 kit .. £52.50
PEERLESS DT10HFC £10.95 | McKENZIE C10/100... £2250 | Wilmsiow Audio BA1 sub bass ampli- WHARFEDALE L8O kit ¥ i
PEERLESS KQ40MRF £14.75 | MOTOROLA PIEZO HORN 3%%"' ...... £4.50 | fier/crossover kit £37.95 plus £1 carriage. WHARFEDALE L100 kit
RICHARD ALLAN CG8 25 || MOTOROLA PIEZO HORN 2" x 6" £8.75 . WHARFEDALE E50 kit a3
RICHARD ALLAN CG12 X | RCFL12P24 4 All prices include VAT at 15% and are WHARFEDALE E70 kit
RICHARD ALLAN HP12B. £35.75 | RCFL12P11C £82.75 | correctat 1.6.81. WHARFEDALE E90 kit
RICHARD ALLAN DT20 RCF L15P03. £68.95 1
RICHARD ALLAN DT30 | REF L15P/100A ggggo CARRIAGE & INSURANCE , WILMSLOW AUDIO WESO0. Total kit —
REpuapE 107 e L £8775]  Tweeters/Crossovers 70p each |i Wharfdale ESO kit pius WESO flat-pack
gﬁlA\CKr\zllurseEr?u:ilts RGF TW25 £21.95 | Speskers cabinet kit including ;ﬁfle); ggrt trnm{s,
SHACKMAN ES units wi RCF TW105.. £18.75 | 4" to6'%".. ... 90p each ;Ct‘)tusgc vyadldmt% gritle fabric, nuts,
i£170 pair | RCF H2010{lare. £8.75 | 871010 ... '£1.10 each o e e Carindl
TANNQY DC386 ... . £199.00 | RCFH4823 flare. £32.50 12":. 13" x8 £2.00 each 5 3
TANNOY D316 £159.00 | RICHARD ALLANHDS, HD8T ....... £21.25 | 157.. £3.0088ch |\ MSLOW AUDIO WET70. Total kit as
TANNOY DC296 £118.00 | RICHARD ALLAN HD10HD10T....£2295 | 18".. £5.00 each above but with E7 £220 ai} Carriage £8
VOLT B250 ....... £58.00 g:gmgg 2&2“ ng:gp ......... meaig; leg: = g.gg S::: WUMSLOW AUDIO W0, Total Mt as
super b o ... £3. ! !
¥SH 13220ABR £32:00 RICHARD ALLAN HD15.... # s unless otherwise stated 311’3” but with ES(} £330 pair. Carriage
VOLT 8" ABR. RICHARD ALLAN Atlas ... WILMSLOW AUDIO WESO. Total kit —

SWIFT

OF WILMISLOW
The firm for Hi-Fi

5 Swan Street
Wilmslow, Cheshire_

Building speakers is easy
with the new
WILMSLOW AUDIO FLAT
PACK CABINET KITS!

Wharfdale ES0 kit plus WESO flatpack
cabinet kit including reflex port rims,
acoustic wadding grille fabric, heavy
duty handles, castors with brakes,
protective corners, black vynide cabinet
| covering, input panels, protective fuses,

ALL PRICES INCLUDE VAT @ at15%
and are correct at 1/7/81

Send 50p for our 80 page catalogue — (or price list only free of

charge) packed with pictures and specifications of speakers, kits,

cabinets, crossovers, mics, amps, mixers, grilles, effects etc. Ex-
. port catalogue £1 or $3 US.

Tel: 0625 529599 for speaker drive units, kits, PA equipment, mail

order enquiries, and all export enquiries.

. Tel: 0625 526213 for Hi-Fi equipment and complete

speaker enquiries.

| Lightning service on telephoned credit card orders! M

nuts, bolts etc. An ideal high quality
disco speaker for amplifiers up to 150
watts {disco} or 200 watts (domestic Hi
Fi} £187 each. Carriage £8. Or £369 pair.
Carriage £10.

L@ WILMSLOW
AUBIN

L The firm for Speakers

35/39 Church Street
Wilmslow, Cheshire

AAAAR americarﬂradiohistorv ocom
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SOUND INVESTMENT

Replacement tape heads from-Monolith could mean a big
improvement in sound quality from your tape recorder. A full
catalogue is available, price 50p, which features a wide
range of heads for cassette and reel to reel machines, as
well as replacement motors, tape transports, etc.

Universal cassette heads to EIAJ standard, hole centres
17mm apart, 12mm from head face:

B812-02 -Mono record/ptayback £ 462
B24-01 Stereo playback € 462
B24-02 Stereo r/p £ 7.66 !
B24-07 Stereo 1/p for Dolby systems € 9.05 :
C42RPH20  Stereo r/p sendust head, suitable for chrome &

metal tapes £10.67
C42RPHO4  Stereo rip glass ferrite, the ultimate long life,

high performance head 2 £€13.34
C42RPS18  Stereo twin gap r/p long life head for record

monitoring - £28.99
C21ES18 Mono/Stereo erase head € 213
C44RPHO3  Four channelitrack r/p £15.15
C22ES04 Twin half track erase £ 543

Ex stock deliveries, all prices include VAT. Post and packing 40p. |

MONOLITH

electronic products

The Monolith Electronics Co. Ltd., 5/7 Church Street,
Crewkerne, Somerset TA18 7HR. Tel: 0460 74321. Telex:

46306 MONLTH G.

Tony Chapman Electronics Limited

WIRELESS WORLD OCTOBER 1981

Model 1000-A Wattmeter

80a, High Street, Epping, Essex CM16 4AE

Cotsvvold Electronlcs

Tor0|dal Power Transformers

Budget 1ange for thedmdteurdnd Oro: fessiondl

MEASURES R.F. POWER IN
50 OHM CO-AX CABLES AND
TRANSMISSION LINES, 1 to
5000 watts FROM 2MHz to
1000MHz DEPENDANT ON
PLUG-IN.

For more infarmation on these
and other RF products:—

LOADS-COUPLERS &
SWITCHES

Telephone: Epping (STD 0378) 76138 - 9 Cable: Chaptron, Epping Telex: 817363

\

Secandary , Secondary
Volits Cum!ntl I'Jimensiops Weight ] Volts | Current [ Dimensions  [Weight
*Type VA | RMS | RMS | Dia. | Height Kg | Price Type VA | RMS | RMS | Dia. I Height { Kg | Price
C1000 . 30 | 6+6 | 250 |70mm { 30mm | 045 C1030 | 160 {18+18 | 4.44 [108mm } 42mm | 15 )
C1001 | 30 | 9+9 | 167 |70mm | Bmm | 045 |£455 C1031 | 160 |22+22¢{ 354 |108mm | 42mm | 15 | £8.4D
C1002 | 30 [12+12 [ 125 |70mm | 3mm | 045 C1082 | 160 [25+25 3.20 {108mm | 42mm | 15
Cl003 { 30 [15+15 | 1.00 |70mm | 30mm | 045 [(+£L.10 pp. 01033 | 160 |30+30 [ 267 | 108mm |42mm | 15 [ {+ £173 pp.
Cl064 | 30 |18+18 | 083 |70mm | 30mm | 045 + (.84 VAT C1034 { 160 |35+35( 229 { 108mm |42mm | 15 + £152 VAT
C1005 | 30 [22+22 | 068 |70mm | 0mm | 045 C1035 | 160 | 110 146 [ 108mm | 42mm | 15
CI006 | 30 (%425 { 080 [ %0mm | 20mm | 048 C10% | 180 | 20 | 679 | 108mm | 2m | 15
c1007 | 30 [30+30 | 050 Zﬂmm 3mm | 045 C1037 | 160 | 240 067 1| 108mm | 42mm | 15
Cl010 | 60 | 9+9 | 333 |87mm | 33mm | 0.75 C1040 | 230 (25+25| 460 | 115mm | 50
L1011 ¢ 60 [12412 | 250 § 8Imm | 3mm | 075 | £486 Clo41 | 230 {30+30 3:83 Hﬁm: 50::: Zlg fi0.20
Cl012 | 60 {15+15 | 2.00 | 87mm | 33mm | 0.75 Cl042 | 230 |35+35| 3.28 | 115mm | %0mm 2.2 .
CI13 | 60 {18+18 | 167 | 87mm [ Bmm | 075 [{+£143 pp. f C1043 | 230 {40+40| 288 [ 115mm | 50mm z:z I+ £1.73 pp.
Cl014 | 60 [22+422 | 1.36 {87mm | 33mm | 075 | « 093 VAD ¢ C104 | 230 | 110 | 209 | 115mm | 50mm | 22 + £1.79 VAT
Cl15 | 60 |25+25 [ 1.20 | 67mm | 3B3mm | 0.75 " CMs | 20| 2 105 | 115mm | 50mm | 22 . i
C1016 | 60 |30+30 | 1.00 | 87mm | 33mm | 075 Clods | 230 | 240 096 | 115mm | 50mm 2.1
cor | 6 | ne |05 |o%om| 3mm | 0% : -
ciot8 | 60 | 220 ] 027 |87mm 3mm | 075 s.up‘:)l ;J:‘«;gf’lwrahr:g: of Iorondal wensfqrmn;rfs :;'oomm:she peopie backed by 259':::: ’3:‘1 expleglenci C1050 | 330 |25+25} 660 | 130mm| 52mm | 28
CI019 ! 60 1 240 | 0.25 ) 87mm | 33mm | 075 d from highest grades of grain oriented sikicon steet to give :)?mncon at CIDST | 330 | 30| 650 | 130mm | 52mm | 28 | £1190
00 | 00| 12012 | 477 1 68 o o high fiux density with very low iron losses resulting in high efficiency. ® A reduction of up to haft ~ C1052 [ 330 ]36+36| 471 | 130mm | 52mm | 28
g mm | &dmm [ 1. the weight and volume and radiated field as fow as one tenth when compared with laminated Cl053 | 330 [40+40| 413" | 130mm | 52mm | 28 | (+ £190 pyp.
C1021 | 100 (15+15 | 3.33 | 88mm | 40mm | 1.00 | £5.70 ® Each supplwd with fixing kit and technical information sheet.  C1054 | 330 | 45+45] 367 | 130mm/| S2om | 28 + £2.07 VAD)
C1022 | 100 [ 18+18 | 278 | BBmm | 40mm | 100 e o B L | e SOIE Ny ST mm s oammy CI0S5] 330 ) 10 | 360 | 130mm | S2mm | 28
Cl023 | 100 | 22422 | 227 | 86mm| 40mm | 100 | i+ £143 pp. 1 Catswod Efctronis 1d Chef GLSt 9NX i coss | 3] 20 | 150 | 130mm | 52mm | 28
C1024 | 100 } 25+25 { 200 | 88mm{ 40mm | 100 + £1.07 vAD Type Mains Voltage Secondary Volts VA Cl057 2 !
C1025 | 100 } 30+30 | 167 [ 88mm| 40mm | 100 o I il 121 Dnnlie S0
C1026 1 100 110 | 097 { B8mm| 40mm [ 1.00 1 FREEPOSTIUK onfy: _ C1060 304307 883 | 145mm| S0mm | 38
Cloz7 | 100 220 046 | 88mm| 40mm { 100 We pay postage on § C1061 | 530 35+35| 757 | 146mm 60mm | 38 | £1560
ooz | 10t 20 1042 | 88om | agmm | 100 1 enciose chegue L] 0. [ Money order ) o s nd 0 G182 | 50| 40440 682 | 14bom | GO | 35
C1063 | 530 | 45+45| 589 | 145mm| &0m KE:] .05 p.p.
NTE A tvipe; normally supplied with 240 V primary 110 V, 220 V or mherl & d No. 1 o [TTTTT] ] mfxgﬁ 3: ctlmvr{ncs' C1664 § 530 50150 5. u_r,m: Sﬂmv': 18 (Ztiz.sap;;m
voltage supplied on request. I Name Ltd FREEPOST, J CI065 | §30{ 1t0 | 482 | 145mm| 60mm | 38
24 hour ‘answering serivee: You-may telephone your order thrcmgl[oui 24 hoursl Address Mtenham Glos. | CI066 | 5301 220 | 241 | W5mm| Gomm | 38
quoting your Access or Barclaycard number. Phone number 0242-4131 THeroe Postal Code GL51 1BR C1067 | 530 20 2211 M5mm| 60mm | 38
\ || Telephane No, (No stamp required) 1 tswold B ttd., Cheitenhiam GLST 9NX

WW — 064 FOR FURTHER DETAILS

—— RO

The SSG520 10 to 520MHz
synthesized signal generator is flexible enough
to meet your need

REMOTE PROGRAMMING _
This option simplifies remote control of all major functions

IEEE488 INTERFACE
Add-on module for low cost microcomputer controlied A.TE. Switching module-and other
|IEEE488 accessories available

TRANSMITTER TESTING
Compatible with TTS520 transmitter test set for complete testing of base stations, mobile or fixed
radios up to 100 watts rating, pocketphones, pagers, etc.

oo FARNELL INSTRUMENTS LIMITED

SANDBECK WAY - WETHERBY
WW — 008 FOR FURTHER DETAILS

Send for eur
comprehensive folder
of rf. test equipment
NOW!

WEST YORKSHIRE LS22 4DH
TEL. {(0937) 61961 - TELEX 557294
0OR HARPENDEN - TEL. (05827) 69071
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& Three £1.00 Vouchers
inside

- OUT NOW!

' AMBIT’S NEW CATALOGUE

In an attempt to collate and organize our burgeoning ranges
of ‘stock’ components (now over 7000 line items), we have
at last produced a ‘concise’ 80 page parts catalogue to.
supplement the popular ‘Tecknowledgey’ series of ‘wordy’
applications catalogues, which now lists a wide range of basic
components - as well as our unique RF and Communications
components. The World of Radio and Electronics contains
everything the informed electronics user needs, at prices
which we guarantee will match the lowest on the market for
equivalent product.

Prices appear on the page alongside the part numbers, and
the catalogue is now updated quarterly - available either
direct from here (60p all inc) or at most newsagents and
bookstalls where you can find electronics publications. So
as well as all the ‘run-of-mill’ items like resistors, capacitors
hardware, solder etc - you now have the first genuinely
complete parts source for the radio, communication, elec-
tronics, computer user. .

il

Ambit International
200, North Service Road,

Brentwood,
Essex CM14 4SG

WW — 070 FOR FURTHER DETAILS

ABACUS
ARTA 800

Use the ARTA 600 third-octave audio analyser
adaptor and an oscilloscope to display the real-time
intensity and spectral distribution of sounds. /

The internal pink noise generator enables the 4
electrical or electro-acoustic frequency response of
systems to be accurately and rapidly determined.

£595 plus VAT

Abacus Electrics 10 Barley Mow Passage, London W4 4PH England

Telephone: London 01-994 6477 Telex 8811418

WW - 067 FOR FURTHER DETAILS

e o TR, e L R
METALFILM RESISTORS o 12 = 12
0
1% Tolerance, VaWatt = 2% s 1 o
[ el ‘ re 180R 1«8 18k 180k
00R 2K 20k 200k
220R 2k2 22k 220k
usiea ™ L
330R 3Kk3 33k 330K
36CR 3k6 .38k" -
390R- 3k9 39k -
430R k3 43k -
470R 4K7 47k 470k
510R Bkl 51k
560R 5k6 56k 560k
620R Bk2 62k -
B680R 6k8 68k 680k
. B 750R k5 75k .
i L T L g
ONLY 3p EACH Special Offer: 5 PCS of EACH {445 RESIS-
Minimum order £10 TORS) ONLY £11.50.
Minimum 5 pcs per value High Quality High Stability, Huge
89 Values (E24) Strength. - X
VAT inclusive. Add £1.00 p&p all areas.
‘ORION SCIENTIFIC PRODUCTS LTD.
4 Golden Square, London, W.1

b WW 032 FOR FURT
Britain’sNo.1 magazine
for the radio enthusiast

From the June issue, Practical Wireless becomes an
“all radio’’ magazine, covering all the techniques and
applications of radio, including licensed amateur radio,
short-wave listening, DX (long-distance) broadcast
listening and viewing, radio control, etc., plus the latest
developments on the CB scene.

ETAILS =
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LCD DIGITAL
MULTIMETERS

WHILE STOCKS LAST!
MODEL 6110

31, Digit LCD featuring 23 ranges
with volts/ohms autorange, unit
and sign indicators, 10 amp AC/DC,
battery warning, low power chms
ranges. Range hold and continuity
buzzer. Fuse protected. Resolution
0.1mV DC, 1mV AC, 10 microamp,
0.1ohms. Supplied with battery and
leads.

Fitted top quality rotary switch.

Was £85.95 as advertised by us

Now £59.95 post paid.

®m LIMITED OFFERS plus free carry case.
WHILST STOCKS LAST RANGES

® ORDER BY POST OR '
AC/DC Current-20mA/200mA/10 amp
PHONE INWITH DC Voltage (auto)-200mV/2V/
BARCLAY - VISA - 20V/200V//1000V. oty
- ACCESS - TRUST AC Voltage-2V/20V/2 .
cigps Resistance (auto)-200/2K/20K/
: 200K/2000K ohm.

ALSO AVAILABLE MODEL 6220 -
As 6110 but without range hold and continuity buzzer.
Only two AC/DC 200mA/10 amp ranges i.e. 22 ranges.

1

|

Was £55.95. Now £42 .95 post paid.
Cubegate

29

Self

LEARNING Instruction
Courses

Microcomputers are coming - ride the
wave! Learn to program. -
Millions of jobs are threatened but
millions will be created. Learn
BASIC - the language of the small com-
puter and the most easy-to-learn com-
puter language in widespread use. Teach
yourself with a course which takes you
from complete ignorance step-by-step to |
real proficiency, with a unique style of
graded hints. In" 60 straightforward

CAMBRIDGE

lessons you will learn the five essentials of 2o | ) Computer
programming: problem definition, ::";2::}'&‘;,‘2’,
flowcharting, coding the program, £10.50

debugging, and clear documentation

BOOK ‘1 Computers and what they do well; READ, DATA, PRINT, powers, brackets,
variable names; LET; errors; coding simple programs. BOOK 2 High and low level languages;
flowcharting; functions; REM and documentation; INPUT, IF....THEN, GO TO; lmitations of
computers, problem definition. BOOK 3 Compilers and interpreters; loops, FOR....NEXT,
RESTORE; debugging; arrays; bubble sorting; TAB BOOK 4 Advanced BASIC; subroutines;
strings; files; complex programming; examples; glossary. -

Aiso THE BASIC HANDBOOK (BHB) £14.50. An encyclopaedic
guide to the major BASIC dialects. A must if you use other
peoples’ programs. New completely revised edition.

and: ALGORITHM WRITER'S GUIDE (AWG) £4.00 Communicate
by flow chart! Learn to use Yes/No questions for: procedures, system
design, safety, legislation etc.

AUDIO ELECTRONICS ;"

OPEN SIX DAYS A WEEK @ CALL IN AND SEE FOR YOURSELF
301 EDGWARE ROAD, LONDON, W2 1BN, ENGLAND. TEL 01-724 3564

ot o]
ALSO AT HENRYS RADIO, 404 /406 EDGWARE ROAD, LONDONW2

WW — 040 FOR FURTHER DETAILS

SAFGAN DT-400 Series
BRITISH MAKE
DUAL TB_AE 'SCOPES

DT-415 15MHz
* External Trigger

DT-410,10 MHz | DT-420 20MHz

Jc CH1, CH2:Smvfdiv— 20vidiv,

J Time Base: 1 sec/div—100ns/div. % Z-Modulation.

% XY Facility: Matched XY inputs. % CAL output 1v 1kHz.

% Trigger: Level contral, = Slope J Graticule blue ruled 8x10 div. (4in. CRTI.
selection. ¥ Size: H215mm, W165mm, D280mm.

Y Auto, Normal, TV Triggering. % Weight: 4kg.

_ PROBE (XI-REF-X10) £10.50
SAFGAN ELECTRONICS LTD.

24 GUILDFORD ROAD, WOKING, SURREY TEL. WOKING (04862} 69560
e Carriage: England & Wales £6.50 + V.AT.; Scotland £9.50 + V.A.T.
F\ N London Stockist: Audio Electronics -Tel: 017243564
North-West Stockist: Darom Supplies, Warangtan. Ches. - Tel: Warrington 64764
g Avon Stockist: L F. Henney, Bath. - Tel: Bath 24811
Cardiff Stackist: Steve’s Electronics Supply Co., Cardiff - Tel: (0222) 41305
C rfistd Stockist: Kays Ch - Tel: (0246) 31696
Newcastie Stockist: Aitken Bros & Co., Newcaste - Tel: 0632 26723
Birmingham Stackist; P.A.T.H. Electronic Services - Tel: 021-327 2339
Derby Stockist: RTS, Cerby - Tet' [0332) 41235

WW — 062 FOR FURTHER DETAILS
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Understand Digital Pone et =
Electronics _ Design of
Written for the student or enthusiast, this Digital Systems
course is packed with information, Book 1
diagrams, and questions designed to lead
you step-by-step through number
systems and Boolean algebra to
memories, counters, and simple
arithmetic circuits; and finally to an
understanding of the design and opera-

tion of calculators and computers
BOOK 1 Decimal/ Octal, hexadecimal, and binary number systems and conversion between
number systems,; negative numbers; complementary systems. BOOK 2 OR and AND func-
tions; multiple-input gates; truth tables; De Morgan’s Laws, canonical forms; logic conven- |
tions; Karnaugh mapping; three-state and wired /ogic. BOOK 3 Half, full, serial, and paraliel
adders; subtraction; processors and ALU's; muitiplication and division. BOOK 4 fiip flops;
shift registers; asynchrenous, synchronous, ring, Johnson, and exclusive-OR feedback
counters; ROMS and RAMS. BOOK § Structure of calculators; keyboard encoding;
decoding display-data; register systems; control urit; PROM; address de-coding. BOOK &

- CPU; memory organisation character representation; program storage; address modes; in-
put/output systems; program interrupts; interrupt priorities; programming, assemblers; com-
puters; executive programs; operating systems

| Design of
Digital
Systems
(DDS) £14

DIGITAL COMPUTER LOGIC & ELECTRONICS (DCL) £8.50

A course covering the material in italics above, but at a slower pace.

(4 vols)
GUARANTEE — No risk to you. If you are not completely satisfied your money

will be refunded without question, on return of the books in good condition.
CAMBRIDGE LEARNING LIMITED, UNIT 38, RIVERMILL SITE, FREEPOST, St. IVES,

: PR LINEIN G DO N 7 e e o
PLEASE SEND ME:—  CPB {£10.50)
BHB {£14.50) ]
. AWG {€4) Quantity
DDS (E14)
bcL (£8.50)

FOUR WAYS TO PAY:
1} A U.K. cheque or a U.K. postal order {Not Eire or overseas})

2) A bank draft, in stering on a London bank {available at any major bank) :

3} Please charge my Access/M.ChD Barclay/TrustC/Visa h Am. Exp.D DinersD
4) Or phone us with these credit card detaits - 0480 67446 (ansaphone) 24 hour service.

E ,(piry date.

Card No. 2 : Signed
THESE PRICES COVER THE COST OF SURFACE MAIL WORLOWIDE. AIRMAIL:

Please ask for prepayment invoice

Cambridge Learning Limited, Unit 38, Rivermill Site, FREEPOST, St. Ives, Huntingdon,
Cambs PE17 4BR England. U.K. Delivery: up to 28 days

Reg. in Eng. No. 1328762

WW — 061 FOR FURTHER DETAILS
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PHILIPS SCOOPS THE HONOURS WITH
A NEW CONCEPT IN DIGITAL INSTRUMENTS

&, MEASU

2 CENTRE

FOR SERVICES TO
'MEASUREMENT

Philips amazing new Digital
Measurement Centre is so much
more than an ordinary 4'2-digit
autoranging instrument. Just look at
all these quantities which the
calculating power of its
microcomputer allows the DMC to
measure:

% Volts, current and resistance

% Frequency

% Time

% dB (and relative dB)

% Peak voltage

% Relative reference

% Temperature

Y% Diode forward volt drop

In addition, it's got 5% longer
ranges than usual, compensated
current measurements and self-test
and calibration.

ANALYSER WITH DISASSEMBLY

PM 3543 logic analyser:

% Disassembly option for a large
list of popular microprocessors
—~Costs less than a single
personality module from other
manufacturers.

% Logic analyser with option
package covering 14 micro-
processors and RS 232
interface costs less than

£4,000. |IEEE interface also -
available.

* quhisticated nested triggering
with additional clock and trigger
qualifiers.

% Interactive 35 MHz oscilloscope.

For a free eight-page colour leaflet
:about the DMC, circle Reader
inquiry number 220

PHILIPS ;l'est & Measuring

nstruments
Reader inquiry number 221 for a
colour brochure.

'0SCILLOSCOPE

, % Digital delay of —9 to 9999

WIRELESS WORLD OCTOBER 1981

NEW

IS A DIGITAL
WONDER

Philips PM 3310 60 MHz digital
storage oscilloscope has
capabilities extending way beyond
traditional limits — and those of
competitive instruments. Here's - % Roll mode up to 60 mm/division
why. % Display of stored signal
% Four memories (each 256x256) parameters
Y% 50 MHz sampling rate % Plot-out facility as standard
% Timebase of 60 minutes to Y |EEE/IEC bus compatible

5 ns/division

1/ 10 OFFER

The instruments showri in this
advertisement are a small selection
from the wide Philips Test and
Measuring range.

Circle the inquiry card numbers,
listed below, to receive
information about relevant
product groups.

Alternatively, 'phone Cambridge
(0223) 358866 and speak to our
Commercial Office on extensmns
145 or 148.

NEW COUNTERS ALSO MAKE I/L_—

M 0 RE 0 PM 6670 family of reciprocal

universal frequency counters:
Y 120 MHz, 550 MHz or 1.5 GHz

Reader inquiry number 222 for a

divisions. colour brochure.

FROMPHILIPS i TESTE MEASURING INSTRUMENTS

TH E M I CRO high resolution computing inquiry No
. BT PM 2521 digital measureme¥1t l

) ¢ Unlque “counﬁer on a chip” it 290

design and microprocessor Logic analysers 291

control for maximum reliability
% Reciprocal counting at low

frequencies eliminates =1 cycle

error. Automatic switchover to

PM 3310 digital storage

PM 6670 counter family 223
25/35 MHz oscilloscopes 224

ﬁgnh‘ﬁzt'ona' geuptipoyt 100 MHz oscilloscopes 225
% Continuously variable Rulssidanerators 208
measuring time with displa ALrinsiinients; ' i
e 9 pay Multimeters 228
- . : : Counters range 229
* Elrjrpc)jpr)-rfézgigunggenng withnoise g ecorders 230
) : Philips Microcomputer
Choice of timebase crystal
X oscillators to match ; Devglopmen_t Syston: o
applications and budgets ::r(\illi?:: zgu‘i,:::gnt 239
¥ Facilities for cw, burst, multiple Power supplies
burst, frequency average and - and stabilizers 233

arming
% Interface options include IEEE
488/IEC 625 bus, talker/listener
% May be operated from internal
battery option, mains or 11.8 to
28VvDC

Reader inquiry number 223 for a
colour{eaflet

Pye Unicam Ltd,

Philips Electronic Instruments Dept,
York Street, Cambridge CB1 2PX
Tel (0223) 358866 Telex 817331

PHILIPS

WwWWwW americankadiohietory rom

MUCH MORE

oscilloscope 222

3
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The Sound of the Professionals

SSHURE §

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

ey,
SIVII85]
RBROMECH,
SOUIND)

brings a new dimension
to a hand-held
condenser microphone

This new high technology Shure microphone will change
the way people think of condenser microphones. The
SM8S5 is designed especially for on-stage, hand-held use.
Its sound is unique—far more tailored to the special needs
of the vocalist: sizzling highs and a shaped mid-range for
superb vocal reproduction, and a gentle bass rotloff that
minimizes handling noise and "boominess” associated
with close-up use. Ultra-low distortion electronics make the
SM85 highly immune to stray hum fields. An integral, dual-
density foam windscreen provides built-in pop protection.

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

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

SM8S

Cardioid Condenser
Hand-Held
Professional Microphone

‘WW - 057 FOR FURTHER DETAILS
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Interfacing microprocessors HEE
M 513 H 5
Design, operation and application of a ““universal” interface board g 2 |, 3ES : Ty B BT ) | | fama T Py, |

by J. D. Ferguson, B.Sc., M.Sc., M.Inst.P., J. Stewart, and P. Williams, B.Sc., Ph.D., M.Inst.P.
Microelectronics Educational Development Centre; Paisley College of Technology.

By using a range of practical circuits,
this series of articles explains how to
interface microprocessors to other
electronic and electromechanical
systems. The emphasis throughout is
on providing economical solutions for
educational and industrial
applications, rather than achieving
the ultimate performance. Part one
describes a “universal’’ interface
board which is directly compatible
with the 6502, and later articles
describe hardware and software
modifications for other
microprocessors. A range of extra
funtions which do not need to be
connected to the address or data bus
will also be described later in the
series.

Fig. 1. Basic interface system which uses
three main i.cs to provide a range of
functions. Further circuits which do not
need to be connected to the address or
data bus can be easily added on daughter
boards.

Acorn system bus

Most people interested in or involved with
microprocessors now realise that there is a
gap between a microprocessor and its ap-
plication. This is an inevitable result of the
different aims and skills of the partici-
pants. The electronics engineer concen-
trates on the circuits, the architecture and
the bus structure, but to the user these are
almost irrelevant. A mechanical engineer
may know the functions that the micropro-
cessor should perform, but cannot connect
the device to the hardware it must control.
A strain-gauge speaks in millivolts, but a
microprocessor listens in bytes and sends
out binary data. For each problem there
are solutions, although they are sometimes
difficult and costly or involve additional
work by the user.

When designing an interface the most
important and difficult decisions to make
are which microprocessors/mi-
crocomputers should the interface be
directly compatible with, how many others
could be adapted, and the bus structure
and board format to meet these require-
ments. The board and bus structure are
closely linked and may constrain the

choice of microprocessor. For example,
the §100 bus supports the 8080/Z80 family
but boards have been designed for the
6800 family. However, the large board size
and mixed power supplies make the S100
an unsuitable format. The high cost of
Multibus and other industrial standards
makes them inappropriate for educational
use.

