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Australia $A1.25
Canada $1.75
Denmark Kr. 11.00
Germany Dm. 4.00
Greece Di. 47.00
Holland Dil. 4.50

Haly L. 1100

New Zealand SNZ 1.50
Norway Kt. 11.00incl. mom$§
Singapore M $3.25
Spain Ptas. 80.00
U.S.A. $1.65



www.americanradiohistory.com

1 s L ] i b 1 8 9 q
0 I R T = Wl o

Field 2 Erase Field 2 Insert

330 33 [ 32 l 333 I 334 } 329 330 33 33 333 334

Full Field U5 T

{ v 5 l 3 .' Trig

Bypass
MAIN VIDEO

o

mi hasyour TV test equipment
needs well within its range

mi’s comprehensive range of generators and measuring Sine-squared Pulse and Bar Generators TF2905 series each
instruments for TV broadcasting encompass all transmission provide 4 switch-selected test waveforms which meet the

systems. CCIR Recommendations for accurate K-factor, luminance/

Here are some of the highlights: chrominance gain and delay and other response

Television Test Line Generator and Inserter TF2913 a dual- measurements.

purpose unit that offers push-butten operation with six Television Sweep Analyser OA2900 is a combined sweep

insertion lines per field, is programmable and has a remote generator, blanking and sync mixer, and differential probes unit.
control facility This complete analyser permits measurement of response,

It can also be used in full field mode. termination characteristics and return loss of video systems.

Grey Scale Generator TF2909 provides ol the necessary Colour Gain and Delay Test Set TF2904 provides direct

waveforms for linearity measurements on colour and indication of luminance/chrominance

monochrome systems. gain and delay inequalities when used in
This can be used in conjunction with: [em— = conjunction with a generator and oscilloscope.
Non-linear Distortion Analyser TF2910/4 ] E = ': FM/AM Modulation Meter TF2300B makes
which measures luminance non-linearity ) 'Lé; ; : ; measurements on the sound channel.

and, using noise-rejecting sampling A

techniques, differential phase and gain. P Gt | e = o —¥ If youd like full information about any or all of

It has a line selector for ITS and can also R, 3, 9@0®ee®s| | == === = | jhooe we will of course be happy tofillin the

be used for full field measurements. e ey .—'-'_lﬂl picture.

mi MARCONI INSTRUMENTS

MarconiInstruments Limited - Longacres - St. Albans - Hertfordshire - England AL4 OJN - Tel: (0727) 59292 - Telex: 23350
Marconi Electronics Inc - 100 Stonehurst Court - Northvale - New jersey 07647 USA - Tel: (201) 767-7250 - Twx: 710-991-9752
MarconiInstruments - 32 avenue des Ecoles - 91600 Savigny-Sur-Orge - France - Tél: 996.03.86. - Télex: 600541.F
Marconi Messtechnik GmbH - 8000 Miinchen 21 Jorgstrasse 74 - West Germany - Tel: (089) 58 20 41 - Telex: 5 212642

WW-—001 FOR FURTHER DETAILS A GEC-Marconi Electronics Company
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o wireless
world

ELECTRONICS/TELEVISION/RADIO/AUDIO

Front cover shows Goonhilly 4
earth terminal working with DECEMBER 1978 vol 84 No 1516
European OTS satellite. Details

on p. 63. Photo by Marconi

Communication Systems Ltd.

IN OUR NEXT ISSUE

Digital frequency meter, 35 Give the customer what he wants
a low cost constructional
design for ‘‘hands-off"’

operation, on a single p.c. 36 The Chatterbox
gggz\:H:a‘:ﬂ: 51"/(2H;ig:i‘: by lan H. Witten and Peter H. C. Madams
readout.

Versatile sound genera- i

tor. Integrated circuit 42 World of amateur radio

synthesizes a large

number of sounds by -

generating waveforms 43 Measuring spectrum use

which can be externally by Leslie A. Berry

programmed.

Alphanumeric keyboard. 47 News of the month

Construction of an inex- EBU technical questions for WARC Frequency synthesizer chips
pensive, easily made de- Broadcasters try programme labelling

vice, using a novel
method to produce an

1SO-7 code. 51 Displacement current

by I. Catt, M. F. Davidson and D. S. Walton

Current issue price 40p, back issue:

(if available) 50p. at Retail and

Trade Counter, Paris Garden, Lon- 53 Audio POM N amplifier design — 5
~don SE1 Available on microfilm by P. J. Baxandall

please contact editor

By post, current issue 55p. back 57 Letters to the editor

1ssues (if available) 50p. order and Relativity and time signals Birds' geomagnetic sense
payments to Room CP34, Dorset R o o dish f atellite broadcastin

House. London SE1 9LU ecelving dishes for satellite bro S g

Editorial & Advertising offices: . . .

Dorset House. Stamford Street, . 61 Effective length of ferrite rod aerials

London SE1 9LU. by H. Sutcliffe

Telephones: Editorial 01-261
8620. Advertising 01-261 8339. -
Telegrams /Telex: Wiworld Bis- e e .. .
‘nespres 25137 BISPRS G 63 Bntam]_oms EUTOPe (aga|n)
Cables Ethaworld. London SE1

Subscription rates: 1 year £7 00

UK and $23 40 overseas ($ 24 USA 67.Did you know?

and Canada). by Epsi
| silon
Student rate: 1 year, £3 50 UK yEP

‘and £4 50 overseas ($11.70 USA ,
and Canada). R

Distribution: 40 Bowling Green 70 Solar heating temperature controller
Lane. London ECIR ONE by A.J. P. Williams

Telephone 01-837 3636
Subscriptions: Oakfield Housz.
Perrymount Road, Haywards.
Heath, Sussex RH16 3DH
Telephone 0444 59188, Please
notify a change of address

74 Breadboard survey — 2

* USA mailing agents: Expediters of 79 Loudspeaker system design
the Printed Word Ltd, 527 Madison by Siegfried Linkwitz
Avenue, Suite 1217, New York. NY
10022, 2nd-class postage paid at i
New York
¢ IPC Business Press Ltd. 1978 84 New prOdUCts

ISSN 0043 6062

ibpa ABC I | 86 Sidebands

by Mixer

[P —
Ineratony Busines: Ty o Lt

ar

——
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u n I s DANAVOX (GT. BRITAIN) LTD.
“"BROADLANDS" BAGSHOT ROAD

INTERNATIONAL
SUNNINGHILL, ASCOT, BERKS.
TEL. 0990 23732/6: TELEX 84584

@f resear@h... "on components and accessories for dictating

machines, tele-communications, hearing aids
and electroacoustic equipment etc.”

STETOCLIP : \ SENIOR
JUNIOR 60 STERCLIP
HEADSET g , HEADSET

BOOM STANDARD & SASTIE

A SUB-MINOR '
ICROPHONE SDEMINCR, EARHANGERS

2,5mmand3,5mm
JACK PLUGS &
SOCKETS

X NASON?

INDUCTION AUDIO

HEADSET RELCC)E?\f’ER SWITCHES

DANASOUND SUBMINIATURE

WW —042 FOR FURTHER DETAILS
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DON'T GAMBLE

WITH PERFORMANGE
BUY

LEVELL VOLTMETERS

A.C. MICROVOLTMETERS

VOLTAGE & dB RANGES: 15uV, 50uV. 15QuV 500V
Acc 1 1% f.s.d 1uV at 1kHz
100 90 + 50dB
Geale — 20dB + BdBrel to TmW 6000
RESPONSE: - 3dBtiom ! Hzto 3MHz 0. 3dB from
4Hz to 1 MHz above 500V
TM3B filter switch  LF cut 10Hz. HF cut 100Hz, 10kHz or 350Hz
INPUT IMPEDANCE: Above 50mV 4 3MQ) < 20pf
On 50p V to 50mV SMQ) 50pf
AMPLIFIER OUTPUT: 150mV atts d

we £99 w, £110

BROADBAND VOLTMETERS

H.F. VOLTAGE & dB RANGES: 1TmV 3mv. 10mV 3V
Acc - 4% - 1% fs.d at 30MHz — 50dB, — 40dB
30dB to + 20dB Scale — 10dB. + 3dB rel 1o 1TmW /50()
0 7dB trom 1MHz to 50 MHz
. 3dB from 300kHz to 400MHz
A e > 3 | L.F. RANGES: As TM3
IS e s e HE AMPLIFIER OUTPUT: Square wave at 20Hz on H F with
amplitude propostional to square of nput AsTM3ont F

we £155 ., £165

D.C. MICROVOLTMETERS

VOLTAGE RANGES: 30uV 100pV 300uV 300V

Acc 1 2 fsd, - 1uV CZscale
CURRENT RANGES: 30pA 100pA, 300pA 300mA
Acc * 2% - fsd 2pA Cz scale

LOGARITHMIC RANGE:
S5uVat - 107 fsd 5mVat - 50% ts.d
500mV at fs.d

RECORDER OUTPUT: 1Vatfsd into k()

we, £.85H

Fully det ¢ snectcatio 15 AP AV

P

1hie on request for our complete range of portable instruments
GIt A WOTR o o Pack ane VAT extra Optional extras are leather cases and power units

LE V MOXON STREET. BARNET HERTS  ENGLAND EN55SD
TEL 01 4495028 440 8686

WW — 009 FOR MOREF DETALLS
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We've made the
impossible AGAIN.
A superior
frequency counter
Kit for only £69.95

Now you can forget about price/performance trade-offs when
you select a frequancy counter. In Sabtronics’ Model 8100 kit
you get all the characteristics of a much higher-priced counter

for only’f 69.95.
This frequency counter, employing LS| technology, has the

performance and input characteristics you demand: guaranteed

frequency range of 20 Hz to 100 MHz; selectable hi/lo
impedance; superior sensitivity; selectable resolution and

selectable attenuation. Plus an accurate time base with excellent
stability. An 8-digit LED display features floating decimal point,

leading zero suppression and overflow indicator. You would

expect to find all these features only on high-priced instruments

—or from Sabtronics’ advanced digital technoiogy.

Uncompromising
performance.
Incredible price.

A professional 31 digit
DMM Kit for less than
£50.00

Incredible? True! Professionals and hobbyists alike are
believers in this Sabtronics 2000, the only portable/bench
DMM which offers such uncompromising performance at
the astonishingly low price of £ 49.95.

Uncompromising performance you'd expect only from
aspecialist in digital technology such as Sabtronics:
Basic DCV accuracy of 0.1% =+ 1 digit; 5 functions giving
28 ranges; readings to + 1999 with 100% overrange; over-
range indication; input overload protection; automatic
polarity.

The low price of £ 49.95? Simple: The Model 2000 is all
solid-state, incorporating a single LSI circuit and high-
quality components. You assemble it yourself, using our
clear, easy-to-follow, step-by-step assembly manual.

Kit is complete, including a high-impact case.

Now you too can have it! A professional-quality 3} digit
Sabtronics Model 2000 DMM kit for only £ 49.95. If you don‘t
have onein your lab, use the coupon below to order NOW.

Easy to follow caliberation procedure provided in the
assembly manual.

BRIEF SPECIFICATIONS:

DC voltsin 5 ranges: 100 «V to 1 kV — AC voltsin 5 ranges:
100 ¥V to 1 kV ~DCcurrentin 6 ranges: 100 nA to 2A —
ACcurrentin 6ranges: 100 nA to 2A — Resistance:

0.12 to 20 M« in 6 ranges — AC frequency response: 40 Hz
to 50 kHz — Display: 0.36"" (9,1 mm) 7-segment LED —
Inputimpedance: 10 M - Size: 8" Wx 6.5 Dx3"H
(203X 165 x76 mm} - Power requirement: 4 "'C" cells
(notincluded).

Ordering information for overseas readers:

The price listed is for readers in U.K. only. Since export
orders are exempt from VAT you may send your orders
directly to

Sabtronics International
Winkelriedstrasse 35
CH-6003 Luzern/Switzerland

Price:
£69.95 + £6.50 for shipping and handling for Model 8100
£49.95 + £6.50 for shipping and handling for Mode! 2000

WIRELESS WORLD. DECEMBER 1978

FRECLNNCT N LDSEFT

sabtronics @
OSE. A FREGUERCY COMTIY

BRIEF SPECIFICATIONS:

Frequency Range: 20 Hz to 100 MHz guaranteed, (10Hz to 120
MHz typical) - Sensitivity: 25 mV RMS, 20 Hz to 70 MHz (20 mV
typical); 45 mV RMS, 70 MHz to 120 MHz (30 mV typical) -
Selectable Impedance: 1M« /25 pF or 500 — Attenuation: X1,
X10 or X100 — Accuracy: + 1 Hz plus time base accuracy —
Aging Rate: + 5 ppm/yr — Temperature Stability: + 10 ppm,
0°to50 C-Resolution: 0.1Hz, 1Hz, 10 Hz selectable —
Display: 8-digit LED, floating DP, overflow indicator —
Overload Protection — Power Requirement: 9-15 VDC.

Also available assembled at £ 84.95.

Optional prescaler will be available from around January 1.979.

sabtronics e

AT maz inFUT
ey i -1
¥ I
Bl D O cld

Tl 1EmL
. LS

s e

sabtronics ;

r——————————————————————

TIMWOOD LTD. Prospect Road, Cowes,
Isle of wight, England: Telex 86892.

Pleasesendme ______ Sabtronics Model 2000 DMM
kit(s) at £ 49.95 and £ 3.00 p.p. plus VAT at 8%.

Pleasesendme______ Sabtronics Model 8100
Frequency counter kit{s) at £ 69.95 and £ 3.00 p.p.
plus VAT at 8%.

Assembled at £ 84.95 each £ 3.00 p.p. plus VAT at 8%.

|
|
|
|
|
|
|
|
| Total enclosed herewith: £
|
|
|
|
|
|
L

Name:

address:

City: Postalcode:_______

* Overseas readers please see ordering information
on this page.

— — . ———— — — — ———— —— — ol

L ———

WW — 047 FOR FURTHER DETAIL S
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RA200/ADST

Frequency response analysis
withadifference

Wayne T e 3 L{ D‘spm b!
s ﬁm U[l[i[ f ) .lll : I“_

Frequency Response Analyser RA200

The Wayne Kerr RA200/ADS 1 is It incorporates rechargeable batteries to Tekelec-Airtronic. Cite des Bruyeres.
undoubtedly unique. It gives fast, permit stored data to be retained for up to Rue Carle-Vernet, 92310 Sevres,
accurate frequency response two weeks when the unitis switched off. Paris, France. Tel: 027 75 35.
measurements for any audio system - The RA200/ADS1 Keithley Instruments GmbH,
displaying up to five different curves This complete unit provides facilities cve'g'gmsnassef'lggcs)gnumhen 70
as gaip/frequency plots onalong- for displaying the difference between SERCEIRHEN S 144065.
persistance CRT. The basic unit, the any two stored curves, or comparison of ?88‘2 %E'%%%ZECS,AS'SBe;nerls"Zsse'Nord
RAQOOfperftorms all the detector and any new input with a stored reference P 643231”' witzerlan
sweep functions, requires no ; it ; ' i
. nchpronisation angwill St curve. Minor variations from a desired C N Rood BY. PO Box 42. 11-13 Cort van

o gkt characteristic can be readily amplified, der Lindensiraat. Rijswijk ZH 2109. Holland.
automatically to the incoming frequency. and departures from alinear response Tel- (70) 99 63 60. :
Four Channe! Dig?tal Store clea'rly shown as deviations frorn a Unitronics SA. Torre de Madrid. Princesa 1.

The matching display store, the straight line by use of the store 'invert. Piso 12 Oficina 9. Madrid 8, Spain.
ADS1,is afully compatible digital storage Slow-acting pen recorders can also be Tel: 242 5204,
unit powered by the RA200, and can driven by the unit. Scandia Metric AB. Fack 171 19, Solna 1.
give continual updating of each curve For more details fill in the coupon or Banvaktsvagen 20, Sweden,
stored to ensure fast, precise readouts. contact your nearest distributor: Tel: (08) 820 410.