An economical and standard board is the
Eurocard which is widely available and can
be mounted in standard racks. The Acorn’
bus structure, which was chosen, enables
the interface to be directly used with a low
cost unit, a rack-mounted system, or the
new BBC computer. However, with suit-
able interconnecting cables, the interface is
equally compatible with the Aim 65, Apple
and Pet, ] i

The choice of functions is a compromise
between the desirable and the econo-
mically feasible. The final design includes
digital-to-analogue conversion, analogue-
to-digital conversion with 16 input chan-
nels, 16 line i/o ports, 8 output drivers, 2
counter-timers, serial i/o0 and handshaking
lines. . As many microcomputers and
microprocessor boards already offer a few
functions, the corresponding i.cs can be
omitted on the interface without affecting

PET
134K ram. 14Krom}

monifor

ilo

Basic

8800
£800

APPLE 11
(48K ram. 12K ro.m.)
keyboard etc.
onitor

9000
FB800 p*

ACORN ATOM
{1&K ram. 12K rom.)

| Switches |

I[ndicators

keyboard, printer
Besii

f-p. Busic etc,
monitor

ilo

the remaining functions.
The parallel /o ports, handshaking,

A B

counter-timer and serial i/o are all achieved
with a 6522 v.i.a. (versatile interface
adapter) whose programming can be as
complex as the c.p.u. if all possible func-

3000

0400
9800

l Link

Address
decode

tions are considered. However, by starting
with the parallel ports and gradually in-
cluding the other options, programming
can be kept manageable. The d-to-a
converter is based on a ZN425 which, with
extra gating, can be used as an a-to-d
converter. To increase the d-to-a flexibil-
ity, the parallel ports can gate the d-to-a

2 parallel ports

e V10,6572 [

ACORN SYSTEM 3/4
(8BKram 4Krom.)
4 phﬁés 0A,0C, 0D free

output to a series of sample-and-hold cir-
cuits. Although this technique slows down
the response, it is satisfactory where, for
example, multiple analogue outputs are
required to drive electromechanical loads.
An important part of the interface is the

atod
| aDC 0817

16 analogue inputs

ADCB8017 16-channel successive approxi-
mation a-to-d converter. This device con-
tains internal switching and gating which
allows it to be connected directly to the
address and data lines of most 8-bit
microprocessors. Although the 8017 is not
particularly fast, the ability to scan 16 anal-

dfoa
ZN425E

& Analogue output

AIM 65
{tKram 20K rom.)
keyboard, displuy,
printer, tape, teletype

ogue channels and load the data into

memory with simple hardware and soft-
ware makes it an ideal device for data-

0000
1000
2000 |-
3000 p—
4000 f—
5000 |-
6000 |—
7000 f=
8000 }—
9000 |~
A000
B00O
€000
5000

wanw americafeadiohistorv-com <

Fig. 2. Memory maps of the popular 6502 based microcomputers and an 8085 system.
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Block select Page select Paosition in page
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logging systems. To complete the in-
terface, output drivers are provided for
switching l.e.ds and opto-coupled devices
such as transistors and thyristors. C.m.o.s.
- logic is used for the output drivers to
prevent loading port B which can then be
used with external signals. If the l.e.ds on
the board are used, and the interface is
plugged into a suitable microprocessor
system, no additional connections are re-
quired to run and test i/o programs. Also,
by linking the d-to-a output and a-to-d
input lines, both functions can be tested at
the same time. Although these points may
seem trivial to the experienced user,
simple demonstrations have proved to be
valuable for beginners. Extensions to this
board could include opto-coupled
switches, power control devices, signal
conditioning, e.p.r.o.m. programming
and microprocessor communication.
These options, which will be covered later
in the series, are not necessarily connected
to the address or data bus and can
therefore be added on a daughter board or
via a socket on the original board. In each
case a circuit will be described, which can
plug into one or more of the popular
microprocessors, together with details of
how "it can be modified to suit other
systems.

The arrangement of the three main com-
ponents in the basic interface is shown in
Fig. 1. Each device is connected to the
control and data bus, and 'is memory
mapped by the address decode circuit. The
v.i.a. and a-to-d converter each require
sixteen memory locations for their internal

registers and input channels respectively,
and each location is selected using the four
least-significant address lines A0 to A3.
The single channel d-to-a converter re-
quires only one location. :
Sets of switches and l.e.ds are linked to
the v.i.a. so that external loads can be
driven and sensors monitored to allow i/o
simulation while developing programs.
The 6522 has several other capabilities
which will be covered in a later article.

Memory maps and address
allocation

Each component in a computer system
must have one or more memory addresses
assigned to it, and the designer allocates
memory space according to the compo-
nents importance or convenience, With a
memory space of 64K bytes it might seem
simple, but as a system expands more and
more memory space is pre-empted. To
ensure that this interface or other new
board can be used with different systems,
the memory maps must be compared to
identify their unused areas. Fig. 2 shows
the memory maps of several standard 6502
systems and a typical 8085 arrangement for
comparison. All 6502 systems have r.o.m.
at high order memory, although only the
top few bytes which include locations used
for the automatic start-up procedure are
essential. It is convenient to use adjacent
areas for r.o.m., though some gaps may be
left for other functions as in the Apple and
Pet. There is normally r.a.m. in zero page
(the first 256 bytes) and memory access to

this area requires fewer bytes and less time
using the zero-page addressing mode of the
6502. It is sensible to use this facility for
rapid access to data which is required re-
peatedly by various programs. Page one
(location 25619 - S11,¢) also contains r.a.m.
because the 6502 uses this page as the stack
for subroutine jumps and interrupts.

The Aim 65 and Acorn system 3/4 fol-
low a similar format which allows the user

to adapt the computer for a particular ap-

plication. This flexibility has made them
popular in colleges and universities. Al-
though the Apple and Pet are also popular
in engineering and scientific applications,
they are ideal programmers’ computers,
filled to the brim with memory.

The address decode circuit shown in
Fig. 3 is the result of several design
changes to give the interface board the
flexibility needed for operation with sev-
eral systems. Two binary encoded switches
allow independent selection of block and
page, i.e. the first two digits of the four
digit hex address, via exclusive-OR gates
which monitor the top eight bits of the
address bus. The 74LS139 decoders pro-
vide chip select to the d-to-a, a-to-d and
v.i.a., allocating sixteen sequential
memory locations to each, and modify the
addresses via links by adding 40, 80 or CO
to the chosen base address. Therefore, the
circuits can be added to any compatible
microprocessor system that has an unallo-
cated memory space of at least 64 consec-
utive bytes. Where memory space is not
critical, parts of the decoding circuit can
be omitted.
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Fig. 4. Complete circuit for the

main interface. l.c. sockets are
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Fig. 5. Board layouts and component
location diagram. Assembled boards and
kits will be available from Control
{Universal, 11 Bush House, Bush Fair,
Harlow, Essex. CM186NS.

The complete intetface is shown in Fig.
4. The decoding circuit on the right is’
wired to the address bus on the Eurocard
connector. Additional gating is provided
for the d-to-a and a-to-d converters and
~bpth devices have protective resistors and
simple capacitive filtering to reduce noise.
“The a-to-d converter also has the option of
a .shunt resistor on each channel for use
with current inputs. The reference for this
device can be provided from the reference
of the ZN425 or from the separate LM317
regulator. This can be trimmed to give, for
example, 2.55V which is convenient for
10mV steps in the a-to-d conversion.
Part 2 describes the functional blocks in
detail together with simple program
examples.
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Corrections — Satellite
tracking by home
Computer

Onp or twoerrors inthe second part of this
article in the September 81 issue need to
be pointed out: At the top of the third
column on page 67, DC should read DE.
In line 16 of the BURP program, N=CS
SIN should read N=S SIN and the
beginning of line 36 should read IF W>0

A=180 A + !. We apologise for these
errors. '
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Atom Busiuess, by John Phipps.

110pp. , paperback.

Phipps Associates, £6.95.

Nuclear physicists are not necessarily the prime
audience for this little book, since it contains a
set of programs for use with the Acorn
microcomputer in business. Peripherals needed
are a domestic television receiver and a cassette
recorder: a printer is useful, but not essential for
most of these programs.  ~

Complexity varies from a simple listing to

perform running addition to a program for de-
‘termining the effects of various parameters on
the length of a queue — probably this could be
varied for use in other circumstances, such as
the piling up of work in a machine shop. The
“reasons for each program are set out and operat-

ing instructions presented in simple terms prior
to each listing.

The book is completely practical in that there

-is nothing on programming as an art — simply
the programs, including one which will help to
make a decision on whether to lease or buy
equipment, a sales record, a nominal ledger and
one for working out expenses. A cassette con-
taining the programs is obtainable from Phipps
Associates, 3 Down Avenue, Epsom, Surrey
KT18 SHQ at £7.50, plus v.a.t.

Video/computers, by Charles J. Sippl and Fred
Dahl.

246 pp., paperback.

Prentice-Hall International, £5.55.

Messrs Sippl and Dahl base this book on the
premise that much of the domestic video,
viewdata, audio and computing machinery cur-
rently considered as separate entities - should,
and inevitably will, be brought together to form
what they call an integrated video computer.
Such a collection of electronics would, as we are

www americantadiohicetory com

“BOOES

constantly told, bring about a social revolution
in working habits, communication, banking,
shopping . . . etc, but, although much of the
technology already exists, there are problems

still to solve.

Adopting an extremely methodical approach,
the authors consider all the ingredients of such
an integrated system, one by one, and try to
form an opinion on the way they will develop if
the i.v.c. is to come along. They view the
concept from several angles — video, comput-
ing, data conversion and communications, €X-
plaining what is now in existence and what will
have to be done in each sector to reach the goal
of an integrated system. The conclusion is even-
tually drawn that the i.v.c. will be with us to-
wards the end of the decade, given that legalities
-and vested interests can be surmounted, and

“that we will then have a “worldwide network of

tota} communications’’.

Latest Developments in Sound Broadcasting,
Ed: John Lovell.

.77 pp., paperback.

IBA, London.

Local radio is the subject of the fourteenth in
the IBA Technical Review series, and contains
nine articles by IBA staff and consultants.

Studio design, installation and testing are
covered in the first three sections, followed by a
description of the contribution network, which

enables local radio companies to send news
items to IRN in London for national use. Tech-
nical features of the first i.l.r. transmitters are
reviewed and there is a description of the solid-
state Phase 2 stations, including a look at pulse-
width modulated (Class D) power amplifiers.-

A section on the Borehamwood m.f. aerial for
the London area describes the design of an ex-
tremely complex system, which must not only
cover its service area and avoid other areas ser-
vicedsby other transmitters, but must do this at
two frequencies simultaneously. .

Surround sound is discussed, in theory and
practice, and in the final section the head of
Long-range Studies looks at the future of radio
broadcasting. Technical Review 14 is available
from IBA, Brompton Road, London SW3 1E7.
No charge for single copies.

The ZX81 Pocket Book, by Trevor Toms.
136pp. , paperback.

Phipps Associates, £4.95 (Cassette £5.00).
Owners of the Sinclair ZX81 microcomputer
who have worked through the handbook
supplied may feel the need of additional tuition
in the techniques of programming. If so, this
book should be of assistance.

To illustrate the sections of instruction (on
efficient programming, using machine tode,
using data files, etc.) a number of programs,
mainly games, are presented and explained. The
book is not simply a rewritten version of the
7X80 Pocket Book, but is said to be almost
completely new, since the ZX8l1 is quite dif-
ferent to the ZX80. Much of the ¢ontent can be
used by ZX81 owners who do not possess the
16K r.a.m. A cassette, containing the programs
described in the book, is also available.

Phipps Associates are at 3 Downs Avenue,
Epsom, Surrey KT18 SHQ.
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Amateurs view the earth

By the time you read this, Britain’s first amateur
satellite should be in orbit 330 miles up with an
inclination of 97.5° and a 98 minute period.
Organized by the University of Surrey depart-
ment of electronic engineering, the launch was
to accompany a NASA solar Mesosphere Ex-
| plorer spacecraft, set for September 12 at the
time of going to press, and is especially interest-
ing in Vosat’s ability to provide earth pictures
for display on a domestic tv receiver. The satel-
lite will not be fully operational immediately,
though the v.h.f. and v.h.f. beacons should be
in use for telemetry; picture transmission
should start in a few weeks time.

the pictures are taken by a charge-coupled
imaging array made by GEC’s Hirst Research
Centre and provides land and sea image data for
digital transmission over the v.h.f. beacon using
a.f.s.k. at 1200 bit/s, line synchronous. Image

format is 256 by 256 element, with 16 grey
levels, stored in an on-board 0.25 megabit
memory. The camera is organized to cover 500
by 500km areas of the earth’s surface, with a

resolution of about 2km, optimized to enhance"

land features and land/sea boundaries. All being
well, this experiment will also display processed
telementry and experiment data in graphical
form. The University team promise circuitry for
interfacing with a tv set later in the year.
Beacons transmit on 145.825MHz with 450W
and 435.025MHz at 800mW. Further beacons,
phase-referenced on 7.050, 14.002, 21.002 and
28.002MHz support ionospheric experiments
whilst two microwave beacons on 2.401 and
10.470GHz are for studying s.h.f. propagation
— intended to help develop inexpensive
microwave satellite ground stations. The two
data beacons, v.h.f. and u.h.f., should provide a

Foxhunter takes the air

Marconi’s Foxhunter, the multi-mode radar for
the Panavia Tornado 2, made its first flight in
the Tornado air-defence variant at Warton on
June 17. Since that date, the radar has operated
in all its major modes.

Trials have been progressing at Bedford in a
modified Buccaneer since shortly after the ini-
tial MoD production contract was placed in late
1979. First deliveries of the equipment are due
to start in 1982 for RAF service two years later:
a run of 200-250 radars is the likely figure,
assurning that defence cuts do not affect the
number of Tornado ADVs to be built. Further,
modified radars may be exported later.

Foxhunter operates in several ways. It uses
the pulse-Doppler technique to avoid static clut-
ter and will search an area, track several aircraft
simultaneously while continuing to search, can

display a map of the ground and ‘locks on’ to a
target — the Skyflash missiles carried by the
Tornado use reflected radiation from the target
for guidance. In the photograph, the truncated
cone is the two-reflector aerial. The signal is
launched through the rear dish, is reflected
from the forward element back to the rear one
and collimated into the forward beam, the pola-
rized radiation firing through the slatted for-
ward reflector. A glass-fibre cover forms a skirt
between the two.

Foxhunter is extremely compact, compared
with existing radars, but even so occupies nearly
all the cross-sectional area of the Tornado nose
forward of the cockpit. The black object
protruding from the nose is the ‘brim’ of a ‘top-
hat’, around the crown of which are arranged all
the signal-processing modules.

reliable satellite-to-ground link for reception by
simple amateur stations: an unmodified narrow-
band f.m. receiver together with a fixed pair of
crossed dipoles should do for most passes. Be-
sides normal telemetry data, computer outputs,
synthesized speech for school demonstrations,
and earth imaging data are also information
sources for the beacons.

The computer is based around the RCA
CDP1802 microprocessor, enables telemetry
surveillance, command and status management,
experiment data storage and processing, disse-
mination of orbital data and operating
schedules, and closed-loop attitude control. It
has direct high-speed data links with the magne-
tometer and radiation experiments, and access
to the earth-imaging memory area for image
processing. Program is resident in dynamic
r.a.m. loaded from the ground zia the telecom-
mand link and which can be modified, or re-
placed during flight, from ground. Commands

" from ground stations take precedence in cases

where commands emanate simultaneously from
both the microcomputer and ground.

Cascade noise
reduction

Integrated circuits for the new Dolby noise re-
duction system are being sent to licensees this
month. Made by Hitachi, but designed by Pio-
neer, the i.cs are off the mark much sooner than
expected. Dolby originally said that dedicated
i.cs would not be available until some time next
year, but it is undoubtedly market pressure that
has accelerated development. Dolby say that
better sound sources, higher listening levels and
a “genuine market desire’ for more noise reduc-
tion prompted the new system, which reduces
noise- by up to 20dB. But as competing n.r.
systems abound now and threaten Dolby’s
growth in this area, Dolby clearly needed to
come up with something new, having found that
the B circuit couldn’t be pushed far enough
without adverse effects, both errors in fre-
quency response and overshoot.

So they adopted the approach of cascading
two sliding-band circuits, each working at dif-
ferent levels (rather than different frequencies).
But although a good amount of noise reduction
is obtained in this way, as many enthusiasts
have discovered, it is not altogether satisfactory
by itself — what is described as a mid-frequency
“mud” still remains. Dolby found that to re-
balance the amounts of high, mid and low-fre-
quency reduction the turnover frequency,
1.5kHz in the B-system, was best set two oc-

. taves lower at 375Hz for the cascade-circuit, A

slightly higher compression ratio of 2.2 instead

“of 1.9 is used and further circuitry is needed to

keep side effects down: h.f. de-emphasis at the
encoder input to reduce mistracking, and a net-
work in the low-level stage to prevent tape satu-
ration at high signal levels. With this additional
circuitry the C system, as it is called, is claimed
to be “at least as free of side effects as the B
system”. Altogether Dolby say the circuitry
costs 22 times as much as the B system but that
falling i.c. prices partly offsets this. -
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Naval radar

In an effort to help warships survive when at-
tacked by an extremely varied, agile and ‘intelli-
gent’ array of nastiness, Plessey has developed a
new S-band radar, the AWS-5.

Many constraints are imposed on such a ra-
dar. High-flying aircraft must be detected at the
same time as sea-skimming missiles; small, fast
attack craft, which carry sufficient weaponry to
embarrass a cruiser, may press their attentions
at precisely the same time as a vertically diving
missile aims for the funnel. "

AWS-5 comes in several forms, for different
kinds of warship, but the most comprehensive
variety offers a dual-beam aerial on a stabilized
platform. The differing sizes and direction of
approach of attacking objects are catered for by
aerial design and the use of pulse compression.

" Two aerials are used — a main parabolic reflec-

tor for low-angle detection and a smaller type
mounted over the main one for high angles. No
height-finding facility is incorporated, both
beams being narrow horizontally, but some
discrimination between high and low objects is
obtained by comparing the returns from the two
search patterns. The two are multiplexed and
can be viewed separately. Coded-pulse compres-
sion confers long range, high resolution and a
low peak power requirement: the technique is
one variety of the ‘chirp’ process, in which the
radiation is frequency-modulated during the
pulse; here, phase changes at each transition of a
pseudo-random code. Peak power can be kept
low, which means that the radar is less easy for
an attacker to detect, and resolution can be
changed by simply modifying the code. The

High-speed car
radio

Richard Noble will make his attempt on the
world land-speed record in October with Thrl}st
2, which is powered by a Rolls-Royce Avon jet
engine and which, Noble hopes, will move at
around 700 m.p.h. For the attempt, a number
of communication channels are neede to link
support crews at the ends of the run, a high-
speed fire tender, timekeepers, an observation
aircraft and the driver himself. Racal-Messenger
have planned a multiway u.h.f. link which will
allow several conversations to be carried on su-
multaneously, being overriden by transmissions
from the car, which will be received automat-
ically by all units. The aerial is of the ‘blade’
type normally used on high-speed aircraft.

Yet another application of electronics at
high speed is in the Grand Prix racing car
which uses the ‘ground effect’. The effect is
achieved by designing cavities in the
underside of the car which act as venturis,
When air passes under the venturis, the car
is physically sucked down onto the track,
offering greater stability and consequently
higher speeds. unfortunately the gap
between the venturi and the surface of the
road is critical to the level of suction
obtained, and it is necessary to establish
which type of suspension system will give
the best performance to take advantage of
the effect in a car which is subjected to a
constantly changing pitch through rapid
acceleration and hard braking. The French
Talbot-Ligier Grand Prix team use a
Sangamo UDC 100 longstroke
displacement transducer, linked to on-
board monitoring equipment, to record the
changes in suspension geometry as the car
is driven at racing speeds.

coding is difficult to analyse and confuse.

To avoid jamming, the transmitter uses a
travelling-wave tube, which can be made fre-
quency-agile, while sea clutter is reduced by the
use of a developed version of Plessey’s adaptive
moving target indication technique. The search
area is considered as a great number of ‘cells’,
which are defined by the transmitted pulse

‘length in the radial (distance from transmitter)

dimension and bearing gates in the tangential
direction, the average signal level in each cell
being digitized and stored. Variations in this
level on succeeding scans are assumed to mean
that an object has entered or left the cell and the
return is displayed: if nothing has changed, it is
blanked. The process is complicated by the mo-
tion of the ship, but the principle remains. Two
foreigr: navies have ordered the radar, and the
Royal Navy is said to “interested”.

Although of not such a high speed as the world Iand-spe'eq record, racing
motorcyclists have similar communications problems which have been solved by Pye
Telecom whose mobile radios and ‘pocketrones’ were used at the Formula 1 and
Classic T.T. Races on the Isle of Man. The Driver of the winning Suzuki machine, shown
her, was Graeme Crosby and he and his team used the radios for a two-way flow of
race information and tactical decisions. A further Pye Telecom radio system was used
by the race marshalls, who had mobile radio telephones mounted on their .
motorcycles. This enables them to react quickly in the event of accidents, summoning

help and warning the organisers.

adiohistorvy com
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Cardphones — towards a cashless society?

Major London railway and tube stations are to
have Cardphones installed in a trial for what
British Telecom call “a step towards the cash-
less society.” But before you get too excited,
cashless does not mean broke — Cardphones eat
Phonecards and that means purchasing either
forty or two-hundred 5p units in advance.

A Phonecard is a piece of plastic similar to a
credit card with ‘holographically memorized’
call units printed on it. As a unit is used up, so
that unit is erased, but a warning is given twenty
seconds before the last unit runs out to give you
time to fumble for a new card, say goodbye or
utter an expletive (Cardphones don’t accept
-coins). Throughout a call, though, a readout
tells the caller how many units are left without
making a call by simply inserting the card in the
slot — completely free of charge! .

Long, consecutive and overseas calls to
countries now on the direct dialling system are
not hampered by the insertion (and availability)
of coins, but if you make one call directly after
another you still lose any remaining parts of a

sriusn] ELECOM

<l
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0 40units

For conditinns of use
see cardphone ieaflet

unit, as is the case with present domestic and
public telephones.

Each card has one or two tracks, depending
on its price, on which the call units and other
information are printed. The extra information
tells one of the two microprocessors used in the
system whether or not the card is acceptable,
i.e., whether British Telecom intended the card

- Group who are now supplying the apparatus to

for making public calls and whether the card is

indeed issued by them and not by any other

authorities with similar systems. Belgium and

Austria already have such systems and the
“ French are making trials.

The call units are read by a configuration of
infrared detectors that pick up reflected light
from the coded patterns on the card. As a unit js
used up it is erased thermally.

A second microprocessor looks after the nor- |

mal routine of the dialling system and allows
normally free calls such as ‘999’ and directory
enquiries to be made without the use of a card.
The system was developed in Switzerland by
Sodeco, a subsidiary of the Landis and Gyr

British Telecom. 4

Initially around 120 Cardphones are being
installed in London and another 80 or so will
appear in Birmingham, Glasgow and Manches-
ter. Phonecards will be available from post
offices and some retail outlets including railway
station bookstalls and fare counters.

Small wavelengths — Iarge doubts

Over the years there has been much mild
controversy in most western countries over the
maximum safe level of microwave radiation.
Recent news that an American body for
workers’ compensation defined the cause of
death of a radio technician as chronic exposure’
to microwave radiation will hopefully invoke a
closer look into the long term effects of these
rays.

As in most Western countries, the maximum
safe level in Britain for continuous exposure to
microwave radiation is defined as IOmW/cmz, a
figure 1,000 times higher than that adopted by
the Russians at 0.01mW/cm?. Taking into ac-
count that the conditions associated with these
figures are not exactly the same, the difference
is still enormous. p

Our maximum level is based on that deter-
mined by the Americans nearly 20 years ago.
According to an International Electrotechnical
Commission reportf from 1979, the very large
discrepancies between standards are due to dif-
ferences in approach, namely that the USSR
standards are based on the possibility of any
noticeable biological effect, in contrast to ther-
mal injury, and most western countries take the
view that minor reversible effects are not
necessarily hazardous to man. Also, say the
IEC, the Russians have used very much larger
safety factors than most ether countries in defin-
ing their limit. As there is, even now, much

doubt as to the long-term effects of microwave
radiation, large safety factors seem a sensible
precaution.

There are stumbling blocks in researching the
effects of microwaves on humans, though, that
could account for the uncertainty as to the ‘safe
level’ of radiation. One problem appears to be
the lack of a suitable guinea-pig; the position,
size, density and material of every part of the
body can be critical. Also, measurements made
in the ‘near field’, i.e., the complex field close to
the antenna which contains electric and magne-
tic components additional to those of the main
propagation field, are difficult to interpret in
terms of potential hazards.

According to the National Radiological Pro-
tection Board, frequency dependent limits have
been proposed in the USA to bring down the
maximum exposure figure to ImW/cm? at fre-
quencies where the radiation has the greatest
effect on the human body. But only time will
tell whether these new limits, if accepted, are
safe, or indeed whether the old limits were on
the safe side anyway.

@ Research into electromagnetic coupling be-
tween a ‘thin-wire’ antenna and a biological
body was reported in the IEEE’s publication
dealing with microwaves* last November. The
research was carried out to assess the potential
hazard of portable transmitters, especially those
for ¢.b., and some interesting conclusions were

Teletext goes commercial

You can now buy a page of text on Oracle, the
six-year old ITCA teletext service, for a weekly
rate of £400. That page would then be available
to the 180,000 teletext-equipped sets
throughout the UK, though the service will be
available on a regional basis. First Scottish
Television start their own input unit this
autumn followed by Channel TV some time
later, culminating in a fully regional service by
1984/5 that can offer local news as well as adver-
tising — by which time the number of teletext
sets is predicted to be 3,000,000. Oracle Televi-
sion Ltd, formed last year by the ITV com-
panies, will promote itself mainly through

“filler” tv advertisements to the tune of £2 mil-
lion-worth of tv “commercials” over a six-
month period.

At about the same time — probably during
the Department of Industry’s teletext promo-

tion in October ~ the number of Oracle lines

will be increased from two to four. This allows
the access time to be reduced typically from 45
to 20 seconds, which otherwise would become
unacceptably long as the volume of text pages is
increased. One feature of this new service is that
certain advertising not permitted on television
will be allowed on Oracle — from football pool
promoters and bookmakers in particular.

drawn. According to the article, the power ab-
sorbed by a human adult standing 20cm away
from an antenna with a 30W input at 90MHz or
140W at 27MHz is the same as would be ab-
sorbed from exposure to 10mW/cm? plane-wave
irradiation. An average human adult standing
20cm away from a quarter-wave antenna operat-
ing at 20MHz will absorb about 8.5% of the
antenna input power, but at 9OMHz, over 50%
of the input power will be absorbed as the aver-
age height of an adult is about a resonant length
at this frequency. Electromagnetic coupling is
increased considerably when the body is in
contact with the ground, as opposed to being
isolated, and the body may act as a director
element when placed close to the antenna.

1 IEC report number 657 ‘Non-ionizing radiation
hazards in the frequency range from 10MHz to
300,000MHz.

* IEEE transactions on Microwave Theory and Tech-
niques, Volume MTT-28, Number 11 (part 1),
‘Electromagnetic coupling between a thin-wire antenna
and a neighbouring biological body’, by K. Karimul-
lah, K.-M. Chen and D. P. Nyquist.

Satellite on a
string

Sounding rockets remain in the air for only a
few minutes; low-altitude, non-propulsive satel-
lites can gather data for a few hours before their
orbits decay. A possible solution could be a low
cost satellite tethered by a long (very long — up
to 60 miles) super-strong cord to the NASA
space shuttle.

Engineers from the Marshall Centre have
been carrying out feasibility studies with space
scientists from Italy for what could be the first
US/Italian cooperative space project. The Ita-
lians could build the satellite and the Americans
would supply the equipment necessaty to
handle it. The satellite, attached to the shuttle
by the tether line, would be trolled through the
Earth’s upper atmosphere in a very low orbit,
perhaps only 80 miles above the Earth, for an
extended period. It would be used to gather data
on the atmosphere, the magnetosphere and
gravity. The system is likely to become opera-
tional by the mid 1980s.
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Integrated circuit design

Understanding the nature of black boxes may make a
significant contribution to circuit performance

by J. L. Linsley Hood

The starting point for this series of
articles is the i.c. that perhaps has

-done most to encourage the
application of op-amps as a sirpple,
cost-effective solution to circuit
problems.

Historically, the 741 device was intro-
duced by Fairchild at the end of the 1960s,
along with several other second-generatipn
1.cs from rival manufacturers, as an in-
ternally-compensated improvement upon
Bob Widlar’s classic 709. In the Fairchild
nA741, most of the minor operational
problems of the 709 were reduced‘to an
extent thHat they were no longer incon-
venient in use, and the 741 then became a
nearly ideal building block for low fre-

_ quency applications.

Understandably, many of the internal
circuit facilities such as output short-cir-
cuit protection were similar to, and
inspired by the same requirements as,
those being introduced in the discrete
component audio amplifier designs current
at the time. However, the standardization
on the use of separate + and — supply
lines, together with nearly identical invert-
ing and non-inverting inputs and the use of
circuitry which allowed a high degree of
supply line isolation, presaged de-
velopments which the discrete component
amplifier designs were not to adopt at all
widely for many years.

I have shown the circuit, in very simplified
form, in Fig.1, with the necessary apology
that a simplification of this type inevitably
takes liberties with the actual design, sim-
ply because a more accurate rcpresentat@on‘
of its form would hardly be a simplification

at all. For. example, although I have shown
the input transistors as a p-n-p long-tailed
pair, because this is effectively how they
operate, they are in reality a rather more
complex arrangement to allow the use of a
pair of n-p-n devices in the input stage —
in a modified cascode connection — of a
form which is identical to, and perhaps
inspired by, a circuit proposed a couple of
years earlier*.

The reason for this rearrangement,
shown in Fig.2, is that it is very difficult in
conventional bipolar technology to fab-
ricate p-n-p transistors which have any
respectable current gain hgg, except in the

.case where the collector is electrically con-

nected to the p-type substrate such as in
the output device. Other p-n-p devices
must be of the lateral type, as shown in
Fig.3. These are robust, but generally
have hgg figures only in the range 5 to 25,
depending on the skill of the manufacturer
in defining small gaps in his diffusion
masking.

In addition, great use is made in i.c..

manufacture of current mirrors of one
kind or another. These are circuit arrange-
ments in which the output limb looks and
behaves like a conventional high-im-
pedance constant-current source, but with
an output current controlled by an input
current fed into its other limb from some
external source. The output current then
mimics or mirrots the input current. I
have shown three of the more commonly
used types in Fig.4t. The popularity of
this type of circuit element in i.c. manufac-

*L insley Hood, J. L., Electronic Engineering,
March 1967. (Letters).

Why look inside?

There are three ways in which a better
understanding of the internal design _of
linear and quasi-linear integrated circuits
can help the engineer: more satisfactory
performance of circuits following from a
greater appreciation of their strengths apd
limitations; possible use of accessible in-
ternal circuitry in unusual applications (a
rich hunting ground in some of the more
advanced units); and as an encyclopaedia
of ingenious circuit design techniques,
worked out by some of the most competent
and resourceful design engineers.

Choice of the 741 as the starting point
for this series stems mainly from a feeling
that it was this i.c. more than any other
which was responsible for the reconcilia-
tion of linear circuit engineers to the idea
that most of the circuit functions they had

implemented using discrete components
could be done by integrated circuits, with
improvements in simplicity and cost
effectiveness.

In spite of all its limitations, in gain and'
phase-shift, siew rate and input bias cur-
rent demand, there are many applications
in which the 741 gives excellent service.
This applies in. audio and medium fre~
quency applications so long as the asso-
ciated circuitry is designed with an eye to
its strengths and limitations. In addition
there are a vast number of other circuit
usages in which the very high d.c. and 1.f.
gain of this i.c., coupled with its good
rejection of supply line voltage fluctuations
and its ability to operate with input d.c.
levels almost anywhere between the limits
imposed by its supply voltage lines, make
the life of the linear circuit engineer much
simpler than it was some 15 vears ago.

R e T e T ~ (3 1T

ture arises from the fact that resistors aqd
capacitors are inconvenient to construct in
any large values, whereas transistors and
diodes are easy. Moreover, if a current
mirror is used as a load, an improvement
in gain can be won.

This allows, for example, better opera-
tion of an input long-tailed pair wherein
the loss of gain due to the normal halving
of the g, of the input devices is recovered
together with an improved equivalence of
gain between the two inputs of the long-
tailed pair. :

The operation of this type of circuit,
taking for example the simplest arrange-
tment of Fig.4a, hinges on the fact that if a
transistor is forward biased so that it passes
a certain collector current, the voltage
across its base-emitter junction will then
be precisely that which is required to cause

tDavidse., J., Integration of Analogue
Electronic Circuits. Academic Press.