/;Iease send me further Name N
information on the Wayne Kerr
RA200 ADS1. empeny S
Address

Tel:
v; w K Wilmot Breeden Electronics Limited 442 Bath Road, Slough, DEEERTE
k AYNE NeIT  gerkshireSL168B England Tel: Burnham 62511, Telex: 847297

WW 011 FORFURITHER DFTANIS
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GenRad’
Top Trio...

...alow cost/high performance
range of yP-based bridges

GenRad’s new range of uP-based The 1657 Digibridge
bridges make full use of advanced * Automatically measures R,L.C.Dand Q
' * 0.2% Basic accuracy
technology to meet tomorrow’s * Five-cigit display for R, L and C
testing needs today. Check the * Four-digit display for D and Q
list of features, and contact * Microprocessor-directed ranging
! . " Selectable test frequencies of
us for further information,
price and delivery.

1kHz and 120Hz (100 Hz)

* Series or parallel measurement
mode selection :

® Built-in Kelvin test fixture tests

radial and axial lead components

1687 Megahertz LC Digibridge
* Automatically measures Ls & Q,
Cs & D, Cs & Rs, Cp & Gp
* 0.1% basic accuracy for C
0.2% basic accuracy for L
* Automatic hmit-comparison (10
bins)
* Autoranging
* IEEE 488 bus/handler interface
option
* Two test speeds
* Selectable continuous, average or
single component measurements
° Four types of display -
programmed bin himits, measured
values, deviation measurement { AL
or AC), or bin number
* Five-digit display for L and C
* Four-digit display for Q,D,R and G
Optional Kelvin test fixture tests
radial and axial lead components

1658 RLC Digibridge
* Automatically measures R,L,C, D
and Q
* 0.1% Basic accuracy
* 10 Bins for sorting
* Autoranging
* |EEE 488 bus/handler interface
option
* Three test speeds
* Selectable continuous, average or
single component measurements
* Three types of display
programmed bin limits, measured
values or bin number
* Five-digit display for R,Land C
* Four-digit display for D and Q
* Setectable test frequencies of 1
kHz and 120 Hz (100 Hz)
* Series or paraliel measurement
mode selection
* Built-in Kelvin test fixture tests
radial and axial lead components

1657 Digibridge ™
* Under £1000

A Pl NN Chgshincigm

1687 Megahertz
LC Digibridge ™
*Under £2 500

1658 RLC Digibridge ™
* Under £ 2 000

GenRad Ltd.

Bourne End, Bucks. SL8 5AT _ G R d

Phone (06285) 2 66 11, Telex 848321 ' QR enna
WW—068 FOR FURTHER DETAILS
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From factory floor

to RI DTheSullvanreputationfor

quality and accuracy isknown andrespected in electrical standards laboratories
throughout the industry But Sullivan also make some instrumentsthat arejust as
much at home onthe factory floor as onthelaboratory bench Thisis typified
by the MegohmmeterT2900-aportable d c.instrument designed for the
measurement of high value discrete resistors and the insulation resistance of non-
conductive materials motors,cables etc. The T2900 can provide test voitages
upto1000vdc.
Theinstrument also has a current measuring facility inherentinits operation;
currents aslowas1pico-ampere may beindicated.
Indeed, the Megohmmeter can provide accuraute results,clearly and at
temperatures of up to 50°C. Get in touch with us today for the full facts on the
Sullivan MegohmmeterT2900.

H.W.Sullivan Limited ArchcliffeRoad Dover —
Kent CT17 9EN Tel 0304 202620 Telex 96283 u Ivan

L ThomMeasurement&Components Division

THORN

WW — 032 FOP FURTHER DETAILS
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Transformers
and ...

We have been established for over twenty years and are proud of the
reputation earned for the design and manufacture of high quality
transformers and other wound components

Our design team is available to give thewr personal attention to
customers’ technical requirements

Development and pre-production samples can be supplied by our
prompt prototype service

Drake DRAKE TRANSFORMERS LIMITED

South Green Works

Kennel Lane, Billericay, Essex CM 11 2Sp
Tra nSformers Telephone Billericay (02774) 51155

Telex 99426 (prefix message DRAKE)

. )

WW — 034 FOR FURTHER DETAILS

SEEN

PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS

SE 200 v,

MSI 6800 NEW SWTPC 6800

with 8K Ram. Level 2

KIT £375 KIT £300

FD8 FLOPPY DISC £935. BFD68 MINI FLOPPY £522
SOROC 1Q120 TERMINAL £699 ASS.
CASSETTE INTERFACE KIT £18.95

Send S.A.E. for full brochure

STRUMECH ENG. ELECTRONICS DIV. BROWNHILLS 4321
SOLE U.K. DISTRIBUTOR FOR MSI & SMOKE SIGNAL BROADCASTING

WW—033 FOR FURTHER DETAILS

www americanradiohistorv com


www.americanradiohistory.com

WIRELESS WORLD, DECEMBER 1978 .

NEPLIN

everything for the modern DY electronics enthusiast and more.

i (

THE ‘DRUMSETTE' RHYTHM GENERATOR

Organists. pianists. guitarisis an aulemalic drum set to
accompany you'! Nine highly realistic instruments play
fiteen difterent rhythms. Fitteen rhythm-select touch
switches and a touch plate for slop/start withoul rhythm

change gives absolute ease of operation. Build It yourset REVERBERATION SYSTEMS ¥
for under £65 including smart teak-effect cabinet. See il High quality spring line driver module uses 4 infegrated
and hear t n our shop! Send for tull consiruction details circuits and two transistors. Built and tested circuit board
now: MES49. price 25p with wiring instructions for spring line. XBBSG. price

BOARDS AND PCB's

£6.00. Power supply to suit drive module costs around
Pages 59 lo 61 of our catalogue show you our range of

£2.50 and consiruction detalls are in catalogue. or ask tor

————— . teaflet MES24. Mechanical spring Veroboards and S-Oecs or if you preter 1o make your own
lines: Shart line [XLDBJ) £4.49: peh's a range of etching syslems includiag the novel
Leng line [XBB4F) £10.39. (All elch-in-a-bag system. plus printed circuit iranslers for the
aculas ez, prices include V.A.T. and p. & p.) professional finish 1o your boards
INE
CHANNEL
RADIO
g%m 9-CHANNEL RADIO CONTROL
SYSTEM. A comprehensive model
a.' e control system. leaturing nine
[ 32 independent fully prepartional
indryen V] channels achieved by a design
'_&.w_ i using very few componenis \hus o
.
(% keeping the cost Lo a minimum. Full T =
12 < construction detaits in eur booklet '\
i [XFO30] price £1.20. 1
ol
=y
( J \
—
T.v. GAME
Afascinating TV game kil that plays football. tennis, squash d
and practice for only £21.59. Reprini of canstruction
detaits 25p. Add on rifle kit enly £10.60. (All prices include
VAT and p.&p.).

P - = <

2, ——

DTN Wom -I

‘=ﬂ' uml SN m \\ m _

111 ——

MASSIVE RANGE OF COMPONENTS
For instance the capacifor section in our catalogue
includes non-polarised electrolylics and our resistar
section includes even 1% tolerance types. Get our
fascinating catalogue now — you won't regrel it

AUDIO MIXER
A superb slereo audio mixer. ft can be equipped with up to
16 inpul modules of your cheice and its perfermance
malches Ihat of the very best tape-recorders and hi-li
equipmen!. It meets the requirements of prolessional
recording studios. FM radio stations. cancert halls and
theatres. Full construction details in our calalogue. A
romponent schedule is avallable on request.

ELECTRONIC ORGAN

The only argan you can build in stages ard tatlar to your
requirements as you go along — and at each stage you'll
have a fully working instrument! We haven't got the
gimmicks yet — (Ihey're coming soon} but we have got the
most beautitul sounds — you won't tind them on any organ
tess than twice our price. So get our MES5D series teaflels
naw! 65p buys the three available so far

‘ MICROPROCESSOR

Build 3 mini-compuler with aur microgrocessor ki:
Features. 46 different instruction types: 256 bytes of
read/write memory more are easily added|. micro
processor can address up to 65.536 8 bit-byles. Complete
kit for use with teletype etc. (XB91Y). £68.74

20-key keyboard for use with above [in place of feletype]
[XBBZA) £65.97. Both kits with delailed Instruclion books

See our newsletter for details of additional RAM's. Iri-stale
intertacing chips. numbier-cruncher and standard cassetle
tape-recarder intertace to store your programmes. JAll
prices include V.A.T. and p. & p.|

Our bi-monthly newsletter keeps you up to date with latest
guaranteed prices - our latest gpecial offers —
dotails of new projects and new lines. Send 30p

for the next six issues (Sp discount voucher with each copy).

POST THIS COUPON NOW FOR YOUR COPY OF
OUR 1979-80 CATALOGUE PRICE 75p

Please rush me a copy of your 280 page catalogue
25 soon as itis published (8th Jan 1979)
I'enclose 75p, but understand that if | am not completely
satisfied | may return the catalogue to you within
14 days and have my 75p refunded immediately

O 0 P08 08P PO POPNOOLSBO BSOSO OPOPOEBESEESEOEDRPEOS
+ Come and see all our projegts

» on display atthe Electronics hobby show

. ‘Breadboard’ at Seymour Hall.London W1.stands E7-E9Q

* On Saturday 25th Nov. there will be a continuous demon-

& stration of our Organ MES55, 5600 Synthesiser. new Plano, =
- new improved Disco and Hi-fi Stereo Amp.

NAME

MAPLIN ELECTRONIC SUPPLIES
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR
Telephone: Southend (0702) 715155
Shop: 284, London Road, Westchff-on-Sea, Essex |

(Ciosed on Monday! Telephone Ahend

ADDRESS

vvwvv.americanrachiohistorv.com
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New from AMCRON

Real Time Analyser RTA2

The Amcron RTA2 Real Time Analyser 1s designed as much for use as a
production tool as 1t is for on-site audio analysis of theatres, and
recording studios. A flight case is available

5 CRT Display

Internal Pink Noise Source

Y3 or 1 octave Display
Frequency range 20 - 20kHz
Outputs for X-Y Recorders
Compatible with any microphone
Price £1,960 ex. VAT

* 4 % % H %

POWER AMPLIFIER D75

The AMCRON D75 power amplifier replaces the previous model D60.
Employing completely new type circuitry 1t offers also many new
features but without any increase in the price

New Amcron |OC comparator.
Balanced XLR input connectors
Signal Presence indicators.
Separate Signal /chassis earth
45 watts into 8 ohms per channel
Price £.230 ex VAT

* b o % 4

Other AMCRON products include:

DC300A amphfier 500 watts /chan £550
D150A amplifier 200 watts/chan. £350
VFX2A Electronic Vaniable Filter £270
EQ2 Equaliser . £599
IC150A Pre-amplifier . S £260
IMA Intermodulation Distortion Analyser urit . £610

MACINNES LABORATORIES LTD.
Carlton Park Industrial Estate
Saxmundham, Suffolk, IP17 2NL
Tel. Saxmundham (0728) 2262/2615

WIRELESS WORLD, DECEMBER 1978

Foil Trimmers by DAU |
The widest capacitance range available from any one
manufacturer. C max from 55 pf to over 300 pF. Working
temperature from 40 C to + 125 C Commercral and
professional grades

WW—056 FOR FURTHER DETAILS

Europes most comprehensive range of extruded heatsinks
Over 80 stock profiles Also over 200 vanous other heatsinks
for small devices WW—017 FOR FURTHER DETAILS

I.C. Sockets by Fischer

A range of D.I.L. and S I.L. integrated circuit sockets wide

enough to cover most connection problems Inciuded in the

range are L.E D display and low profile T05 sockets
WW—018 FOR FURTHER DETAILS

LIMITED

Church Housa, 94 Felpham Road, Felpham®
Bognor Regis, West Sussex PO22 7PG
Bognor Regis (02433) 28122 Telex 877285
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5 for

-the KGM axitron

M Low price — high specification
W View up to 30 metres standard model — 100 metres special model
M Clear easy-to-read 12cm characters
B Easy to install — easy to maintain
B Choice of two styles

7 segment — BCD TTL Compatible input

~unique KGM 8 segment with easy to read 4 and decimal input
MW Long lamp life
Use the Reader Enquiry Service or contact KGM now for full details and
competitive prices.

V. ELECTRONICS

et § © LIMITED

Clock Tower Road, Isleworth, Middlesex TW7 6DU.
Telephone 01-568 0151 Telex: 934120

ELECTRONIC |

11],]
INDUSTRIAL THERMOMETER | [hiicdicoty POWER UNITS

! ' 30UTPUTS
== N i
= = l Il DEVELOPMENT - e
B | - l tiy ° . fé%
SERVICING . v |y
\ = ¥ CSRY !:T

Type 250VRU/30/25

THERMOMT TER

OUTPUT 1 0-30v, 25A DC
OUTPUT 2. 0-70v, 10A AC
OUTPUT 3. 0-250v, 4A AC

———

THE MODERN WAY TO MEASURE TEMPERATURE

A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air, Metals, Liquids. Machinery, etc.. etc.
Just plug-in the Probe, and read the temperature on the large oper
scale meter Supplied with carrying case, Probe and internal 1'%
volt standard size battery .
Mode! “Mini-Z 1"’ measures from—40° C 1o + 70° C. Price £30.00.
Model ~Mini-Z 2" measures from—5° Cto + 105 C Price £30.00
Model "'Mini-Z Hi" measures from + 100" C 10 500" C £33.00
(VAT 8°5 EXTRA|
Write for turther details to

!
v
|
HARRIS ELECTRONICS (LONDON) | = T A e S
138 GRAY'S INN ROAD. LONDON WC1X 8AX i VALRADIO LIMITED, BROWELLS LANE, FELTHAM
|

ALL
Continuously
Variable

et

i MIDDLESEX TW13 7EN
(Phone 01-837 7937 Telephone: 01-890 4242/4837

WW—065 FOR FURTHLR DETAILS WW—073 FOR FURTHER DFTAILS
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Instant
LCR Answers.

The B424 is an easy-to-operate
component meter, providing accurate
measurements over an extremely
wide range for under £600.

For every type of component:
capacitor, resistor or inductor, the
liquid crystal display shows the value
in full. The decimal point is shown in
position and the numerical readout is
followed directly by the appropriate
symbol for each range. No multiplying
or scaling factors are ever needed,
eliminating a prime source of
operator error.

The meter automatically selects
the test signal level and frequency. so
that the operator doesn't have to
calculate and reset for each type of
measurement. The range finder will
indicate on the display when a higher

@™ w o

or lower range
could give a more precise readout.
In addition to the basic meter, a
component jig, the CA4,is now
available for rapid connection of
components with axial, radial or pre-
formed leads. The CA4 has built-in
limits circuits for an automatic
indication of '‘Low, 'Pass’ or 'High™ as

_..withthe
right contacts

of the limits takes only a few seconds,
no external equipment or standards
being necessary.

These features, combined with the
0.25% accuracy over the wide
measurement range, make the
equipment equally valuable in Goods

For more details fill in the coupon or
contact your nearest distributor

B424/CA4 New Simplicity in LCR Measurements

Tekelec-Airtronic. Cite des Bruyeres.

Rue Carle-Vernet, 92310 Sevres.

Pans. France. Tel 027 75 35

Keithley Instruments GmbH Heiglhofstrasse 5,
8000 Munchen 70. West Germany

Tel (089) 7144065

G & P Electronics AG. Bernerstrasse-Nord 182
Ch-8064 Zurich. Switzerland Tel (01) 643231
C N Rood BV, PO Box 42,

11-13 Cort van der Lindenstraat.