Non-
inverting
input

Inverting
input

Fig. 1. Simplified input circuit operates as’
p-n-p long-tailed pair but in reality input
devices are n.p.n.

Fig.2. Because of difficulty in fabricating
high-gain p-n-p transistors input €
arrangement uses n-p-n types in modified
cascode circuit.

n-p-n

/Vref

Lateral p-n-p

—e Output
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an identical transistor (such as one diffused
at the same time on the same chip and
having the same junction area) to pass the

same current. This is not strictly true in’

practice because the input current will be
greater by two lots of base current.
However, if this was important, the mask
used in the diffusion process could cause
Tr; to be slightly larger than Trj. The
circuits of Fig.4b and 4c minimize this
error. My own shorthand symbol for the
current mirror configuration is shown
beneath, and I have used this in subse-
quent drawings.

In the full circuit of the input stage,
shown in slightly simplified form in Fig.5,
a three-transistor current mirror of the
type shown in Fig.4b is used as the load for
the input long-tailed pair, and an inge-
nious combination of two simpler (4a type)
current mirrors, transistors 8 and 9 and 10
and 11, is used to stabilize the operating
currents of the input devices. The way this
works is by means of a d.c. negative feed-
back loop. If the total current of Tr; and
Tr,, which should not contain any signal
components, tends to increase, then the
current output of the mirror Trg, Try will
also try to increase. However, this is
effectively fed from a constant-current
source (the output of the current mirror
formed by Trjg and Try;) so the only thing
which can happen is for the base voltage on
the p-n-p transistors Tr3 and Try to be-
come more positive, which reduces the
throughput current of the input stage be-
cause it effectively reduces the forward
bias on the input transistors at the same
time.

The interaction of these current mirrors
also operates to minimize the magnitude of
any unbalance currents in the input stage,
which improves its symmetry, while
simultaneously acting to lessen the extent
of any breakthrough of signal components

- from the supply lines.

The second class-A amphﬁer stage and
output stage, as shown in Fig.1, is of con-
ventional form — the traditional high-gain
small-signal amplifier followed by unity-
gain power output stage, as spelled out so

" many years ago in this journal by Tobey
and Dinsdale. High-frequency loop stabili-
zation is achieved by the simple and
effective expedient so common in early
“hi-fi” amplifier circuits of a capacitor be-
tween collector and base, as shown. This
leads to a few avoidable limitations which
are discussed later.

Base
Emitter Collector

p SI;IbS.T.I'.l.:.le

Fig.3. Lateral type of p-n-p transistor,
though robust, has low value of hgg,
generally from 5 to 25.

in out
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Fig. 4. Output current mimics input current in these current mirror vanatfons, allmuch’
more easily integrated than resistors and capacitors.

As shown, the output stage would have
no protection against damage due to out-
put short circuits. This is accomplished by
the use of a pair of n-p-n transistors (the
preferred type), as shown in the more com-
plete diagram of Fig.6, one of which is
connected across the emitter resistor of

Try4, and will take the current from the.

input to this if the voltage drop across this
resistor exceeds its own base turn-on
voltage, and the other (Tr;) which acts in
the same way in respect of the Darlington-
pair class A amplifier stage Trjg, Try7. The
output stage forward bias is provided con-
ventionally by an “amplified diode” Tr;;
to give a quiescent current in class AB
operation of about 1.5mA.

The final circuit of the complete i.c. is
shown in Fig.7. I have actually shown that
used by National Semiconductor, but all of
the commercial 741s use a closely similar
structure. In this, the only item not cov-
ered so far is the provision for offsetting
inadvertent d.c. error at the output. This
is done by putting a pair of resistors in the
emitter leads of the current mirror used as
the load for the input stage. If one or other
of these is reduced relative to that in the

other limb the current in that limb for-

balance will need to be greater; which calls
for a change in input potential for that
input device to maintain status quo. As this
will not happen normally, the result of the
adjustment will be to provide an output
voltage shift equivalent to the stage gain
multiplied by the required input offset.
This provides a convenient means for ob-
taining a small shift in the output d.c.
level, with minimal interference in the per-
formance of the i.c. as a whole.

Performance , 4
The d.c. and low-frequency voltage gain
given by this circuit is very high —~ in
excess of 50,000, with typical values of the
order of 200,000. However, the presence
of the h.f. stabilizing capacitor has a
massive effect on the a.c. performance at
frequencies higher than a few hertz, with
the gain decreasing with frequency beyond
some 5 to 10Hz at a rate of 6dB/octave.

A typ1ca1 gain and phase-shift graph is
shown in Fig.8.

s S
Non- i
invert ~Trz ; H Invert
Ty _ ’ :
T,
b
Tr3 N %
AT 39K

Fig.5. As well as a current mirror for the
tail, type (b) in Fig.4, two (a)-types stabilize
operating currents of the input transistors
by d.c. negative feedback onto the base of
Tr3, Trd. x '

Fig.6. To provide short-circuit protection,
Tr15 passes current from the input if the
emitter resistor drop exceeds base turn-on
voltage. Tr22 acts in a similar way for the
Darlington pair.
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An examination of this shows two im-
portant features. There is a significant

additional phase error beyond 300kHz,

which implies the presence of one or more

WWW american
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phase-lag inducing components within the
i.c. having a pole at some few MHz. This
is the reason why the unity-gain point for
adequate unity-gain stability in a feedback

configuration cannot be made much higher .

than 1MHz. And following upon this, the
available open-loop gain at the upper end
of the audio band, say 20kHz, is only of
the order of 50.

Unless, therefore, the gain requirements
of an audio amplifier stage using a 741 are
kept deliberately low, neither the ampli-
tude response and phase linearity, nor the
harmonic distortion characteristics of the

‘amplifier stage, are likely to be satisfactory

in the context of contemporary expecta-

tions for “hi-fi” equipment. Fortunately

there are now third-generation operational
amplifiers, such as the Texas Instruments
TL071 series, which offer substantial im-
provements over the performance of the
741-type i.c. in those regions which are of
importance to the audio englneer, and [
propose to examine this i.c. later in this
series.

The other features inherent in the de-
sign of the 741 which must be borne in
mind in its use if results are to be satis-
factory are those which concern the input
long-tailed pair of bipolar transistors and
the effect of the h.f. compensation capaci-
tor on the transient performance. Taking
the first of these, the design of the input
stage leads to a combined collector current
for the long-tailed pair of around 25
microamperes. Assuming a current gain of
100 for the input devices, the necessary
forward bias current for 25°C operation of
the circuit will be 0.1 pA for each input,
and this current must be supphed through
any resistive circuit components in the in-
put paths. While an output d.c. offset can
be minimized by making sure that the total
resistance value in each input circuit
through which these bias currents must
flow is the same (those components
through which currents do not flow are
unimportant in this calculation), it must be
remembered that these currents increase
significantly with temperature, and that
the internal matching of the input devices
may not hold over this range. For this
reason, the total d.c. gain of the circuit and
the amount of output d.c. offset which is
tolerable must be considered when its cir-
cuit environment is being formulated,
along with the temperature range over
which it is to operate.

The second limitation of this i.c., that
due to the nature of the internal h.f. com-
pensation, is a rigid upper limit on the
voltage slew rate which can be achieved at
the output, around 0.5V/us. If a composite
signal is applied to the input which con-
tains components calling for a greater rate
of change in putput voltage than this, the
total composite signal will be lost while the
output moves from one instantaneous d.c.
level to another, at the maximum rate pos-
sible. This self-evident fact applies to all
amplifiers which are slew-rate limited, in-
cluding some in the “hi-fi”” field. It is, I
think, a sad commentary on the state of
our art that a fact which is so simple to
comprehend and can be stated so simply,
can be used as the basis for a whole series

tLadiohistory com

* of technical papers aimed at proving the |

_limited output saturation is important —
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Fig.7. Complete circuit shows arrangement for offsetting d.c. error in the output.
Reducing value of approprfate emmitter resistor in the input stage produces an output

‘voltage shift equivalent to gain X input offset.

superiority of one or other commercial
product.

To live within this limitation, it is neces-
sary to ensure in all cases where slew-rate

and not all applications would be in-
fluenced by this — that the maximum rate
of change of voltage in any input signal
does not approach the output slew-rate
divided by the effective a.c. gain.

There are now a large number of more
recently designed and more expensnve
third generation operational amplifiers, in
which both the small-signal bandwidth
and slewing rate are much greater (by a
factor of ten or more) than is the case for
the 741. In some of these, such as the Ti
TLO071 and the RCA CA3140 types, the
input bias requ1rements have been reduced
to a level which is so low that the choice of
input resistance values can be determined
solely by other circuit requirements.
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Fig.8. Frequency response shows phase
error beyond 300kHz which limits unity-
gain point to around 1MHz. Low open-loop
gain at 20kHz limits usefulness in hi-fi

applications.
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D-C goes profession al from the viewpoint of a c.w. operator is the radio-frequency interference (r.f.i.). Test

‘The recent IERE Clerk Maxwell Com-
memorative Conference at Leeds Univer-
sity on “Radio Receivers and Associated
Systems” emphasised the considerable de-
gree of current professional interest in
direct-conversion (homodyne/synchrodyne)
techniques, including the use of phasing
networks to provide flexible demodulation
of various modes such as narrow-band f.m.
For example MEL have developed a 20-
watt “Callpack” manpack h.f. transceiver
in which the Weaver “third method”
system, combined with digital quadrature
phase shifting, is used both for s.s.b. gen-
eration and demodulation. Similarly,
I.A.W. Vance, G3WMS and a team at.
STL "have further developed their inte-
grated-circuit n.b.f.m. d-c receiver to
minimize the effects of oscillator phase-
noise by means of what they term an “am-
plitude-normalized sine-cosine demodula-
tor”” and expect to see widespread use of
this class of (mobile) receiver in the near
future since it permits almost the complete
receiver to be put on a chip. Philips Re-

search Laboratories have been investigat- -

ing the use of surface acoustic wave
(s.a.w.) resonators to provide fixed-tuned
d-c v.h.f. paging receivers suitable for the
| British Telecom National Paging System,
the s.a.w. resonators being used to provide
both a selective input filter and for oscilla-

tor frequency control at a fraction of the.

cost of using quartz crystals.

Although homodyne techniques date
back to the 1920s, it seems fair to claim
that much of the current professional in-
terest stems from the work of J. P. Costas,
W2CRR of General Electrics (US) in the
1950s followed by J. R. White, W2WBI,
K. Spaargaren, PAoKSB and Wes
Hayward, W7Z01 plus a whole decade of
active amateur experimentation with
simple direct-conversion techniques.

Vintage c.w.
equipment?

Bob™ Locher, W9KNI writing in Ham_

Radio suggests that amateur h.f. equip-
ment reached its operating zenith in the
mid-1950s in the form of such equipment
as the Collins 75A-4 receiver and the same
firm’s KWS-1 transmitter. He pinpoints
what he regards as a subsequent decline in
overall performance as starting with the
general introduction of h.f. transceivers,
following the success of the Collins KWM-
‘1 in the late 1950s, due to the economic
advantages and size reduction that was
possible by combining both transmitter
- | and receiver into a single compact unit.

His main complaint with the current
generation of factory-built equipment

absence of any capability to ensure the
accurate zero-beating (netting) of the
transmitter to an incoming c.w. signal.
The result, he suggests, continues to be
c.w. contacts where the two stations grad-
ually “walk up” the band in tandem, due
to each operator retuning at each “over”
and difficulties in competitive “pile-ups”
because operators cannot accurately place
‘their transmissions despite the use of re-
ceiver incremental tuning etc. Even more
harmful, in his eyes, is the tendency dur-
ing normal contacts to occupy two distinct
frequency channels, separated by up to
0.5kHz or so. :

There seems to be no easy solution to -

this problem, which today exists to some
degree even where separate receivers and
transmitters are used. The recent high-cost
Collins h.f. transceiver type KWM380
does include a fairly simple means of
minimizing the problem and ensuring that
the offset between the transmitted and re-
ceived frequency is exactly equal to the
frequency of the audio c.w. monitor. Even
better, Bob Locher adds, would be to
make variable, with perfect tracking, both
the frequency of the ¢.w. monitor and the
offset differential, so that the audio moni-
tor only could be keyed and then adjusted
to zero beat precisely the incoming signals.

Many c.w. operators would agree that
current h.f. equipment is not ideal; my
own pet annoyance is the frequent absence
of the ability to switch off the a.g.c.
system,

Here and t’"here

Very high levels of solar flare activity were
recorded around the end of July, resulting
.in disturbed conditions on the h.f. bands
and one of the most pronounced periods of
auroral activity ever recorded in Europe,
with stations as far away as Moscow being
heard in the UK on 144MHz. It is,
however, now thought unlikely that the
reception of southern African signals in
Athens on 50 and 144MHz on February 16
(WoAR May) was due to “long-path”
transequatorial propagation but along the
direct path.

Roger Appleton, chief engineer of Lon-

* don Weekend Television, has succeeded

R. C. Hills, G3HRH (IBA) as president of
the British Amateur Television Club.
BATC is holding an amateur television
exhibition at the Post House Hotel,
Leicester on Sunday, October 4 (from
11a.m.) including demonstrations of mem-
bers’ equipment, narrow-band tv, slow-
scan tv and F. J. (“Dud”) Charman,

- G6CJ’s “aerial circus® (on video tape).

The FCC is tightening up on its “waiv-
ers” procedure for home computers,
which are providing a severe source of

-sional computers since domestic models

procedures and maximum permitted levels
have been set for both radiated and mains-
borne field strengths. These regulations
are more severe than those for large profes-

are considered more likely to be located
close to television and radio receivers. Un-
til recently a number of “waivers” to the
regulations have been authorised to give
manufacturers time to modify designs.

The Amsat Phase 3B amateur radio sa-
tellite is now expected to be carried on the
same Ariane launch vehicle as the
European Communications Satellite (ECS)
now scheduled for- launch on an unspeci-
fied date between June and October 1982.

ARRL are investigating a number of
cases where bogus or “altered” QSL cards:
have been submitted by amateurs for the
DXCC listing. The suspect cards include a
number for contacts made (or claimed to
have been made) with “expeditions” in the
1960s and 1970s. One amateur connected
with past expeditions is alleged to have
admitted that 20,000 bogus cards were
printed and issued by his group alone.

In brief

A new 70.12MHz solid-state beacon
transmitter at ZB2VHF, Gibraltar has
been well received in the UK and on July
19 several British amateurs made contact
on 70MHz with ZB2BL Gibraltar, one of
the very few European countries, apart
from the UK, where 70MHz operation is
permitted . . . RSGB’s Senior Rose Bowl
trophy for the 1981 Commonwealth
Contest has gone to the Canadian amateur
John Sluymer, VE60U with 480 contacts,

158 of them carrying bonus points . . . In a
number of American states it is illegal to
drive a car wearing headphones regardless
of whether these block out road noises . . .

Three Canadian amateurs have been expe-
rimenting with the use of the 10GHz band
for mobile operation and have found it
possible to make contacts over distances of
up to about a mile despite screening from

buildings and other vehicles . . . FCC has

opened an enquiry into issuing permits to

“advanced class” licence holders to experi-

ment with spread-spectrum techniques in
the 50, 144 and 220 MHz bands . . . In a

policy statement, the RSGB has confirmed

that it welcomes c.b. provided that it is

suitably regulated; will continue to em-

phasize the differences between c.b. and

amateur radio; is prepared to support low-

power f.m. on 27MHz with officially-ap-

proved equipment; welcomes the 934MHz

allocation; and “will do whatever is within

its power to prevent c.b. operation within

any amateur bands.”>

PAT HAWKER, G3VA
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Linear power-amp offers high stability
Although many amplifiers claim good should be connected at the power supply ‘
damping factors, speaker resonance often to eliminate the need for local decoupling. 1% 2 1 J
affects the input stages, even with low-im- A 3A power supply at up to +50V is
pedance cables. This amplifier uses a novel recommended for a maximum output of
output stage with control transistors con- 6OW. .
nected as quasi-emitter-followers for high Flg.'Z shovw{s an alternative output con- it
linearity. Slave devices provide a voltage to figuration Wthl:l uses slave transistors to 2 5v1
the control transistors about halfway be- dump current into a low power output
tween the output and the supplies, which stage‘suc'h asa class A or v.f:e.F. as shqu.
helps to share the dissipation and reduce - In this circuit most of the dissipation is in ~
the possibility of secondary breakdown. the sl.ave transistors.
The amplifier provides a 25V/us slew rate Q. Rice
and is unconditionally stable into any lOE'ld New Malden
down to 2Q). Input and output supply rails Surrey %
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Analogue multiplier

A simple high-impedance analogue
multiplier can be constructed using two
v.m,0.s. transistors and an op-amp to
simulate a resistor which is proportional to

R Vief/(V1—=Viep). This circuit represents a
non-inverting amplifier whose output
voltage is V1V/Vier.

K. Kraus
Rokycany
S Czechoslovakia
Fig, 2.
£ A
Gray to binary converter (S8
When converting Gray to binary, each SB
time a more significant bit is added, the B 2L
Felationship between the previous bits is q 3 ‘
inverted but the new bit has the same value J DD— B
in Gray and binary. Therefore, a single 3) > ;
exclusive-OR gate will convert a Gray code Gray . C A
to binary as shown in Fig. 1. For more ioput D— } > c Binary
bits, the circuit can be expanded as shown :> ouipur
in Fig. 2. Converting from binary to Gray )
is also easily achieved as shown in Fig. 3. O
J. J. Mouton
East London E
S. Africa °M<B
LSD A
X D—A——QLSD
2y Binary out
() Qe — 8 omMsD i
q Gray ou
Fig. 1
e S
R =
Pseudo random osc. r——’
r-—————>
330 r——»
A fE XN T
x10
oo o il r e Ten beam converter
‘ E 6 17 11001 IS s 1 By l}sing a pseudo-random oscillator to
> provide unequal periods, ten oscilloscope
4017 6 4oy waveforms can be displayed which do not
lock with the timebase from the chop fre-
£ iy quency. 'I_‘he amplifiers are low-gain types
..J;.}e and require 30V. Open collectors in the
+ 7406 switch the signals and the 10kQ

potentiometers position the waveforms on

+30Y  Set dc tevel the c.r.t,

A

Set gain

J. R. V. Hawkins
London

10 3k9
Summation
output

Open collector

7406
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Quantifying amplifier sound

Why can we distinguish amplifier sound

in listening tests?

by Yoshimutsu Hirata, Waseda U.niversity, Tokyo

An important problem still unsolved
in audio is the correlation between
subjective and objective quantities.
But it is more important to answer the
question of why we can distinguish
“amplifier sound” from the sound of a
loudspeaker.

Audible differences of amplifiers are the
inherent distortions, whatever they may
be. The harmonic distortion of a high
quality amplifier is usually less than 0.1%,
while the distortion of a loudspeaker is
more than 1%. In spite of this we can
distinguish ‘“‘amplifier sound” from the
sound of a loudspeaker and point out dif-
ferences in the quality of amplifiers. This
implies that the distortions in amplifiers
and loudspeakers differ in properties
which cannot be expressed by the total
harmonic distortion measurement.

It has been recognized that harmonic

distortion generally does not give good

correlation with subjective assessments of

sound quality. To give an improved

subjective agreement, several methods of
measuring non-linear distortion have been
proposed !, The gap between the subjec-
tive quantity and the total harmonic distor-
tion measurement is explained to start with
by the difference of signals used for tests,
viz. a musical sound and a sine-wave sig-
nal.

A musical sound involves many tran-

" sient sounds whose waveforms are gener-

ally very complicated; see Fig. 1. Whatis a
common feature in those waveforms? If
anything is common in those waveforms, it
is expressed by an asymmetric waveform
having no d.c. component. Many wave-
forms have such properties: Fig. 2 (top)
shows the waveform of a model transient
sound, % (¢t), which consists of half-sine
waves a and b. Amplitudes of the positive
and negative waves are different from each
other and the area of the waveform above
the zero axis is equal to the area below the
zero axis. Thus, the asymmetric waveform
k () has no d.c. component. Fig. 2 also
shows a plot of the frequency spectrum of
the waveform where Si(f) and S;(f) are
spectra of impulses a and b respectively.
At low frequencies the spectrum shows a 6
dB/octave slope. When an amplifier under
test alters such a waveform, the area of the
altered waveform above and below the zero
axis will be different, in accordance with
non-linearity in gain. This difference gives
rise to a d.c. component, coupled with an
increase of low-frequency components of

Fadiohietory com

the waveform. The spectrum function of

_ the altered waveform can be obtained ma-

thematlcally by expressing the non-hnear-
ity in the form of an appropriate equation?.
Effects of several different non-lineari-
ties on the waveform and spectrum of the
model signal are.shown in Figs 3-7, where
hy(¢) is the altered waveform, A(z) the de-
viation from the waveform A(), D,(f) the
spectrum of A7), Su(f) the spectrum of
h,(t), and so on. An s-type non-linearity of
an amplifier gives rise to an increase in
low-frequency components of the signal,
caught as soft or ‘glossy’ in listening tests.
A soft distortion as represented by an s-
type non-linearity is sometimes preferred
when the distortion is not too great. Clip-
ping is not an operational non-linearity in
the proper sense of the word, but the satu-
ration of a system being overloaded. The
effect of clipping on the spectrum is the
increasing of both low and high-frequency

- components, which is audibly irritating

and disliked. In the case of a crossover
distortion, the low-frequency component
increases with decreasing amplitude of the
input signal. This distortion is remarkable
for low input signal levels. As an example
of a dynamic distortion, take the distortion
occasioned by a level compressor. For sim-.
plification, assume that the gain of a circuit
is attenuated to reduce the amplitude of a
positive pulse as in Fig. 6(a). In this case,
the spectrum of the signal suffers heavy
change, viz. the increasing and decreasing
of low and high-frequency components.
Unless the functioning of a level compres-
sor and expander is ideal, a noise reduction
system produces a similar distortion in an
impulsive signal, which may be caught
subjectively as somewhat dull or heavy by
a listener.

As discussed, gain non-linearities in am-
plifiers give rise to a d.c. component
coupled with an increase of low-frequency
components of an impulsive signal. On the
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other hand the distortion in a loudspeaker
does not, as a matter of course, give a d.c.
component. As an example, consider the s-
type non-linearity in the displacement res-
ponse of a vibrating plate. To simplify an

analysis, assume a sound pressure is in -

proportion to the velocity of a plate, iz. a
sound is assumed to be radiated from an
infinite plate. For a finite plate, the sound
pressure of low-frequency components is
proportional to the acceleration of the
plate. The difference between the displace-
ment response Hs(z) which is altered by the
s-type non-linearity and the ideal response
H(t) is expressed by Ag(?). As sound
pressure is proportional to the velocity of

an infinite plate, the sound distortion A(t).

is given by the derivative of Ag(?) with
respect to time. As shown in Fig. 7(c), the
spectrum of At involves no d.c. compo-
nent and few low-frequency components.
Thus the distortion in a loudspeaker does
not change the low-frequency component
of an impulsive sound, which is in contrast
with the case of the distortion in an ampli-
fier. And this is the reason we can disting-
uish amplifier sound from the sound of a
loudspeaker. This has been verified by
experiments using a novel method for mea-
suring non-linear distortion®,

Experimental method

The model of a transient sound used for
the theoretical study consisted of two half-
sine waves of different amplitudes and po-
larities. The model signal was such that it
could distinguish distortion due to non-
linearities as a change of spectrum, which
is related with a subjective quantity. It is
however not convenient to use the model
signal for the measurement of an objective
quantity, 21z. the rate of distortion.

A new method of making non-linear
distortion measurements uses composite
rectangular pulses, as shown below. The
area of the part of each test signal wave-
form above the zero axis is equal to the
area below the zero axis, so these asymme-
tric test signals have no d.c. component.

Test signal waveform 1

— T

’ I
Yq

| 1)
-1~ 1}

Test signal waveform 2

Asymmetric test signals have equal areas
above and below axis and so have no d.c.
component. Area of a positive pulse of the

first test signal is Vy Ty and the area of a
negative pulse’is Vo({T,-Ty).
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When an amplifier 'under test alters the
applied test signal the areas of the altered
waveform above and below the zero axis
will be different in accordance with the
gain non-linearity. This difference gives
rise to a d.c. component coupled with an
increase or decrease of certain low-fre-
quency components of the test signal,
either of which can indicate the degree of
linearity of the amplifier under test.

The repetition frequency of the test sig-
nals is 220 Hz, chosen to lie between the
higher harmonics of power-supply fre-
quencies 50 and 60 Hz. At low frequencies
the envelope of the test-signal spectrum

has a 12 dB/octave slope and the compo--

nent at 220 Hz, normalized to that of the
reference signal, is 0.002 (—54 dB) which
is the theoretical value in the absence of
non-linear distortion. Thus the difference
between the normalized component at 220
Hz of an altered test signal and the theoret-
ical value of 0.002, indicates the value of
non-linearity of an amplifier under test.
When the gain non-linearity is static, i.e.
when the i/o property is expressed by a
single curve, the non-linear distortion D

corresponds to the linearity deviation
A. The relationship is

D= | A/V'1+0.002 | —0.002

where V' 1=V ;+A,

which is nearly equal to V; for A« V;.

This gives D=A/V " for A/V"1=-0.002
and D= —A/V'1—0.004 for A/V’'<—0.002.

The figure of D involving V; indicates

. directly the form of gain non-linearity, i.e.

an s-type non-linearity, cross-over distor-
tion, and so on. (Notice that the figure of
D given by the last equation corresponds
with the figure given by D = A/V! which
turns up at D= —0.002. Thus the lower

“limit of the D (%) axis is —0.2%). The

plock diagram of the measuring apparatus
is shown under the photograph on the first
page.

Results
One of the advantages of this method is
that calibration of the test signal can be



Beam in balance analogy tilts according
to the increase (A> 0) or decrease’
(A<O)of V5. !

done with a circuit connected at the output
of the apparatus, which enables distortion
to be measured in a large system such as a
console. Fig. 8 shows measured distortion
figures of commercial audio amplifiers
withn an 8() resistive load and the form of
non-linearity given by the respective
distortion figures. Rise and fall times of

the test signal are about 10us/V. When*

there is a difference in slew-rate between
build-up and fall of voltage amplification it
gives rise to a d.c. component coupled
with low-frequency components, and
distortion figures for the first and second
test signal will be shifted upward in the
case of a larger build-up slew-rate, and vice
zersa. Such an example is shown in Fig. 7.
Figures 9 and 10 show the distortion
figures of noise reduction systems used in
cassette tape recorders, where the input

test signal was superimposed on a rectang-.

ular waveform which has no d.c. compo-
nent. Although large distortions are due to

the inherent non-linearity of recording

media, it is shown that noise reduction
increases the low frequency components.
To verify the fact that amplifier sound
can be distinguished from the sound of a
loudspeaker, non-linear distortion mea-
surements were made using a loudspeaker.
Fig. 11 shows the distortion figure of a
high-quality audio amplifier, measured by
using the sound reproduced from a loud-
speaker connected to the amplifier output.
The measurement was made in a low-noise
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room so that the component of 220Hz
could be correctly measured. Care was
taken to avoid the effect of non-linearity in
the microphone and measuring amplifier.
Fig. 11 also shows the distortion figures

obtained by measuring the voltage across,

the voice coil of the loudspeaker. Evi-
dently, the non-linear distortion of an am-
plifier can be distinguished from the
distortion of a loudspeaker. So we can
really distinguish amplifier sounds from
the sound of loudspeakers objectively as
well as subjectively.
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69x69mm flat-panel
display

The first step towards production of a
69x69mm, 57,600 pixel flat-panel display has
been made by Standard Telecommunication
Laboratories in the form of a 36 X36mm, 1,600
pixel prototype. The end product will be a
liquid-crystal display only a few millimetres
thick with built-in drive electronics and able to
display, for instance, a full page of Prestel.
STL, a subsidiary of STC, disclosed details of
what they call the sub-miniature v.d.u. in New
York recently at the International Symposium
of the Society for Information Display.
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LETTERS TOTHEEDTTOR

CITIZENS BAND

Mr Frost says in July letters that operators of
illegal c.b. gear “have every reason to grumble
at the expense of changing to the new system””. [
can think of a few other groups having “reason
to grumble™:

—housebreakers, forced by new lock designs to
obtain a new set of lock picks; .

—radio control aeromodellers, faced with a
move to the 33MHz band;

—car and boat modellers, who have not been
given a new band, but are left with one polluted
byc.b.;

—hospital administrators, forced to buy new
paging systems to avoid 27MHz c.b. interfer-
ence — see the letter on page 2 of Electronics
Weekly, May 13th, 1981.

After the publication of a letter in a local
paper in which I contradicted inaccurate state-
ments by a c.b. enthusiast, objects were thrown
from a passing car at my house. For this reason,
I would be grateful if you did not publish my
name and address.

(Name and address supplied)

DECLINE OF THE |
PHILOSOPHICAL SPIRIT

The editorial of the July 1981 edition of Wireless
World rightly draws attention to the impoverish-
ment of science and philosophy by their artifi-
cial separation. It is therefore of great impor-
tance to consider what practical steps are
available for us to remedy this unhappy situa-
tion. Fortunately, the words of the great scient-
ists are full of practical advice on this. For
example, Michael Faraday said “Here it is we
are born, bred, and live, and yet we view things
with an almost entire absence of wonder to our-
selves respecting the way in which all this hap-
pens. So small, indeed, is our wonder that we
are never taken by surprise”..On a similar
theme, Albert Einstein said “The fairest thing
we can experience is the mysterious. It is the
fundamental emotion which stands at the cradle
of true art and true science. He who knows it

not and can no longer wonder, no longer feels,

amazement, is as good as dead, a snuffed-out
candle.”

This wonder, which leads to ‘natural philo-
sophy’, does not have to be acquired, it is there
s0 obviously in the young child. It might well
get covered over by the ideas described so well
in the editorial and then a greyness appears to
cover the physical world. It does seem,
however, that it can be readily uncovered by the
application of the scientific principles to our
everyday experiences. To take a small example,
on tuning a radio over its waveband, a large
number of stations are heard. It does not take
much reflection to appreciate that the radio is
separating and manifesting what is all together
in the room. The space in the room is pervaded
not only by countless man-made electromag-
netic signals, but also by the electromagnetic
signals we call light from every body in the
room, the magnetic and electric fields of the
earth and beyond, the gravitational influence of

every atom in the universe and so on. Such a-

reflection very easily turns into wonder.

As demonstrated so clearly by the great
scientists, this emotional response is not a waste
of time but “the cradle of true art and true

science”. Their works show the ability to sim-
plify and unify previously complicated and
separate areas of scientific endeavour.

It is the duty of those involved in the educa-
tion of the young in science and engineering
subjects to uncover this ‘fundamental emotion’

in the students by what is said, more so by what

is done in the laboratory, but most of all by the
teacher’s love of his subject. Perhaps in this
practical way it is quite possible by our scientific
activities to, as Plato put it, “create the spirit of

-philosophy, and raise up that which is unhap-

‘pily allowed to fall down”.
M. J. Cunningham,
Manchester

WIRELESS WORLD
1911-1981

Congratulations on seventy years gréat service
‘by Wireless World and The Marconigraph. As far
as I can ascertain, the Technical Library
operated by this company for its employees is
the only library in Australia with a complete run
from issue number 1 of The Marconigraph to
date.

B. ¥. Simpson,

Chief of Patents,

Amalgamated Wireless (Australasia) Ltd

JAMES CLERK
MAXWELL

Mr Wellard, in his article on Maxwell (May
1981) in my opinion spoiled an otherwise in-
teresting article by some outrageously conten-

tious statements which were unsubstantiated in’

the article and run completely counter to the
present day knowledge of atomic and nuclear
physics.