Rijswijk ZH 2109. Holland. Tel (70) 99 63 60
Unitronics SA. Torre de Madrid. Princesa 1

Piso 12 Oficina 9. Madrid 8 Spain. Tel. 242 5204
Scandia Metric AB. Fack 17119, Solna 1.
Banvaktsvagen 20. Sweden. Tel (08) 820 410

each component is connected. Setting

Inwards sections or design laboratories.

Please send me details of the Wayne Kerr B424/CA4
Name

Company

Address

Wilmot Breeden Electronics Limited "% 17 78

442 Bath Road, Slough, Berkshire SL1 6BB
England Tel: Burnham 62511. Telex: 847297

"»L Wayne Kerr

WW — 012 FOR FURTHER DETAILS
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ERRESOLD

Electronically Controlled
Soldering Systems

ADVANCED TECHNOLOGY SOLDERING

FOR
ADVANCED TECHNOLOGY ELECTRONICS

s e ETC/2A System

=3 Calibrated steplessly
variable temperature
control

e,

ETC/2B System e
‘CALPLUG’ Plug-in
temperature selection

e Accurate Temperature Control

o Faster Response and Recovery

« Safe, Low-Voltage Operation

o Free From ‘Spikes’ and Leakage
e Greater Soldering Performance

o Lighter Soldering Iron

e Simpler, Lower-Cost Maintenance

+ Range of 16 Bit Shapes

Contact LITESOLD today for leaflet
““Electronically Controlled Soldering".

LIGHT SOLDERING DEVELOPMENTS LIMITED
97/99 Gloucester Road, Croydon, Surrey, CRO 2DN, England
Telephone: 01-689-0574 Telex 8811945

WW — 006 FOR FURTHER DETAILLS
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Koo Peose
londacke CLEAN

BY USING A

DIACROM!
SPATULA

Manufactured in France
British Patents applied for

No other cleaner has all these advantages: —

-

. Only 100% pure. natural diamond grains are utilised.

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

3. All diamonded biades are recufied 1o ensure an absolutely smooth surface by eiminating
diamond grains which may rise above the surface. This eliminates all excessive
scratching during use.

4. All dramond grains are ngidly calibrated to ensure a perfectly uniform grain size of either
200. 300 or 400.

5. The chrome gives a very weak co-efficient of friction and the ng«dity of the nylon handle s
calculated to permut proper utilisation and yet pliant enough to avoid undue pressures on
highly delcate relays.

Grain size 200. thickness 55/100 mm.. both faces diamonded. For quick cleaning of industrial
relays and switching equipment. etc.

Grain size 300. thickness 55/100mm . both faces diamonded For smaller equipments. like
telephone relays, computer relays. etc.

® Grain size 400. thickness 25/100 mm.. one face diamonded. For sensitive relays and tiny
contacts. Two close contacts facing each other can be individually cleaned. because only one
face of the spatula is abrasive.

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

As supplied to the M.O.D., U.K.AEA., C.E.G.B. British Rail and other Public Authorities;
also major industrial and ic users th h the United Kingd

WW—028 FOR FURTHER DETAILS

FOR % ¥ % SAKE B0OB!WHY
DION'T YOU TELL ME ABOVT THE

for all demagnetising problems

LEEVERS-RICH

have the answer
LR70 for tapes
__upto 8% Dia and 1"wide

LR71 for tapes
up to 112 Dia and 1"wide

. LR72 Han-d-mag for
demagnetising heads and
tape path components

LEEVERS - RICH 319 Trinity Road,Wandsworth,London

EQUIPMENT LTD SW18 3SL Tel:01-874 9054 Telex:92355
WW — 030 FOR FURTHER DETAILS
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How..Why.. When?

Distress calls are made every
day —hundreds each year, and in
every case guestions are asked.
Questions which require
accurate, up-to-the-minute
answers. Answers that can only
come from reliable and
immediately accessible
communications recordings.

When polfice, ambulance,
fire, local ATC and other services
are called upon, either by radio
or telephone, they often receive
hasty, garbled messages -
sometimes several at a time.

In such instances a positive
need for communications

For details write to:
Racal-Thermionic Limited
Hardley Industrial Estate
Hythe, Southampton,

S04 6ZH England.
Telephone: 0703 843265.
Telex: 47600.

RACAL]

recording arises—a need for a
system with instant message
trace and replay —at the touch of
a button-and at any speed to
assist intelligibility.

All these facilities, and more,
are available in the Racal-
Thermionic ‘Callstore’ cassette
recorder/reproducer. Actuated
either by incoming audio
signals or by local or remote
control, Callstore uses four
cassette transports, each giving
up to four separate channels, - —
including a search control °
track which is cued at the
beginning of each message.

2

el

Callstore, from RacalThermionic, answers all the questions.

WW 024 FOR FURTHER DETAILS
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®

UHF receiver Model 1990S  470MHz

This high-grade, professional @AM FM.
UHF receiver is designed for %
use by — @ Modularcts

Government Departments at @ Wide/narron
home and overseas
Educational Establishments .:Irur;_le EEE.
Research Laboratories e

Television Authorities @ Panoramic displ
Satellite Ground Stations available

from EddYStone Please ask for illustrated brochure

Eddystone Radio Limd

Member of Marconi Communication Systems Limited

Alvechurch Road, Birmingham B31 3PP, England
Telephone: 021-475 2231 Telex: 337081

A GEC-Marcon: Electronics Company

WW—-023 FOR FURTHER DETAILS

UNGARmatic Soldering Syste

A o] m-‘—/ e e . -

| |
f | Taper Lock l Tip Retainer
Controlled ' Handle Heat Shield Heating Element
Soldering . 3 Operating temperatures 21 different Bits
Station 315°C 370°C 430°C covering every
(600°F) (700°F) (800°F) application

o The UNGARmatic controlled soldering station 1s designed to protect

- sensitive components.
[ @® Thread-in modular design for quick on line, heater or bit change
1 : @ Closed loop, non magnetic control

@ Long life, low voltage system

@ Compatible with any 24V/2A system

@ Elimination of damaging transient spikes
@ FULLY EARTHED SYSTEM

@ Hird-Brown Electronics Limited
Head Office: Lever Street, Bolton BL3 6BJ.

Tel: Bolton (0204) 38631 Telex: 63478

Croydon: Norfolk House, Wellesley Road, Croydon CROOYF.

Tel: 01-681 1131/2 Telex: 8951036

(CannInNG)

The W CANNING GAOUP

WA — 008 FOR FVRTHER DETALES
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Understanding Digital Electronics
New teach-yourself courses

In the years ahead the products of digital electronics technology will play
animportant partin your hfe Calculators and digital watches are already
commonplace. Tomorrow a digital display could show your vehicle
speed and petrol consumption; you could be calling people by entering
their name nto a telephone which would automatically logk up their
number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and apphcaton of
digital logic. Learning by self-instruction has the advantages of being
faster and more thorough than classroom learning. You work at your
own pace and must respond by answering questions on each new piece
of information before proceeding.

After completing these courses you will have broadened your career
prospects and increased your fundamental understanding of the rapidly
changing technological world around you.

The six volumes of Design of
Digital Systems cost only: £8- l 0 + 90p post

And the four volumes of .
u £4.60 & packing

Digital Computer Logic and

Electronics cost only:
' + £1 post

But if you buy both courses, .
the total cost is only: £l 2- 00 & packing

Price includes surface mail anywhere in the world — Airmail extra.

Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics [ts six volumes — each A4 size — are
packed with information, diagrams and questions designed to lead you
step-by-step through number systems and Boolean algebra to
memories, counters and simple arithmetic crrcuits. and finally to a
complete understanding of the design and operation of calculators and
computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimaland binary number systems: conversion
between number systems. representation of negative numbers,

Flow Charts & Algorithms

HELP YOU PRESENT

complementary systems, binary muttiphication and division safety procedures. government legisiation, office
Book 2 OR and AND functions, logic gates. NOT. exlusive OR procedures, teaching materials and computer
NAND. NOR and exclusive-NOR functions, multiple input gates, truth programs by means of YES and NO answers to
tables. De Morgans Laws. canonical forms, logic conventions. questions

Karnaugh mapping, three-state and wired iogic

Book 3 Half adders and tuli adders. subtractors. serial and parallel THE ALGORITHM WRITER'S GUIDE explains how

adders. processors and arnithmetic logic units (ALUs), multiplication
and division systems

Book 4 Flip flops. shift registers, asynchronous and synchronous
counters: ring. Johnson and exclusive-OR feedback counters, random
access memories (RAMs) and read only memories (ROMs)

to define the questions, put them in the best order
and draw the flow chart, with numerous examples
shown. All that students require is an aptitude for
logical thought. Size A5, 130 pages. This book is a
Book 5 Structure of calculators keyboard encoding, decoding display MUST for those with things to say

data: register systems control unit. program ROM, address decoding.
iNstruction sets, i1nstruction decoding, control program structure

+ 45p post & packing by surface

Book 6 Central processing unit (CPU), memory organisation £2 95

character representation. program storage. address modes: nput/ = mail anywhere in the world. Airmail
output systems, program interrupts, interrupt pnorities, programming. extra

assemblers. computers executive programs. operating systems and

time sharing

GUARANTEE
If you are not entirely satisfied your money will be refunded

Please allow 21 days tfor delivery
r—_———————_—————————

Cambridge Learning Enterprises, Unit 33, Rivermill Site
Freepost, St. Ives, Huntingdon, Cambs. PE17 4BR
England

Please send me the following books

I ...... sets Digital Computer Logic & Electronics @ £5.50, p&p
| included 29,60, O] 4
beginner No mathematical knowledge other than simple arithmetic 1s | """ Sé%t;gﬁi%nsgs%gﬁl;ésotegq&sgnclqdea p&p included
assumed though the student should have an aputude for logical = """ 7 The Algorithm Writer'sGljide@ £3.40, p&p included
thought Itconsists of four volumes — each A4 size — and serves as an |

introduction to the subject of digital electronics Everyone can learn
fromit — designer executive scientist student engineer

Digital Computer Logic and Electronics is designed for the

Address

Contents 1nclude Binary octal and decimal number systems
conversion between number systems AND, OR NOR and NAND

gates and mverters Boolean algebra and truth 1ables, De Morgans .
o et - | | enclose a ‘cheGues PO payable to Cambridge Learning Enter-

prises for t
Please charge my "Access Barclaycard Visa Eurocard
Mastercharge Interbank account number
Signature deleted as appropriate
TELEPHONE: ST. IVES (0480} 67446 Telephone orders from credit card hoiders accepted on 0480-
PROPRIETDRS. DAYKIDGE LTD. REG. OFFICE: RIVERMILL LODGE. ST. IVES 67446 (ansafone) Overseas customers should send a bank draftin
REGD. IN ENGLAND No. 1328762, sterling drawn on a London Bank Ww33

Laws design of logic circuits using NOR gates R-S and J-K flip tlops
binary counters shift registers and half adders

CAMBRIDGE LEARNING ENTERPRISES, UNIT 33, RIVERMILL SITE.
FREEPOST, ST. IVES, HUNTINGDON, CAMBS. PE17 4BR, ENGLAND

wwWw americanradiohistorv com
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OLSON MI/VIL‘ASES?

INSIST ON

Overall Dimension Case Case Chrome
Type | Width Height Depth [ novents | with vents leg
i'—_@-— —
BY PROFESS'ONALS 21 8% 4n 4 = 5.35 1.10
- 22 8% 5V, 5v2" — 5.90 1.10
FOR PROFESSIONALS 23 100" 6w’ 6% = 7.00 1.20
24 12%" 7% TR - 7.65 1.20
25A 6%’ 4% 4n"| 5.0 5.70 | 1.20
258 6% 4%  6%'"]| 5.45 6.05 1.20
26A 8%’ 5%" 6’ 7.15 7.75 1.20
268 8%’ 5%" 8%’ 7.50 8.10 1.20
27A | 12w 7n" 5%l 7.85 8.55 1.20
278 | 12w’ 7w 8" 8.50 9.20 1.20
28A | 147 10%"  6%n"| 9.25 9.95 =
) 288 14" 102" 8%;’"{ 10.10 10.80 -
29A | 10" 4" 6 6.50 7.10 1.20
/ . . 298 { 10" 4 8" 6.85 7.45 1.20
L-: Designed for Wind Speeds from 85 304 |12 oy 6 7.10 780 120
' m.p.h.to 117 m.p.h., conforming 308 | 127 57 8" 7.40 8.10 1.20
¥ with CP3 Chapter V, part Il. 31A | 147 6’ 6" 7.70 8.40 1.20
b 318 14" 6" 8" 8.10 . 880 1.20
i . 61 152" 72" 9v'’ - 11.75 -
Firstin the field with a full 62 17" 8% 9% — ] 1360 -
(x—l interchaneeable (versatile)y CORRNII T GO . _ 13.60 ~
\ nge: 64 | 15%" 7 12wl — '13.60 -
‘?] telesc_opuc, tilt over, tower system. 65 17%" 8% 12%" - 15.50 -
- Acclaimed as the world leader in the 66 16%" 9% 12%" — 1 1550 -
*, field of communications and Postage & VAT extra
¥ lighting, both static and mobile. s
/| INSTANT TRUNKING SYSTEM!
A = . e 2% - | [ L e
= Since the launching of the R Pt iy ¢ o !
[;'{. Versatower system early in 1968 A B B —
' we have operated a continuous e “'“”]‘““’““;’" o I A t o
— development and applications *
; programme. Consequently from 7 N _ '
inception right through to the Ready to use. Internal wiring suitable for 30 amp
?1 present day, detail design, materials TR6 — 6 sockets switched . ... ... ... .. £21.50
: used and production techniques TR9 — 9 sockets switched . . ... ... .... £25.50
employed are continually updated P&P £1.85 +VAT
, This coupled with our quality
| assurance scheme ensures that we PORTABLE POWER DISTRIBUTION
maintain the leader position we FOR INSTANT MAINS!
% _enjoy today. NEW! 10 sockets switched
- in sloping box
/ With many thousands of satisfied s ! L A L \‘
S users throughout the world, - " \ S T - ok
coupled with our no nonsense - S
4 guarantee and immediate spares e -
S avaitability, it makeg little sense to Type 13A/10SW £27.50. P&P £1.85 + VAT
= settle for an alternative product. 9 .
A ' | COMPLETE WITH 6FT. CABLE AND 13
|'AMP FUSED PLUG
5 : 4sockets 13A . . ... £12.15
STRUMECH 6 sockets 13A . | . £14330
4 sockets 13A switched . . £13.75)
'\ \/E \/\/ 6 sockets 13A switched .. £1 5.95!
ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG
Send for details of complete range+ postage 85p each+8% VA T
S\(STE/\/\ @ OLSON ELECTRONICS LTD., FACTORY NO.8,5-7 LONG ST., LONDON E2 8HJ
g TEL: 01-739 2343
T T T B T el

WW — 043 FOR FURTHER DETAILS AL SRS S [ ZUAILS
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PHILIPS

ucan tape :

PHILIPS

/' intoPhilips new Cassettes

Here’s a new generation of cassettes from
Philips, inventors of the original compact cassette.

With five types of cassette in the range, from
Ferro to hi-fi Chromium, there’s one that matches
almost any cassette machine you can name. From
inexpensive Hipsters to the most costly systems.

We live in a world of sound. Whatever your
taste, be it Punk Rock or Beethoven, these new
Philips Cassettes give you a truc reflection

A Cassette specia ly developed for
applications wher2 high quality is
required. The tape formulation
guarantees high output and especiaily
low distortion at Icw and middle
frequencies.

“he universal Cassette for ail-round
use. A low noise tap»2 with balanced
output and response. Suitable for use
with most machines.