The mass ratio of electrons to protons is about

- 1:1820; but the charge ratio is exactly 1:1, but of

opposite polarity. The body of experimental
evidence for these ratios is extremely strong
since the design of mass spectrometers, mass
separators, synchro cyclotrons, electron beam
systems (including c.r.ts) and many others de-
pend on an accurate knowledge of the properties
of electrons and protons.

. His article implies that hydrogen atoms and
molecules are not electrically neutral. The im-
plications of this are very far reaching, but as far
as [ am aware, having had considerable exper-
ience of ion sources, electron beams and hydro-
gen gas handling, there is not a shred of evi-
dence to support the implication of non
neutrality.

Furthermore the statement about the neutron
... ‘this non-existent particle’ . .., is also
highly contentious. How do nuclear reactors
work if neutrons are non existent? Why do
nuclear physicists refer to thermal neutrons and
fast neutrons, and the resulting reactor types,
thermal and fast-breeder reactors when, as Mr
‘Wellard asserts, neutrons do not exist? Again,
neutron radiography is an extremely useful al-
ternative to X-raying for non-destructive testing
of various engineering parts. How does this
work if there are no neutrons?

It is difficult to follow Mr Wellard’s logic in

the article when such unsupported outrageous.

statements are made. If he is keeping some new

important experimental data from the world
then he should publish it properly in some form
where it can be scrutinised and his experiments
repeated, and so be tested for their universality.

If, on the other hand, he has no basis for his
remarks, except that he does not like the idea of
electrons and protons having an equal magni-
tude of charge, or does not like the idea of
neutrons, then it is just too bad: they are an
observational fact. Many people did not like the
idea of a spherical earth or a helio-centric solar
system, but both are observational facts, around
which valid models can be constructed. We may
not know what a neutron is, since we cannot
handle it in the way we can handle familiar
everyday things, but its properties can be quan-

. tified (e.g. mass) and used for prediction pur-
poses.

Referring now to a letter concerning Mr
Wellard’s article by H. Aspden, he states that in
1980 experimental ‘proof’ that the aether can
assert a force was reported in Nature. Not many
of your readers would have access to the article
named in Nature, which reports some interest-
ing experimental results, as yet uncorroborated,
which may be evidence for an aether (or some-
thing) but is not proof as yet. Mr Aspden is a
very impressionable person if he considers one
experiment to be proof. The experimental tech-

rnique will have to be very carefully looked at to
ensure that no other phenomenon was responsi-
ble for the effects measured, and the test re-
peated elsewhere with another apparatus to con-
firm the results. Only then can it be asserted
that there is enough evidence to provisionally
confirm the implication of an aether.
B. ¥.C. Burrows,
Benson,
Oxford

The author replies:
The question of the equivalence of electrons,
protons and the hydrogen atom was answered in
my reply to T. de Limelette (August letters).
The equation does not satisfy Maxwell’s test and
is therefore absurd. The neutron is one half
cycle of an electromagnetic wave; the anti-neu-
tron is the other half cycle. They are mathemati-
cal myths. The infinite acceleration of an action-
at-a-distance particle generates an infinite
amount of energy. I assume from the third
paragraph of Mr Burrows’ letter that he is an
experimental physicist. If he finds his working
model of a particle more useful in his work than
the working model of a wave, he should carry on
as usual; he has no sensible alternative at pre-
sent. The passing of an examination requires the
unconditional acceptance of a working model
and its associated equations. I am suggesting
that the working model he was forced to accept
was based on the wrong analogy. I am not sug-
gesting that he or any other member of the
scientific community is in any way responsible
for the constrictions imposed by the mathematx—
cal extremism of Lorenz or the entrepreheurial
skill of Einstein. The flaw in any idea or belief is
its dogma; identify the dogma and you identify
the flaw. As far as I know, a physicist is no
different from any other human being infused
with an extreme idea. Mr Burrows writes in
plain English and must be capable of plain and
open thinking.

Mr Burrows is unfair and unwise to include
an innocent bystander in his deprecations. He

adiohietorv com
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asks whether I am withholding new important
experimental data from the world. The answer
is no. I would have thought that every experi-
ment with an electromagnetic wave proved the
presence of a medium. Does he know the
whereabouts of another Einstein withholding
experimental data that proves otherwise? Two
books by Dr Aspden received a favourable
mention in Dr Essen’s attack on Relativity (Oc-
tober 1978 issue). Both gentlemen are Flat
Earthers. Now that the memory of the late
Professor Dingle has joined them, Mr Burrows.
is wasting his time seconding me to such an
exclusive club.

To prove just how exclusive this club is, I
have taken a look at Einstein’s famous equation
of energy, E=mc’. The dimensions of work or
energy are ML.Z/TZ, the work done by a unit of
force (ML/T?), accelerating through unit of
length measured in its own direction. This is
mathematically equivalent to the product of a
mass and the square of a velocity (L/T), and
even if the velocity to be squared equalled one
metre per year, work would still be performed
by an accelerating mass. Einstein’s famous
equation has the dimensions of work or energy,
but implies, in fact insists, that work is only
performed by an accelerating mass when the
velocity to be squared is equal to the ‘constant’
speed of light. His equation is meaningless,
misleading, and very very slick. Einstein be-
lieved the Earth was round. Does this prove that
Flat Earthers do not subscribe to the theory of
the great philosopher ‘Fats® Waller; ““ ’Tain’t
what you do, it’s the way that you do it — that’s
what gets results.”?

Mr Burrows asks some awkward questions in
his fourth paragraph. Why not leave the micro-
scopic dictatorship of nuclear physics and try the
macroscopic democracy of astronomy, looking
for analogies that do not allow energy to disap-
pear? It has been suggested that this universe is
the inside of a huge spherical atom. Taking the
analogy further, a radioactive atom would be
filled to bursting point with colliding quasars
and the resulting big bangs and young galaxies.
Quasars are continuously losing a vast amount
of energy. Are they transformed from electro-
magnetic waves when the waves are absorbed,
and transformed back again into waves when
they are emitted at a lower energy level? Are
they by analogy massive radioactive atoms
which on devolution are emitted as spent neu-
tron stars or helium atoms? Are there interme-
diate-size groups of atoms between the Earthly
and the Universely? How many universes are
there? As many as there are atoms in our uni-
verse? Would over 200 ‘particles’ be emitted if a
radioactive universe disintegrated? Wireless
World regrets the decline of the philosophical
spirit, and so do I. >

“TRUTH TABLE"” LOGIC
SYMBOLS

There are many disadvantages in the system of
intentional logic symbols (November 1980
issue, pp 61-62), the main ones being that once
away from input stimulii no “true or assertive
state” exists unless the circuit is further compli-
cated by adding some form of flag to indicate an
artificial “true or assertive state” at that point.
In any case it is doubtful whether doubling the
number of different symbols used can make
diagnosis simpler, especially as identical gates
may have different symbols.

There is a much simpler solution to the prob-
lem, that of what I would describe as Truth
Table logic symbols. As far as I am aware the
idea is original but I have not researched the
matter. Fig. 1 shows the derivation of the
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Truth table Inputs |0/p | Inputs
Singular—~ | 1 11 |1 000
logic state Allelse | 0 Allelse

O/p | Inputs |[Ofp | Inputs | Olp
114 0 000 1
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Truth table
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symbol from what I have described as the singu-
lar logic state of the simplest form of the truth
table. The gate outline shape is of no great impor-
tance provided its input and output are clearly
distinguishable (this excludes the rectangular
box as per B$3939). Each input has a logic state
associated with it (TT input state) and each
output a logic state associated with it (TT out-
put state). In order to produce the TT output
state it is necessary to make all inputs equal to
the TT input state. It does not tax the brain too
much to deduce that, to get the opposite state
out, any state other than all inputs equal to the
TT input state will do. If a gate is in an applica-
tion where, for example, a signal is input to a
gate and the other inputs are used to enable that
gate then the gate will be enabled for that signal
then all other inputs are equal to the TT input
state.

Fig. 2(a) shows the problem as stated by Mr
Cassera in his November article on intentional
logic symbols. Fig. 2(b) shows how it would be
drawn using TT logic symbols.

In order to enable gate 3 input C must be 0.

In order to enable gate 2 the output of gate 1
must be 1. Both are immediately obvious from
the fact that to enable a gate enabling inputs
must be equal to the TT input state.

To get 1 out of gate 1 any combination of A
and B will do other than all 1s. This follows
from the fact that the wanted state is not the TT

" output state.

The absence of the inverting symbols may
worry some engineers used to conventional
symbols but a NAND gate is only inverting
because of the way the AND is defined. Few
engineers would be entirely happy with this
explanation but they can take comfort from the
fact that is is extremely easy to tell conven-
tionally inverting from conventionally non-
inverting gates in that for inverting gates the TT
input and TT output states are different imply-
ing an inversion.

The EX-OR and EX-NOR gates present a
choice of symbols as shown in Fig. 3. If starting
from scratch one would choose Fig. 3(a) and
Fig. 3(c). Unfortunately Fig. 3(c), the symbol

for an EX-NOR, is too similar to the conven--

tional EX-OR symbol, therefore Fig. 3(d)
should be used for an EX-NOR. This would be
interpreted that in order to get 0 out the inputs
must be not equal. Either 3(a) or 3(b) could be
used for EX-OR, 3(a) being preferred on the
grounds of simplicity. To summarise, the
system is very simple, is very largely self-expla-
natory, and requires little mental effort to
change from existing practices. All identical
gates have identical circuit symbols, the
symbols themselves being uncomplicated.

J- E. Kennaugh

Callington

Cornwall

TELEVISION AND THE
DEAF

I have been interested to read the correspon-
dence about amplifying tv sound for the deaf.
Some years ago I was asked to help a deaf friend
with this problem. A great deal of amplification
was required but it was obviously going to be an
advantage if normal hearing people could follow
the programme without being blasted out of the
room. Amplified headphones are not sufficient
as the sound loses quality compared with that
from a properly made earpiece with a mould
made specifically for that person’s ear. In addi-
tion many hearing aids have some form of
equalization to try to compensate for hearing
response curves changing with frequency.
Itseemed to me that the answer was clear: use
the amplification, equalization and earpiece al-

ready in the possession of the deaf person. Many .

hearing aids have some form of telephone pick-
up coil and maybe some switching .to allow
“mic”, telephone or both. Fortunately the Sony
television to be used was equipped with both
“listen” and “break” miniature jacks; giving
the option of “silent” or joint listening. Provid-
ing a signal to drive the telephone pick-up was
then very easy: a small coil fed from the ear-
phone jack gave more than enough level. I used
a 1kQ Post Office 3000 relay coil to prove the

system, but as this was, to say the least, some-
what clunky, I replaced it with a small plastic
covered coil marketed as a telephone pick-up
but, of course, used in the other direction to
that intended! All that needed to be done was to
extend the'lead.

This method has the advantage of being
cheap, safe, and very good quality. It is easiest
to use with body worn hearing aids but even
deaf people using ear-level aids often have a
second, body worn aid as a spare.

Incidentally, I have also used a telephone
pick-up coil to detect the ringing current in the
coil of a telephone bell: suitably amplified and
rectified this can be used to control flashing
light repeaters without interfering with the Post
Office installation. A few resistors, a 741, a
diode and a BC108 to drive a relay are all that is
required.

Roger Derry
Leytonstone
London E11

RADIO AMATEURS'
LICENCE

As a citizens’ band service is now proposed we,
the undersigned, would like to suggest slight
modifications to the radio amateur licence, as
follows: :

1. The use of ¢.w. by class ‘“‘B” radio amateurs
receiving and sending as part of the self-training
in communication by ¢.w. on v.h.f. bands.

2. Limited use of station under supervision, e.g.

jamboree-on-air, radio conventions, radio clubs, .

short wave league, XYLs, YLs etc.

3, The 27 and 930 MHz c.b. bands to be used
by radio amateurs on the existing licence at no
extra fee. Not type approved rigs.

4. The 10 and 4 metre amateur bands to be
extended to class “B” radio amateurs; e.g. the
10 metre band to be used by licensed radio
amateurs, not taken over by citizens’ band.

M. Fackson (GSEOP)

Dewsbury

West Yorkshire
Also GSWWE, G4LED, G3LHQ, G8PSE,
G8EAH and 460 others.

MICROCHIPS AND
MEGADEATHS

I have no intention of cancelling my order for
Wireless World as a result of your recent trend in
editorials, but when I read some of the criticism
against this, I sometimes wish I could cancel my
subscription to the human race=

The electronics engineers referred to by Dr
D. ]. Dewhurst in June letters died, along with
millions of others, in the hope that humanity
would never again have to devote its time to
finding ways of destroying itself.

Instead what is happening? The USA alone is
planning to spend $1,500,000,000,000 on using
our technology to produce still more weapons of
death. That is about 350 dollars for every man,
woman and child alive on the earth. That money
alone could save most of the world from starva-
tion, and I haven’t even mentioned the Soviet
Union and dozens of smaller countries yet!

It is up to us, as engineers and as ordinary
people, to stand up against this. We must all
throw down our arms and say that we will not
fight their wars for them. And if I, for one, get
shot as a result, it will just prove to me that this
world was not the one I wanted to go on living
in.

Who will stand beside me?
Tim Bierman
London NW11

BETTER RFI
PROTECTION NEEDED

As aradio amateur,‘I wholeheartedly agree with
Mr McLeod’s observations (August Letters)
that better r.f.i. (or e.m.c.) protection is needed
for domestic electronic equipment. The prob-
lem of r.f. breakthrough is nothing new: it has
existed for many years, but has become more
prominent recently due to the number of illegal
27MHz a.m. c.b. transceivers now in this coun-
try.

Unfortunately, the manufacturers of domes-
tic electronic equipment are unlikely to respond
to Mr McLeod’s plea for better r.f.i. protection.
The design effort and extra components re-
quired would not be expensive, but the added
cost would, no doubt, reduce their profit mar-
gin and/or competitive pricing. I can see two
possible answers to the problem; (a) legislation
to ensure that all domestic electronic equipment
complies with a suitable e.m.c. standard; or (b)
commercial pressure, i.e. bad publicity — if you
have suffered with r.f. breakthrough, you are
unlikely to buy the same make of equipment
again. You would probably look for equipment
which is better protected against r.f. break-
through.

If there are any manufacturers whose pro-

ducts have a good e.m.c. performance, then

they should say so. I am sure there are lots of
customers in many countries waiting to buy
their products.

P. 7. Forshaw,

Runcorn,

Cheshire.

'FILTER TRANSIENT

RESPONSE

Thank you and Mr Hamill very much for the
much-needed article on the “Transient response
of audio filters” in the August issue of Wireless
World,

In December 1977, I wrote an article entitled
“A transient phase?” for Hi Fi Answers in which
[ introduced a new term t.p.d. (for transient
phase distortion), and followed this up with a
more descriptive article in Hi Fi Answers,
August 1978, entitled “Transient phase distor-
tion”.

Although for the sake of ¢!g ity in these parti-
cular articles I confined the description of
effects and equipment to fairly simple things,
understandable to the average man in the street,
I had in fact investigated the effects of impulses
and their responses, and their relationship to
real music signals using a ‘“Fast Fourier”
Transform analyser (as well as the storage ‘scope
and v.Lf. signal generator mentioned in the
articles) and I very much agree with Mr Hamill
that frequencies are produced which bear abso-
lutely no relationship to any Fourier component
present in the original signal — in fact the pitch
is completely out of tune when a filter is used to
limit the bandwidth, and noticeably so if the
filter is at all “‘steep cut”. Unlike Mr Hamill,
however, I had been interested in the effects of
bandwidth limitation from a truly musical view-
point. This approach led me to conclude that
both high-and low-frequency band limiting filt-
ers are detrimental, but that gentle h.f. filtering
is not seriously degrading because air itself can
act as a h.f. filter and often does so, thereby
causing the ear to be used to the effect of mild
filtering, which just sounds “natural” when in-
troduced artificially.

Again, unlike Mr Hamill, I have found
conclusively that |.f. filtering is very detrimental
to realism in reproduced sound. It too has its
natural counterpart, which takes the form of

large areas of carpet suspended vertically close
to the listener in the concert hall (to either side
and rear I should point out!), or replacing the
concert hall by a room 13ft square, say. Unfor-
tunately, almost all reproducing equipment cuts
off steeply below (at best) 45Hz in an average
domestic living room, so the effects of filtering
below this frequency are normally minimal as
they are swamped by the inherent cut-off.
However, my system — demonstrated as
““The”’ loudspeaker at ‘““Hi-Fi 80°’ and
recorded/photographed in July 1980 Hi-Fi.
News, page 52 — is truly flat down to four hertz
in a room 16Y2 X 12ft (although this is not at all
a function of room size), being +2%2 dB at 6Hz
and —2%dB at 4Hz in relation to
40Hz/400Hz/4kHz. For a good signal (which is
not all that hard to come by on records!) it is
very noticeable if the frequency response is out
at 20Hz or left to go down to 4Hz flat, and the
rate of cut is also critical between these figures.
The effect of the filter is to remove spaciousness
and precision of transient data. With the full
range allowed to pass through to the ear, one
can clearly hear the building boundaries, both
their position and composition (the difference
between a stone church or cathedral and a
concert hall is very clear and real). Often air
recordings sound as if they are in the open air,
not in the listening room. As soon as the 20Hz
filter is inserted all this disappears. The subjec-
tive effect is of an inferior performance, with
both precision of tempo and accuracy of tuning
or pitch affected a noticeable degree, and a remo-
val of all that is considered “good” in the
concert hall acoustic (as if the Colston Hall, for
example, had been replaced by a large garden
shed and the London Philharmonic Orchestra
were replaced by the local youth orchestra). Of
course, many recordings do not have the neces-
sary range anyway, but many do, and it is such a
pleasant surprise when this happens and realism
comes through!
Graham Holliman,
Watford,
Herts.

‘SPREADING’

The amateur fraternity here in Australia, and I

-suspect that it is much the same in other parts of

the world, cling tenaciously to what I regard as a
ridiculous superstition known as “spreading™.

I should here explain for the general reader
that the amateur fraternity these days employs
almost exclusively the mode of transmission

‘known as “single-sideband, suppressed-car-

rier”, where the signal, before transmission, is
passed through a band-pass filter restricting the
bandwidth of the transmitted sideband to about
3 kHz.

The superstition to which I refer surfaces
when a very strong signal is received and the
receiving operator notices that he obtains an “S-
9” indication on his signal-strength meter over
perhaps 8 or 10 kHz on the dial of his receiver.
The operator jumps to the conclusion that the
transmitting station is actually radiating energy
over a bandwidth of 8 or 10 kHz. Vain to tell
them that this is an effect occurring in the re-
ceiver itself due to a combination of the effects
of selectivity and a.g.c. Invariably, the transmit-
ting operator is abused, and accused of negli-
gence and incompetence.

I am wondering whether other readers of
Wireless World have encountered this supersti-
tion and if so what they make of it.

R. C. Yates,
Charlestown,
N.S.W., Australia

WAWWW american
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Digital, multi-track tape recorder

Uses modified audio cassette deck for very low-cost, 12 channel recording

by A. J. Ewins, B,Tech., Research Department, London Transport

-

In applications where multi-track
recording .of experimental data is
needed, but where several tape
speeds and a wide bandwidth are not
essential, a conventional f.m.
instrumentation is an expensive
luxury. This design uses a slightly
modified Linsley Hood audio cassette
recorder as the heart of a multi-track
digital tape recorder. It can handle 2,
4, 6 or 12 channels with bandwidths
of up to 42Hz and with zero wow and -
flutter.

In the field of electronic data collection
and storage, that is the recording of signals
from various electrical transducers with
bandwidths of from zero to several kilo-
hertz, the f.m. instrumentation tape re-
corder has played an almost unequalled
role for many years. Perhaps because the
market for such machines is small, they
have become very complex, possibly in an
attempt to answer every user’s needs in
just one design. The result of this is that
they are very expensive. Typically, a 14-
track machine using one-inch magnetic
tape and operating with a range of six tape
speeds can cost over £20,000. Reels of one-
inch tape are also very expensive! Less-
complex f.m. tape recorders are available
that use quarter-inch tape, operate with a
reduced range of tape speeds and with a
reduced number of tracks, but which may
still cost several thousands of pounds.

One of the main reasons for the f.m.
i.t.r.’s expense is the very advanced tape
«deck used. In f.m. tape recorder designs it
is necessary to reduce the wow and flutter
content of the tape deck to a minimum to
obtain a reasonable signal-to-noise ratio,
since any wow and flutter of the recorded
signals looks like frequency modulation
and hence, when demodulated, represents
an unwanted signal, or noise. Another
reason for the high cost of f.m. recorders is
that, to achieve multi-track recording,
very expensive multi-track recording
heads must be used. Nevertheless, in spite
of these comments, when used to its fullest

extent, the multi-track, multi-speed f.m.

i.t.r. has yet to be bettered. There are
instances, however, when multi-track (or
multi-channel) recording is needed, but
with reduced bandwidth requirements and
without the need for a multi-speed option.
To use an f.m. i.t.r. for this purpose, sim-
ply because it is the only type of machine
available to offer multi-channel recording,
is a very expensive solution. It is in an

attempt to meet this need that the author

‘has designed the multi-channel, digital

tape recorder that is the subject of this
article.

Essentially, a multi-channel machine
with a bandwidth for each channel in ex-
cess of S0Hz was needed. A single-speed
machine could be tolerated, provided it
was possible to obtain wider bandwidths
for each channel by reducing the number
of channels available: digital techniques
make it simple to do this. Another require-
ment was that the signal-to-noise ratio for
each channel should be as good, or better,
than that possible by f.m. recording.

Again, digital techniques make it possible .

to obtain any desired level of signal-to-
noise ratio by simply digitizing the anal-
ogue signal to the required number of bits.

It is also possible, using digital techniques,

NRZ geriu[duh:! 1 ] * ] 1 0 0

recorded data eases the need for a tape
deck with superior mechanical qualities,
and the possibilities of using a cassette tape
recorder were therefore considered: such
recorders are cheap, compared with reel-
to-reel machines, and tape cassettes offer
the cheapest recording medium possible.
To remove -wow and flutter from the
recorded data, the long-term speed stabi-
lity of the tape must be accurately
controlled. . Commercially available cas-
sette tape recorders for the hi-fi market are
not easy to modify and it was thought that
the best solution would be to obtain a
recorder in kit form. There appeared to be
only one such instrument available—the
Hart version of J. Linsley Hood’s excellent
design. This did indeed prove to be the
solution, for it was simple to modify the

motor and speed control system of the

Bi - phase coding [ ‘ | | : } -—I

Deloy modutation
{Miller code }

o

7, o0 5 5 5 e 50 ) 5 o

Fig. 1. Data is in non-return-to-zero (NR2)
form at input of recorder. Two possible
encoding systems are bi-phase and Miller
code. Miller has lower frequency content,
allowing twice as much recorded data, but
needs more extensive decoding circuitry.
Higher data capacity considered to
outweigh disadvantage of circuit
complexity.

to completely remove wow and flutter

from the recorded data. This is very easily

done if the digitized data is played back
into a digital computer for analysis and not
reconstructed into analogue form.
However, the author’s requirement was to
remove it completely from the recons-
tructed analogue data outputs.

Removing wow and flutter from the

"VFL 910 deck used in the Hart kit. Since
the Kit costs around £110, a relatively
cheap instrumentation tape recorder is
therefore feasible.

Replacing the front panel of the Hart
recorder with one of 19in wide and 3U
height (5%4in) made it possible to fit the
recorder into a standard 19in instrument
case. In the photograph of the complete
instrument, the Hart recorder is mounted
in a 19in case of 6U height (10%in) with
the digital electronics mounted in a rack-
ing-frame beneath it.

Specification -

Before going on to a detailed description,
the specification achieved by the prototype
design is presented here so that readers
may appreciate its qualities and limi-
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“tations. Twelve channels of analogue data
may be recorded simultaneously, with a
bandwidth of 70Hz (allowing for anti-
aliasing filters); six channels are recorded

on each track of the ‘stereo’ cassette re-

corder. Six, four or two channels can be
used, with consequent increased band-
widths of 140Hz, 210Hz and 420Hz, res-
pectively. Recorded data is reconstructed

into analogue form on playback, with a

signal-to-noise ratio of the order of 60dB,
achieved by digitizing the analogue data
into 10-bits. (Data words of 12 bits length
are used, 2 bits being allowed for parity
checks.) Wow and flutter content of the
replayed analogue signals is zero.

An important parameter of any instru-
mentation tape recorder is its response to
imperfections in the quality of the tape and
also to vibration. Many such i.t.rs are used
in the transport industries and are
therefore subject to considerable vibration.

It was not practical to attempt such so-
phistication in a relatively cheap recorder.
The first attempt at eliminating the gener-
ation of glitches was thus a simple one and
consisted of adding two parity bits to the

" 10 bit data word. In the event of a parity

error being detected in the played-back
data, the output signal of the particular
channel is simply held at the level given by
the last correct data word. The author’s
expectations of this simple error-detection
system have been more than satisfactorily
realised! using good-quality cassette tapes,
such as the Maxell UDXL II, typically less
than five glitches have been detected on
one channel in 30 minutes of recorded
data, with the recorder in its two-channel
mode. Nearly all the glitches occurred at
the beginning and end of a cassette and if
half a minute’s recording time were elimi-
nated from each end of the cassette it
would appear that most would be re-
moved. :

Complete multi-track tape recorder. Top
half is modified Linsley Hood cassette
deck.

The effect of both poor-quality tape and
excessive vibration is to produce a momen-
tary signal drop-out, resulting in a ‘glitch’

in the recorded data, the importance of

which depends very much on the type of
analysis that is subsequently carried out on
the data, and which in some cases can be
very embarrassing. Digital recording tech-
niques are very much more sensitive to
both these faults and it was therefore with
some trepidation that the author embarked
on such a design using a relatively cheap
cassette-recorder and cassette tapes.

It is possible to eliminate the problem of
poor-quality tape, provided the imperfec-
tions are not extensive, by distributing the
serial data stream across several tracks of
the tape and by using advanced error de-

tection and concealment techniques.

www americantadiohistory com

In an attempt to assess the recorder’s
response to vibration it was picked-up and
shaken by hand — to and fro, side to side
and back and forth. No glitch in the re-

played data was observed. The cassette:

deck is, however, sensitive to rotation
about the capstan’s axis. Whilst the author
appreciates that this vibration test meets
no British Standard, the instrument’s res-
ponse (or lack of it) is better than some
i.t.rs within his experience.

Design philogophy

To record the outputs from a number of
analogue channels, digitally, on to one
track of a tape-recorder they must be
multiplexed, converted to digital words,
formed into a continuous stream of serial
data, and suitably encoded. The first deci-
sion to be made was the method by which
the serial data stream should be encoded.
The need for encoding arises from the fact
that it is not possible to simply record the
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NRZ digital data directly onto tape, be-
cause long strings of zeroes or ones would
contain a strong low-frequency content.
Also, with no changes in the signal level
taking place, there is no information being
generated from which to recover-the clock
frequency. Because of the inability of con-
ventional recording techniques to record
signals down to zero frequency (20Hz is
about the best lower limit of a good direct-
recording tape-recorder) and the need to
be able to extract the clock frequency from
the recorded data, it is essential that the
-serial data be encoded in such a way that
frequent changes occur in the outpu
voltage. However, to maximize the
recording density of the tape, these
changes should be as infrequent as pos-
sible.

Two encoding systems were considered
— ‘bi~phase encoding and delay modula-
tion (also called Miller code). Figure 1
shows a serial stream of digital, non-return
to zero (NRZ) data and the resulting out-
puts from the two encoding systems. Bi-
phase encoding results in a positive signal
transition at the centre of 1 cells and a
negative transition at the centre of 0 cells.
Miller code is simply bi-phase encoding
divided by 2 and results in a signal transi-
tion at the centre of a 1 cell and between
adjacent O cells: the direction of a transi-
tion in Miller code is unimportant. In bi-
phase encoding the highest fundamental
frequency present in the encoded data (ig-
noring harmonics) is that of the clock oscil-
lator. In Miller code, it is half that of the
encoding clock oscillator. The lower fre-
quency content of the Miller-coded data,
compared with the bi-phase coded data, is
the main advantage of Miller code. It
means simply that twice as much data may
be recorded on tape, within a given band-
width, using Miller code than by using bi-
phase encoding.

Miller code does, however, have disad-
vantages. It is relatively simple to extract
the clock frequency from encoded bi-phase
data, and also to decode it. The circuitry
required to decode Miller code and to
extract the clock frequency is very much
more complicated. It is also desirable that
the sequence 1, 0, 1 be included in the
NRZ serial data stream since, in the ab-
sence of Is or Os, a string of encoded 0s
looks exactly the same as a string of en-
coded 1s. However, there is a phase dif-
ference between encoded 0s and 1s which
is only detectable when both are present in
the data. The sequence 1,0,1 in the en-
coded data produces a unique time gap
between signal transitions and thus cor-
rectly sets the Miller decoder for decoding
Is and 0s. To determine which encoding
system should be used, the author had to
decide between circuit complexity and
high data capacity or relatively simple cir-
cuitry with reduced data capacity: the de-
cision in favour of a higher data capacity
brought with it the need to design a relia-
ble clock-recovery circuit and Miller de-
coder. '

One of the advantages of digital
recording is that the recording process
does not need to be linearized by using a
bias oscillator, which can considerably
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simplify the recording circuitry. However,

as the Hart cassette recorder used in the.

design was already complete with its linea-
rizing circuitry, there was no reason to
modify it. ]
Since the frequency response of the re-
corder extends to 15kHz, it was expected

that it would cope with encoded data .

whose highest fundamental frequency was
of the order of 12kHz. Using Miller code
this meant that a bit rate of 24Kkbits/s could
be handled, using a clock oscillator of
24kHz. To determine the number of chan-
nels that could be multiplexed and
recorded on one track of the cassette re-
_corder, a number of requirements needed
to be considered, with an ultimate bit rate
of 24kbit/s as the objective:

— the minimum required bandwidth of
each channel, >

— the desired signal-to-noise ratio,

— the number of parity bits per data word,
— the inclusion and length of a synchroni-
zation word. '

First, the desired bandwidth was a
minimum of 50Hz. To allow for anti-
aliasing filters, this meant a sampling rate
of 4 to 5 times the bandwidth, say 250Hz.
Second, a signal-to-noise ratio of 60dB was

considered desirable, which could be
achieved by digitizing to 10 bits (in f.m.

_i.t.rs., the signal-to-noise ratio is the ratio.

of the peak signal level to r.m.s. noise
level. If the ration of r.m.s. signal level to

-the r.m.s. noise level is taken, 10 bits pro-

duces a signal-to-noise ratio of only 57dB).
With ‘10 bits for the data an additional 2
bits for parity was thought sufficient, mak-
ing a total of 12 bits per data word. Eight
channels of 12 bit data words, sampled at a

frequency of 250 Hz, produces a bit rate of

precisely 24kbits/s. However, as
mentioned earlier, the sequence 1,0,1 is
needed in the data stream so that the Mil-
ler-coded data can be decoded: a synchro-
nization word in the data stream at regular
intervals allows for this. It also allows cor-
rect synchronization of the data on replay
and de-multiplexing. To insert a sync,
word into the data stream, without in-
terrupting its steady flow, temporary sto-
rage buffers are needed for the data. Two
clocks also become necessary — one to
clock the data into the buffers and a
second, faster one — to clock the data and
sync. word out. The ratio of these two
clocks will be (xx12):(xx12)+y where x
equals- the number of channels and y
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equals the number of bits in the sync.
word. With 6 data words of 12 bits and a
sync. word of 8 bits this ratio could be very
conveniently made 9:10, i.e. (6X12)=72:
(6x12)+8=80. A common crystal-
controlled oscillator of 3,2768MHz,
divided down by 16X9 and 16x10, gives
frequencies for the two clocks of 22,755.5
Hz and 20,480 Hz respectively.