____equipment use Philips new Cassettes.

For use with decks designed to give
optimum performance using a higher
bias tape. Super Ferro 1 works well
with most modern machines,
particutarly those made in Japan.

It gives well balanced reproduction and ensuring good tape head contact

of the sound you want to hear. And they all have
Philips’ unique Floating Foil security to help puta
stop to jamming and looping.

Look out for the Philips Select-a-Cassette
chart in your local stockists. And ask for the free
leaflet. Remember, when you explore the whole
world of music, for the clearest sound from your

PHILIPS

Simply years ahead

For the most critical hi-fi fan
combining the excellent low-frequency
reproduction of high density tape with
the high frequency brilliance of
chromium tape.

Specially developed for hi-fi music,
with particularly quiet background
noise and britliant high-frequency
reproduction. The chromium dioxide
coating gives a very smooth surface,

a higher output than normal Ferro

Philips new Cassettes. For the whole world of sound.

WW-—079 FOR FURTHER DETAILS
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fact:

uncoloured .
musical reproduction

"Our measurements clearly confirmed
the high quality of the V15 IV in all
respects.”

Fono Forum

Germany

“The sound of the cartridge is smooth
and silky, and one has the feeling
that for the first time one is really
listening to the sound on the record.
This surely must be the cartridge by
which all others will be judged for
some time to come.”

The FM Guide

Canada

“The bass was characterized by a
$pread as light as the wind. Other
cartridges, where the bass appears to
shake, deliver a hazy sound which is
almost monaural, but the Shure Type
IV gives a spread of sound which is
raore delicate than that produced by
moving coil cartridges.”

“The resolution in the medium and
high frequencies was supported by
the excellent trackability. | was able to
enjoy a delicate pianissimo sound,
the likes of which | had not heard
before. Using the direct cutting
record, . .. others tended to jump
with the sound choruses and gongs.
The Shure, however, handled them
easily, and each voice in the chorus
was brought alive.”

Stereo Geij jutsu

Japan

Specifications apart,
these are a few of the
published opinions of
world-respected,
unbiased, independent
critics regarding the
sound of the Shure
V15 Type IV pickup:

“The V15 Type IV is best because of
definition, clarity, and the ability to
respond quickly to all the signals on
the record.”

Suono
italy

“"The V15 Type IV is unquestionably
one of the smoothest, most neutral
cartridges we have heard. Scintillating
it is not; excellent it is. It plays what's
in the groove and refuses to
emphasize or hype up any part of the
spectrum. The bass is solid; the highs
are there but not exaggerated.”

“It's a very clean cartridge with an
excellence of definition that is
especially apparent in complex
passages. In reviewing our audition
notes, the recurrent theme was one of
clarity and definition. Subtleties in the
music, which heretofore had gone
unnoticed, became apparent.

The overtone structure maintained a
naturalness of reproduction that few
cartridges we have listened to could
match.”

“There are brighter cartridges on the
market, and there are brassier ones.
If that's the way your taste leads you,
so be it. But, if neutrality of
reproduction is the essence of high
fidelity sound, the V15 Type IV has
few peers.”

Edward J. Foster
Stereo

United States

www americanradiohistorv.com
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the Shure V15 Type IV is acclaimed
by the worlds critics for faithful,

... The V15 Type IV is a very good
cartridge, that gives true sound
without colouraticn or hardness.”

Diapason

France

o Iwml.ullmrmm H

‘“naw""""" - onnpmges

"When played with a system capabte
of revealing its virtues, the Shure V15
Type IV yields just about the most
natural sound | have ever heard from
disks. Its most striking (yet happily
unoblrusive) attributes are
transparency of texture without the
brittle ‘analytic’ sound typical of many
cartridges with extended frequency
range. The highs were free from
undue brightness, making the basic
string sound of a symphony orchestra
sweet and convincing. The bass was
rich, but without false bottom,
and—most significantly—the superb
tracking ability of the cartridge
permits it to retain these tonal
qualities even in the very loud
passages.”

Hans Fantel

New York Times
United States

“It (the Shure V15 Type IV) is easily
the smoothest and most detailed
reproducer to come from Shure to
date, and that is saying a great deal.
Music of all types sounded natural,
transients were crisp, string tone was
good and the bass was full and solid.

tereo imaging was precise and
stable: and distortion remarkably low.
| feel certain that Shure has another
winner here.”

John Borwick

Gramophone
United Kingdom
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... Shure guarantees a frequency
response of 20 - 20,000 Hz within a
tolerance field of 2 dB! Whoever
promises something like this, certainly
must have production under
control!. . . . No wonder that its sound
pattern was judged to be on the top
end of the spectrum.”

Stereo

Germany

"It is a smooth, neutral and analytical
cartridge, and therefore best suited to
an already neutral system.” :
“"We doubt whether there is any
commercially available record it is
incapable of tracking.”

Records and Recordings
© United Kingdom

". .. asound quality | cannot imagine
to be bettered by any cartridge at any
price. The art has reached a higher
state!”

Cliff Coleman

Honolulu Advertiser
United States

“The Type IV appears to be a
cartridge that has the 'most’ of every
desirable quality and the ‘least’ of
every undesirable quality. It is
unsurpassed in the smoothness and
flatness of its frequency response,
low distortion, high trackability, and
neutral sound character.”

Hirsch-Houck Lab Report

Popular Electronics
United States

“The sound of the V15 Type IV can
be described in much the same way
as that of a good amplifier; there is
really no particular sound at all that
can be attributed to the cartridge.
It is, after all, essentially flat, with
distortions that seem to be below
those inherent in even the best test
records, and with far greater tracking
ability over the entire audio band than
any other cartridge we know of. . ..
The Type IV is able to play records
that other cartridges cannot.”

Stereo Review
United States

"It seems that a curtain has been
raised. . . . This increased definition
seems to extend to the entire audible
spectrum.”

Hi-Fi Conseils

France

"It is, in fact, a superb-sounding and
superb-measuring cartridge, which
will set a new standard for the
industry. . . . This is certainly the
flattest response we have yet seen
from a cartridge. . . . All in all, when
Shure does it, they do it right.”

AudioScene Canada
Canada

“In fact, the V15 Type IV wonderfully
gets out of the most insidious traps,
and, willingly tracks the most strongly
modulated records. This, with a
precision that no ear can miss, and
comparatively better than all the other
models tested up-to-date.”

Electronique Pour Vous
—Hi-Fi Magazine

France

“All in all, this is a quality cartridge
that sweeps away one's fear of false
advertising claims.”

Swing

Japan

"It (the V15 Type IV) is superb on all
types of music.
The remarkable points are:

—The extreme definition in low
frequencies, which outclasses all
the cartridges that were compared
to it (moving magnet and moving

coily. .
-—A clear mid-range.
—Accurate . .. . open sound.

—A radiant treble without any excess
due to artificial addition.

The tonal balance is good without
bias of any kind. On percussion
instruments, the V15 Type |V reads
only what 1s recorded, without any
overbrightness.”

La Nouvelle Revue Du Son

France

SHURE |

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

WW—094 FOR FURTHER DETAILS
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“Its sound is smooth, flat, and clean
to a degree that rivals anything on the
market, at any price. . . . It should
become the pickup of choice for a
great many systems owners.
It arguably represents the most
significant (pickup) cartridge
innovation in years."”

CBS Technology Center

High Fidefity

“The Super Track V15 Type IV is
exactly that, a phenomenal performer
that, with the proper associated gear,
will provide gorgeous, undistorted
sound from the mast demanding
records—for example the heavily cut
direct-to-disk releases that many
audiophiles are cultivating to show off
their equipment. . . . In performance, it
rivals or surpasses fancy, fragile,
temperamental moving coil designs
that may cost twice the price. - . ."

Robert C. Marsh

Sun-Times
United States

“This cartridge excels by genuine
sound ‘neutrality’, without any
tendency to sound 'shaping’. It is
pure pleasure to play direct-cut
records of pianos . . . absolutely clean
play!”

Radio-TV-Electronic
Switzerland

“I do not intend to allow the Type IV
to pass out of my hands. Its stability
in the reproduced sound, the rich
qualities.and harmony of the vocals
and strings, as well as the extension
in the sound of pianos on
direct-to-disc recordings, and others,
are truly magnificent.”

Masao Miyamoto
Radio Techniques Antenna

Japan

Please send me your leaflet describing
the Shure V15 Type IV and
other pickups in the Shure range.

Address

1
1
1
1
1
1
1
1
: Name
1
1
1
1
1
1
1
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A. D. BAYLISS & SON LTD.
Behind this name : f
there’s a lot of
real POWER!

Illustrated right is a TITAN DRILL

Mounted in a multi-purpose stand This dnli 15 a8 powerful toot running on 12v DC at approx
9000 rpm with a torque of 350 grm ¢m Chuck capacity 3 00 m/m

The mult-purpose stand is robustly constructed of steel and aluminium The base and bracket are
finished 1n hammer blue

Also available for use in the stand s the RELIANT DRILL which 1s a smaller version of the Titan
Approx speed 8000 rpm 12v DC torque 35 grm c¢m Capacity 2 4 m/m

TITAN DRILL & STAND

TITAN DRILL ONLY

RELIANT DRILL & STAND
RELIANT DRILL ONLY

TITAN MINI DRILL KIT

Dnll Plus 20 Tools

RELIANT MINI DRILL KIT

Drilt Plus 20 Tools |

TRANSFORMER UNIT

£21.45
+ 8% VAT = €23 17 + £1 P&P
£9.79 + 8% VAT = £10.57 + 35p P&P

£18.44
£19.92 + £1 P&P
£6 85 + 35p P&P

6.25

+ 8% VAT = £17 55 + 50p P&P

£13.20

+ 8% VAT = £14.26 + 50p P&P

9.40

+ 8% VAT = £10 15 + 75p P&P

+ 8% VAT
£6.34 + 8% VAT

These are exampies of the extensive range of power tools designed to meet the needs of
development engineers laboratory workers model makers and others requiring small precision
production aids

To back up the power tools Expo offer a comprehensive setection of Dalls Grinding Points and
other tools

SEND STAMP for full details to main distributors

A.D. BAYLISS & SON LTD., Pfera Works. Redmarley, Glos. GL19 3JU

119 CAVENDISH ROAD, MATLOCK, DERBYSHIRE
TEL. 0629 2430 OR 2817. TELEX 377482 LOWLEC G

LOWE ELECTRONICS LTD.

é B TRIO 300 aucncoscase os mro

asise soase SexsxYIHE DY
$ g o =
vowsn aven 2 .-

e 00

£389

B e
[lo 1T@: @+
f 20 T T T

i

CS1352 DC— 15MHz and 2mV/CM AND portable AC/DC/Internal battery

TRIO

OSCILLOSCOPES

The Trio range of oscilloscopes offer top quality at moderate cost The brief specifications show the performance features which have made
these osciloscopes firm favounites in all parts of the world. with bandwidths to 30 MHz and sensitivities down to 1mV/cm on 130 mm
scieens Prices are very realistic and we try 1o ensure that delivery is ex-stock at all imes — quite a change these days

u SPECIFICATION

CS-1570

Bandwidth  DC 1o 30MHz 1 —3dB1
Detlection
130mm DUAL TRACE factor  SmVdw to 5V /div
TRIGGERED SWEEP R e CS 1575
OSCILLOSCOPE Quershoot  Better then 3% Unique 4 function audio
Swgnal delay  160nsec analysis scope
- - Polanty CH2 can be inverted Shows not only two channels but
Sweep time 0 2us/divio O 5s/div hip between
€5 12 . 8% VAT Magn‘.’t.ér e 0 ?L?mphase relationship
including two X10 Lineanity Better than 3%
Full Bandwidih Probes Calibrator O 5Vpp (1kHz square DC—5MHz 1TmV/CM

® 130mm mesh PDA

® DC-30MH; 5mV

@ Delay tine

@ Auto leve! tnggenng

@ Display modes (CH1 CH2 DUAL ADD)

wave}
intensity modulation More than 5Vpp ¥

Phosphor
Power

Dimensions

P31

AC100/120 220 240v
50/60Hz 25W

W260 x H190 » D375 (mm)

@ Trigger modes (AC LF Re HF Re; DCy Weght
ég?;g(a)lr':lfe:MH £352 And many more items of Trio Equipment
2

CS1562 10MHz

£290

FOR FULL DETAILS ON THES

55p tor full catalogue and price list

E AND OTHER MODELS, CONTACT THE SOLE AGENTS, LOWE ELECTRONICS

A must for the audio engineer/

repairman
£288

WW—013 FOR FURTHER DETAILS
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A flash of brilliance from Nakamichiilluminates audio analysis.

Smaller and lighter than a telephone directory. Yet the equal
of a pile of test instruments many times its size and weight

The Nakamichi T 100 i1s everything youve been wanting in
an audio analyser

And maybe a bit more

It contains built-n osciliator with 21 frequencies from 20 1o
20.000Hz. a pink-noise generator. a level meter featuring a
ightening-fast dual plasma display with choice of 'VU or
peak ballistics. a speed wow and flutter meter with the option
of unweighted or DIN peak weighted measurements. a fully
automatic 400 Hz distortion analyser. an A-weighting filter for
noise measurements.a watt-scaie graticuie for power level
indication

It s rugged versatile and accurate An instrument that sustains
infallible diagnosis

Service and labdratory professionals . equipment reviewers
dealers salespeople. . .and incurable audiophiles.the T-100
has arrived

Enlightening audio analysis

Write for more information to Natural Sound Systems L1d
10 Byron Road Weaidstone Harrow Middiesex HA3 7TL

r. Nakamichi

Products of unusual creativity and competence .

www americanradiohistorv com
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STOP A THIEF

" S—

RADEC CNHMBI 210 SELF-CONTAINED INTRUDER ALARM

Proven ruliable performance in many Scandinavian homes
and now available in UK from

CITADEL PRODUCTS LTD., 50 High Street, Edgware, Middx. HA8 7EP. Tel: 01-951 1848

Only £49.50 inclusive price. SAE for installation instructions

WIRELESS WORLD, DECEMBER 1978

* Highly suitable for flats. garages &
caravans, etc.

* Battery operated — typical life
over 12 months with PP9.

% Penetrating electronic warbler
that commands attention due to
unique sound.

. Complete with 5 metres of cable,
magnetic door contact. optional
rubber feet, 3 high security keys -
and all fixings for easy instalia-
tion. .

% Any number of floor pressure mats
and extra magnetic contacts can
be added.

* Exit delay of 30 secs, and re-entry
delay of 12 seconds before
warhler operates.

« Automatically resels after one
minute in alarm condition to save
neighbour annoyance.

* Altractive 2-tone grey housing.

WW-098 FOR FURTHER DETAILS

How to
generate

G5
£81.00

inc. VAT
and P.&P.

M2B

inc. VAT
and P.&P.

Produce instruments with a high specification at a low price — put them
in steel cases for rugged reliability and guarantee the results.

The G5 is a low distortion 10Hz to 1 l\ﬁllz sine/square signal generator
with a 600 ohm switched attenuator and a low impedance output of up to
3 watts.

Coupled with the M2B milli voltmeter, with its 1.2 mV full scale maxi-
mum sensitivity, you have the ideal test set. Calibrated in true RMS on
the a.c. ranges it will measure up to 400 volts ac or dc and has a db range
from — 70 db to +54 db.

Send your Order now to Linstead Manufacturing Co. Ltd., Roslyn Road,
London N155JB.

Vrrs/ead

Telephone: 01-802 5144

£81.00

WW-—078 FOR FURTHER DETAILS

B\ %
Only Valves are good enough
for this customer.

As the demand for high quality sound increases,
so does the need for M-OV valves.

Valves,and only valves, can provide the level of
performance many listeners now demand.

M-OV Beam Tetrode K177 and KT88 valves meet
all audio market requirements from 30-200 watts.

K177 1s especially rugged and
ultra linear.