The faster one is referred to as the tape
clock, since it runs at the rate at which the
data, plus sync. word, is encoded on the
tape-recorder. The slower one, running at
the rate at which data alone is handled, is
the data clock. The tape clock, at 22,755.5
Hz, is very close to the aimed-for bit rate
of 24Kkbits/s and is the closest that can be
achieved using standard crystals. For this
reason, and because of the convenience of

‘a2 9:10 ratio for the data and tape clocks, it

was finally decided to record six channels
per track of the cassette recorder. With a
data clock of 20,480 Hz, 12 bit data words

_and 6 channels, the sampling rate per

channel works out at 284.4 samples/s,
which makes possible a bandwidth per
channel of around 60 Hz to 70Hz.

To be continued.

Literature received

Twenty four application notes from Datalab
present information on the use of their transient
recorders with a number of computers, calcu-
lators, tape punches and graphics terminals.
Copies are obtainable from Data Laboratories
Ltd, 28 Wates Way, Mitcham, Surrey CR4

R.
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1981 Samtec catalogue contains 44 pages of
specification and ordering information on a
range of plugs, sockets, jumpers and terminal
strips. Write to Symec Electronics Ltd, Lexden
Lodge, Crowborough Hill, Jarvis Brook, Crow-
borough, Sussex.

WW402

Single, dual and triple-rail power supplies,
mounted on Eurocards and covering all stan-
dard voltages from * 5V to + 30V are made by
Vero, who describe them in a new brochure,
available from Vero Systems, 362A Spring
Road, Southampton SO9 5QD.

Ww403

‘Ambit International have changed the name of
their components catalogue to ‘The World Of
Radio And Electronics’ and intend to produce it
quarterly. Items stocked will, they say, comple-
ment their magazine. Price is 60p, but the cata-
logue contains three £1 vouchers. Ambit are at
200, North Service Road, Brentwood, Essex

CM144SG.

Metal-film resistors from Mullard are well
described in a colour leaflet, which can be
obtained from Mullard Ltd, Mullard House,
Torrington Place, London WCIE 7HC.

WW404

Catalogue covering a range of ceramic, chip and

mica capacitors is available from RBS Capaci-
tors Ltd, Orchard Works, Vencourt Place,
Hammersmith, London W6 9LZ.

WW405

Publication from ICI discusses the cleaning and
drying of metal, glass and plastics components
and equipment in the electronics industry,
using Arkione W solvent in special plant.
Copies from ICI Solvents Marketing Depart-
ment, ICI Mond Division, PO Box 19, Run-
corn, Cheshire WA7 4LW.

' WW406

Data conversion equipment is the subject of a
short catalogue from Micro Networks. It in-
cludes brief descriptions of digital-analogue-
digital converters, track/hold amplifiers, in-
strumentation amplifiers and complete systems.
The company is represented in the UK by Pas-
call Electronics Ltd, Hawke House, Green
Street, Sunbury-on-Thames, Middlesex TW16
6RA.

Ww407

Catalogue of software for CP/M-based compu-
ters is available from Transam. Programs in-
clude those for general office work, business
and accounting and scientific operations. Lan-
guages include several varieties of Basic and
Pascal. TCL Software, 59/61 Theobald’s Road,
London WC1. )

Wwa408

Catalogue of general electronic components
from Vako contains descriptions of a wide range
of discrete and integrated semiconductors,
displays, passive components and hardware, in-
cluding a large section of loudspeaker drive
units. Write on company letterheads to Vako
Electronics Ltd, Pass Street, Werneth,
Oldham, Greater Manchester OL9 6HZ. .

Short catalogue by Burr Brown on a-d-a
converters, amplifiers, analogue circuit func-
tions, power supplies and fibre-optic data links.
Burr Brown International Ltd, Cassiobury
House, 11-19 Station Road, Watford, Herts
WDI1 1EA. .

WWwW409

Selection of switches from Lorlin is described
in a new catalogue. Types shown are rotary,
lever rotary, lock switches, p.c.b. types, sliders
and mains switches. Catalogue from Lorlin
Electronic Co. Ltd, Daux Road, Billingshurst,
Sussex RH14 9SW.

Wwa10
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The cartridge alignment problem

A new approach

by R. J. Gilson, M.I.Mech.E.

Of the two basic sources of distortion
and wear involved in the use of a
pivoted tone arm, tracking angle
errors and lateral loading on the
stylus, the customary approach
assumes that the first is all-important.
Hence use of overhang and offset
figures that give the lowest tracking
angle distortion over the playing area
of the record. This approach may be
fallacious, and a better overall
performance may be attained by
paying attention to the influence of
overhang and offset on lateral loading
conditions.

It must be clear to readers of the hi-fi press
that there has long been a marked dif-
ference of opinion between manufacturers
and hi-fi writers regarding the correct ap-
proach to arm geometry and alignment
problems. The following quotations selec-
ted from recent publications are typical of
many more: '

“Most arms are sub-optimally designed.”

“There is about a 50-50 split between those
designed for minimum tracking errorand
those not really designed for anything at all
other than high distortion.”

“Pickup arms vary wildly in their geometry
and few are properly designed.”

"’Current techniques for cartridge
alignment are based on completely false
assumptions and achieve. .. hot alignment
but misalignment.”’

At present the importance of accurate arm
alignment is highly under-estimated.”

“If the arm geometry is wrong (sic) it can
only be due either to cussedness or plain
ignorance on the part of the designer.”

Strong words indeed! The most com-
mon ground of condemnation is that the
amount of stylus overhang and head offset
is insufficient to achieve the lowest pos-
sible tracking error distortion, over the
playing area of a 12’’ record. The mathe-
matical basis for achieving the lowest pos-
sible tracking error distortion has been
examined by a number of people promi-
nent améngst whom were Bauer and Baer-
wald more than three decades ago. These
approaches have been well publicised and
it seems to be the essence of the pundits’
criticism that manufacturers are too
ignorant, obtuse or disinterested to take
notice of these well known methods of
design. But there are disadvantages in aim-
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ing at the lowest possible tracking errors
which do not seem to be considered by
those who censure the manufacturers so

_strongly. This article examines both - as-

pects and suggests a way of resolving this
longstanding controversy.

Tracking geometry

Tracking angle errors are minimized by
offsetting the pick-up cartridge at an angle
to the arm, as indicated by broken lines in
Fig. 1. It is the amount of variation in p
across the playing area of the record that
determines the magnitude of the tracking
error, i.e. the discrepancy between f and
offset angle. Graph shows the relationship,
of B to R over the playing area for various
values of overhang, and to obtain the
minimum possible tracking errors an over-
hang figure in the region of 15 to 20mm is
needed. (This is based on a value of C of
203mm (8in), which seems typical. For
other values overhang required will vary
inversely as C. This is dealt with more
fully later). The formula proposed by
Bauer/Baerwald for calculating “opti-
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mum” overhang, in the sense of achieving
lowest possible tracking errors (see appen-
dix) gives an kg of 17.9mm, for R=146,
r=60, L=221mm, where R and r are outer
and inner groove radii, which agrees with
expectations from the graph of Fig. 1.A
more recent rule (Stevenson, May, June
1966) gives the same figure of 17.9mm (see
appendix). Another widely publicised rule
is to set zero tracking angle error at radii of
121 and 66mm. The overhang figure
necessary to meet the requirement of zero
angular error at any two radii can be calcu-
lated from equation 3, and for C=203,
R=121 and r=66mm gives h=18.8mm,
which is in close agreement. Randhawa in
WW March 1978, proposed overhang and
offset figures comparable to those given by
Bauer, although if anything slightly
higher. The actual figure proposed for an
216mm value of L, is 16.5mm, which is
‘somewhat smaller than the above figures
because a smaller value of r has been as-
sumed, i.e. 54mm in place of 60mm.

The next step is to evaluate the corre-
sponding offset angle which will average
out the angular errors to best advantage.
(This is, of course, provided automatically
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iby adopting the two-point zero error meth-
od as instanced by formula 3, but in the
more general case it is necessary to find the
optimum offset angle for any selected
value of overhang.) Looking at Fig. 2
again, there are three potential points of
maximum angle error, i.e. outer radius,
inner radius, and intermediate radius at
‘which B is a minimum. This last, the radius
for minimum 9, can be calculated from
Ryin=VL*—C*. For the curve in Fig. 2
for h=20mm, if the offset angle were to be
set at 25°, tracking angle errors would be
%2, —0.4 and X2.5° at inner, Ruyin, and:
outer grooves respectively. To put this into
perspective, notice that distortion due to
tracking error is proportional to angular
~ error and inversely to groove radius, so we
_need to convett the angle errors to degrees
per unit of radius i.e. +0.33, —0.06 and
* 40.17° per cm of radius. Obviously this is
" not the best that can be done, and. the
figure of 25° for offset angle needs in-
creasing a little. The best value could be
found by trial and error, or calculated from
formula 4a, see appendix.

Lateral bias forces

It is an unfortunate fact of life that Wlth a
pivoted arm moving in an arc, there must
be a side force acting on the stylus tip
which becomes greater with increasing
overhang. The basic conditions are set out
in Fig. 3, where F is the side thrust result-
ing from the angular difference between
the directions of stylus drag D and resist-
ing pull P. Taking moments about the arm
pivot, force F can be evaluated in terms of
drag D by F=D tanf. Values of F/D are
plotted in Fig. 4, which shows F can reach:
50% of the drag D with 18mm overhang.
The normal method of dealing with this
. side thrust is to apply an opposing outward
torque or bias to the arm, but it seems not
to be generally appreciated that such com-
pensation is very much of an approxima-
tion. To understand this, examine the drag
factor carefully. Tangential drag D is
composed of a number of elements.
Frictional drag. With 45° groove walls,
stylus loading on each wall is 0.7 of the
down force, so that frictional drag will be
1.4pw, where p is the coefficient of fric-
tion and w the down force or tracking
weight. In addition to straight sliding fric-
tion, there will be “deformation drag” due
to the elastic deformation of the disc
material at the stylus contact point, and it
seems reasonable to estimate that the
effective coefficient of friction will be
somewhere between say 0.1 minimum and
- 0.3 maximum, depending on stylus shape
and finish, and disc surface finish. Thus
" the total frictional element of drag D could
" be between about 0.15 and 0.4 of the down
force. In principle, this frictional element
is independent of groove velocity.
Modulation drag. In addition to the fric-
tional element which applied to an unmo-
- dulated groove, there will be further drag
due to modulation of the groove. This
modulation element can be sub-divided

into three related elements, inertial drag,

compliance drag and transducer drag.
Inertial drag is due to the energy absorbed
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in accelerating the stylus/armature system
as it responds to the groove modulation.
Acceleration can be extremely high, up to
1000g or more, and inertial effects must be
correspondingly great. The energy re-
quired to violently waggle the stylus/canti-
lever/armature system can only be
supplied by the turntable motor, and on
the assumption that for a given music
content the energy requirement is ¢on-
stant, it follows that a constant torque is
imposed on the turntable motor, which
means that the drag at the stylus point
varies inversely with groove radius. (In
principle, no energy is required to waggle a
mass, as energy absorbed during accelera-
tion will be balanced by an equal amount
given out during deceleration. But we are a
long way from a perfect mechanism, and in
practice the deceleration forces will be
dissipated in the form of frictional losses.)
Compliance drag covers the energy ab-
sorbed in overcoming the stiffness and
damping or hysterisis of the cantilever
hinge system, and is presumably greatest
at low frequencies when lateral movement
of the stylus is at a maximum. It tends to
have a constant energy characteristic, giv-
ing an inverse relationship to groove veloc-
ity.
Transducer drag covers the energy absorbed
in converting mechanical energy input into
electrical output from the armature/field
system. Presumably small compared to
inertial and compliance drag, it will also
have an inverse relationship to groove ve-
locity.

In the absence of measured figures for
stylus drag one can try to make some sen-
sible guesses based on a background of
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‘mechanical engineering principles. It

seems obvious that a heavily modulated
groove will impose more drag than a
lightly modulated one, and bearing in
mind the high acceleration figures
involved, it seems reasonable to assume
that modulation drag might reach a peak
value of say 30% of the down force. (Mod-
ulation drag is not in fact directly in-
fluenced by down force, but in practice
tracking weight or down force is affected
by stylus mass and mechanical impedance,
and in this sense modulation drag can be
related to minimum tracking weight.)

Adding frictional drag to the assumed
modulation drag, we get atotal stylus drag
varying from a minimum of perhaps 15%
of down force up to a peak maximum of
perhaps 60% or more. With 18mm over-
hang giving an F/D ratio of approximately

0.5, side thrust F could be anything be-

tween say 8 and 30% of tracking weight,
Part of this thrust varies inversely with
groove radius, increasing from rim to
centre, and more importantly it can fluc-
tuate violently with modulation character-
istic. It is unrealistic to expect to cancel out
the ill-effects of fluctuating side thrust by a
fixed arm bias, although it may mitigate
things a little, About the best one could
achieve, assuming drag D could be accu-
rately assessed, would be to reduce the
maximum F by about %3, at the cost of
increasing the minimum F in roughly the
same proportion.

As well as force F increasing the stylus
loading on the inner groove wall and re-
ducing the loading on the outer wall, there
is a separate force acting to displace the
stylus from its free dead-centre position,
This is due to the tendency of the tangen-
tial drag D to pull the stylus cantilever into
line with the arm pivot, and might be
termed the reverse toggle effect. The con-
ditions are set out in Fig. 3, which shows
that by taking moments about the arm
pivot, effective stylus displacement force is
t=dtanB. Angle B will be nearly the same
as the tracking angle 3, and 4 will be al-
most the same as D, so ¢ is substantially the
same as F, Fig. 3. It follows that any arm
bias applied to compensate F will also
compensate z to almost the same extent. If
we apply an outward acting arm bias of say
% of maximum F, then in lightly mod-
ulated grooves the displacement force z will
be over-compensated, and there could be a
net force ¢ of roughly 15% of the tracking
weight acting to rotate the cantilever in a
clockwise direction. Conversely, in a peak-
modulated groove there will be a partially
compensated force ¢ acting to rotate the
cantilever in an anticlockwise direction.
The amount by which the cantilever/arma-
ture system is displaced will depend on the
static compliance of the cartridge, and any
ill-effects on sound quality will depend on
the sensitivity of the transducer system to
non-linearity due to displacement from the
true dead-centre position.

In addition to any audible effects, the
existence of force F must result in added
wear on stylus and disc. It may not be

‘realised that the effective increase in stylus

loading against the inner groove wall is
double the net force F. If a given cartridge
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requires wgm tracking weight with zero ¥,
as could be the case with a true radial or

‘straight-line arm movement, then if F be-

comes say 0.2gm the tracking weight will
need to be increased to w+0.2gm to
prevent mistracking on the groove outer
wall, and the lateral loading on the inner
wall will be increased by 0.4gm.

The existence of so many factors in the

“lateral bias problem, and the difficulty of

assessing the optimum balance between
conflicting requirements, is doubtless the
reason for the widely differing approaches

adopted. The Hi-Fi press seem to regard-

an arm bias of about 10% of tracking
weight as “correct”, whilst manufacturers
adopt anything between 5 and 30%. And

- at least one major record company recom-

mend setting arm bias on a plain un-
grooved section of their test record! There
are also differences of opinion on the ques-
tion of whether bias should increase or
decrease over the arm travel. The press

" seem to regard increasing bias from rim to

centre as desirable, whilst some manufac-
turers adopt reducing bias, presumably on
the reasonable assumption that the ten-
dency for modulation drag to increase with
reducing groove radius is more than bal-
anced by the tendency for F/D to fall to-
warclis the inner grooves when overhang is
small.

Optimization

‘To date, the emphasis in the press seems
to be confined to the problem of achieving
minimum possible angular errors, without
regard to the possible penalty in increasing
the lateral forces F and 1.

Distortion due to angular error is
proportional to angular error per unit of
groove radius and is quantified in a for-
mula attributed to Baerwald, d=4.44e/r,

where d is % tracking error distortion for -

modulation velocity 10 cm/s, e is tracking
error in degrees, and r is groove radius in
cm. Using this formula in conjunction
with Fig. 2 for values of F/D and formu-

. lae 4 for optimum offset angle, one.can

plot F/D against distortion, as shown in
Fig. 4. The whole controversy is summed up
tn this curve. It shows simply that the
lowest possible tracking angle errors can
be achieved only at the cost of increasing
the values of F and #; and conversely forces
F and ¢ can only be reduced by accepting
increased angular errors. In the absence of
published information on the audible
effects of the opposing factors, the opti-
mum balance is anybody’s guess,but it is
hard to see justification for the assumption
that the lowest possible angular error must
necessarily be the best condition. Tracking
distortion is said to be predominantly
second harmonic, and the question arises
of what level becomes audible. According
to one source* 5 to 10% second harmonic
distortion is normally undetectable, so it
seems highly improbable that a mere
1% distortion would be audible,
bearing in mind the overtone content

- and highly complex waveform of musical

modulation. Would the 1%2% imposed by
the usual overhang of only 10mm adopted
by manufacturers become audible? Or the

*“Pickups, the key to hi-fi”, by 7. Walion (Pitman).
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2% necessary to halve the force F at inner
grooves? Without a definite answer, it is
difficult to formulate an optimum balance
‘between the conflicting factors.

There are two essential factors to inves-
tigate, the audible effects of angular error
and of lateral force, and it. should be a
fairly simple matter to undertake this with
the aid of a straight-line arm for a refer-
ence. The cartridge could be twisted round
in say 1° steps up to a maximum of perhaps

°, and side loading could be applied
(perhaps by tilting the deck bodily) in
steps of say 5% of tracking weight up to
perhaps 50% maximum. If such tests were
assessed by listening panels, using a
number of top-grade cartridges of differing
characteristics, this would surely provide a
firm basis for arriving at a generally
acceptable balance. The listening tests
could be supplemented by wear tests on
the stylus, and by measurements of stylus
drag.

In thinking about these problems, it is
necessary to keep a sense of proportion;
tracking error is only one source of distor-
tion and possibly a minor one. Probably
‘the worst source is tracing error, which can
weasily run into double figures percentage
at the inner grooves, particularly with

-slight stylus wear. Then there is vertical

tracking angle error, which is difficult to
avoid. Another source is that due to any
longitudinal compliance in' the stylus/ar-
mature system; it is usual to mount the
cantilever in an elastomeric grommet or
block, and this is not adapted to providing
much rigidity in the longitudinal direction.

Bearing all these factors in mind, it
seems not unlikely that the manufacturers
are doing the right thing in using lower
overhang and offset figures than those
favoured so strongly by the hi-fi pundits.

It may be helpful to examine the distor-
tion figures across the playing area of the
record, for the extreme conditions
favoured by qne side or the other. Fig. 5

shows the distortion profiles at 10cm/s for -

three different'overhang conditions: 19mm
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‘Appendix
The ¢ two sxdes and included angle” trig. for-
mula a@®=b%+c?—2bccosA applied to. Fig. 1
gives
LZ R2-C2
sinf==—+ IR

or R=Lsinf+V(Lsinp)*+C*—L*  (1)-

Bauer/Baerwald formula'

2
s
where R and r are outer and inner groove radii.

Stevenson: e
ho=L—V/L?~7600

or VC'17600-C

Overhang for zero angularerror at any two

radii:
h=VC*+Rr-C 3)

where R and rare points of zero angle.error.

Offset angle:
BiRminX Bmindi (43)

Rmin XRi

where f3; is the angle at inner groove and R,
the radius at which B, occurs. For the present
example, this works out to B, =26.1°, which
gives errors of +0.15, —0.16 and +0. 09° per
cm.

This is the best we can do when rounding to
the nearest 0.1°, the points of maximum error
being at inner grooves and Ry, of 93mm. With
smaller overhang figures, as often used by
manufacturers, the points of maximum error
will usually be at outer grooves and Rp,, and
the new formula for B, becomes

BoRminxﬁminRo
RminXRo
where f3¢ is angle at radius Ry (normally
146mm). If the overhang is small enough
to place Ry less than the inner groove
radius, usually below 10mm. then the for-
mula for fqp becomes
BoRiXBinRo
R XR;

(4b)

(40

as required to give lowest possible distor-
tion, 10mm as favoured by many manufac-
turers, and my proposal of 13mm the low
distortion achieved by the 19mm condition
is only maintained if the inner groove
radius does not fall below 60mm, and in
practice figures down to 58 or even
Sémm can occur with 33 rev/min discs,
while 45s can go down to about 50mm. At
the other extreme, the.1l0mm overhang
gives 2Y2 times greater distortion at the
nominal 60mm inner groove radius, in re-
turn for 35% reduction in-lateral forces F
and 1 The proposed 13mm condition
seems to make sense; it holds distortion
down to a maximum of about 1%, and
provides 25% reduction in lateral forces as

Continued on page 64
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Tracking mains filter

High-Q active network rejects low frequency interfering signals
by K. Radhakrishna Rao and R. S. Moni, Indian Institute of Technology, Madras

The circuit described is a high-Q, self-
tuned band-rejection filter for '
suppressing low-frequency
interfering signals, particularly 50HZ
power-line interference. It makes use
of four op-amps and a phase-
correction scheme and needs no
precision components. Because the
notch frequency of the filter tracks the
frequency of the interference signal,
‘tolerances and temperature
coefficients of the frequency-
determining passive components do
not affect the performance.

Active band-elimination filters have be-
come important in instrumentation used in
biomedical and other fields, to eliminate
low-frequency interference signals, parti-
cularly those due to the SOHz mains fre-
quency and its harmonics. High-Q band-
stop filters are required, but without
affecting the physiological data, which car-
ries a wide range of frequency components
(normally from zero to 5000Hz). Such a
high-Q filter requires excellent perform-
ance characteristics. The zero-frequency of
the filter has to be accurately determined
by the passive components, and it must
exactly coincide with the pole-frequency.
Such stringent requirements need pteci-
sion passive components with zero tem-
perature coefficients. But even if the filter
satisfies all these conditions there is no
guarantee of the frequency stability of the
interfering signal. This frequency might
fluctuate from its nominal value and result
in the feed-through of a significant portion
of the interference signal at the output of
the filter. This problem can be tackled
only by using a self-tuned high-Q band-
-elimination filter whose pole-frequency is
determined by the same components as the
zero frequency.

Many of the known active RC band-stop
filters!3 require precision passive compo-
nents with zero temperature-coefficients to
achieve satisfactory performance. Further,
in a few self-tuned notch filters reported
earlier®> the notch response is obtained by
subtracting from the input signal the in-
terference-frequency components, derived
from a switched RC network. The
switching frequency is synchronised to the
frequency of the actual interference signal
through a clock generator, thereby provid-
ing a tracking capability. With this scheme
the self-tuning range attained is limited
and, furthermore, all the stringent condi-

. tions with regard to passive components
must be fulfilled. Moreover it is quite com-
plicated, because additional circuitry has
to be incorporated t6 suppress the
switching-noise generated and to keep
both inputs to the subtracting circuit equal
in magnitude and phase at all the tracking
frequencies. In this article a relatively
simple scheme, which does not require
zero temperature-coefficient, precision,
passive components, is proposed. It uses
the four-amplifier circuit shown in Fig. 1,
which is a modified" Kerwin Huelsman
Newcomb biquad®. Self-tuning in such an
arrangement involves making the filter
voltage-tunable’ by replacing the fre-
quency determining resistor, R in Fig. 1,
by a voltage-dependent resistor, R *, shown
in Fig. 2, and then locking it to the in-
terference signal V;;, by applying phase
corrections® as shown in Fig. 3.

An analysis of the circuit is given in the
Appendix.

Experimental results

The filter shown in Figs. 1, 2 and 3 was
built with dual op-amps and a pair of
matched j.f.e.t.s. The phase-correction

33"
Interference Vjq

O—ANN—=4
3K
Data  Vj2 O————’\/\/B\I;G—J

. 3k3/G

All op-amps=1/2 (M 747

system was made up of a LM711C dual
voltage-comparator, a CA3028A differen-
tial amplifier for temperature compensa-
tion of the output levels of the comparator,
and a low-pass filter for smoothing the
output. The control voltage from the phase
correction scheme was used to vary the
resistance offered by the f.e.t. The filter
was tested for self-tuning and frequency
response characteristics. The input signal-
levels, V;;, and Vi, shown in Fig. 1 were
kept low enough (100mV) to facilitate
linear operation of the f.e.t.

Fig. 4 shows the filter attenuation for
different Qgs (Qo=54.67,100), as the fre-
quency of the interfering signal, Vj; (self-
tuning frequency) is varied. It can be seen
that the attenuation decreases slightly as
the frequency and Qg are increased (see
equation (6) in Appendix). Fig 5 shows
the frequency response characteristic with
the filter self-tuned to the SOHz mains
interference signal, V;, and the incoming
physiological data with interference signal
present added as V.

Attenuation of the interfering signal and
the self-tuning range of the filter are found
to be more than adequate in many applica-
tions, as, in practice, the drift in power
line frequency is much less than the self-
tuning capability of the filter. The filter
can be used to suppress any undesired
frequency component, in any range, by
properly choosing capacitor C in Fig. 1

Fig. 2. Voltage-dependent resistor using a
f.e.t, to be usedforRin Fig. 1. Its value
R'=(2R;+Ry’/Re)=effective resistance
between the terminals A and B. Ri=f.o.t.
resistance, determined by the control
voltage, V.. Ro=resistors for equalising the
f.e.t. characteristics. 3

Fig. 1. Modified biquad circuit, providing
band-pass (Vo;}, low-pass (Vg,), high-pass
(Vo3), and band-elimination (V) functions:
Vi1 is the interference signal to be
eliminated and V;, is the physiological data
signal containing the interference-
component. {wof=1/RC}=ideal pole
frequency; Qp=ideal pole Q; and G=gain
of filter.)
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within the limits permitted by the phase
correction circuit. This scheme can be ex-
tended to suppress the harmonic compo-
nent of the interference signal also, by
adding one more filter of the same kind
but self-tuned to the harmonic component
to be eliminated. A single phase correction
scheme is sufficient to drive both the filt-
ers, using a ‘“‘follow-the-master” prin-
ciple®. In this case, the first filter will have
two inputs, Vj; and Vj;, as discussed ear-
lier and the second filter will have its input
taken from the notch output, Vy4 of the
first filter. The desired output, devoid of
the- interference signal and its harmonic
component, is obtained from the notch
output of the second filter.

In the filter constructed a small amount
of jitter is observed at the notch output at
SO0Hz. This is due to the presence of the
SO0Hz ripple in V, used to control the f.e.t.
To get rid of this, the phase correction
scheme in Fig. 3 has to be slightly mod-
ified, by replacing the 711 dual comparator
by another comparator circuit, shown in
Fig. 6. It makes use of two single compara-
tors and an Exclusive-OR gate. The output
of the gate has a frequency twice that of the
input and therefore can be easily smoothed
by the succeeding filter stage in the phase
‘correction scheme. However, the price to
be paid is a slight decrease in the attenua-
tion at 50Hz, due to the increase in error
introduced by the phase correction
scheme, if the comparators used are not
perfectly matched. With this modification,
using a pair of randomly chosen compara-
tors, the attenuation at SOHz is found to be
abour 36.5 dB.

Appendix: circuit analysis

Considering the finite-gain of the op-amps
used as A=1(1/Ay+s/GB), where Ay is the
finite d.c. gain and GB is the finite gain-
bandwidth product of the op-amp, and
assuming all the op-amps to be identical,
the transfer-function of the notch filter

‘with G=1 can be derived as:

—SZ—Z+ 2 +1]
Vor_lo,® 0,0,
L (n
it [—S—2+ e +1]

wp” wpQp
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Fig. 3. Phase-correction scheme.
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where wp= 1 Do 1 2
0 ]
1+(4+Qo>+‘”( e
T4, GB
0‘)0
Op= 1\ 12
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BN GE
.
2—— “4)
140, Qo/ 40 |
: A, GB
Qz_ - 1
, |t ®
A, GB

Taking into account the tuning error,
€/2Q,, where € is the error due to the
phase-detector used in the phase-correc-
tion scheme?, the equation (1) can be sim-
.plified for the self-tuned filter as:

V04 [ 62 1 ]'/ﬁ
= e
Vil Qp 5 sz sz !
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The cartridge
alignment problem
Continued from page 61

against the 19mm condition: and distor-
tion drops away nicely in the 50-60mm
inner groove region. These profiles are

based on a figure for C of 200mm, which .

seems typical. For other values, overhang
should vary in inverse proportion, h =
k/C. i '

In the case of arms having L as the fixed
dimension, this can be transposed as
h=Y5(L—\/L*—4k). For the high-over-
hang condition as represented by
Bauer/Baerwald/Stephenson k is 3600, as-
suming an inner radius of 60mm; for the:
Randhawa proposal (54mm)  is 3,300; for:
10mm overhang % is 2000; and for the:
13mm condition proposed it is 2600. E

It remains to formulate a method of
evaluating the optimum setting radius, i.e.
the radius at which offset angle is the same
as tracking angle 8. Calculate f3 for various
values of C and h at the three controlling
raddii, i.e. inner grooves, outer grooves
and Ry, as VL*—C*. Then calculate the
optimum offset angle from formula 4.
Finally, calculate the radii for zero angle
error, from formula 1. Plot these radii
against k for various values of C, and
against C for various values of k. The re-
sulting curves are practically straight lines
over the usable range of C and h, which
means that the setting radii have the form
of a y=a+ bx relationship. The figures ob-
tained are  Ry=79+(hC/84) and
ro=12+(hC/71), where Ry and ry are radii
for zero angle error. (Strictly speaking, it is
undesirable, from the point of view of ac-
curacy, to use two empirical formulae
when the product of the two quantities are
precisely related (refer to formula 3), and it
would be better to evaluate r, from the
formula (L?—C?%*Ry. For the proposed
rule £=2600/C, R,=110mm and
r,=49mm, for any value of C within the
normal range of say 170 to 230mm. The
maximum tracking error distortion can be
calculated from the empirical expression
d(%)=210/C. Offset angle can be calcu-
lated from formula 1, or closely approxi-
mated by the empirical expression 4380/C.
Using high quality equipment I have been
unable to detect any audible difference’
between the points of maximum tracking

error distortion and zero error.

*“Pickups, the key to hi-fi”’, by J. Walt(')n (Pitman).

Displacement current .
Will Mr Lawrence A. Jones, who submitted two

articles on displacement current, please write to

Martin  Eccles, Wireless World, Quadrant
House, The Quadrant, Sutton, Surrey or ring
01-3500, extension 3589.
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NEXT
ISSUE'
C.b. radio

frequency
synthesizers

Direct and mixer-type fre-
guency synthesizers are
described by Dr E. F. da
Silva of the Open Univer-
sity. Points for and
against each type are
mentioned and there is a
practical circuit design
for a mixing synthesizer
to cover the 40 c.b. chan-
nels.

Display aid | ﬁ
for micro-
processors

This is a device designed
by Prof. K. Padmanabhan
of Madras University
which enables a simple
oscilloscope to display
the values of digitized
signals in alphanumeric
form, complete with soft-
ware-generated annota-
tion. :

Cartridge |
alignment
gauge

R. J. Gilson presents a i
simple device which
plugs into the stylus posi-
tion of a pickup cartridge
to enable the correct
position to be set up
more easily than with a
protractor.