KT881s a proven long-life valve
thatis at home in vour qualitv
equipment.

Get in touch with us now for
technical data and details of
worldwide distribution.

M-OV

AMEMBER OF THE GEC GROUP

[ woc

THE M O VALVE CO LTD, HAMMERSMITH, LONDON, ENGLAND W6 7PE.
TELEPHONE 01 603 3431. TELEX 23435 GRAMS THERMIONIC LONDON
WW—055 FOR FURTHER DETAILS

www americanradiohistorv.com


www.americanradiohistory.com

WIRELESS WORLD. DECEMBER 1978 »

NOT EVERY CABLE
HAS A LABEL

Everyone who works with electricity needs to know at
some time or other what’s going on inside the cable he's
handling. What voltage. What current. What resistance.
Not knowing the answers, or worse still having
inaccurate answers, can make life difficult, eventerminal.

Eagle Test Equipment gives the right answers

The range covers general multimeters, high voltage
probes, clamp meters, insulation testers.

Here are just four. Send the coupon for details of all
the rest.

em1z00 R
LT '

KEW 7 Multimeter EM 1200 Multimeter K100 Multimeter EM10, 20 & 30 Multimeters

1000 OPV. DC volts up to 1000, 100,000 OPV. Taut band 20,000 OPV. DC and AC volts 10,20 & 30,000 OPV. All with antiparallax
DC amps up to 100 mA. AC movement. Overload up to 5000. DC and AC amps mirror scale. DC volts to 1000 (1200 for
volts up to 1000. Resistance up protection. Reversible DC up to 10. Resistance up to 20 EM30). DC amps to 250 mA (600 for
to 150 Kohms. Pocket size. polarity. AC amps: 15, AC megohms. “Off damping. EM30). AC volts to 1000 (1200 for EM30).
“Off" damping. Complete with volts to 1500. DC amps up to Overload protection. R.R.P. Resistance up to 6,5 and 60 megohms
leads & battery. R.R.P. £6.95 15, DC volts to 1500 £68.00 ex. VAT. respectively. R.R.P's EM10 £12.40 EM20
ex. VAT. Resistance up to 200 £16.40 EM30 £18.95 ex. VAT.

megohms. R.R.P. £49.95

ex. VAT.

TestEquipment: EAGLE =g

Please send me details of your complete range of Test Equipment.

Name _ Company

Address L m——=s e

EAGLE INTERNATIONAL Wembiey. Middieson Ha0 180 o
WW — 035 FOR FURTHER DETAILS
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Telegraph testlng simplified

Lightweight, portable, TelegdataTCT10 makes
light work of on-site circuits and machines.

This new Plessey instrument combines signal generator
and analyser in a single briefcase-size unit enabling
on-site testing of telegraph circuits and machines to be
carried out speedily and with a high degree of
accuracy.

Powered from the a.c. mains supply, the TCT10 gives
a choice of output levels and test signals in CCITT
No 2 and No 5 alphabets including the full 96 character
‘fox” message, Q9S and any single character on
demand. '

Accurate readout{to1%) is given unambiguously on
an LED scale registering up to 40% distortion
early/mark bias and late/space bias.

Full specification is available in a colour-illustrated
brochure. See how your telegraph test operations can
be improved — telex or write to: Telegdata
Department, Plessey Controls L imited, Sopers Lane,
Poole, Dorset, United Kingdom BH17 7ER.

Telex: 41272

PLESSEY
CONTROLS

WW—019 FOR FURTHER DETAILS ”}6002 224
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PRE-AMPLIFIER
CP-P1

Shown here mounted with its associated components (and the
CP-TM1 Peak Programme Monitor) on the CP-MPC1 intercon-
nection board; the CP-P1 is a complete stereo pre-amplifier and
tone control module. Performance features > 70 db S/N ratio and
=30 db overload margin {(both ref. 3 mV)and distortion of 0.02%.
The internal R.| A A feedback compensation around the low-level
pre-amp may be replaced with external networks and the tone
control circuits can be programmed to give different turnover
frequencies if required (including separate bass and treble ‘defeat’
facilities).

CP-P1 £14.96 inc (UK)

Also Available: Power Amplifiers, Filters, Stereo Image Width
Control, Compressor/Expander, Active Crossovers, Power Sup-
plies plus all pots, switches, etc

MAGHUIM AULIO Lta.

DEPT W3, 13 HAZELBURY CRESCENT
LUTON, BEDS. LU1 1DF
TEL: 0582 28887
SEND LARGE S.A.E. FOR DETAILS
WW —089 FOR FURTHER DETAILS UPI R 30

The general purpose

METER PROBLEMS? iron that's packed

with design features,
built to professional i
standards and only
costs £350+VAT.

Atits price the ORYX Super 30 i1sthe
best general purpose soldering irron
now available in Britain. These are
the features you get as standard - -
Neon safety light, Long life element.
Screw-on tip, Stainless steel shaft,

Styled handle, Two minute element

change and a stainless steel clip-on

hook

Industrial Distributors include,

Electroplan Ltd.. Orchard Road

Royston, Herts SG8 bHH

Toolrange Limited.

Upton Road. Reading RG3 4JA

137 Standard Ranges 0 a vanety of ITT Electronic Services.

sizes and stylings available for 1014 Edinburgh Way, Harlow,

days delivery Other Ranges and Essex CM20 2DF

special scales can be nade to order .

| Greenwood Electronics

Full Information from: . . o
HARRIS ELECTRONICS (London) 9

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 WW —020 FOR FURTHER DETAILS

-

Iltustration actuat size

WW—066 FOR FURTHER DETAILS

wwWw americanradiohistorv com


www.americanradiohistory.com

YOUR COVIPLETE RANGE OF ELECTRONIC
HARDWARE....

BIVIENCLOSURES MINI DESK BIMCONSOLES MULTI PURPOSE BIMBOXES

Orange, Blue, Black or
ALL METAL BIMCASES Grey ABS body in ‘ Orange, Blue, Black or
Red, Grey or Orange 14swg 1 corporates 1.8mm pcb Grey ABS with Tmm
Aluminium removable top y guides, stand-off bosses ! Grey Aluminium
and bottom covers. 18 swg o in base with 4 BIMFEET . recessed front cover
black mild steel chassis with supplied. Tmm Grey Aluminium ~ held by screws into
fixing support brackets. panel sits recessed with fixing screws integral brass bushes.
BIM 3000 into integral brass bushes. 1.8mm pcb guides incorpora-
{250x 167 5x68.5mm) BIM 1005 (161 x 96 x 58mm) £2.18 ted and 4 BIMFEET supplied.
£14.58 BIM 1006 {215 x 130 x 75mm) £3.05 BIM 4003 (85x56x28.5mm) £118

BIM 4004 {111x71x41.5mm) £1.62
BIM 4005 {161x96x52.5mm) £2.19

ALL METAL BIMCONSOLES
= AII aluminium, 2 piece desk consoleswith Colour Code  Top Panel Base
_either 152 or 30 sloping fronts, sit on A Off White  Bhue
4 self-adhesive non-slip rubber feet. B Sand Green LOW PROFILE BIMCONSOLES
Ventilation slots in base and rear © Satin Black  Gold Orange, Blue, Black or
panel for excellent cooling. ) Grey ABS body has

159 Sloping Panel 30° Sloping Panel ;iqtg?;ﬁn scltc)ns aics’:;ell
BIM7151 (102x140x51(28] mm) BIM7301 (102x140x76(28] mm) £10.67 e ey T
BIM7152 (165x 140x51(28] mm) BIM7302 (165x140x76(28] mm) £11.44 o B et
BIM7153 (165x216x51(28] mm) BIM7303 165x 183x 102128] mm) £12.61 o (roonts et
BIM7154 (165x211x76(33) mm) BIM7304 (254x140x76(28) mm) £13.82 S xing o
BIM7155 (254x211x76[33) mm) BIM7305 (254x 183x102(28! mm) £15.36 e i tonra s
BIM7156 (254x287x76[33) mm) BIM7306 (254x259x102(28] mm) £16.67 BUELTER EBIMFEET
BIM7157 (356x211x76{33) mm) BIM7307 (356x183x102(28) mm) £17.58 suppliéd
BIM7158 (356x287x76(33] mm) BIM7308 (356x259x 102 (28] mm) £18.55 ’
BIM 6005 {143 x 105 x 55.5 [315]mm)} £2.37
ABS & DIECAST BIMBOXES BIM €006 (143 x 170 x 55.5 [315)mm} £3.08
6 sizes in ABS or Diecast Aluminium. ABS moulded in Orange, Blue, 0w Foy (2922 703 62,0 (S0l ) 3407
Black or Grey. Diecast Aluminium in Grey Hammertone or Natural. Alf
boxes incorporate 1.8mm pcb guides, stand-off supports in base and have EUROCARD BIMCONSOLES
b close fitting fianged lids held by screws into integral brass bushes {ABS) Orange, Blue, Black or Grey ABS
or tapped holes {Diecast). 35 body accepts full or 4 size
= ABS Diecast Hammertone  Natural Eurocards, with bosses in the
(50x60x31mm) N/A BIMS5001/11 TBA TBA base for direct fixing. 1.8mm
{100x50x25mm} BIM2002/12 £0.96 BIM5002/12 £1.46 £1.19 R\ wide pcb guides incorporated
{112x62x31mm} BIM2003/13 £1.13 BIM5003/13 £1.78 £1.46 and 4 BIMFEET supplied. 1Tmm
(120x65x40mm) BIM2004/14 £1.35 BIM5004/14 £224 £1.82 Grey aluminium lid sits flush with body
(150x80x50mm)} BIM2005/15 £1.52 BIM5005/15 £284 £2.28 top and held by 4 screws into integral brass bushes.
(190x 110x60mm) BIM2006/16 £2.37 BIM5006/16 £3.94 £3.33

Also available in Grey Polystyrene with no slots and self-tapping screws BIM 8005 (169x127x70([45] mm} £4.12
BIM 2007/17 {112x61x31mm) £1.00 BIM 8007 (to be announced shortly}

BIMTOOLS

12 VOLT BIMDRILLS

MAINS BIMDRILLS 2 small, powerful drills easily hand held or used with
Small, powerful 240V hand drill complete with 2 lathe/stand adaptor. Integral on/off switch and 1
metres of cable and 2 pin DIN plug. Accepts all metre cable.

tools with imm, 2mm or .125" dia. shanks. Drills Mini BIMDRILL with 3 collets up to 2.4mm dia £ 8.10

brass, steel, aluminium and pcb’s. Under 250g, off . . -
load speed 7500 rpm. Orange ABS, high impact, fully Major BIMDRILL with 4 coliets up to 3mm dia £13.60

insulated body with spring return on/off switch £10.53 Accessory Kits 1 have appropriate drills and collets as above plus 20

Mains Accessory Kit 1 includes tmm, 2mm, .125" twist driils, 5 burrs assorted tools. Mini Kit 1 — £15.12, Major Kit 1 — £19%44.
and 2.4mm collet £2.48 Accessory Kits 2 have appropriate drills, collets plus 40 tools and mains

Mains Kit 2 includes Mains BIMDRILL as above, 20 assorted driils, mops, 12Y s exerien. WD R 2 — .08, MEEy (3 2 = eekl -
burrs, grinding wheels and mounted points, Tmm, 2mm, 2.4mm and .125" Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. Mini Kit
collets. Complete in transparent case measuring 230x 130x58mm £22.14 3 — £45.36, Major Kit 3 — £50.76.

4

v
BIMDIPS 0 BIMIRONS

o Rapidly inserts and withdraws any BIMSNIPS < Type 30 General Purpose 27 watt iron

4-18 pin, .3" pitch DIL package A - with long life, rapid change element,
without beding the legs. Adjust- Precision made side cutters, £ = screw on tip, stainless steel shaft and
able metal jaws for MOS type spring action, ground steel fine k> clip on hook. Styled handle with neon.
devices grip the bottom of the pointed blades for intricate Q’ ( £4.05

leg for minimum strain. Will work. Type M3 Precision 17 watt iron, quick change

A" pick up IC’s from a bench, a carrier or a | tip, long fife element, styled handle with cli
pcb. £13.77. 5%" long £3.34 on hook 5‘3{_439 Y .

& BIMPUMPS

4 2 all metal desoldering tools - N
y k provide high suction power BIMSTATION
¢ and have easily replaceable
» screw in Teflon tips. Primed and Type PSUG Soldering Iron Station complete with 6V, 6 Waft
released by thumb operation s miniature iron having stainless steel shaft, quick change slide on
with in-built safety guard and -7\ tip and long life element.
anti-recoil system.

Station contains 240V/6V transformer, neon, coiled iron support
BIMPUMP Major (180mm long} . r and sponge iron tip cleaning pad.

BIMPUMP Minor {150mm Idng) £6.80 = New product available shortly
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BIMENCLOSURES (Bimboxes, Bimconsoles and Bimcasés )} BIMTOOLS (Bimirons, Bimdrills, Bimsnips, Bimpumps,
Bimdips) BIMACCESSORIES (Bimfeet, Bimdaptors) BIMDICATORS: BIMBOARDS

BIMDICATORS

ECONOMY QUALITY LED’s

— = "D ;Q Mixed bags of .125" and .2 dia lens in various colours

.125'" dia. lens  .2'* dia. lens 50 for £5.67, 100 for £10.00

FULL SPECIFICATION LED’s

125" or .2" with mounting clips and data
Red — £1.67/pack of 5, Green — £2.48/pack of 5, Yellow/Amber — £3.18/pack of 5

33 and 34 SERIES

Front viewing (30° angle) LED indicators
BIM 33 is nickel plated, uses 3.2mm dia LED and needs 6.5mm
dia. fixing hole.

BIM 34 is chromium plated, uses 5mm dia. LED and needs
8mm dia. fixing hole.

Red — £2.80/pack of 5, Green/Yellow — £3.24/pack of 5

A8 Al A SERIES
240V Neon with integral resistor.

/’—_;g @ held in 8mm hole by plastic bezel.

Red, Amber, Clear or Opal lens £2/pack of 5, Green fens £3/pack of 5

Low Voitage equivalent of above with Red, Amber, Clear, Opal or Green Lens.
6V £0 54 each, 14V £0.58 each, 28V £0.65 each

State Voltage, lens style, colour and whether tags or flying leads.

= D SERIES
} A 8 LES and Midget Flanged lampholder with 13mm dia. (A} and
18mm dia (B) lens. Solder tags. %' dia. hole fixing {lamps not

supplied) plus chrome bezel with A lens
Red, Amber, Clear, Green, Opal £0.66 each

G SERIES
Ti Midget Flanged lampholder. Lamps are available on request
i 8mm fixing hole, solder tags. Front replaceable, 7.25mm dia
lens. Red, Amber, Clear, Green, Opal £0.43

05 SERIES
240V Neon with integral resistor. Self retaining in 13mm hole,

==

Solder/.25"" push on blades. 13mm dia. lens with 19mm dia. chrome bezel.
Red and Amber £0.61 each, Green £0.78 each.

VB MIC) MP
|

M & MP SERIES

Low voltage nickel plated brass
(M) and Polycarbonate (MP) indicators, 150mm leads, 6.4mm fixing hole Red, Amber,
Clear, Green, Opal
6.9mm dia. lens (M) 6V £0.65 each, 14V £0.68 each, 28V £0.79 each
7 5mm dia. lens (MP) 6V £0.55 each, 14V £0.59 each, 28V £0.68 each

BIM M LED SERIES

Nickel plated brass bodied LES indicator, 2 1mm wire
wrappable leads, 6 5mm fixing hole, 2 styles, 6,8mm dia
lens.

Red £0.67 each, Green £0.83 each, Amber £1.00 each

BIM LM & MM LED SERIES

Subminiature nylon bodied LED indicators with

12mm wire wrappable leads

LM & MM push fit into 4. 75mm & 4mm holes
respectively. Each series has 4 lens styles in
Red £0.67, Green £0.83, Yellow £1,00 each

Both lenses ‘D’ are square

BIMACCESSDRIES

BIMDAPTORS wf\ 5

Aliows pcb’s to be p

flat mounted sandwich —=

fashion in BIMBOXES,

BIMCONSOLES, and all

other enclosures having

1 5mm wide vertical guide slots. One plastic
BIMDAPTOR on each corner of pcb(s} enables
assembly to be simply slid into place. 54mm long,
10 slots on 5mm spacing and can be simply
snipped off to length.

Packs of 25 £1.08 per pack
BIMFEET

11mm dia, 3mm high, grey rubber self adhesive
enclosure feet
Packs of 24 £0.77 per pack

BIMIBOARDS

& COMPATIBLE
| BIMBOARDS

Accept all sizes
{4-50 pin) of DIL IC
packages as well as
resistors, diodes,
capacitors and LEDs.
Integral Bus Strips
up each side for
power lines and
Component Support
Bracket for holding
lamps, switches and
fuses etc. Available
as single or multiple
units, the latter mounted on 1.5mm thick
black alumirium back plate which stand on
non slip rubber feet and have 4 screw
terminals for incoming power.

BIMBOARD 1 has 550 sockets, multiple units
utilising 2, 3 and 4 BIMBOARDS incorporate
1100, 1650 and 2200 sockets, all on 2.5mm
(0.1") matrix.
BIMBOARD 1 £ 8.83
BIMBOARD 2 £21.01
BIMBOARD 3 £29.84

BIMBOARD 4 £38.79

DESIGNER PROTOTYPING SYSTEM

1.2 or 3BIMBOARDS mounted on BIM 6007
BIMCONSOLE with Integral Power Supply

(+5 to +15Vdc @ 100mA and fixed +5Vdc @ 1A)
All O/Ps fully isolated. Short circuit and fast fold
back protection. Power rails brought out to cable
clamps that accept stripped wire or 4mm plug.

23 26 56
= BIM 23,26 & 56 LED SERIES
Black nylon bodied LED indicators. BIM 23 has 7mm
flat face, BIM 26 & 56 utilise 4 & 5mm dia LED's. Push
fit in 8mm hole. Red £0.46 each, Green £0.62 each, Yellow £0.77 each

DESIGNER 1 £55.62
DESIGNER 2 £61.02
DESIGNER 3 £66.42

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

2 Herne Hill Road, London SE24 0AU
Telephone: 01-737 2383
elex: 919693 Answer Back ‘LITZEN G’

INDUSTRIAL MOULDINGS lIMII[D zables& Telegrams: ‘LITZEN LONDON SE24’
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TOTAL AMPLIFICATION FROM CRIMSON ELEKTRIK

WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS —

POWER SUPPLIES. We produce suitable power supphed which use our superb TOROIDAL
transformers only 50mm high with a 120-240 primary and single bolt fixing (includes
capacitors/bndge rectifier)

STEREO
PRE-AMPLIFIERS

POWER AMPLIFIER KIT. The kit includes all metatwork, heatsinks and hardware to house
any two of our power amp modules plus a power supply Itis contemporarily styled and its
quality 15 consistent with that of our other products Comprehensive instructions and full
back-up services enables a novice to build 1t with confidence in a few hours

MC 1 CPR 1

CPR 1 - ~'HE ADVANCED PRE-AMPLIFIER. The best pre-amplifier in the U K The
superiority fthe CPR 115 probably the disc stage The overload margin i1s a superb 40dB, this

together wuh the high slewing rate ensures clean top. even with high output cartndges POWER AMPLIFIER MODULES POWER AMP KIT £32.40

tracking heavily modulated records Common-mode distortion 1s eliminated by an unusual CE 608 60W/8 ohms 35 0 35v £16.30
design R | &.A s accurate to 1dB. signal to noise ratio 1s 70dB relative to 3 5mV distortion CE 1004 100W /4 ohms 35-0 35v £19.22 PRE-AMPS:
< 005% at 30dB overload 20kHz CE 1008 100W 8 ohms 45.0-45y £23.22 These are available in two versions —
QE 1;04 170W /4 ohms 45.0 45v £29.12 one uses standard components, and
Following this stage is the flat gain / balance stage to bring tape. tuner, etc up to power amp. CE 1708 170W 8 ahms 60-0 60v €31.90 the other fthe ) uses MO resistors
signal levels Signal to nose ratio 86dB, slew-rate 3V/uS: T H D 20Hz— 20kHz < 008% at TOROIDAL POWER SUPPLIES foCa ISR D] (ERTEILI) (ETED
any level. CPS 1 for 2«CE 608 or 1xCE 1004 €14.47
CPS 2 for 2xCE 1004 or 2 4xCE 608 £16.82 CPR1 £29.49
FET muung. No controls are fitted There 1s no provision for tone controls CPR 1 size 1S SPSS for ngE 1008 or 1xCE 1704 217.?5 MC1S 218.;:
. PS4 tor 1xCE 1008 15.31 CPR: 39.
LEEEE s tep v il ie CPS5 1 for 1xCE 1708 €2268  MC1S £29.49
CPS6 fur 2xCE 1704 or 2xCE 1708 £€23.98
MC 1 — PRE-PRE-AMPLIFIER. Suitable for nearly all moving-coil cartridges Sensitivity or X oo
70/170uV switchable on the p ¢ b This module brings signals from the now popular low HEATSINKS
output mowing-codl cartridges up to 3 5mV (typical signal required by most pre-amp disc Light duty 50mm 2 C W £1.30 POWER SUPPLY:
inputs) Can be powered from a 9V battery or from our REG 1 regulator board Medium power 100mm 1-4 C W £2.20 REGH €6.75 TR6 €1.75
Disco/group 150mm. 11 C/W £2.85
REG 1 — POWER SUPPLY. The regulator module. REG 1 provides 15-0-15v to power the Ea”- 80mmdsla|e ‘2? 0" 24‘%\6 €18.50
CPR 1and MC 1 It can be used with any of our power amp supples or our small transformer an mounted on wo drlied 100mm heatsinks
TR 6 The power amp kit will accommodgte i3 P P supp 2x 4 C/W 65 Cmax with two 170W SRIDCEIORIVERIBD)
madules £29.16 Obtain up to 340W using 2x170W
amps and this moduie
POWER AMPLIFIERS. It would be pointless to Iist in so small a space the number of THERMAL CUT-OUT, 70 C £1.90 BD3 £5.40

recording studios, educational and government establishments, etc who have been using

CRIMSON amps satisfactorily for quite some time We have a reputation for the highest quahity
at the towest prices The power amp 15 available in five tyres, thev all have the same
specihcation T H D typically 01% any power 1kHz 8 ohms T D msignificant slew rate
limit 25V /u8, signal to noise ratio 110dB. frequency response 10Hz-35kHz. —3dB, stabihty
unconditional, protection drives any load safely, sensitivity 77 5mV (250mV or 100mV on
request), size 120x80-25mm

1A STAMFORD STREET, LEICESTER LE1 6NLL. Tel. (0533) 537722
All prices shown are UK only and include VAT and post COD 90p extra £100 imit Export is na problem please
winte for specific quote Send large SAE or 3 International Reply Coupons for detailed intormation
Distributor Minic Teleproduckter Box 12035 $ 750 12 Uppsala 12 Sweden

WW—052 FOR FURTHER DETAILS
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Ferranti Connector Superstar

Ferranti circuit board edge connectors give you a good Contact: Connector Sales, Ferranti Limited,
innings, stay the course, and win on service. Professional Components Department, Dunsinane Avenue,
They're designed for a far higher number of insertions and Dundee DD2 3PN Scotland. Telephone: 0382 89321 Telex: 7616+
withdrawals than you're likely to make. They need to be, so that Distributors: Giltech Components Ltd.,22 Portman Road,
you can rely on them through-out their working life. Battle Farm Industrial Estate, Reading, Berks RG3 1ES.
You'll like our other design features too. Low force spring Telephone: 0734 582131

contacts. Either gold flash or full gold plating on the contacts.

Terminals for wire wrapping or soldering. Many options; FERRANTI
pitches of .100” (2:54 mm) modular connector, .150"(3.81 mm), ore
156" (3.96 mm) and .200" (5.08 mm). Connector Capability

WW—088 FOR FURTHER DETAILS psT
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HILOMAST
SYSTEMS

PNEUMATIC
TELESCOPIC
MASTS

L

Pneumatic and winch operated telescopic masts and
towers. Vehicle, field and wall mountings available. Many
standard models ex-stock.

HILOMAST LIMITED

‘THE STREET HEYBRIDGE — MALDON
ESSEX CM9 7NB ENGLAND
Tel. MALDON (0621) 56480
TELEX NO. 995855

WW — 036 FOR FURTHER DETAILS
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for UHF/VHF or CB
mobile radio

% [ 2ppm accuracy
(0-0002%)

* Overload protected

* Built-inNi-Cad
battery pack

* Exceptional value

Frequency Ranges

(Switched)

(a)10Hz - 50 MHz

(b) 40 MHz — 500 MHz

Sensitivity

50 MHzrange, 30 mV

500 MHz range, 50 mV

Display | ‘asagy,

7 digit, 7 segment LED display ~ #% E':r‘::."‘oq( :
Dimensions L 4
437 217x 13" 2 4
(10.8x5.7x3.2cm)

Labgea

WW—048 FOR FURTHER DETAILS

Labgear Limited Abbey Walk
Cambridge CB1 2RQ England

Telephone: 0223 66521 (7 lines) Telex: 81105 LAB
Telegrams: Labgear. Cambridge

... anew addition to our family of amplifiers. The VTN 30.
The new baby weighs in at 30 watts, and has a maximum of 3
inputs. ’

The other members of the Vortexion family are the system
2000, 50/70 watt and CP50 mains/battery amplifiers.
Contact Jennifer Hall — VORTEXION DIVISION.

Clarke & Smith Manufacturing Co. Ltd., Melbourne Works,
Melbourne Road, Wallington, Surrey. Tel. 01-669 4411 Ext.
38.

Telex Casint G 22574; Telegrams: Electronic Wallington.

WW—074 FOR FURTHER DETAILS
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From Bell & Howell, exclusive distributors of JVC video products to the educational, industrial
and institutional markets.

ell & ﬁoWéll introduce
new ENG and off line
equipment from JVC

The new CY8800E 3 tube portable camera designed to
be hand held. With a choice of 2/3” Plumbicon or Saticon
tubes, the CY8800 is the latest product of JVC's 21 year
involvement in video systems.

With a 49dB S/N ratio at 1/4 and only 3000 lux
illumination the camera can also be used in light ievels as
low as 300 lux. Pictures through 10:1{/1.9 C mount zoom
lens. fitted as standard, look crisp and clean with better than
500 lines horizontal centre resolution. A wide range of
facilities and compact packaging enabie cameramen {0
provide shots of virtually any scene, Indoors or on location.
Standard features include a super 172" viewfinder with 3"
magnifier, 3 way sensitivity switch {normai. +6dB. +1 2d8),
auto white balance, bias lighting when fitted with Saticon
tubes and built in colour bar generator for fast alignment.

Weight including lens and viewfinderis only 9.6Kg. For
location work the well respected JVC CR4400LE U format
portable recorder is an ideal companion. Up tc 12 metres
away the whole system operates from mternal batteries
or external power.

Used alone, the new CR8500E 34" U format video
cassette recorder is desigried to make editing simple and
fast. Automatic variable speed playback in forward and
reverse ensures accurate access {0 the exact edit point.
Fully framed edits with an accuracy of + 2 frames and the

proven JVC colour dub system, ensure successful copies
every time.

Together with the RM85E two CR8500E s form a first
class edit surte for off-line or 34" master editing. All transport
and edit functions are remoted to the control console.
From pressing the play button, video and audio head
contact with the tape is maintained to enable any mode to
be instantly selected. Location on the tape is constantly
monitored by counting control track pulses and assures
accurate tape position and time determination. Edit in and
out times can be programmed and memorised for
automatic assemble or insert editing and the precise
position can be adjusted In single frame steps in the
preview mode before a commitment to record is made.
The video and audio tracks may be separately or
simultaneously edited in any combination.

The CR8500E brings a new degree of flexibility to the ¥s"
format: the CY8800E brings it to portable cameras. If you
would like further information on JVC equipment use the
reader enquiry service or write direct to Bell & Howell
A-V Ltd., Alperton House, Bridgewater Road, Wembley,
Middlesex HAQ 1EG.

BeLLs HOWELL

[intor mation <ystems For work, education and entertainment

WW — 095 FOR FURTHER DETAILS
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It had to happen...
the NEW 1000 series

anew generation of easy-to-use, economy line scopes offering the flexibility that
you the customer demanded and from who else but Telequipment, world leaders
inlow cost scopes.

Before introducing the 1000 series, we conducted

anintensive market survey throughout
Europe, the results of which were
analysed by our engineering and
marketing teams; from this a
definite set of parameters emerged.
These have all been embodiedin
ournew 1000 series.

A choice of bandwidth: 10 or
15MHz, 5mV sensitivity at full
bandwidth and 1mV sensitivity at
4MHz and a choice of modes;
Algebraic Add, true X-Y, and X5 gain
switching; remember we told you
itwasflexible.

Easy-to-use: thisit certainlyis:
note the minimum number of
controls on the front panel, probably
less than any other competitive
scope available and, of course, all
colour codedfor easy reference.

Easy-to-read: notethefive inch CRT.

Easy-to-service: primary circuits are
constructedononly three boards ina “u” configuration.
The amplifier andtime base boards pivot around
ne reguiated power supply making for excellent
accessibility. Wherever possible, standard commercial
components have been utilised throughout, simplifying
acquisition.
Lightweight: only 8kg(approx.17.51b).

Reliable: here we have called on our many years' experience in
the manufacture of low cost scopes. Components are rated
in excess of their required values. Automatic insertion and
testing reduces human etrors. Flow soldering ensures
maximum reliability of soldered joints.

Low cost: just check our price list and remember
thereis alot more to cost than just the price.

We made it happen,
soif youwouldlike to know the full spec.,
send for our colour leaflet.

TELEQUIPMENT

Tektronix UK Lid PO Box 69 Coldharbour Lane Harpenden Herls
Tel 05827 63141 Telex 25559 Regional Otfices Dublin 500979 Livingston 32766
Maidenhead 71555 Manchester 061-224 0446
2061 Also available from Electroplan L td PO Box 19 Orchard Road Royston Herts
Tel Royston 41171
WW—086 FOR FURTHER DETAILS
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Give the customer what he wants

In October the British Standards
Institution held its fourth regional
consumer campaign in the West
Country and included two public
meetings for consumers, one with the
theme title “British goods. British
Standards. Best Value.” One wonders if
this theme title was the result of
wishful thinking, or a real belief that
buying British, regardless, really is a
good idea. In contrast to this one
frequently sees in the daily newspapers
letters from consumers complaining
about British goods and saying such
things as “Why should we buy inferior
goods (for a given price) when we can
get better foreign goods with greater
choice, and far better deliveries and
after-sales service.” Why indeed? As
we pointed out in a survey some time
ago (Amateur radio equipment,
Aug./Sept., 1977), foreign companies
are not only providing better deliveries
despite periods of time consumed by
transportation and customs
compounding, they are also keeping
prices low despite normal mark-ups,
heavy freight costs and insurances, and
import duties — on electronic
equipment import duty is more often
than not between 11 and 14% of all
costs up to the point where the
goods pass through customs. When
making comparisons UK companies
conveniently forget that they already
have this considerable price advantagef
Too often one hears facile remarks
like “Oh, you’ve got one of those cheap
Japanese imitations.” It may or may
not be true that at one time certain
Japanese products were cheap
imitations, and it may or may not be
true that at one time “dumping” was
practised (it is doubtful, however,
whether this could ever be proved or
disproved in the case of electronic
products) but today the goods
are seen to have been produced to a
high standard of workmanship,
employing the latest design
developments — often
custom-designed and certainly not
copied — with a sensible choice of
materials, and an after sales service
which is second to none. Perhaps most
important of all are the Japanese
abilities to provide good deliveries and

‘almost certainly prove that they too

to “give the customer what he wants.”
British manufacturers like Rank
acknowledge these facts by happily
selling Japanese products and going
into partnership with Japanese firms.