On Sale
October 21

WAAMA america

Firstthere was the 130. A he}ndheld D.M.M. which still sets the standards our competitors strive to match.
] Sft\lﬁ:](qté:ame the 131. The introduction of the 135 saw 42 digits on a handheld D.M.M. for the very
r : :
And that same commitment toinnovation has resulted in the latest additions to the range. Th [
_ _ ic . The Keithle

128 D.M.M. V\_uth audlq-tone and 870 Digital Thermometer with centigrade and fahrenhgit readout. 1

The result Is an unrivalled selection of handheld measuring devices. Each specification carefully
matched to a given need. With performance that looks pretty good on paper. And even better in the field!

Model 135

Model 128 TR raRS Model 131

Model 130

Model 870

Mudeigom =

@ 0.1° resolution-up t0 200°C

i adjustable threshold @ 25 ranges: 5 functions @ 10 amp span
Modet 135 @ 0:05% accuracy @ FuiToverioad protection ® ACU bandwidin (0 20 Kz
Model 131 @ 0.25% accuracy ® 25 ranges: 5 functions @ 10 ampspan

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

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

For more information simply fill in the coupon.

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

KEITHLEY

Keithley Instruments Ltd

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

Telex 847047

Also available from
LT.T. Instrument Services, Tel. Harlow 29522
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Accurate readings faster-

with AVO auto-ranging dmm's

The AVODANM7 is
an auto-ranging
instrument that's
really fast. On dc L-____/
and resistance
ranges, the ‘ g
response time is | B2 A%

less than 1 second; —=

to an accuracy of

40,5% of reading ‘
4+ digit! This ‘
compact dmm -
features a 3% digit lcd wit
a range hold (or range up or down) fac

.

W A Das
fully protected against

inst overload, The response
figures for the DATI8 are as fast as its portable
counterpart and the manually selected 20mV range

//ﬁ-—\-gﬁ(gs a resolution of 10uV.

om on-site servicing to
laboratory bench applications-
AVO meet them ali}

Measurements can be made up to 1000V, ﬂOA Contact any of our distribution
and 20Mq and there is a special Junction Test e T Tor furthir
range for diodes and transistors.

AVO LIMITED,

Archcliffe Road, Dover, Kent CT17 9EN.
Tel: 0304 202620. Telex: 96283.

A Member of the THORN EMI Group

WW — 069 FOR FURTHER DETAILS

F. Blokley & Sons Ltd.,
Heywood 070665087

Horizon Electronics
Glastonbury 045833

Ibis Electronics

Wokingham 0734-79

Batvale Marketing
Ely 0353-77

Ely 0353-77

{247

F.P.Tools Lid.,

Elliott Electronics Ltd.,
Motherwell 06965672

Leicester 0533-553293

NEW DISTRIBUTORS WANTED

ENCLOSURES

Anattractive metal enclosure with ajustable card guides,
cover plates are blue PVC clad for appearance & durability

Neltronic Ltd.,, - '
Dublin 510845 meets DIN 41494 & [EC 297 specifications
Cobbies Ltd., *
London. 01-699-2282

Microdigital Ltd.,
Liverpool. 051-227-2535

Electronica CG Ltd,,
Manchester, 061-788-0656

Spectron Electronics (Manchester) Ltd.,

DUTTON LANE EASTLEIGH SO5 4AA TEL(O703)610944/5

AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS
Jee Distribution Ltd., Wofiord Electronics Ltd., Technomatic Lid.,
AAL e 2 v 20 4729 Y Hord 092.3- 3

altacrd (L

Léndon. 01 405
A. Marshall {London)
London. 01-624

Interface Components
Amersham. 02403-2

New Bear Computing Store
Newthury. 043
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Long-distance television reception

2 — Why tv signals sometimes cover long distances

by Keith Hamer and Garry Smith

This month the authors discuss the
theory behind various conditions
under which the range of tv
transmissions are extended and —
what is more important to the
prospective DX-tv enthusiast — how
to look for, identify and make the best
use of these conditions.

Temporary effects caused by certain
weather conditions, meteor showers and
even lightning can affect the distance over
which tv signals can be received. In this
article we will take a closer look at some of
the conditions briefly discussed in the last
article and some others not previously
mentioned. We hope that experienced
DX-tv enthusiasts will bear with us for the
benefit of newcomers to the hobby as we
intend to cover news and development in
the field in subsequent articles. For read-
ers who missed the first article, DX-tv is
an abbreviation for long-distance television
reception,

Tropospheric propagation
This is probably the easiest propagation
mode for the newcomer to DX-tv to expe-
riment with as, provided one is not in-
terested in receiving sound channels, a
standard u.h.f. tv set can be used to pick
up signals from the Continent if the aerial
is pointed in the right direction.

The troposphere extends from the sur-
face of the earth to around 7600 metres
above and within it atmospheric pressures
vary in different areas. From time to time,
slow-moving areas of above normal
pressure can occur (anticyclones). Clear
blue skies by day and clear but cold nights
are often associated with high-pressure
areas, but sometimes a high-pressure area
together with a low-pressure zone can exist
that leads to conditions normally asso-
ciated with winter.

Assuming that the weather condition is
purely anticyclonic, a noticeable improve-
ment in the strengths of usually weak sig-
nals will be experienced. Long-distance
signals will be at their best on the u.h.f.
bands (Bands IV and V) in the early
morning and late evening. If you pick up
an unfamiliar programme during this at-
mospheric condition, the first sign that it
may come from overseas is a picture with-
out sound. Table 1 reveals that other

European television services have different ’

sound channel spacings to the one we use,
system /.
A picture without sound does not

seadiohictory com

HIGH 1016

LOW 984
-

HIGH 1036

necessarily’ mean that the signal you are
receiving comes from the Continent but by
looking through programme guides or
briefly tuning into the British transmitters
you can usually make certain by a process
of elimination. Many European stations
transmit the test card — the easiest means
of identification — for a few minutes after
close down, in the early morning and
sometimes even all through the night.

A cold or occluded front at the boundary
of the high-préssure region can increase
the range of tv signals even further. In
October of 1975, an exceptionally good

Fig. 1. In October of 1975 the weather
conditions shown here produced very
good tropospheric reception conditions
and signals from some 850 miles away
were received in the UK.

’

‘opening’ in the UK allowed signals
transmitted some 850 miles away to be
received. Figure 1, kindly supplied by the
Meteorological Office, is a weather chart
for that period showing the high-pressure
region over central Europe and the asso-
ciated front, line AA.
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Daily weather forecasts on BBC-1 are a
means of keeping watch for tropospheric
propagation conditions, as the Atlantic
chart is always shown for a few moments
and approaching high-pressure areas can
be monitored. More detailed information
can be obtained by taking out a sub- -
scription for weather charts from the
Meteorological Office in Bracknell.

During anticyclonic weather conditions,
the earth warms up in the daytime
‘because of lack of clouds and for the same
reason the heat built up escapes quickly in
the evening. Tropospheric propagation is
often greatly enhanced by a frequent result °
of this heating and cooling process called
temperature inversion, where the tropo-
sphere forms a waveguide for directing
signals above around 70MHz.

Reception under tropospheric-propaga-
tion mode conditions tends to be best in a
path parallel to the isobars (lines showing
where atmospheric pressures between low
and high-pressure areas are equal) on -
weather charts. As a high-pressure area
moves away from you reception will be -
best from transmitters in line with the
trailing edge of the area by means of tro-
pospheric ducting.

Yet another indication that Continental
reception via the troposphere may be en-
hanced is the presence of widespread fog.
Conditions again tend to be best in the.
early morning and late evening, but fall off
as the sun warms the lower troposphere.

Under the conditions so far described,
long-distance signals can sometimes be re- .
ceived for several days. Tropospheric
propagation has the advantage that signals
received by it are not subject to rapid. fad-
ing and that litle phase-distortion takes
place, so programmes can sometimes be of -
‘entertainment quality’. The disadvantage
is that irregularities in terrain tend to ob-
struct the signal path: enthusiasts on the
east coast of Britain have a better chance of
receiving signals from Europe than those
living on the west side. .

Bands III to V are most enhanced by
advantageous tropospheric conditions but
even Band I can be affected. Programmes
most received will come from France, Bel-

(a) Radiodiffusion-Télévision Belge’s
(Belgium’s French-language service)
PM5544 alectronic test-pattern received in
the UK by tropospheric propagation.

(b) lonized F2 layer conditions caused
reception of this picture in the UK from the
USSR’s TSS service close to the Chinese
border on channel R1 (49.75MHz vision).
Thé image shown features distorsions
typical of pictures received by F2
propagation.

(c) The origin of the image shown above,
the TSS 0249" test-card.

{d) A PM5544 test pattern on channel E3

(55.25MHz vision) received by F2

" propagation. This picture is thought to

-giur'n, East and West Germany, Luxem-
bourg and the Netherlands but it should

be noted that good tropospheric openings
are relatively few and far between com-
pared with the frequency of other forms of
propagation. .

- Meteor shower

Long-distance signals can be received
for short periods when meteor showers
cause ionization of the atmosphere’s E
layer. These meteors, which may be very

- small indeed, move through the E layer at

high velocities and friction causes ionized
trails to be left behind. Meteor-shower (or
meteor-scatter) propagation, often abbre-
viated to ms, can occur at any time of the
day or night. i

Although the occurrence of meteor
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(b)

have come from an Arab Emirate country

-some 4,500 miles away.

(e) A Voice of Kenya (VOK) news caption
received via trans-equatorial skip in
September ‘80.

(f) An official VOK station identification

(g) Ghosting associated with sporadic E
reception is shown in this photo of an
image from Sveriges-Radio (SR-Sweden).
Signals received during sporadic E can,
however, be very clear and last for several
hours.

(h) A further example of reception possiblé
through sporadic E showing TVE (Televi-
sion Espariola) on channel E2 (48.25MHz
vision).

showers in any 24-hour period is random

‘there are certain times of the year when

meteor showers appear more frequently.
Details of these annual periods can be

~ found in certain astronomical handbooks.

Table 2 gives a rough guide of the best
times of the year to look for long-distance
signals as far as meteor-shower propaga-
tion is concerned.

It is not possible to predict the direction
from which signals enhanced during
meteor showers might come from and, as
the effects of a shower usually last for only
a few seconds, identification of the
transmitter is difficult. Band I signals are
most likely to be improved under this
mode of propagation but sometimes in-
tense ionization in the E layer can improve
reception on Band III channels.

Table 1: World television transmission standards

System No.of Channel

Vision .Sound/vision

Vision Sound Regions

code lines bandwidth bandwidth spacing .modulation modulation
{MHz) {MHz) {MHz) p
A 405 5 g -356 + am. UK, Eire (v.h.f., to be phased out within the decade)
B 625 7 5 +5.5 = f.m. Western Europe, Albania, parts of Africa, Middle East,
} ' Australasia (v.h.f.)

C 625 7 5 +5.5 P ~a.m. Luxembourg (v.h.f.) ;
D 625 8 6 +6.5 = f.m. Eastern Europe, Albania, USSR, China (v.h.f.)
E 819 14 10 +11.15 + a.m. . France (v.h.f., possibly changing to system L onv.h.f.), Monaco
=y : , {v.h.f., 625-line scanning) . :
G/H 625 8 5 +5.5 .= f.m. Western Europe (u.h.f., system G), Belgium, Cyprus, Greece,.

: Israel, Malta, Yugoslavia (u.h.f., system H with 1.26MHz vestigal

] side-band), Monaco {u.h.f., system G) ’
| 625 8 5.5 +6 = f.m. UK (u.h.f.), Eire (v.h.f./u.h.f.), Rep. of S. Africa {v.h.f./u.h.f.), some
: : Central African countries (v.h.f./u.h.f.), Hong Kong (u.h.f.)
K 625 8 -6 +6.5 —= f.m. Gabon (v.h.f.), Eastern Europe (u.h.f.), French Territories
(system K)
I8 625 8 6 +6.5 + a.m. France, Luxembourg, Monaco (u.h.f.)
M 525 6 4.2 +4.5 = f.m. N. and S. America, Caribbean, parts of Pacific, Far East, US
Forces (AFRTS), Japan

N 625 6 4.2 445 = f.m. Argentina, Bolivia, Paraguay, Uraguay
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Lightning flash

During severe thunderstorms lightning
causes the atmosphere to become highly
charged, thus causing incident-signal re-
flection. With this form of propagation,
both v.h.f. and u.h.f. transmissions may
be enhanced.. For optimum results the
lightning should occur mid-way between
the transmitter and receiving site. Condi-
tions may initially be monitored by listen-
ing to the radio, since lightning causes
interference, especially in the long-wave
band.

Auroral reflection

From time to time, particularly around the
equinoxes, there are periods of intense so-
lar activity. Solar flares erupt and cause
vertical r.f. reflecting sheets within the
earth’s atmosphere due to magnetic dis-
turbance and ionization of the D, E and F
layers. Visual evidence of such dis-
turbances is the Aurora Borealis or
“Northern Lights” (“Southern Lights” in
the southern hemisphere). In the northern
hemisphere, the charged particles emitted
by the solar flares spiral towards the earth
and are concentrated at the auroral zone.
Hence, television signals are received from
a northerly direction irrespective of the
location of the transmitter. It follows that
aerials should be directed northwards.

A rumbling or ‘sleigh-bell’ effect on
sound and horizontal bars on vision are
associated with signals propagated by au-
roral reflections. It is possible to receive
trans-Atlantic transmissions during excep-
tionally high solar-flare activity. Signals
received tend to be of poor quality but
nevertheless auroral reflection (ar) is an
interesting form of propagation. Due to
the rotation of the sun, there is a tendency

WwWwWwW americankadiohietory com

Table 2: Apprpximatéanndal rﬁetedr

-shower periods, Between the dates given'

here long-distance reception aided by meteor-shower ionization in the

atmosphere is most likely.

[

Meteor shower Beginning End Chances of long-
name ‘ distance reception
Qua_ndrantlds Jan. 3 Jan. 4 average

‘Lyrldsi - Apr. 19 Apr.22 . moderate
Aquarids . May 1 . May 13 © good

'Perseids July 27 Aug. 17 best

Orionids Oct.15 Oct. 25 / moderate -
Tauri_ds Oct. 26 Nov. 16 average ‘
Leonids Nov. 15 Nov. 17 unpredictable
Geminids Dec. 9

Dec. 13 good

for recurrence of auroral reflection after
approximately 27 days. Normally only
Bands I and II are affected so far as video
reception is concerned but Band III chan-
nels may well suffer from severe noise-

distortion of the type mentioned above.-

Usually auroral reflection manifests itself
during the mid-afternoon and recurs later
in the evening.

F2 propagation
During intense solar activity, the F2 layer
becomes ionized and reception from tv
transmitters over 2000 miles away is pos-
sible. The F layer divides into two belts in
the daytime; the F2 layer forms the outer
belt at about 200 miles above the earth’s
surface. During recent solar activity Aus-
tralian television signals have been re-
ceived several times in the UK.

F2 layer reception occurs when solar
activity is at a maximum in cycles of ap-

proximately eleven years. An observation

of the sun’s surface will indicate whether
F2 (and also auroral reflection) reception is
likely as magnetic storms in the sun’s pho-
tosphere, visible as sun spots, are responsi-

2

ble for the ionization in our atmosphere
that causes radio waves to be reflected. To
avoid damage to the eyes look at the sun
through a piece of smoked or filter glass, or
project its image onto a piece of white
card: never use a telescope or binocular;
Theoretically, F2 reception is best when
it is noon at a point mid-way between the
transmitter and receiver. In our experience
during the present sun-spot-cycle peak,’
signals from the Far East are noted soon
after sunrise. Reception from Australian
stations on channel 0 (vision frequency
46.25MHz) has also been reported at
around this time. Signals from central.
Russia will be received towards mid-
morning. During December 1979, trans-
Atlantic signals were received on many
days from shortly after mid-day until late
afternoon. African signals, thought to have
originated from central countries and Zim-
babwe, have also been received, mainly
during the equinoxes and after mid-day.
Reception from the south was noticeably
weaker than that from east and west. An
interesting point which several enthusiasts
have noted about F2 reception, especially
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in the early morning, is that signals tend to
increase from zero to maximum strength
within the space of a few minutes.

Trans-equatorial skip

As sunset approaches, the F1 and F2
layers break up and merge to form a single
layer at an altitude of approximately 250
miles. As the F2 layer disintegrates
another effect can occur known as trans-
equatorial skip (normally abbreviated to
te). Reception usually occurs within a limit
of 40° north or south of the equator. Signal
quality is similar to that experienced with
F2 layer propagation, that is, distorted
with multiple images. It is often difficult to
decipher signals received by these two
modes but where there is a possibility of
‘double-hop’ paths, reception of transmit-
ters at vast distances can be achieved. Nor-
mally, only Band 1 is affected.

Sporadic E

Every year between May and September
(in the Northern Hemisphere), many part-
time DX-tv enthusiasts come out of winter
hibernation for the ‘‘sporadic E” season
(sporadic E is abbreviated to sp.E). As
many readers will know, short-wave radio
communication is possible due to reflec-
tion in the various layers, including the E
layer. This particular layer lies approxi-
mately 75 miles above the earth’s surface
and, although it is capable of reflecting
short-wave signals, television signals nor-
mally pass straight through it. However,
during the summer months the E layer
becomes highly ionized. If the electron
density is sufficiently high, Bands I and II
signals will be reflected.

Patches of ionized gases within the E
layer move about at great speeds,
sometimes approaching 300 mile/h. Sev-
eral transmissions can be received simul-
taneously on the same channel, the
stronger and more stable signal being ac-
companied by one or more ‘floaters’. But
signal bandwidth can be severely restricted
and sometimes strong video will be present
without sound and chroma signals. We
have noticed a tendency for the lower Band
I channels to suffer more from this pecu-

liarity than channels above around -

60MHz. ,

As the name suggests, sp.E reception is
very sporadic and can occur at any time of
the year either day or night, although con-
ditions are less favourable outside the main
season. Sp.E cannot be relied upon for
entertainment-quality signals and the
countries likely to be received cannot be
predicted. Reception via sp.E in Band II
tends to be more stable and resembles that
enhanced by tropospheric propagation.
Signals are normally received within 1,000
miles of the transmitter although double-
hop or even multi-hop sp.E is possible. At

" times during the sp.E season, signals from
Zimbabwe (ZTV) have been received,
usually in the later afternoon. These were
assumed to have been propagated by a
combination of trans-equatorial skip and
sporadic E as Italian television transmis-
sions were normally present simul-

. taneously.

Depending on the state of the E layer,
reception can last from a few minutes to
several hours. Extremely low-power trans-
mitters can be received via sp.E and it is
possible to receive virtually every national
television service operating in Europe.
Some Middle East countries can also be
received within the UK, notably Jordon
(JTV). A survey conducted by us (pub-
lished in the EBU Technical Review, Oc-
tober 1979) revealed that the USSR televi-
sion service, TSS, was the most commonly
received station for this location. Signals
from the USSR could easily be received
with good picture quality using nothing
more than a length of standard wire for an
aerial. So for sp.E signals, the minimum of
extra equipment will suffice. For serious
DX work, however, an external aerial mast
is recommended with facilities for rotating

the aerial(s).
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Under very favourable sp.E conditions
transmissions on Band III may also be
received so when reception on Bands I and
II is good, make a check on the lower-
frequency channels of Band III. For new-
comers to DX-tv who are mystified by
references to Bands and channels, all will
be revealed in the next article when we will
be covering channel allocations.
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A slightly more detailed version of Table 1

“awill be published in the 1982 WW diary with

up-dates provided by the European Broad-
casting Union.

Another engineer
persecuted in USSR

Following our report on the detention of
two electronics workers in the USSR
(News, July issue) we have been told of a
further case by Dr Yosef Ahs, a hospital
anaesthetist who was born in the USSR
but now lives in Israel. This is Boris Cher-
nobilsky, aged 37, a Jewish radio and
electronics engineer from Moscow. He
used to work in a high-security institute,
possibly on radar. Like Fridman and Brai-
lovsky (July issue) he applied for a visa to
emigrate to Israel but was refused on the
grounds of “secrecy”. That was in 1975.
Since then Chernobilsky, his wife Elena
(also a radio engineer) and their two
daughters have been constantly harassed
by the KGB. In October 1976 he went
with a number of other Refuseniks to the
offices of the Praesidium of the Supreme
Soviet where they hoped to find out why
they were being refused visas and for how

long they would be refused. Instead of
being received, the men were rounded up
and taken to a site outside Moscow where
they were beaten. Two of them, Dr Ahs
and Chernobilsky, were detained while the
others were set free. They were held in
prison for 22 days for “malicious hooliga-
nism”. Dr Ahs was allowed to leave for
Israel in 1978. Chernobilsky has not been
able to work in his profession, in spite of

efforts to obtain employment in the gen- -

eral field of radio, and so has been working
as a plumber in order to support his
family. The Chernobilskys’ flat has been
searched and they were threatened with
arrest more than once.

On 10th May 1981 a number of Jews set
out to an area near Moscow called Opa-
likha to have a picnic to celebrate Israel’s
Independence Day. Towards the end of
the picnic, militiamen who had been
standing nearby told the Jews to move.
There was an acrimonious argument
involving Chernobilsky. Everyone went
home without incident, but several days
later Chernobilsky received in the post a
summons to report to the police station. As
there was no mention of why he was being
summoned, he did not report. In early
June he disappeared for two days — he
had been picked up by the police and held
overnight. At the end of the first week in
June he returned home after having signed
an undertaking that he would not leave
Moscow.

A criminal file against Chernobilsky has
been compiled under which he is alleged to
have violated Article 191-1, “resisting the
police”. The indictment claims that he was
asked to give his name and produce his
internal passport in Opalikha but refused
to do so. The file was due to be completed

/ by the end of June 1981 and then Cherno-

bilsky was expected to be brought to trial.

Boris Chernobilsky
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\Royal Wedding — a sound spectacular

BBC sound broadcasting and recording at St. Paul's. '

by John FlewittlB.Eng., MIEE, BBC Engineering Information Department

An estimated 1000 million people
were provided with sound from St.
Paul’s Cathedral during the Royal
Wedding. BBC engineers had not only
to arrange a variety of mono and
stereo sound feeds for broadcasting
on radio and television, but also to
cope with both stereo and surround-
sound for BBC recordings. This article
explains how it was done.

Engineers from BBC Radio Outside
Broadcasts rigged 57 microphones to bring
the sound of the wedding service to the

worldwide audience, including listeners to

ILR and viewers of ITV. The sound was
fed to the BBC sound control room in St.
Paul’s Crypt, where a 64-channel mixer
produced a ‘clean’ feed of stereo sound
(i.e. sound without the commentaries) and

“ a second ‘mixed feed’ mixer added the

commentaries to produce feed for BBC
Radio 4. BBC Television carried out their
own sound mixing and other broadcasting
organizations either took direct micro-
phone feeds or outputs from one of the
mixers. '

The needs for producing various sound
recordings had also to be considered: BBC
Enterprises needed a clean feed of sound
for their commercial disc and cassette re-
leased soon after the wedding and two
digital recordings were made, one of clean
feed sound and the ‘other including the
BBC Radio commentary. And, as a com-
pletely separate exercise, a surround-
sound recording was made.

All in all, the whole operation had the
largest number of stereo o.b. routeings for
any BBC broadcast: in addition to the ele-
ven radio commentary positions along the

-processional route, roving radio links on
the day provided interviews with the pub-
lic and sounds of street celebrations to
create a wide spectrum of sound for BBC
Radio.

Microphone installation

Detailed engineering planning began as
soon as the wedding was announced.
Much of the microphone placing in the
cathedral was based on past experience
but, on this occasion, the use of the Bach
Choir and the large orchestra positioned in
the north transept was something more
ambitious than anything done previously.
Planning the sound in the cathedral was
the responsibility of the BBC’s Senior
Sound Supervisor, Harold Kutscherauer.

www_americanrladiohistorv_com
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He arranged coverage around twexruy ste-
reo capacitor microphones (mostly coinci-
dent pairs), eleven of which were mounted
on slings and others suspended on

strengthened cables from the 70 ft high .

triforium gallery of the cathedral. The
main internal ‘sound stages’ to be covered
were the dais and the altar for the marriage
ceremony itself, the Cathedral Choir and
Kneller Hall trumpeters in the chancel,
the State Trumpeters in the Whispering
Gallery and by the west door, the orchestra
and Bach Choir in the north transept, the
organ speaking in the north-east quarter-
dome and above the west door, and the
cathedral bells. An external stereo pair was
suspended from the west portico to catch
the west door trumpeters immediately be-
low, sounding their fanfare on the arrival

A — Portico microphone; coincident pair
before insertion into windshield. B —
Coincident pair mounted in chancel for
cathedral choir. C — Interior of BBC’s

- digital recording van: the mixer and

monitoring equipment is on the left and
beyond are the two video recorders
adapted to record digital sound by the
16-bit p.c.m. unit underneath. D — Main
and spare stereo mics for the ochestra are
left and top right suspended in north
transept; below on right is a sound field
microphone. E — One of the microphone
positions in the cathedral: at the top a
sound field mic and below a stereo pair.
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of Lady Diana. The remaining comple-
ment consisted of spot microphones for
soloists and sections of the orchestra and
choir, and lectern positions for the ceremo-
nial.

When it comes to siting microphones in
St. Paul’s, the problems are more physical
than acoustical. The cathedral’s good-
natured acoustics and the use of ‘close-mic’
techniques ensure that sound levels rarely
rise high enough to excite any troublesome
echoes. The three requirements borne in
mind when siting for this particular event
were:

@ primarily, to provide complete cove-

rage, bearing in mind the sound radio pre-
sentation. Radio listeners, lacking any
visual component, easily become confused
when any of the action inadvertently
wanders beyond microphone coverage;

@ to make the microphones unobtrusive to
a television audience without sacrificing
sound quality. An example of this was the
siting of the Cathedral Choir microphones
on either side of the chancel instead of
choosing the classical midway positions
(the black finish of some of the micro-
phones helped make them less conspicu-
ous);

@ to provide tighter control of balance by
the use of spot microphones. This gave the
television sound mixers the useful option
of favouring the sounds of small groups of
orchestral performers, for instance, when
they were being shown in close-up by the
cameras.

Virtually all microphones were capacitor
types, used in cardioid configuration, and
most routed signals down to the crypt
control room on 20-pair cables. Certain
key microphones were individually cabled
as an extra precaution against a multipair
failure.

Control and mixing

In the control room, each microphone’s
signal was fed firstly to a splitter, one out-
put of which was taken to the clean-feed
64-channel mixer, a second to a ‘ceremo-
nial’ bay* and, in the case of speech
microphones, a further feed was taken to
the cathedral’s public address system. The

~ outputs of the ‘ceremonial’ bays provided

both direct microphone signals, for BBC
Television and Thames Television, for
example, and a mixed feed to BBC Broad-
casting House for the radio network and
other purposes.

For large ceremonies, it is normal
practice in BBC Radio for two mixers to be
installed where possible. The mixers are
used in adjacent but acoustically isolated
rooms, as they were on this occasion in the
crypt. This isolation enabled the mixer at
the ‘clean feed’ desk to concentrate more
fully on balancing the ceremonial. The
‘clean feed’ desk output was then fed to the
‘mixed feed’ position where the operator
mixed the commentators’ microphones
using cues from talkback.

* ‘Ceremonial’ bay is BBC parlance for a type of
microphone distribution amplifier used chiefly on cere-
monial occasions — hence its name. Each bay will
handle nine microphone inputs and each input has two
buffered outputs. :
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‘microphones were

Recording the wedding
This sonically grand occasion also gave the
impetus to make two extra forms of sound
recording, over and above the standard
analogue ones.

In the first instance, two experimental

digital recordings were made, one of clean-.

feed sound carried out in the BBC’s digital
recording van parked in the Cathedral
Churchyard, the other of mixed-feed
sound, undertaken at Broadcasting House.

The digital van was equipped with twin
video recorders with a 16-bit pulse-code-
modulation unit plus the normal sound
monitoring and mixing facilities. Previous
problems with tape drop-outs, more
noticeable in digital recording, are now
largely overcome by ensuring a dust-free
recording area and using only highest-
quality, pen-tested recording tape.

Finally, the surround-sound recording
project was undertaken by BBC engineers
as a technical experiment to aid British
industry. Four sound-field microphones of
an improved design were specially loaned
for the event, three being used internally
in the cathedral to cover the chancel, north
transept and the nave towards the west
door. The fourth was mounted near the
cathedral steps in the north-west Lantern.

* The four component outputs from each

microphone were separately assigned to
individual tracks of a 24-track recorder
without any form of surround-sound cod-
ing. Special noise-reduction devices were
ruled out by interference from nearby thy-
ristor lighting dimmers and, instead, a
higher tape speed of 30 i.p.s. was used to
improve signal/noise ratio. A problem then
arose with sound linking on tape change-
overs, since at this high speed each reel of
tape ran for only 30 minutes. This was
overcome by arranging changeovers to
occur during pauses in the wedding service
or, at least, on non-musical items, and
further arranging for a standby two-chan-
nel recorder to make a linking recording in
HJ-coded stereo. These stereo recordings
would then suffice in any subsequent
System HJ matrixing to bridge the gaps in
the multichannel surround-sound
recording.

Setting the sound-field rnicrophones was
relatively simple: each unit’s four encapsu-
lated microphones, combined with a
microphone processor, gave the system a
unique versatility enabling an extremely

“Mixed-feed”
mixer in BBC
control room in
cathedral crypt.
“/Clean-feed” input
was faded on the
operator’s left;
commentator’s
left;
commentator’s

controlled on
mixer’s right.
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John Flewitt joined the BBC in 1967
after obtaining a degree in electronics
at Sheffield University. He worked
initially in television studio mainten-
ance before joining Studio Capital Pro-
jects"Department. He is now a public-
ity engineer in Engineering
information Department with special
responsibility for technical photo-
| graphy.

wide range of operating modes to be
electronically selected in a subsequent re-
mixing session. In the cathedral, each
sound-field microphone’s physical height
was set by listening to the output of a unit
in omnidirectional mode and fixing the °
height when the most satisfactory balance
was heard. A height in the range 30-50 ft
proved about right.

Royal success

It was a complex exercise and, with 1000
million people listening for the marriage
vows, had to be reliable. How did it
perform?

Well, very successfully — it could
hardly have been otherwise; but, bearing
in mind that much of the ceremony could
not be properly rehearsed, the quiet sighs
of relief from the engineers at the
successful conclusion can be well un-
derstood.

The introduction of television and its
accompanying lighting into a large, com-
pletely ‘wired-for-sound’ cathedral cer-
tainly presented numerous hum problems;
for instance. But after the below-par cable
screening was tracked down and some
cable re-routeing undertaken, the seven
miles of microphone cable and the 10-mile
long lighting network co-existed
successfully, each in its own way making a
vital contribution to Britain’s and the
world’s biggest outside broadcast.
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Digital storage and analysis

of speech

3—Spectral analysis

by lan H. Witten, M.A., M.Sc., Ph.D., M.LE.E., University of Calgary

Digital recordings of speech provide a
jumping-off point for further
processing which can alleviate the
difficulty of synthesizing natural
sounds by concatenating individually-
spoken words. Perhaps the most
significant contextual effect which
must be taken into account when
forming connected speech out of
isolated words is pitch. The
intonation of an utterance, which is a
continually changing pitch, is holistic,
in that the utterance contains more
information than the sum of its
components determined by the
individual words alone. Happily, and
quite coincidentally, communications
engineers in their quest for reduced-
pbandwidth telephony have invented
methods of coding speech that
separate the pitch information from
that carried by the articulation.