The UK’s inability to compete
with the Japanese lies just as much
with its insensitivity to customer
requirements as with anything else.

All too often one hears said of British-

made goods—especially cars—“Oh yes,

well, this fault is quite commonona...”
That fault, on a foreign product,

would more often than not be put right
forthwith, not temporarily corrected, but )
designed-out of the next batch with no !
questions asked.

In some professional electronics !
fields the view of- UK
‘manufacturers seems to be that they
will rely on their good names and their
many years of experience and skill and
ignore the threats of future
competition from the newcomers, the
Japanese. They believe their products
are so good that deliveries and other
factors will not affect the potential
customer’s choice. What they appear
not to recognise is that the Japanese
have shown that they require only a
relatively short apprenticeship and can
quickly overtake the teacher. '
Where professional communications
are concerned, the Japanese will

can produce the required
type-approved goods, and for far less.
UK prices for these goods at present
“reflect what the market can stand”
and are grossly inflated.

In its October issue the consumer
magazine, Which? gave reasons
why the UK would not be helped back
on its feet if consumers always made a
point of “buying British.”

They believed that Britain’s industries
should tackle their lack of
competitiveness by improving the design
and/or reliability of their products, by
producing them on time and in the
quantities needed, and by marketing
them more effectively and at more
competitive prices. Unquestionably
Which? is right. Britain should
design-out that fault, provide those
extras, meet that delivery, give the
customer what he wants!

wwWw americanradiohistorv com
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The Chatterbox

A simple speech synthesizer for demonstration and amusement

by lan H. Witten, M.A., M.Sc., Ph.D., M.|.E.E.

i

and Peter H. C. Madams, B.Sc., M.Sc.

Department of Electrical Engineering Science, University of Essex.

The device described is a
hand-controlled, electronic model of the
acoustic properties of the vocal tract, and
was built to illustrate the physiological
and acoustic nature of speech. Although
designed as a portable demonstration
and lecturing tool it makes a fascinating
toy for adults and children alike, and has
been used as a stimulus for retarded and
autistic children. After discussing the
nature of speech and the mechanism of
electronic speech synthesis, the authors
explain the design principles of the
Chatterbox and in a later article will give
further circuit details and instructions on
how to make it talk.

PEOPLE SPEAK by using their vocal
chords as a sound source, and making
rapid gestures of the articulatory or-
gans (lips, tongue, mouth, etc.). The
resulting changes in shape of the vocal
tract allow the production of the dif-
ferent sounds that we know as the
vowels and consonants of ordinary
language. For several years it has been
possible to simulate the action of the
vocal tract electrically, using a device
similar to an electronic organ to pro-
duce sounds with the same character as

: ,,' stick (form.

B84 Touch swit

those of human speech. The first of
these “speech synthesizers,” built in the
early 1950s, comprised many racks of
equipment, consumed a lot of power,
and cost a great deal of money. Now,
however, with the advent of cheap in-
tegrated circuits, it has become possible
to build simple, compact, and quite
inexpensive synthesizers, without
sacrificing the ability to produce the full
range of speech sounds.

Of course, to make the ever-changing
patterns of speech, a synthesizer needs
some form of continuously varying
control, and just as there are many
vocal tract organs involved simul-
taneously in speaking, so it is necessary
to control several parameters of the
synthesizer at once. Most speech
research laboratories nowadays use a
digital computer to manipulate the
control signals for their synthesizers.
However, for the purposes of informal
experiments with speech or just to learn

. about the sounds we make, a pair of

hands will suffice — with the added

Fig. 1. The Chatterbox, showing the
controls for hand operation.

t—hnd & right-hand operation;
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advantage that the operator can use his
long-standing experience with real
speech to mould the sounds into voice-
like ones. )

By way of illustration of these points,
we have built a small, manually con-
trolled speech synthesizer, suitable for
home construction — the “Chatterbox”
(Fig. 1). In experienced hands it can be
encouraged to utter recognizable words
and phrases (“hello,” “how are you,”
etc.), while even a complete novice can
make it generate a great variety of
astonishingly different noises, all of
which are immediately recognizable as
speech-like. The Chatterbox was
originally designed as a portable
demonstration and lecturing tool for
illustrating the different sounds of
speech and how they can be syn-
thesized, but we quickly found that the
fascination of artificial speech makes it
a successful and compelling toy for
adults and children alike. As a hand-
controlled, electronic model of the
acoustic properties of the vocal tract, it
provides a natural feel for the growing
science of phonetics — the study of
what people do when they are talking
and when they are listening to speech.

This first article discusses the nature
of speech and the mechanisms of elec-
tronic synthesis. The Chatterbox design
is described later, with some circuit
details, as a concrete example of the
implementation of a speech synthesis
system.

The anatomy of speech
The so-called “voiced” sounds of speech
— like the sound you make when you
say “aaah” — are produced by passing
air up from the lungs through the larynx
or voicebox, which is situated just be-
hind the Adam’s apple. The vocal tract
from the larynx to the lips acts as a
resonant cavity, amplifying certain
frequencies and attenuating others.
The waveform generated by the
larynx, however, is not simply sinu-
soidal. (If it were, the effect of the vocal
tract resonances would merely be to
give a sine wave of the same frequency
but amplified or attenuated according

‘to how close it was to the nearest

resonance.) The larynx contains two
folds of skin — the vocal cords — which
blow apart and flap together again in
each cycle of the pitch period. The pitch
of a male voice in speech varies from as
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low as 20Hz to perhaps.250Hz, with a
typical median value of 100Hz. For a
female voice, of course, the range is
correspondingly higher. The flapping
action of the vocal cords gives a
waveform which can be approximated
by the triangular pulse of Fig. 2. This has
a rich spectrum of harmonics, decaying
at around 12dB/octave, and each har-
monic is affected by the vocal tract
resonances.

A simple model of the vocal tract is an
organ-pipe-like cylindrical tube with a
sound sourcé at one end (the larynx)
and open at the other (the lips), as
shown in Fig. 3. This has resonances at
wavelenghts 4L, 4L/3, 4L/5, . . ., where
L is the length of the tube; and these
correspond to frequencies ¢/4L, 3c/4L,
5¢/4L, . . . Hz, where c is the speed of
sound in air. Calculating these frequen-
cies, using a typical figure for the dis-
tance between larynx and lips of 17cm,
and ¢ =340 m/sec for the speed of

sound, leads to resonances at
approximately 500Hz, 1500Hz,
2500Hz, . ..

When excited by the harmonic-rich

waveform of the larynx, the vocal tract
resonances produce peaks known as
formants in the energy spectrum of the
speech wave (Fig. 4). The lowest for-
mant, called formant 1, varies from
around 200Hz to 1000Hz during speech,
the exact range depending on the size of
the vocal tract. Formant 2 varies from
around 500 to 2500Hz, and formant 3
from around 1500 to 3500Hz.

Of course, speech is not a static phe-
nomenon. The organ-pipe model de-
scribes the speech spectrum during a
continuously held vowel with the
mouth in a neutral postion such as for
“aaah.” But in real speech the tongue
and lips are in continuous motion,
altering the shape of the vocal tract and
hence the positions of the resonances. It
is as if the organ-pipe were being
squeezed and expanded in different
places all the time. Say “ee” as in “heed”
and notice how close your tongue is
to the roof of your mouth, causing a
constriction near the front of the vocal
cavity.

Linguists and speech engineers use a
frequency analyser called a sound spec-
trograph to make a three-parameter
plot of the variation of the speech en-
ergy spectrum with time. Fig. 5 shows a
spectrogram of the utterance ‘“‘go
away.” Frequency is given on the verti-
cal axis, and bands are shown at the
beginning to indicate the scale. Time is
plotted horizontally, and energy is
given by the darkness of any particular
area. The lower few formants can be
seen as dark bands extending horizon-
tally, and they are in continuous mo-
tion. Notice that in the neutral first
. vowel of “away,” the formant frequen-
cies approximate the 500Hz, 1500Hz and
2500Hz that we calculated earlier. (In
fact, formant 2 is around 1250Hz and
formant 3 around 2300Hz.) The fine
vertical striations in the spectrogram
correspond to single openings of the
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Table 1. The vowels and their formant

frequencies

Vowel Example Fl (Hz) F2(Hz)
name  of use

UH ab(ove) 500 1500
A bud 700 1250
E bed 550 1950
I bid 350 2100
O bod 600 900
6] good 400 950
AA bad 750 1750
EE bead 300 2250
ER bird 600 1400
uu brood 300 950
AR bard 700 1100
AW board 450 750

vocal chords. Of course, the pitch is
continuously changing throughout an
utterance, and this can be seen on the
spectrogram by the differences in
spacing of the striations. Pitch change,
or intonation, is singularly important in
lending naturalness to speech.

On a spectrogran, a continuously held
vowel shows up as a static energy spec-
trum. But beware — what we call a
vowel in everyday language is not the
same thing as a “vowel” in phonetic
terms. Say “I” and feel how the tongue
moves continuously while you're
speaking. Technically, this is a diph-
thong or slide between two vowel posi-
tions, and not a single vowel. And there
are many more phonetically different
vowel sounds than the a, e, i, 0 and u
that we normally think of. The words
“hood” and ‘““mood” have different
vowels, for example, as do “head” and
“mead.” The principal acoustic dif-
ference between the various vowel
sounds is in the frequencies of the first
two formants. Table 1 gives a list of the
English vowels, with a one- or two-
character name for each, an example
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Fig. 6. Spectrogram of “high altitude jets whizz past screaming.”

word, and the two formant frequencies
which characterize the sound.

Speech involves other sounds, dif-
ferent from the voiced ones that we
have been discussing so far. When you
whisper, the folds of the larynx are held
slightly apart so that the air passing
between them becomes turbulent,
causing a noisy excitation of the
resonant cavity. The formant peaks are
still present, superimposed on the noise.
Such “aspirated” sounds occur in the
“h’ of “hello,” and for a very short time
after the lips are opened at the begin-
ning of “pit.”

Constrictions made in the mouth
produce hissy noises such as “ss,” “sh,”
and “f.” For example, in “ss” the tip of
the tongue is high up, very close to the
roof of the mouth. Turbulent air passing
through this constriction causes a ran-
dom noise excitation. For “sh,” the
tongue is flattened close to the roof of
the mouth, in a position rather similar to
that for “ee” but with a slightly nar-
rower constriction, while “f” is pro-
duced with the upper teeth and lower
lip. If the larynx is vibrating as well we
‘get the corresponding voiced sounds
“z,” the “zh” in “azure,” and “v.” Be-
cause they are made near the front of

the mouth, the resonances of the vocal

tract have little effect on these hissy
sounds. The complicated acoustic
effects of noisy excitations in speech
can be seen in the spectrogram Fig. 6 of
“high altitude jets whizz past
screaming.”

Speech synthesis and synthesizers

The idea of artificial speech has always
fascinated man. The first genuine talk-
ing machine appears to have been
demonstrated in 1791 by one Baron von
Kempelen, who used bellows to inject
sound into a leather tube which model-
led the vocal tract, and was deformable
with the hands to imitate the different
vowel sounds. Progress continued
sporadically (one notable achievement

being Alexander Graham Bell's encou-
raging his pet dog to talk by manipu-
lating its vocal tract by hand while the
dog growled), until the need for band-
width reduction for efficient use of
communication channels in the 1940s
and 1950s stimulated serious research
on the acoustic nature of the speech
signal. Since then, the advent of
widely-available real-time computing
power has encouraged work on speech
synthesis under computer control, and
the difficult problems of pronunciation,
speech rhythms, and intonation are
currently being tackled to exploit this
novel and effective computer output
medium.

In order to simulate electrically the
resonating action of the vocal tract on
the sound generated by the larynx, a
waveform generator and several
resonant filters in cascade are needed.
Varying the frequency and amplitude of

‘the sound source simulates changes in

the pitch and loudness of the speech,
and different vowels can be made by
adjusting the positions of the
resonances appropriately.

Further analysis of the organ-pipe
model reveals that simple second-order

Constant bandwidth

)
Fl-!F-._.Inl- NCY

Fig. 7. Amplitude profiles of the
resonant filter.
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resonators with unity d.c. gain are
appropriate filters, with the slightly
unusual requirement that the band-
widths should remain constant as the
resonant frequencies are altered, pro-
ducing sharper resonances at higher
frequencies (Fig. 7). The phase response
of the filters is not important. Such
resonators can be achieved with simple
active filter circuits.

Although vocal tracts, like organ
pipes, have an indefinite number of
resonances, in practice only a few filters
are employed in the chain (Fig. 8). Most
existing synthesizers simulate four or
five formants, of which typically only
the first three have controllable
resonance positions. In fact, two for-
mant filters are sufficient to generate
most vowel-like speech sounds: a third
is especially useful in distinguishing the
“r’’ in “rice” from the “I” in “lice.”
Omitting the higher resonances means
that some compensation filter needs to
be introduced to give spectral lift at
higher frequencies.

Whispery sounds can be synthesized
by injecting noise into the chain of
formant filters, instead of the
harmonic-rich pulse of the waveform
generator. For the sibilant sounds made
at the front of the mouth, the noise
should not be injected into the formant
chain, but instead passed through a
separate high-pass resonance whose
centre frequency can be controlled to
give the sounds “f,” “sh,”” and “ss.”

These considerations lead to the
block diagram of Fig. 9. A synthesis
system similar to this was invented in

. 1951 by Walter Lawrence, and he called

it PAT — Parametric Artificial Talker.
The eight circled numbers represent
parameters of the system, and if they
are varied appropriately, it can be per-
suaded to give a respectable imitation of
almost any speech utterance. For
example, the parameter tracks for “six”
are shown in Fig. 10 as a set of eight
graphs. You can see the onset of the
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hissy sound at the beginning and end
(parameter 5), and the amplitude of
voicing (parameter 1) come on for the
“i"" and go off again before the “x.” The
pitch (parameter 0) is falling slowly
throughout the utterance.

Naturally, storage of the parameter
tracks presents some problems. In the
earliest version of PAT, eight
parameter-versus-time graphs were
painted on a glass slide, which was
scanned photo-electrically to read off
the parameter values. Lawrence was
fond of disconnecting the pitch
parameter and controlling it directly
with a potentiometer. One of the utter
ances for which he had prepared a glass
slide was “What did you say before
that?”” and he could manipulate the
pitch by hand to change the emphasis,

getting ““What did you say before
that?”, “What did you say before that?”
and so on. Even artificial singing proved
possible! In fact, the earliest computer
conversation on record was between
PAT and a Swedish synthesizer, called
“Ove.” The inventors, Gunnar Fant and
Walter Lawrence, stood by their

39

machines on a stage at an international
acoustics meeting, Fant with a small
transistorized table-top box, and
Lawrence with several great racks of
valve-based equipment. The conversa-
tion went

Ove: “How are you?”

PAT: “What did vou say before that?”

Fundamental Formant 1 Formant 2 Formant n
frequency frequency frequency frequency
!* Amp\_ulude
waveform A Resonant Resonant - N Resonant
generator filter fiter filter

Fig. 8. Simulating the resonance action of the vocal tract.
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Ove: “I love you.”

PAT: “What did you say before that?”
Ove: "I love you.”