Most speech analysis views speech
according to the source-filter model*
which aims to separate the effects of the
sound source — the vocal cords — from
those of the vocal tract filter. The fre-
quency spectrum of the vocal tract_ﬁlter is
of great interest, and the technique of
discrete Fourier transformation will be
discussed. For many purposes it is better
to extract the formant frequencies from the
spectrum and use these alone (or in con-
junction with their bandwidths) to charac-
terize it. As far as the signal source in the
source-filter model is concerned, its most
interesting features are pitch and ampli-
tude — the latter being easy to estimate.
Hence we go on to look at pitch extraction.
Related to this is the problem of deciding
whether a segment of speech has voiced or
unvoiced excitation, or both.

The channel vocoder

A direct representation of the frequency
spectrum of a signal can be obtained by a
bank of bandpass filters. This is the basis
of the channel vocoder, which was the first
device that attempted to take advantage of
the source-filter model for speech coding
(the word “vocoder” is a contraction of
voice coder). The energy in each filter
band is estimated by rectification and
smoothing, and the resulting approxima-
tion to the frequency spectrum is
transmitted or stored. The source proper-

*See the Chatterbox article, cited earlier.

ties are represented by the type of excita-

tion (voiced or unvoiced), and if voiced,
the pitch. It is not necessary to include the

Table 3: Filter specifications for
avocoder analyser

¥ analysis
overall amplitude of the speech explicitly, f‘t‘::g:: fr::L‘;':cy L0 dv%i e
because this is conveyed by the energy (H2) (Hz)
levels from the separate bandpass filters.

Figure 11 shows the encoding part of a 1 240 120
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bands. The filter characteristics do not
need to have very sharp edges, because the
energy in neighbouring bands is fairly
highly correlated. Indeed, there is a disad-
vantage in making them too sharp, because
the phase delays associated with sharp
cutoff filters induce “smearing” of the
spectrum in the time domain. This parti-
cular channel vocoder uses second-order
Butterworth bandpass filters.

For regenerating speech stored in this
way, an excitation of unit impulses at the
specified pitch period (for voiced sounds)

or white noise (for unvoiced sounds) is-

produced and passed through a bank of
bandpass filters similar to the analysis
ones. The excitation has a flat spectrum,
for regular impulses have harmonics at
multiples of the repetition frequency
which are all of the same size, and so the
spectrum of the output signal is completely
determined by the filter bank. The gain of
each filter is controlled by the stored mag-
nitude of the spectrum at that frequency.

The frequency spectrum and voicing
pitch of speech change at much slower
rates than the time waveform. The changes
are due to movements of the articulatory
organs (tongue, lips, etc.) in the speaker,
and so are limited in their speed by physi-
cal constraints. A typical rate of produc-
tion of phonemes is 15 per second, but in
fact the spectrum can change quite a lot
within a single phoneme (especially a stop
sound). Between 10 and 25 msec (100 Hz
and 40 Hz) is generally thought to be a
satisfactory interval for transmitting or
storing the spectrum, to preserve a
reasonably faithful representation of the
speech. Of course, the entire spectrum, as
well as the source characteristics, must be
stored at this rate. One channel vocoder
uses 48 bits to encode the information.
Repeated every 20 msec, this gives a data
rate of 2400 bits/s — very considerably less
than any of the time-domain encoding
techniques.

It needs some care to encode the output

" of 19 filters, the excitation type, and the

pitch into 48 bits of information. Six bits
are needed for pitch, logarithmically en-
coded, and one bit for excitation type.
This leaves 41 bits to encode the output of
the 19 filters, and a differential technique
can be used which transmits just the dif-
ference between adjacent channels — for
the spectrum does not change abruptly in
the frequency domain. Three bits are
enough for the absolute level in channel 1,
and two bits for each channel-to-channel
difference, giving a total of 39 bits for the
whole spectrum. The remaining two bits
per frame can be reserved for signalling or
monitoring purposes.

A 2400 biv/s channel vocoder degrades
the speech in a telephone channel quite
perceptibly. It is sufficient for interactive
communication, where if you do not un-
derstand something you can always ask for
it to be repeated. It is probably not good
enough for most voice response applica-
tions. However, the vocoder principle can
be used with larger filter banks and much
higher bit rates, and still reduce the data

adiohistorvy com

rate substantially below that required by
log. p.c.m.

Pre-emphasis j

It has often been noticed that there is an
overall -6 dB/octave trend in speech
radiated from the lips, as frequency in-
creases. For vocoders, and indeed for
other methods of spectral analysis of
speech, it is usually desirable to equalize
this by a +6dB/octave lift prior to pro-
cessing, so that the channel outputs oc-
cupy a similar range of levels. On regene-
ration, the output speech is passed through
an inverse filter which provides 6 dB/oc-
tave of attenuation.

For a digital system, such pre-emphasis
can either be implemented as an analogue
circuit which precedes the presampling
filter and digitizer, or as a-digital operation
on the sampled and quantized signal. In
the former case, the characteristic is
usually flat up to a certain breakpoint,
which occurs somewhere between 100 Hz
and 1 kHz — the exact position does not
seem to be critical — at which point the
+6 dB/octave lift begins. Although de-em-
phasis on output ought to have an exactly
inverse characteristic, it is sometimes modi-
fied or even eliminated altogether in an
attempt approximately to counteract the
sin(aflf)/(nfifs) distortion introduced by

the desampling operation, which was-

discussed in an earlier section. Above half
the sampling frequency, the characteristic
of the pre-emphasis is irrelevant because
any effect will be suppressed by the
presampling filter.

The effect of a 6 dB/octave lift can also
be achieved digitally, by differencing the
input. The operation

y(n)=x(n)—ax(n-1)
1s suitable, where the constant parameter a
is usually chosen between 0.9 and 1. The
latter value gives straightforward dif-
ferencing, and this amounts to creating a
d.p.c.m. signal as input to the spectral
analysis. Figure 12 plots the frequency

Analogue: 6 dB/ octave lift above 100
30 \

Digital. -
2040=09- Digital:"a = 0-9 and a=1
s
510-—

E(_’ ) Digital: a =1 .
o

T

1 2 3 3
FREQUENCY ( kHz)

o

Fig. 12. Frequency response of digital pre-
emphasis block shown in Fig. 11. Analogue
and digital responses shown.

response of this operation, with a sample
frequency of 8 kHz, for two values of the
parameter, together with that of a 6 dB/oc-
tave lift above 100 Hz. The vertical posi-
tions of the plots have been adjusted to
give the same gain, 20 dB, at 1 kHz. The
difference at 3.4 kHz, the upper end of the
telephone spectrum, is just over 2 dB. At
frequencies below the breakpoint, in this
case 100 Hz, the difference between anal-
ogue and digital pre-emphasis can be very

75
great. For a = 0.9 the attenuation at zero
frequency is 18 dB below that at 1 kHz,
which happens to be close to that of the
analogue filter for frequencies below the
breakpoint. However, if the break point
had been at 1kHz there would have been
20dB difference between the analogue and
a=0.9 plots at z.f. And of course, the a=1
characteristic has infinite attentuation at
z.f. In practice, however, the exact form of
the pre-emphasis does not seem to be at all
critical.

The above remarks apply to voiced
speech. For unvoiced speech there appears
to be no real need for pre-emphasis; in-
deed, it may do harm by reinforcing the
already large high-frequency components.
There is a case for altering the parameter a
according to the excitation mode of the
speech: a=1 for voiced excitation and a=0
for unvoiced gives pre-emphasis just when

- it is needed. This can be achieved by ex-

pressing the parameter in terms of the
autocorrelation of the incoming signal, as
_R)

R(0)”.
“where R(1) is the correlation of the signal
with itself delayed by one sample, and
R(0) is the correlation without delay-(that
is, the signal variance). This is reasonable
intuitively because high sample-to-sample
correlation is to be expected -in voiced
speech, so that R(1) is very nearly as great
as R(0) and the ratio becomes 1; whereas
little or no sample-to-sample correlation
will be present in unvoiced speech, making
‘the ratio close to 0. Such a scheme is remi-
niscent of a.d.p.c.m. with adaptive predic-
tion.

However, this sophisticated pre-em-
phasis method does not seem to be
worthwhile in practice. Usually the
breakpoint in an analogue pre-emphasis
filter is chosen to be rather greater than
100Hz to limit the amplification of frica-
tive energy. In fact, one channel vocoder
has the breakpoint at 1kHz, limiting the
gain to 12dB at 4kHz, two octaves above.

a

Digital signal analysis

You may be wondering how the frequency
response for the digital pre-emphasis
filters, displayed in Fig. 12, can be calcu-
lated. Suppose a digitized sinusoid is ap-
plied as'input to the filer.

ym)=x(n)—ax(n—1).

A sine wave of frequency f has equation
x(t)=sin2xnft, and when sampled at r=0, T,
2T, . . . (where T is the sampling interval,
125ms for an 8kHz sample rate), this be-
comes x(n)=sin2mnfnt. It is much more con-
venient to consider a complex exponential
input, "I _ the response to a sinusoid
can then be derived by taking imaginary
parts, if necessary. The output for this
input is
y(n)=ei2:(friT_aej2:rf(n— nhT
=(1- aei}ﬂﬂ’)eihjhl”

a sinusoid at the same fre%uency as the
input. The factor 1—ae ?¥! jis complex,

with both amplitude and phase compo-
nents. Thus the output will be a phase-
]
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shifted and amplified version of the input.
The amplitude response at frequency f is
therefore .

|1—ae~ 29T | =[1+a?—2acos2nfT]"?,
or .
10log;o(1 +a*—2acos2nfT)dB.

Normalizing to 20dB at 1kHz, and assum-
ing 8kHz sampling, yields
nf

20+10log (1 +a acos4000)

—10log;o(1 +a2—2a—2acos%). ‘

With a=0.9 and 1 this gives the graphs of
Fig. 12.

Frequency responses for analogue filters
are often plotted with a logarithmic fre-
quency scale, as well as a logarithmic am-
plitude one, to bring out the asymptotes in
dB/octave as straight lines. For digital filt-
ers, the response is usually drawn on a
linear frequency axis extending to half the
sampling frequency. The response is
symmetric about this point.

Analyses like the above are usually ex-
pressed in terms of the z-transform. De-
note the unit delay operation by 2~!. The
choice of the inverse rather than z itself is
of course an arbitrary matter, but the
convention has stuck. Then the filter can
be characterized by Fig., 13, which signi-

a

Input

Output
O

+ N\

Fig. 13. Digital pre-emphasis filter. Block
labelled Z"is delay operator.

fies that the output is the input minus a
delayed and scaled version of itself. The
transfer function of the filter is

H(z)=1——az‘1,

and we have seen that the effect of the
system on a (complex) exponential of fre-
quency f is to multiply it by

1-ae™ 4T,

To get the frequency response from the
transfer function, replace z~! by ¢ 12YT,
Amplitude and phase responses can then
be found by taking the modulus and angle
of the complex frequency response. .

If 7! is treated as an operator, it is quite

in order to summarize the action of the
filter by

y(n)=x(n)—az" x(n)=1—az" )x(n).

However, it is usual to derive from the
sequence x(m) a transform X(2z) upon which
2! acts as a multiplier. If the transform of
x(n) is defined as

X@=, £ _ xtmz,

then on multiplication by 2! we get a new
transform, say V(2):

VE@=r'X@=5s"! £ xme
=Tx(n)z " 1=Zx(n—1)z7".

V(z) can also be expressed as the transform
of a new sequence, say 2(n), by

v@=, T ome,

from which it becomes apparent that
o(n)=x(n—1).

Thus »(n) is a delayed version of x(n), and,
we have accomplished what we set out to
do, namely to show that the delay operator
z~ ! can be treated as an ordinary multiplier

.in the z—transform domain, where 2z-

transforms are defined as the infinite sums
given above. .

In terms of z-transforms, the filter can
be written®

Y(z2)=(1-az"1)X(2),

1 js now treated as a multiplier.

where 2~

- The transfer function of the filter is

_Ye_.
H(z)—X(z)—l a2
the ratio of the output to the input
transform.

It may seem that little has been gained
by inventing this rather abstract notion of
transform, simply to change an operator to
a multiplier. After all, the equation of the
filter is no simpler in the transform domain
than it was in the time domain using z las
an operator. However, we will need to go
on to examine more complex filters. Con-
sider, for example, the transfer function

1+az" 1+ pz2
H o)== oatll Vo
& l+cz 4 de=?

If z7! is treated as an operator, it is not
immediately obvious how this transfer
function can be realized by a time-domain
recurrence relation, However, with 27! as
an ordinary multiplier in the transform
domain, we can make purely mechanical
manipulations with infinite sums to see
what the tranfer function means as a recur-
rence relation. v

It is worth noting the similarity between
the z-transform in the discrete domain and
the Fourier and Laplace transforms in the
continuous domains. In fact, the z-
transform plays an analogous role in digital
signal processing to the Laplace transform
in continuous theory, for the delay
operator z~! performrs a similar service to
the differentiation operator s. Recall first
the continuous Fourier transform,

Gih= | gy,

where f is real, and the Laplace transform,

F(s)= :gc f(t)é‘“dt,

where s is complex. The main difference
between these two transforms is that the
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range of integration begins at — for the
Fourier transform and at 0 for the Laplace.
Advocates of the Fourier transform, which
typieally include people involved with tele-
communications, enjoy the freedom from
initial conditions which is bestowed by an
origin way back in the mists of time. Advo-
cates of Laplace, including most analogue
filter theorists, invariably consider systems
where all is quiet before t=0 — altering the
origin of measurement of time to achieve
this if necessary — and welcome the op-
portunity to include initial conditions ex-
plicity without having to worry about
what happens in the mists of time. Al-
though there is a two-sided Laplace
_transform where the integration begins at
—x, it is not generally used because it
causes some convergence complications.
Ignoring this difference between the
transforms (by considering signals which
are zero when 1<0, the Fourier spectrum
can be found from the Laplace transform -
by writing s=j2nf; that is, by considering
values of s which lie on the imaginary axis.
The 2-transform is

[e'e) .
— -n
H(z) n_Z__ 0h(n)z , Or

H(z)=n=§_° iz,

depending on whether a one-sided or two-
sided transform is used. The advantages
and disadvantages of one- and two-sided
transforms are the same as in the analogue
case. Z plays the role of &7, and so it is not
surprising that the response to a (sampled)
sinusoid input can be found by setting

z=2MT

in H(z), as we proved explicitly above for
the pre-emphasis filter.

"The above relation between z and f
means that real-valued frequencies corre-
spond to points where |z/=1, that is, the
unit circle in the complex z-plane. As you
travel anticlockwise around this unit cir-
cle, starting from the point z=1, the corre-
sponding frequency increases from 0, to
1/2T half-way round (z=—1), to 1/T when
you get back to the beginning (2= 1) again.
Frequencies greater than the sampling fre-
quency are aliased back into the sampling
band, corresponding to further circuits of
|zi=1 with frequency going from /T to
2/T, 2/T to 3/T, and so on. In fact, this is
the circle of Fig. 3 which was used earlier
to explain how sampling affects the fre-
quency spectrum!

To be continued

Corrections — Frequency
synthesizer for c.b.

Figure 1 of the above article in the September
issue contained the following errors for which
we apologize: the anode of the variable-capaci-
tance diode connected to the frequency up/-
down rail should have been connected to

' ground, the unmarked capacitor of the v.c.o.
circuit is InF and the 1pF capacitor at the bot-
tom of the diagram should be 10pF. .

.
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ever thought possible =

A Leader instrument for
every need.

The full range of Leader Test Equipment, the first choice of engineers around the
world, is now avaitable in the U.K.

Leader products, with a long history of high reliability, backed by a 1-year
warranty, are engineered and built to the most rigid standards, and incorporate
the latest technology. A complete technical and service facility is provided in the
U.K. by Sinclair Electronics Ltd.

CRT Testers * Pattern Ganerators - Signal
Generators - Antenna Impedance Meters -
RF Power Meters - C.B. Signal Generators -
Stereo Signal Generators + Dip Meters *
SWR/Wattmaters

LSG16 SIGNAL GENERATOR

A compact R.F. generator ideally suifed to checking
alignment of AM/FM and T.V. receivers.
*Frequency Range 100+KHz — 100 MHZ
*Frequency Accuracy —1.5%

*Crystal Oscillator 1-15 MHz

*Modulation Internal 1kHz for A.M.

*Output Voltage 0.1Vrms or higher to 100 MHz

GENERAL TEST

Function Genarators -
Bridges - Powar supplies - Millivoltmeters - Curve
Tracers + Home Appliance Testers

LHM 80A H.V. METERED PROBE
*Input Impedance 20K {2 per voit
*Range 40K Voits

*Accuracy —3% Full Scale

LDP 076 LOGIC PROBE | NEW l

Fast servicing and analysis of digital circuits
*{mput Impedance > 10M 2

*Frequency Range DC to 50MHz
*Minimum Puise Width 10nsec

Transistor Checkers - LCR &

Audio Generators - Frequancy Rasponse Racorders
Audio Systems Analyzers - Wow & Flutter Maters
Speaker Analyzers ' Audio Testers * Distortion
Meters - Attenuators

LFR5600A FREQUENCY
RESPONSE RECORDER

Designed to graphically record wow and flutter, drift,
voitage, temperature and frequency response of
Audio equipment.

*Frequency Range 20 Hz - 30 KHz

*Variable chart speed

*Voltage range 0.1V, 1V, 10V

*Sweep Oscillator *Pilot Signal *Cartridge pen
*Metered, Swept frequency input/output voltage

NEW |

450MHz Oscilliscopes with more performance and reliability
for less cost. The Leader range of oscilliscopes includes 14
models, singla and dual trace, for bench or field use. All
models offer comprehansive triggering controls, TTL
compatible Z-AXIS modulation and convanient colour-keyed
front panel layout. Probes are included with each model.

LBO508A
OSCILLOSCOPE

With 20MHz
bandwidth and 10 mv
input sensitivity on a 5"

i

o e RS T

screen this universal
oscilloscope is suitable for
a wide range of
applications

*6" Dual trace

*DC-20 MHz bandwidth (vert amp)

*10 mV Sensitivity

*Sweep mode: chop - ALT, CH1, CH2, X-Y
*Synchronisation: Auto, Norm, TV, Int., Ext., +, —
*Timebase Sweep Speeds: 0.5 ys/cm - 200 ms/cm
*X5 Magnification {max speed 100ns/cm)

LBO 310A 4 MHz . 20 mV Single Trace 3"

LBO 301 8 MHz 10 mV Single Trace 3"
LBO 3085 20 MHz 2 mV Dual Trace 3.5 Mains/Battery
LBO 510A 4 MHz 20 mV Single Trace 5"
LBO 512A 10 MHz 10 mV Single Trace 5"
LBO 513 10 MHz 5mV/t mvV Single Trace 5"
LBO514 10 MHz 5 mV/1 mV Dual Trace 5

LBO 552A 10 MHz 20 mV  Dual Trace
LBO 506A 15 MH2 10 mV Dua! Trace
LBO 507A 20 MHz 10 mV Single Trace 5

NEW LBO 5158 30 MHz 5mV Dual Trace 4.5 Sweep Delay
LBO 520A 35 MHz . 5mV Dual Trace 5.5"

NEW LBO 517 50 MHz 5 mV/1 mV Quad Trace 6 Sweep Delay

5" Stereo Scope
5

For full technical details togethar with price list please contact:

LEADER

SINCLAIR ELECTRONICS LTD

London Road, St. Ives, Huntingdon, Cambs. PE17 4HJ.
Telephone: St. Ives (0480) 64646. Telex: 32250

Sinclair Electronics Ltd. reserve the right to alter prices and
specifications on Leader equipment without prior notice.

WW - 025 FOR FURTHER DETAILS

WWW americantadiohietory com
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PORTABLE MAINS DISTRIBUTION
NOW WITH EARTH LEAKAGE

| Portable unitwith
earth leakage

Type PEL 3

£59 +£2pp
+ VAT

OLSON

A
Wall unit with earth leakage

Type WEL2 £48
+ pp £2 + VAT

Bench unit with
earth leakage

Type BEL5SW

ap >
Internal Power for racks 8types
from 3-10 sockets. All fitted with |
illuminated switch

A
32" X 19" Rack Mounting

Type 13A/4SW/R

£23.65 + pp £1.25 + VAT £95+ppe2 + VAT Type T13A/10
50mm X" 830mm
47" X 19" rack mountini_] 23425
with earth leakage + £2pp & VAT "
Type REL 7 e
£69 + pp £2 + VAT
= - i - 23 - > = L
‘ i * L] - " " Ll = -
s Y T I 4
A 4feetLG.30 amptotal load Instant Trunking System for Wall or Bench Mounting
. - -
TR6 — 6 sockets switched £29.70 or TR9 — 9 sockets switched £35.20 + PP £2.25 + VAT
. - - ‘< v A\ \ = . -
R . ) . — —— - A ;n", 1.‘ 23 «\
10 sockets switched in sloping box . e B\ I+ . 5 ¥ i
> - - \ i - - '
L e l -2
Type 13A/10SW £36.30 ; g
+ PP £2.25 + VAT  ®~ ! b --1‘
= Type Price PP |
13A/4  notswitched £17.00 £1.25

13A/6  notswitched £20.60 £1.25
13A/4SW switched  £20.35 £1.25
13A/6SW switched  £23.65 £1.25

ALL PRICES PLUS VAT

These four types in sloping or flat
boxes

® All units are in metal boxes com-
plete with 6ft cable and 13 amp

L

5—% _..w-—» 4010 fused plug, ready for use: Only MK
. . nIlYPkE 1334?TSW/10M sockets and pluginare ::Jsed. Trade
gAcarthy e axag counter open 9-5 Mon.-Fri.
NEW! £68.00 _ _ :
+ £2 pp & VAT

FACTORY NO. 8,5-7 LONG STREET
LONDON E2 8HJ Tel: 01-739 2343

OLSON Esectronics L.

WW-071 FOR FURTHER DETAILS

WWW american
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A.m. receivers without

interference

A method of interference cancellation for double sideband signals

by Lewis lllingworth, B. Eng.

Two systems which work with d.s.b.
amplitude modulated carriers are
described. As the signals are those -
propagated in long, medium and
short wave bands throughout the
world, there is a universal application.,
The systems make use of the fact that
a.m. signals have symmetrical
sidebands spreading out each side of
the carrier frequency so that a
modulated carrier has a constant
phase, that of the carrier. Interference
is not symmetrical even when it
spreads through the same
frequencies and this asymmetry can
be used against it.

Double sideband a.m. transmission has
especially desirable characteristics. In the
IRE Proceedings for December 1956, John
P. Costas wrote an article “Synchronous
communications — the optimum a.m.
system’ which explains that double
sideband, supressed carrier a.m. signals,
similar to broadcast signals but with the
carrier removed, are easier to generate
than single sideband and permit
straightforward synchronous reception
with superior performance in the presence
of jamming and other interference. What
was not mentioned was the additional
possibility of cancelling out some of the
received interference when synchronous
reception is employed. One article which
did cover this was an excellent paper in
Wireless World by P. L. Taylor (July 1977)
showing how one overlapping signal can be
completely separated from another.
Another fascinating paper on co-channel
interference was given by J. S. Lothian at
the International Broadcasting Convention,
September 1974.

Our approach to the interference
problem does not look for particular types
of interfering signal and home in on them,
as in P. L. Taylor/s system, but to apply a
general correction to a received band and

-accept whatever improvement one piece of

circuitry will give. The systems described
here completely eliminate interfering
signals that are restricted to either side of
the carrier. For the more difficult case of a
fully modulated signal with carrier, at a
slightly different carrier frequency from
the wanted signal, the improvement in
signal-to-noise ratio drops to about 10dB.
As interference becomes progressively
complex and finally degenerates to noise,
the improvement drops to zero. This

adiohietory com

performance could be improved but at the
.expense of some intermodulation between
signal and interference.

While such performance is less than
ideal, it must be remembered that the
figures show improvement over the
generally accepted theoretical limit for
reception and represent considerable
improvement over the performance of an
equivalent s.s.b. receiver. This is achieved
by conventional circuits and although the
quantity of circuitry is not trivial, it is
straightforward and works automatically.

Synchronous reception

An unexpected and welcome benefit from
the addition of these systems is apparent
when used with a synchronous receiver.
Such sets, for example the General Electric
AN/FRR-48 (XW-1) while operating well
on fixed frequencies within the range of
carrier phase lock are not at all nice to use
when searching for signals. Off frequency
unsuppressed carriers are demodulated as
ear splitting whistles. For experiments on
signals from a receiver, rather than
instruments, a synchronous adapter was
tied into the 455kHz i.f. of a conventional
receiver, leading to adequate and painful
listening experience. The new circuits
however see such off-tune carriers as
interference and eliminate them
accordingly. A synchronous receiver now
becomes quite nice to use with off-tune
stations sounding like single sideband
“wasp in the matchbox™ accompanied by
low background whistle with the mess
disappearing as the carrier is tuned within
frequency limits.

Development

My work on interference began some four
years ago with a system that measured
interference amplitude at carrier zero
crossings. An initial guess at interference
phase was taken to be that of the incoming
signal, containing both signal and
interference components, and the
interference amplitude was estimated
using that assumption. Signal amplitude
was then deduced and subtracted-from the
incoming signal-interference composite to
provide a better guess. at incoming
interference phase. Such a recursive
system has to operate within tight, almost
impossible envelope delay restrictions.
Practical tests suggested however that such’
a system could be developed for general
use and so a patent application (Canadian)

was made. Further development showed
fair operation with simpler forms of
interference and the system would even
reduce noise levels at very low signal-to-
noise rations. However it was abominably
unstable and the nonlinear recursive
operation nigh on impossible to analyze.
Response to it in official circles was
negative — (See my letter to Wireless
World, 15 September, 1977). ‘

The simple system described here is an
outcome of a search for a nonrecursive
solution. While it is intended as a basis for
forays into the realm of reducing levels of
complex interference and even noise it
stands in its own right as an extremely
useful tool in cleaning up radio reception.

Theory

A double sideband modulated carrier with
carrier frequency f. and modulation
frequency f;, can be written down as:

mcos2n(fe—fm)+ccos2nf.+mcos2n(f.+ fm).

where m and ¢ are amplitudes. This is for a
simple sinusoidal modulation and ignores
modulation phase, but suffices for this
basic analysis.

Demodulating the signal by multiplying
by the carrier frequency cos2nf. gives us:

méqunf;cosZn(fc —fu)+ccosi2nf+
mcos2nf.cos2nf(fo+ fm)
=;—'I[COSZJ’tfm + coler-c(ch ~fm)] +
76(1 +cosdmnf)+

%n[cosZth m+cos2n(fc+/fm)]

=mcosanm+-§l[0082n(2fc—-fm)+ -
cos2n(2f+fm)]

and when filtered leaves a lower side-
band at modulation frequencies:
(c/24+mcos2nfy,). The carrier product ¢/2 is
constant and removed by a.c. coupling to
leave the modulation mcos2nf,.

Demodulating the signal by multiplying
with the carrier frequency shifted through
90°, sin2nf;, gives us:

msin2nf.cos2n(f.— fm)+csin2nf.cos2nf.+
msin2mf.cos2nf.cos2a(fe+fin)

=;—"[sin2nfm+ sin2n(2f, —fm)]+

2—csin4_:tfc + 221[ —sin2nfm+sinm(2f.+ 1))
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When this is filtered the sin2mf;, terms
cancel to leave absolutely nothing.

The addition of interference leads to low
frequency products when demodulated by
both sin and cos2mf.. Let us add two
interfering tones; Ucos2m(f,+f,) above the
carrier and Lcos2n(f,—f}) below the
carrier. Demodulating with cos2xf,
produces:

Ucos2nfcos2n(fe+fu)+
Lcos2nifcos2n(fe+£)

which has low frequency products:

gcosanu+%‘c052nfl

Demodulating with sin 25tfc produces:

Usin2nf.cos2n(fo+fu)+
Lsin2mnf.cos2n(f.—f)

which has low frequency products:
;—JsinZthu——ZI—‘COSZJtﬁ
It is convenient to shift the phase of

these by 90° to give the signals:

gcosanu—-—ZI-‘cosanl

To summarize this part, demodulation
of the modulated carrier and interfering
signals by the carrier, in its natural phase,
produce the sum of all modulating and
interfering signals; demodulation by a
carrier in quadrature phase produces -the
difference between the interfering signals
above and below the carrier, each shifted
in phase by 90°.

Take the case of a single interfering
tone, say Ucos2n(f.+f,), demodulated by
a quadrature carrier to U/2sin2nf, and

shifted 90° to U/2cos2nf,. This can be

easily doubled and subtracted from the in
phase demodulated output to leave only
‘signal components. Unfortunately this can
only be .done if you know that the
interference is sitting above the carrier. If
it were below, then the subtraction of
—Lcos2nfy will double the interference
level in the output!

The key to the new system is to
determine the polarity of the interference
in the signal demodulated by the ‘phase’
carrier, To do this audio from the ‘phase’
demodulator is again modulated using the
frequency of the ‘quadrature’ demodulated
audio, shifted through 90°.

For audio derived from a signal with
interference in the upper sideband:
mcos2nfy,+Ucos2nfy, modulation by
cos2mf, produces: ;

mU/2cos2n(fm+fu)—cos2n(fm—fu)+

U(1+cos4nfy)
This signal is a mess, and most of
it is generally unusable. However by
filtering at frequencies below the audio
range the d.c. value U is left in the clear,
the lower intermodulation product
mU/2cos2n(fy—f,) may pass the filter but
being smaller does affect the polarity of the
filter output.

This d.c. value U can be used in two

ways: v
1. By providing the polarity of the interfer-
ence it is simple to devise a circuit to either
add or subtract the quadrature demodu-
lated interference from the phase demodu-
lated signal-with-interference composite.
2. In real life interference, many frequen-
cies are present and there is no guarantee
that the amplitude of the quadrature de-
modulated interference reflects the re-
quired ‘phase’ demodulated interference
amplitude. The envelope of the interfer-
ence at maximum, when interference is in
quadrature with the carrier, may well be a
minimum when it is in phase. Here the
d.c. value filtered from the second mod-
ulation can provide a more accurate ampli-
tude reference. It is re-modulated by the
quadrature derived interference frequency
to form an interference estimate and is
then subtracted from the phase demodu-
lated signal-interference composite.

While it is easy to see how the system
works in rejecting a single interfering tone,
the many frequencies present in real in-
terference lead to complex analyses that
are out of place here. Difficulties arise in
estimating the phase of multitone interfer-
ence, for example what is the instanta-

neous phase of a mixture of frequencies .

ranging between 300 and 3,000Hz? This
difficulty is overcome by artificially raising
signal and interference frequencies before
processing so that they appear to be sinu-
soidal and the phase demodulated signal-
with-interference component can be read-
ily modulated by a signal having the in-
stantaneous frequency and phase of the
quadrature interference component. Not
only does this make modulation possible,
it has the added advantage of removing
many modulation and intermodulation
products to a high frequency where they
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can be eliminated by a low pass filter. The
phase of even a complex difference signal
remains a good estimate for the phase of
the interference appearing in the ‘phase’
demodulation and permits excellent opera-
tion with complex signals. Following in-
terference cancellation, the correct fre-
quency range has, of course, to be
restored.

Systems employing both approaches are
described. The performance of each can be
modified by changing the bandwidth of
the low pass filter in the interference am-
plitude/polarity circuit. As the frequency
response here is increased, the system fol-
lows increasingly rapid changes in interfer-
ence amplitude and frequency, accompa-
nied by increasing intermodulation
between signal and interference, The limit
occurs when the low pass filter bandwidth
equals that of the signal modulation. At
this point interfering white noise is atte-
nuated by some 6dB, but there is an asso-
ciated loss in signal level of about 3dB due
to the rapidly changing interference phase
continually passing through the carrier and
collecting bits of signal as it goes. ‘

Circuit description

The amount of circuitry involved is quite
extensive, so rather than getting involved
in endless details, this description is
limited to the functions of the various parts
and only a couple of circuits are shown for
clarification. There are two parts to the
system: a synchronous receiver adapter
that puts received radio signals into a suit-
able form for processing, and the interfer-
ence cancelling system itself.

Synchronous receiver
adapter

This system, shown in Figure 1, operates
from a 455kHz signal taken from a conven-
tional receiver i.f. amplifier. It is mod-
ulated by 555kHz for a 100kHz second i.f.
frequency chosen to be high enough so
that signals are well clear of the audio
range and yet not too high for c-m.o.s
switches to operate effectively as modula-
tors and inexpensive operational amplifiers
such as the LM218 operate without signifi-
cant'delay. The carrier is extracted by a
200Hz bandwidth bandpass filter, and fre-
quency lock achieved by a frequency
discriminator which generates a control
voltage for the 555kHz héterodyne oscilla-
tor.

LSSkHi_ |
i.f. signal 100kHz \
o Freguency o i filter o Demoduiator » Py Loy pass
changer g lifier fitter “Sum’ output
g 33 s signal & interference
4 1 90°phase
Sfije o *Difference” output
: > = upper — lower
&~ Demodulator > Loy pass sideband interference
filter
e 00kHz =2 ]
Oscillator . Phase
control carrier
it -
jaliod i Quadrature
555kHz Frequency l
oscillator discriminator
Fig.1. Synchronous receiver
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100kHz sinewave
100kHz i.f.
signal 100Hz 100kHz Zero
Demodulator low pass o4  Modulator - @—> bandpass trossing —-.100kHZ Saierave
filter filter detector
100Hz Ph <J
Demodulator low pass Modulator ase
filter { comparator
&
Phase
100kHz
reference carriers™ ] L Quadrature {
KT & )’ ’
400kHz 400kHz & Phase 100kHz
Divide by & | reference "O,lrmﬁe : —~| Divide by 4 y carrier
il controlle output
oscillator el fe—e—s> (uadrature P

At first sight this system must appear
cumbersome in an age of phase locked
loops. The reason for it is quite simple:
phase locked loops do not operate well
under high interference conditions; the
loop frequency response must be high
enough to permit a lock to be regained
after a disturbance, a necessary response
that allows interference to get into the loop
and so leads to phase jumps in the oscilla-
tor output. Narrowing down the response
to prevent this happening also prevents
phase locking. In the early synchronous
receivers phase jitter would not cause
much of a problem because a 10° phase
error would only reduce the detected am-
plitude to cos 10°, 0.985, a drop. of only
1.5%. With these interference cancelling
systems, however, the quadrature value of
the signal under the same conditions, sin
10°, 0.174 is considerable, 17.4%, and is
seen by the circuitry as interference. A
stable narrow band filter minimizes these
p_hase perturbations in the detected car-
rier.

Two carrier phases are required, one in
phase with the incoming signal and the
other in quadrature. Each is used to demo-
dulate the 100kHz i.f. signal to produce
audio. The ‘in phase’ demodulation con-
tains the sum of modulation and interfer-
ing signals, the ‘quadrature’ demodulation
has the difference between interfering fre-
quencies lying above and below the car-
rier. A final step adjusts the relative phases
of these two outputs by 90° so that signal
and interfering components are either in
phase or 180° out of phase. It is convenient
to refer to the phase corrected phase and
quadrature demodulated outputs as ‘sum’

Fig.2. Carrier filter for synchronous
receiver

and ‘difference’ signals because they are
similar to equivalent signals derived from
other radio and non-radio sources.

Figure 6 shows a typical circuit of a 90°
phase shift network. Two RC networks
both attenuate and phase shift the ‘sum’
and ‘difference’ audio signals in such a way
that attenuation is uniform over the fre-
quency range but there is a constant 90°
phase difference produced in signals tra-
versing them.

Figure 2 shows the carrier filter in de-
tail. This has phase and quadrature demo-
dulators and modulators together with los
pass active filters to produce extremely
stable amplitude and phase characteristics.
It is the same type of filter that is used with
remarkable success in navigation equip-
ment and is not difficult to make.

The 100kHz i.f. signal is demodulated
using 100kHz phase and quadrature refer-
ence carriers to produce audio low fre-
quency outputs. Figure 7 shows a typical

"divider to generate these carriers from a

400kHz stable source. A matched pair of
100Hz cut off low pass active filters elimi-
nate modulation, interference and other
higher frequencies. These signals are re-
modulated, again in phase and quadrature,
back to 100kHz and added together. A
simple 100kHz conventional filter removes
higher modulation products to leave a
clean reconstructed carrier. The result is
an overall 200Hz bandwidth with stability
equal to that of the reference oscillator.
One point to watch is the complete cancel-
lation of carrier leaks in the modulators,

Phase .

Low frequency / L

signals from Rectifi

carrier fitter \ e " (beoLsii"if\Ir:r)
——=1 Differentiator ( .
Quad v

Inverter

o { positive)

adiohistorvy nom

these will tend to produce jitter in the
carrier output.

A 400kHz voltage controlled oscillator
drives a divide by 4 circuit to generate
100kHz phase and quadrature carrier out-
puts. A conventional phasé locked loop
ties these carriers to the squared up
100kHz filter output. Such a phase lock
loop in this position causes no problem
because interference has been eliminated
from the system.

Figure 3 shows the frequency discrimi-
‘nator used to derive the frequency control
voltage for the 555kHz heterodyne oscilla-
tor. This is driven by low frequency sig-
nals from within the carrier filter. The
‘quadrature’ demodulated low pass filter
output is differentiated to generate a signal
that increases with amplitude as the fre-
quency difference increases between the
100kHz received carrier and 100kHz refer-
ence. It is in phase with the ‘phase’ signal
when the carrier frequency is higher than
the reference and is 180° out of phase when
the carrier frequency is lower. The dif-
ferentiated quadrature signal is added to
the phase signal and results in a low fre-
quency a.c. voltage whose amplitude in-
creases when the carrier is above the refer-
ence and decreases when it is below. A
f:ompl'imentary a.c. signal is produced by
inverting the differentiated ‘quadrature’

low pass output before adding to the phase
signal. Here the amplitude decreases when
the carrier is above the reference and in-
creases when below. Both signals are recti-

. fied and applied to a differential amplifier

to generate a d.c. oscillator control voltage.
The frequency lock is to within a couple
of hertz under most operating conditions,

Gain /

" Y Oscillator
Attenuator Oifferential | o control
amplifier oltage

Lo J"’
Add L_..| Rectifier

/

Fig.3. Frequency discriminator for
synchronous receiver

-
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and by virtue of control by the reference
oscillator is not subject to drift. It is impor-
tant that the carrier frequency be main-
tained close to the reference in order to
minimize off tune phase errors introduced
by the carrier filters.

Interference cancelling
system

The first step in interference cancellation
is to raise the frequency up out of the audio
range so that everything appears sinusoi-
dal. In the first arrangement, Figure 4, the
‘sum’ and ‘difference’ audio outputs from
the synchronous receiver are applied to 90°
phase shift networks, and modulated by
phase and quadrature 100kHz carriers to
form upper sidebands of 100kHz. This is a
conventional phase-shift method single
sideband generation. Each signal is then
filtered to remove higher order compo-
nents. The ‘difference’ signal is squared up
by a zero crossing detector and the output
used as a carrier to demodulate the ‘sum’.
A low pass filter passes only the d.c. com-
ponent of the demodulation. From this the
interference polarity is extracted by a zero
crossing detector, converted into a logic
level and used to control switches to select
either the direct or the inverted ‘dif-
ference’ signal. This puts the interference
into the correct polarity where it is
subtracted from the ‘sum’ to produce an
improved signal-to-noise ratio. The signal
is still at 100kHz, so a final step is demo-
dulation using the ‘phase’ 100kHz carrier
to generate an audio output.

The second system, shown in Figure $,
starts off in a similar manner. Signals are
shifted to 100kHz, the ‘difference’ signal is
squared up and used to demodulate the:
‘sum’, and the output low pass filtered. In
this system the low pass filter output is
taken to represent both the amplitude and
polarity of the interference. It is remodu-
lated by the same squared up ‘difference’
signal to generate reconstituted interfer-
ence for subtraction from the ‘sum’ signal-
with-interference composite to be followed
by demodulation down to audio.

Comments

Many system improvements suggest them-
selves and the most straightforward are
currently being developed and assessed.
There is unfortunately. a practical limit
beyond which processing errors in these
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Fig.7. Phase and quadrature carrier generation

analogue systems outweigh advantages
gained by increased complexity. We can
look forward though to steadily improved
signal-to-noise ratios as time and innova-
tion permit.

This article does not pretend to describe
an optimum or ultimate method for in-
terference cancellation. The intent is to
show that the performance we now accept
from our radios is not as good as it could be
and that significant improvements can be
made by straightforward circuitry. The
approach has value both in the improve-
ment of radio reception and also as a basis
for further experimentation, particularly

into the nature of interference and band
limited noise. h
The circuits are particularly adaptable to
attenuation of interference when some-
thing is known about the nature of the
interference, for example, military jam-
ming or c.w. interference on frequency

_ shift radio telegraphy.

There is an equivalent system under
development for f.m. receivers. This takes
the constant f.m. signal amplitude as refer-
ence, as opposed to the a.m. signal’s con-
stant phase. While showing promise, the
technique is not yet sufficiently developed
to warrant publication.

New UK group supports semiconductor manufacture

One of the first commercial ventures of the
new British Technology Group formed by
the merger of NRDC and NEB (News,
September issue) is in an advanced field of
semiconductor manufacture. This is a joint
venture with the UK company Plasma-
Therm Ltd, a subsidiary of Plasma-Therm
Inc of Kresson, New Jersey, USA, who
supply plasma process equipment (see be-
low). The two partners will share the total
cost of £170,000 of a two-year programme
to develop new process control equipment
for sale to European manufacturers of
semiconductor devices. The equipment
will be based on radio-frequency plasma

~diohistorvy com

chemistry techniques, which offer advan-
tages over traditional wet chemical
methods used in the fabrication of
semiconductor products.

A microprocessor-based monitoring
system will be developed to give manufac-
turers more precise control in dry etching
procedures based on radio-frequency plas-
mas by using optical emission spectros-
copy. Also, a new power unit will be de-
veloped to complement Plasma-Therm’s
present range of radio frequency genera-

. tors and so offer the ability to improve the
“adhesive qualities of plasma deposited

passivation layers which protect the i.cs.

The agreement includes an arrangement
for the NRDC part of BTG to recover its
investment by a sales levy on relevant pro-
ducts.

Radio-frequency plasma chemistry tech-
niques are being used more and more in
making semiconductor devices, in place of
wet chemical methods. One technical ad-
vantage is the ability to create the finer
circuit patterns needed for producing a
larger number of circuit elements per unit .
area. Certain gases, when ionized, form a
reactive plasma which interacts with solid
surfaces to selectively remove unwanted
material without residual contamination.
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use. Operators need not have a

K

Micro-system fault
finder

A fault finding routine for r.o.m.,
r.a.m., bus, clock and. power
supply of a microprocessor-based
system can usually be carried out in
| under five minutes using the 9010A
Micro-System Troubleshooter, re-
gardless of system complexity,
claim Fluke. Test programs need

not be written since the 9010A hasa -

‘learn’ mode in which it examines
and defines all the digital locations
and functions of a working system

and stores the information in its -

memory. When a similar but sus-
pect system is connected to the
tester the information from the
working system is compared with
that, from the suspect equipment
and any faults indicated on a 32-
character alphanumeric display.
The tester’s programs, - whether

‘learnt’ or presented manually, can

be loaded onto cassette for future

" obtained for testing 8080, 8085,

knowledge of programming lan- |
guage, and to use the tester, a plug
from an eight or sixteen-bit proces-
sor module is inserted into the
microprocessor socket of the
system to be tested. If the system
malfunction does not appear when
the tester is connected the fault is |
narrowed down to the processor
removed. The tester module con-
tains a microprocessor which. re-
places the one removed from the
board. Using other algorithms, the
tester can be used to check peri-
pherals such as character genera-
tors, keyboards, readouts, print-
‘heads and relays. Modules can be |

Z80, 6502, 6800 or 9900 based |
systems. A further seven modules

should become available within the }

1
next ten months. Fluke Interna-f

tional Corporation, Colonial Way, |.

Watford, Herts WD2 4TT.
ww3or | - :

33y

WW303

Storage oscilloscope
The main unit of Nicolet’s latest
digital-storage oscilloscope is the

" 4094 with 16K-word x16-bit

memory capacity. Two dual-chan-
nel input-amplifier modules, the
4851 with 15-bit a-to-d conversion
and 100kHz sampling rate and the
4562 with 12-bit conversion and
2MHz sampling, can be added to
the main unit in any combination
for either two or four-channel
operation as the main unit’s
memory can be shared. Permanent
waveform storage is possible using
a single floppy-disc drive, the F-43,

. with a dual-channel oscilloscope or

the XF-44 dual disc-drive with
four-channel versions. Cursor posi-
tioning, display expansion (up to
x256), r.m.s. calculation and
waveform addition, subtraction and
inversion are standard on the 4094
and further programs for waveform
multiplication, integration, etc, are
available on disc. Both plug-in in-
put amplifiers have pre- and post-

trigger delay controls and where °

two amplifiers are used they can be
operated independently thus form-
ing two dual-channel oscilloscopes
with a common display. An RS232

- and IEEE488 i/o interface and digi-

tal plotter are available for use with
the oscilloscope. The manufactur-
ers have also introduced a small
4000-line FFT spectrum analyzer,
the 100A, for 0 to 20kHz. Nicolet
Instruments Ltd, Budbrooke
Road, Warwick CV34 5XH.-
wWWw302 '

Softy 2
Following the success of Softy, a

low-cost micro tool for e.p.r.o.m.
programming, copying and r.o.m.

| emulation, the designer has re-
 cently introduced an enhanced ver- -

sion called Softy 2. This unit is
similar to the original version which

displays the contents of 512 contig-
uous addresses in hex form on a
television screen via an internal
modulator. Improvements include
an expanded monitor and keypad
(28-key, two-level) to provide extra
functions such as serial (RS232)
and parallel (Centronics) routines
for connection to other computer
systems or printers. Code can also
be stored on cassette tape using a
new system called Transwift which
is claimed to be tolerant of speed

. and level changes. The buffer

r.a.m. has also been increased to
2K and the unit will now program
or copy the 2716, 2732, 2532 family
of single-rail e.p.r.o.ms. To make
r.o.m. emulation easier, the
address and data lines have been

" buffered and the unit is supplied

with a ribbon cable and 24-pin
plug. Softy is only available built
and tested in a black plastic case
and is supplied with a separate
power supply for around £169 +
v.a.t. Dataman Designs, Lombard
House, 24 Cornwall Rd, Dorches-
ter, Dorset DT1 1RS.

WWw303

Low-noise f.e.t.
preamplifier .

At IMHz, the noise characteristic
of the AHO0013 linear wideband
preamplifier is  quoted  as
800pV/VHz. An fe.t. input is
used in this hybrid device giving a

typical input impedance of 100GQ |

and maximum bias-current require-
ment of S0pA. Sonar, audio, infra-
red detection and communication
equipment applications are sug-
gested for the device. Packaging is
8-pin d.i.l. and the operating tem-
perature range is from —65°C to
+125°C. DI-AN Data Systems
Ltd, Mersey House, Battersea Rd,

Heaton Mersey, Stockport, Che- =

shire SK4 3EA. g
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. claimed for this high-voltage meter.

- suppose) without affecting the in-

IEEE-programmable

resistance box

Resistances from 1Q to IMQ in 1Q
steps can be programmed through
an IEEE-488 link from a
microcomputer on the 9811 resis-
tance/potential-divider box from
Time Electronics. Manual resis-
tance selection is also possible by
means of thumbwheel switches on
the front panel and in both modes
the value is displayed on a six-digit
l.c.d. Separate outputs for each
other decade are provided so the
unit can be used as a programmable
potential divider. The resistance
outputs are electrically isolated
from the digital input. Maximum
power dissipation, voltage and cur-
rent rating of any resistance value
are 1W, 100V and 1A respectively.
Resistance-value error and tem-
perature coefficient figures are
+0.1% (for values above 100Q)) and
50 p.p.m./°C. Both rack-mounting
and free-standing versions can be
supplied and operation through
RS232 or parallel b.c.d. is possible

Electronics Ltd, Botany Industrial
Estate, Tonbridge, Kent.
WW305

High-voltage meter
Measurement of voltages up to
150kV with less than +5% error is

The Field Mill Voltmeter FM150,
available through Hunting Hivolt,
takes its reading from the field
created by a voltage as opposed to
measuring the potential difference
directly, and is said to give negligi-
ble current drain. One switch is
used to select 5kV,. 25kV and
150kV ranges and battery check
and on/off functions. The coupling
cable between the measuring
transducer and the control box can
be any length (within reason, we

strument’s capabilities. Rechargea-
ble batteries and charger are
supplied as standard. Hunting Hi-
volt Ltd, Riverbank Works, Old
Shoreham Rd, Shoreham by Sea,
Sussex BN4 5FL.

WW306

Hard-disc for micros
The Seagate 5%in Micro-Winches--
ter disc-drive and intelligent
controller have been added to the
range of computer peripherals
stocked by Euro Electronics Ltd.
Fitting into the same space as a
‘mini-floppy’, the ST-506 hard-disc
drive with two double-sided discs
and four heads uses the same power
supply as a 5%in floppy-disc but
offers SMbytes of storage, 170ms
access time (access time can be re-
duced by a half using software),
data transfer at SM-bit/s and a pro- -
jected mean-time-between-failure
of 8,000h. The hard-disc and a
5%in floppy-disc can be used to-
gether, the former providing large
memory capacity and the latter

using an IEEE converter. Time | §

system back-up and input/output.

WW311

One or two drives can be controlled
by one DTC-510 intelligent
controller. There are standard

‘adaptors available for microcom-

puters such as the Apple II, TRS-
80, Motorola’s Exorciser, the Dec
LSI-11 mini and many others with
§$-100 or Intel Multibus systems. A
second controller, the DTC-520,
can control up to four drives.in any
combination of Micro-Winchesters
and 5%in floppy-disc drives. The
ST-506 drive is available at a one-
off price of £763, the DTC-510 is
£595 and a typical interface, that
for the Apple, costs £195. A range
of software drivers is also available.
Euro Electronics Ltd, Twyman

House, 31 Camden Rd, London |

NWI1 1YE.
WW307

Soldering irons

Power-control electronics and asso-
ciated setting dial of Permax solder-’
ing irons are contained within the
handle. An aluminium/ceramic
base on which the heating element
is printed is said to give good heat
conductivity combined with high

1 - electrical insulation; 17Y2W ver-
sions have an average leakage cur- -

rent of 0.78uA (19pF) and 26W
versions 1.1pA (22pF). To aid heat
transfer, the flat heating element
fits directly into a slit in the iron’s
alloy coated tip. Both versions can
be obtained for 220V or 240V
mains operation at around £20 and
a wide range of easily interchange-
able tips are manufactured for these
irons. Special Products Distribu-
tors Ltd, 81 Piccadilly, London
WI1VOHL. )

WWwW308

Current regulator
diodes '

Two-lead constant-current sources
in eight values from 0.24mA to
4.3mA are available through
Semiconductor Specialists. The Si-
liconix CRR range diodes can be .
operated at temperatures fromn
—55°C t0 +150°C and have a tem-
perature coefficient rating of
0.15%/°C. For each type, the maxi-
mum operating voltage is 100V;
limiting voltages for the 0.24mA -
and 4.3mA types are 0.5V and
1.45V respectively. These regula-
tors are housed in TO-18 packages.
Semiconductor Specialists (UK)
Ltd, Carroll House, 159 High St,
Yiewsley, West Drayton, Middx
UB7 7XB.

WW309

Small lever-locking

switches

- Accidental switching of the M
range miniature switches is
prevented by inclusion of a lever-
locking system. The lever ends are |
interchangeable to facilitate colour
coding. Ratings of these switches
are: 6A at 125V a.c. and 3A at 250V
~a.c. (resistive), 500V insulation
.breakdown and 1GQ insulation re- |

sistance. Versions are available with
1, 2, 3 or 4 poles, either gold or

“:silver-plated contacts, and with

sealed casings. NSF Ltd, Switches
and Controls, Keighley, Yorkshire
BD21 5EF. :

WWw3lo 4

Small transformers
Two ranges of small p.c.b.-mount-
ing encapsulated transformers have
been introduced to the market by
Clairtronic. Transformers in the
‘flat’ range have power ratings from
3 to 25VA in standard voltage rat-
ings of 6, 12, 15 or 20V secondary,
240V primary. Four mounting
screw holes are provided on each
unit. The smallest version measures
44x53x17mm and the largest
69x58x35mm. In each case the ~
third dimension, the height, is ex-
cluding Smm long pins. A series of
‘top-cap’ types are also available in
the same range of secondary
voltages but with split primaries
(2x120V) and power ratings from
0.8 to 25VA. Screw mounting holes

- are provided for versions above

8VA. Dimensions of the 0.8VA
version are 27x27x20mm and of
the 25VA type, 80x54x47mm.
Prices range from around £1.20 for
the smallest ‘top-cap’ type to
around £4.50 for the largest ‘flat’
type. Clairtronic Ltd, 6 Wayside
Gardens, Gerrards Cross, Bucks.

WWw3l1
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Basic holidays

For as long as I can remember, I've been
very much in favour of lots of healthy
exercise. I can sit around and watch people
playing games, digging gardens and jog-
‘ging round the park all day long without
feeling any the worse for it, and I’'m sure it
has all helped to shape my easy-going and
tolerant outlook on life.

Those summer camps for kids in
America have, likewise, long been a focus
of admiration for me: a stroke of absolute
genius, I’ve often thought. We British
have developed hypocrisy to a pretty ex-
ceptional level, but whoever thought of
those camps has nothing to learn from us.
No sooner do the 2.4 brats come belting
home from school for the summer holidays
than they are given a hose down, provided
with enough of everything to avoid the
need for further communication in the for-
seeable future and packed off to the hinter-
land to be coped with by others, while Ma
and Pa take off for the sun. And it’s all
done in such a way that even the kids
themselves, and probably the parents too,
sometimes, think it’s a Good Thing. The
Outdoor Life, and all that, That’s what I
thought, anyway. :

But it’s all gone wrong. No longer do
emergent Americans go on long walks;
swim, climb grizzly bears and fish for
waffles. What they do now is compute! In
short pants and deadly seriousness, they
are hooked on computing.

I haven’t been able to find out any more
details except that, at the camp I've heard
of, the kids are turned loose on the compu-
ters at the crack of dawn and, apart from a
few seconds to swallow a pecan pie washed
down with a glass of clam chowder (I really
must try to discover what all these things
are) stick with it till sack-time, as I believe
it is called. According to the man who runs
the operation, it is quite difficult, short of
resorting to the garrotte, to stop the little
people computing away like crazy when it
is time for the Sandman to come and put
sleep in their eyes. What they compute, I
have no idea. Perhaps it’s the answer to
imaginary questions such as ‘“Why aren’t I
in Florida with Mom and Pop?”.

L

Oasis

I’ve always been a bit envious of anyone
who can eat snails, or mussels, or oysters,
or sheep’s eyes or any of those things with
evident relish and without any apparent
coercion. There must be a lot I’'m missing
by being so pernickety, but even just
writing about eating oysters is making me
feel all peculiar. It isn’t just the dishes
themselves, either, that make me curl up

_STDEBARNDS

— you only have to mention sheep’s eyes
when there is a hard-boiled egg with the
salad to put me right off. Association, you
see, that’s what it is. )
I hope this flaw in my make-up isn’t

~ characteristic of the majority of c.b. enthu-
siasts, because the fraternity now has its:

own restaurant: its name — The Eyeball
Bistro. It’s in Princes Street, near Oxford
Circus. Of course, it doesn’t mean they’re
going to serve eyeballs (it doesn’t, does it?)
but the damage is done, so far as I am
concerned. Why couldn’t they call it “The
Breaker Bistro’ or ‘Eighty-eights’ and
accept the risk of being overwhelmed by
demolition workers or bingo players?
Further grounds for misgivings arise
from ‘the declared intention to print the
menu in c.b. jargon. Now, at that point, I
do really think one has to demur. With
something as serious as food and drink,

there must be no room for misunderstand-

ing, and this idea is a most dangerous
precedent. 1 realise that menus are
sometimes written in French for reasons of
snobbery, but I’ve learned to get along
with that, and it doesn’t change every
other fortnight. “Superslab with i.cs, in
tears” is no way to talk about steak and
chips in onion gravy and I do most ear-
nestly suggest that, on compassionate
grounds, the idea is dropped.

Postillions beware!

Translation by computer of foreign lan-
guages has always been good for a laugh.

Vg

 There was a story that a lucrative civil

engineering contract was once turned
down because the contract, translated by
computer from the Russian, insisted that a
flock of water-sheep would be needed.
Since the company didn’t have anywhere
to keep the animals, and couldn’t find out
what they were anyway, it decided to for-
get the whole thing and work for the

Arabs, instead. So a German company, .

whose sales manager knew how to translate
the Russian for ‘hydraulic ram’, got the
job.

But we’re over all that sort of thing now.
At least, I hope we are, because the EEC is
wanting to use a new system, Eurotra,
which they hope will be able to cope with
the 72 language pairs in use in the commu-
nity when Portugal and Spain get their
tickets — that’s each of nine languages
translated into all the other eight.

So it had better be a good system, and it
ought really to be able to handle the odd
bit of idiom, slang and dialect. The
thought of a British MEP, infuriated by
-yet another bland explanation of why but-
ter mountains and wine lakes are not bad

economics, rising to his feet and bellowing
“What a load of old cobblers!” is a sombre
one. Unless Eurotra can deal effectively
with vituperative outbursts of this kind,
there are problems ahead. One can
imagine the blind panic which would be
the natural result of the foregoing innocent
remark: proceedings would be halted
while the premises were searched for the
elderly shoemakers and the whole fabric of
civilized Community life would be im-
perilled.

Maybe Esperanto would be a better
idea.

Man-powered flight

Pilots have a lot to cope with. It isn’t all
just a matter of sitting there, looking at the
pretty clouds and sending the air hostess

-for cups of coffee every few minutes: not

by any manner of means. It might be like
that some of the time, I dare say, but every
now and then their reactions are put to the
test when things go wrong. You don’t want
to be too relaxed when, for example, an
engine goes on strike just after take-off, or
when the controller tells you that another
aircraft is making a head-on approach at a
closing speed of around 1200 knots.

To help pilots get used to little problems
of this kind, airlines make use of flight
simulators, which can be programmed
with all kinds of ‘failure’. Accelerations,
visual effects and sounds are provided to
make the simulation as realistic as it can
be, the sounds being recorded in a real
aircraft and played back under the control
of the simulator.

Clearly, as many sounds as possible are
needed, but a chap I know who used to
record the aircraft noises tells me there was
one he never could get in the normal way.

Birds are unco-operative little beasts, and |

he found it quite difficult to persuade them
to fly into windscreens to order so he could
record the splat and allow birdstrikes to be
simulated on the ground.

So, I am about to explain a bizarre little
scene which someone may have seen and
wondered about (though not for long,
probably — the world is full of strange
people). What they ‘had to do, it seems,
was to buy some frozen, oven-ready
chickens from Sainsbury’s, thaw them out
and give them to several brawny characters
with good right arms. On the word of
command, the chaps hurled the fowls with

considerable enthusiasm at the aircraft’s

nose cone, while the tape recorder inside
collected the bangs. Played back at a
higher speed, it gave just the right effect
and everyone (except the chickens) was

happy.

-
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(World’s most powerful

BASIC pocket computer
CASIO FX-702P

- ONLY £119.95

High-speed computer using BASIC Languagé, with program/data storage on cassette

}:\?X'ﬁgféiogsgkz adaptor.
N: Plug-i ini Pri
Egi)gaam/data L g-in ROM program modules and FP-10 Mini Printer for
) dot matrix scrolling display. Input can be varied from 1680 pri wi
] 0
(26 |ndepepdent memories, to 80 program steps with 226 merﬁorig;angnsﬁr’:)?e\gtgg
non-volatile). Up to 10 programs (PO to P9) can be stored. y
Subroutines: 10 levels. FOR NEXT looping, 8 levels.
ggtz)t:’gi'stglpgfbyg_acmg. E?iting by moving cursor.
-in functions including Regressional Analysis and Correlati ici
;?\?:I:pmr g;i(:rg‘;:r?s.zzz)ogram/data storage on cassette tape. Tveolo!irt‘h(i::;ﬁllocalftgtri:s"
e p ely hours continuous use, with Auto Power Off after & mins.

Dimensions: 17 x 165 x 82mm (3% x 6142 x 34"}, Weight 180g {6.302).
FX-GOZP Advanced programmable. Up to 512 steps

) £74.95
***NEW*** FX-3600P 38 program steps

£22.95

(RRP £134.95)

Countdown alarm timer mode

% Amazing ANALOGUE display, plus di
10 60 minutes with automatic retrieval o
Stopwatch mode

Y ANALOGUE count.
from 1/100 sec to 1 hour. Confirmation signal.

Easy setting of times and alarm with forward and b
! facility. Dimensions: 9.25 x 35 x 36mm a
battery. Accuracy +/~15 seconds/month.

BEI%ZIVFSSM g@Té\yL?eC‘iUE 01!\1 HEthFJ,EST. 14p stamp appreciated.
urn of post, Pri i
P.0. or phone your ACCESS ORF’B’CARDC::r;\nt;:ég?g: VR oo chane,

~-TEMPUS

World’s most versatile

alarm
chronograph watch
CASIO AX-210

10 alternative displays

Over 60 useful functions

ANALOGUE display of time plus:— .

% Digital time display, 12 or 24 hour system.
¥ Digital date, month and year, plus day flag.
Y Full month calendar display, current month.
% Full month calendar disptay, next month,
Autg calendar pre-programmed to the year

Dual time modes

% ANALOGUE display of local time, plus digital

second time zone, 12 or 24 hour system.

Alarm mode

% ANALOGUE time with “Afarm Set” digital

time, 24 hour system. AM/PM and “alarm on”

indicators.

Buzzer for 20 seconds, or select “Dixieland”
Greensleeves” or “My Darling Clementine,”

’F‘lo_urly time signal

olriugﬁBen” chimes at noon. Easily switched on

off.

(RRP £34.95)

ONLY £29.95

?ital countdown. Normal and net times from 1
pre-entered time.

up, with digital timing of net, lap 'and first and éecond place times

ackward stepping and rapid run
pprox. Mineral glass. Long life Il)ithium
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THE LEADING U.K. SPECIALIST

I1)6ep/t. W.W. s )
4/167 East Road, Cambridge CB

Telephone: 0223 312866 9 i

WW — 072 FOR FURTHER DETAILS .

THE W.W. DISK OFFER
- RE-OPENS AT LAST

We Have obtained a limited stock of European
single sided mini floppy drives so please get orders
in soon
Circle the enquiry number for data
Total U.K. price including VAT at 15% and
carriage, CWO

ONLY £155 EACH INCLUSIVE

(Drive £132, P and P £2.78, VAT £20.22)

Please make cheques and P.O.s payabie to
W.W. Disk O