At which point, PAT burst into song (no
prizes for guessing the words!).

To obtain good speech, the best way
of getting parameter tracks is to derive
them from spectrograms of human
utterances. Although this is a tiresome
and time-consuming process, it gives
the synthesizer a chance to reproduce
the precise acoustic quality of the or-
iginal speech. However, the parameter
tracks of Fig. 10 are stylized: they don’t
come from a human utterance. In fact
they were generated by a computer
programme from the input “STK S”, a
phonetic transcription of the word. This
programme has direct control over the
parameters of a hardware synthesizer
through a computer interface, and will
attempt to speak any utterance that is
entered in phonetic format. In practice,
the most difficult parameter to control
in a convincing way is pitch. The into-
nation of speech is subtle, and evades
classification into a form that a com-
puter programme can handle.
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The Chatterbox, however, avoids
these difficulties of computer control by
using a person to manipulate the
parameters. Generating natural-
sounding intonation is easy for people,
and this turns out to be true even if they
have to use their hands rather than their
vocal tracts to control the pitch.

System design of Chatterbox

The manual controls. Hands were never
intended to speak! In your vocal tract,
separate muscles control a multitude of
parameters of the system simul-
taneously in order to produce speech
sounds. Pitch is controlled by the vocal
cord tension, amplitude by the lung
pressure, and vowel quality by the
many dimensions of movement of the
tongue, teeth and lips. The greatest
challenge of the Chatterbox design was
the engineering of the man-machine
interface: it is difficult physically to find
enough degrees of freedom to control it
with the hands. In fact, we even con-
sidered using arm and leg movements in
addition to hands, but felt that these
detracted from the neatness and com-
pactness of the toy.

A single X-Y control is used to vary
the two formant filter frequencies. Two
models of Chatterbox have been de-
signed and constructed, one with a
joystick control and the other with a
stylus and resistive plastic pad instead.
Fortunately, the recent popularity of
quadraphonic audio systems means
that it is quite easy to get hold of a
compact joystick assembly designed as
a quad balance control. Ours had two
tracking potentiometers for each direc-
tion of motion, and we took advantage
of this in designing the formant filters.
The alternative stylus arrangement
gives a two-dimensional position indi-
cation by injecting a current from the
stylus tip into a uniformly resistive
plastic sheet, and monitoring the cur-
rent from the sides of the sheet. Since it
is fairly difficult to lay hands on a suit-

e

Fig. 11. Chatterbox block diagram.

able resistive sheet for the stylus model,
and the circuitry to take advantage of
this is more complex anyway, we will
describe only the joystick version here.

The pitch is varied by a poten-
tiometer. We decided, after some ex-
perimentation, that linear rather than
rotary control feels more natural, so a
slider potentiometer is used. This is
operated with one hand while the other
directs the joystick.

Turning to control of the volume of
the sound, it transpires that contrary to
intuitive expectations, it is not import-
ant to provide variation of the
amplitude of the voice source, apart
from the obvious necessity to switch it
on and off. Different vowel sounds do
have different amplitudes, of course,
because of different degrees of mouth
opening (compare the vowels in “mad”
and “mood”, for example). However,
this is taken care of by the formant
filters: resonances for “mood” will
naturally produce a weaker sound than
in “mad” because they occur at lower
frequencies, and the ¢onstant band-
width property of the filters gives them
less amplification (that is, lower Q) at
lower resonance frequencies. The
amplitude of the sound produced by the
vocal cords corresponds more to vocal
effort than to loudness, and this is more
or less constant for the great majority of
speech sounds. Hence we use a simple
switch to turn the voicing on and off.

The hissy sounds pose the most diffi-
cult control problem. Aspiration (whis-
pering) can be treated just like the
voicing amplitude: we need only be able
to turn it on and off. The joystick for-
mant control can then be used to
whisper different vowel sounds. How-
ever, constrictions in the front of the
mouth must be treated separately, for
here the sound type (“ss”, “sh” and “f”)

wWwWw americanradiohistorv com

needs to be controlled independently of
the voicing, so that the counterparts
“z”, “zh"” and “v"” can be produced
simply by superimposing a normal
vowel-like sound. We opted for separate
switches for these three noises, instead
of an analogue control which would
simulate the tongue positions more
accurately. These are operated by the
same hand that manipulates the pitch
potentiometer, as is the aspiration
switch. This arrangement is not parti-

Further reading

The anatomy of speech

The ““source-filter model of speech
production,”” which separates the sound
source (larynx) from the filtering opera-
tions of the vocal tract, was treated most
comprehensively by Gunnar Fant in
Acoustic theory of speech production,
1960.

The sound spectrograph was deve-
loped in 1946 by Koenig., Dunn, and
Lacey ("The sound spectrograph,’’ Jour-
nal of the Acoustical Society of America,
vol. 18, pp. 19-49) and is described, with
hundreds of spectrograms, by Potter,
Kopp and Green (Visible Speech, 1947).

Speech synthesis and synthesizers

A classic book is Speech analvsis,
synthesis and perception, by James
Flanagan of Bell Laboratories in the USA
(1965, revised 1972). There is a book of
collected papers on speech synthesis by
Flanagan and Larry Rabiner called Speech
synthesis (1973). A British contribution is
Speech synthesis by John Holmes of the
Government Joint Speech Research Unit
(1972). Walter Lawrence wrote ‘‘The
synthesis of speech from signals which
have a low information rate’" (in Com-
munication theory, edited by W. Jackson,
pp. 460-469) when he invented PAT in
1953 in the Government Signals
Research and Development Establish-
ment.

|
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cularly easy to use, but since pitch
control is nnimportant during hissy
sounds, it is possible to share the pitch
hand satisfactorily between all these
functions.

It is essential, however, that the
voicing on/off switch is easy to operate
while complicated pitch movements are’
being made, because the moment of
onset and offset must be timed pre-
cisely, without disrupting the smooth
flow of intonation. In the pad-and-
stylus Chatterbox, it is possible to de-
tect electrically when the stylus is in
contact with the pad, and this is used to
turn on the voice. A similar arrange-
ment could be made in the joystick
model if the act of grasping the joystick
were detected, but this would involve
modification of the joystick assembly.
We opted instead to site a switch con-
tact where it could easily be reached
with the heel of the hand that operates
the joystick.

All switches on the Chatterbox are
touch switches, and work by detecting
the skin resistance when two adjacent
contacts are touched together. These
are much easier to use — and cheaper to

Voicing generator

build! — than, say, pressure operated
microswitches.

The overall system. The Chatterbox is
essentially a simplified version of
Lawrence’s original PAT. As shown in
Fig. 11, it consists of two parallel signal
paths, a voicing/aspiration path (top of
diagram) and a sibilance path (bottom).
Two formant filters form the upper
path, each controlled by one direction of
the joystick. These can be excited by a
simulated larynx pulse, produced by a
variable-frequency impulse generator,
or by a noise source (for aspiration). We
use a digital pseudo-random generator
implemented by a feedback shift reg-
ister with exclusive-OR feedback. The
same noise source drives the lower
sibilance path, which includes a high-
pass resonance to give the noise an
appropriate colouration. The position of
the resonance is controllable to three
places by touch-switches. A full circuit
diagram of the system is shown in Fig.

Fig. 12. Full circuit diagram of the
Chatterbox.
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12, and the various sections of this will
be explained here and next month.

Source for voiced sounds, and mixer. A -
simple circuit using c.m.o.s. gates forms
the basis of the voicing waveform
generator. This circuit is used because
of its simplicity and low cost. The 100kQ
potentiometer varies the frequency of
the oscillation. The output from the
oscillator is inverted, delayed, and
“ANDed” with itself. This produces a
train of spikes which is the required
harmonic-rich voicing waveform. The
circuit is turned on and off by a logic
signal from one of the touch switches
shown in Fig. 12. The period can be
adjusted from a very low value, 20Hz
(good for sound effects and ‘“creaky
voice”), up to 200Hz. The harmonic
content of the spiky waveform is very
high and provides a suitable excitation
for the formant filters. The 741 amplifier
that follows this circuit is used both to
add a signal from the noise generator to
produce aspirated sounds and to
adjust the amplitude of both sources.

To be continued
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Roiary or switched?

THE MECHANICALLY rotatable h.f.
beam aerial was developed in the 1930s
and 1940s, mainly by radio amateurs. It
provided the high power gains and good
front-to-back ratios associated with
Yagi and Quad arrays in gardens far too
small to accommodate the rhombic
farms or multiple sloping-V aerials used
in professional communications. Teday,
of course, rotatable aerials are used
professionally, including large log-
periodic arrays favoured by some h.f.
broadcasters. Amateur rotatable arrays
however are still mechanically complex,
do not always survive winter gales and
can be operationally inconvenient in the
time taken to swing them round to
another direction.

Increasingly a good deal of effort is
being directed away from mechanically
rotatable arrays towards arrays which
can instantly be switched to radiate in a
number of different directions. Such
arrays can of course be formed fairly
simply from two or more monopoles by
incorporation of phase delay sections in
the feed lines, for example by switching
in additional lengths of coaxial cable.
But while such arrays can provide
useful “nulls” the forward gain, at least
with limited space, is low and results are
also greatly influenced by earthing
radials and ground conductivity.
Reversible uni-directional fixed arrays
such as the “G8PO” and “ZL-Special”
have been used and the rotary Quad can
be made instantly reversible by bringing
two open-wire lines into the shack.

A novel approach to this problem,
providing an array that can readily be
switched to fire towards the four quad-
rants has been described by the Russian
amateur L. Vsevolzhskii, UA31AR in
Radio (Moscow) No. 6, 1978, and is
based on a modified form of fixed Quad.
Construction requires only a central

The UA3IAR switchable quad aerial,
showing its development from a
conventional array. The four half-loops
abcd are electrically joined at the top,
and pairs of half-loops are used to form
the full-wave loops which function
either as radiator or, with the
additional phasing extensions, as driven
reflectors.

supporting pole with no large frame-
work or tubular elements. The array is
formed by appropriate selection (by
relays) from four half-loops so that four
different configurations, each com-
prising a radiator and driven active
phase-adjusted reflector, are available.

While the Russian amateur has been
using the system since 1973, he makes
no claim as to forward gain. Les Moxon,
G6XN, an authority on Quad aerials,
while recognising that the Russian idea
is “too good to be turned down” is
convinced that it is capable of further
improvement and that the array as
described is unlikely to have a forward
gain exceeding about 3.5dB compared
with perhaps 5-6dB for a conventional
Quad.

It will be interesting to see who will be
the first to come up with a low-cost
switch-rotatable beam with a forward
gain exceeding say 5dB. Such a system
represents an important technical chal-
lenge. UA3IAR has clearly shown the
possibilities by providing a simple, rug-
ged system — and 3.5dB forward gain
with useful side nulls is not to be scoffed
at!

Band scan

During September problems arose in
the Oscar 7 satellite (launched
November 1974) affecting the operation
of the “Mode B” tansponder (432 to 145
MHz) and amateurs have been asked to
confine working through the satellite to
Mode A (145 to 29 MHz).

A new Norwegian beacon station
LABER operates from batteries kept
charged by solar panels.

An international group “SMIRK” is

dedicated to keeping 50MHz active and -

used by amateurs in those countries
where it is available. It has some 2,630
members in 27 countries. British ama-
teurs cannot use the band but are
watching carefully to see what happens
after the closing down of 405-line
television.

Amateurs continue to report
“pirating” of their callsigns by un-
licensed station (1 once replied to a “CQ
DE G3VA” call and gave the pirate such

-reasons. .

a shock that he promptly closed down).
However, according to Dr John Alla-
way, G3FKM, a mean new illegal prac-
*tice has been noticed recently: stations
:using other people’s callsigns while
" causing deliberate interference. Also to
be heard increasingly on some bands is
.deliberate rudeness to foreign ama-
“teurs, especially when these are inex-
* perienced operators. There are times
{ when it seems that British amateurs are

- *losing their responsible attitudes to

¥ amateur activities.

A prefix is a prefix

At one time the international prefix
(initiated in the late 1920s) was a useful
device that immediately denoted the
location of the station. This can hardly
be said always to be the case today
where special prefixes are eagerly
sought in order, it often seems, to mys-
tify the listeners. Surprisingly the
American regulatory body, the FCC,
seems to have become one of the worst
offenders. I continue to find it annoying
when stations with such prefixes as AC4
and KA2 turn out to be in Florida or
‘New York. And one wonders why the
. United Nations HQ in New York

.(4UIUN) or the ITU station in Geneva

“(4U1ITU) should be classified as “coun-
tries”. But at least the American Radio
Relay League is reported to have con-
“sidered the possibility of denying future

"DXCC requests for demilitarised neu-
tral zones, embassies, consulates, or
“extraterritorial monuments” to count

- as separate countries. Why does the

hobby seem so keen to insist on such
. absurdities?

iIn brief

John Bazley, G3HCT, has been elected
RSGB president for 1979 .. The RSGRB is
to make available to its members a
personal identity card to help deal with
official enquiries when operating port-
able radio equipment . . . The deaths

, have been reported of two amateurs

closely concerned with national ama-
teur radio exhibitions: Phil Thorogood,
G4KD, for many years associated with
the London exhibitions; and Tom Darn,
G3FGY, organiser of the Leicester
exhibitions in recent years . . . FCC has
rejected petitions seeking to expand the
US phone allocations as being unwise’
just before WARC 1979 and for other
. Violators of CB rules in the
USA are losing not only their CB
.licences but also their right to obtain

‘amateur licences while a number of
*amateur licences have been revoked for
‘operation just below 28MHz . . . A

regular bulletin of news is broadcast in

3rt.t.y. from VK2TTY on Sunday mor-
‘nings on 7 and 14MHz . . . The use of

1800-1810kHz by amateur stations in
Hawaii has been extended indefinitely
following a year’s check on possible
interference to navigational aids.

PAT HAWKER, G3VA

WWW americanradiohistorv com



www.americanradiohistory.com

WIRELESS WORLD, DECEMBER 1978

Measuring spectrum use

CCIR spectrum efficiency definition could affect all-radio systems

By Leslie A. Berry, M A. National Telecommunications and Information Administration, Institute

for Telecommunication Sciences, USA.

This article puts forward a way of
measuring the efficiency with which radio
services use the electromagnetic
spectrum. The subject is significant
because the CCIR is likely to adopt a
formal definition of spectrum efficiency
soon, and the resulting changes in
international regulations could affect all
radio systems planners, designers and
operators. The measure proposed here, a
ratio of communications output to
spectrum-space input, is easier to
compute than another candidate based
on an ideal system, claims the author,
and gives the same relative result.
Examples of the application of the
proposed efficiency measure are
included.

SPECTRUM efficiency is widely advo-
cated. With many countries and ser-
vices expected to press for larger
frequency allocations at the 1979
WARC, efficient use of allocated spec-
trum will be an important considera-
tion. But there is no generally accepted
definition of spectrum efficiency or
even a measure of spectrum use. The
International Radio Consultative Com-
mittee (CCIR) has called for such a
definition!, and it is likely that one will
be adopted at the next Plenary Assem-
bly. If a definition is adopted, present
CCIR recommendations and inter-
national radio regulations may be
changed to call for “maximum spec-
trum efficiency,” rather than for mini-
mum necessary bandwidth as they now
do. Within nations, the relative spec-
trum efficiency of services competing
for allocations (for example, broadcas-
ting and land mobile radio) may in-
fluence regulatory decisions. It is there-
fore important that the definition be
realistic and computable.

Several definitions have been
proposed?®. Some of these are for
specific services; others are generally
applicable; but all can be cast in one of
two general forms. One form is the ratio
of the communications-output to the
spectrum space used to produce the
output, which will be called the
output/input efficiency. The other form
is the ratio of the spectrum space used
by an “ideal” system to the spectrum
space actually used, which will be called
the ideal/input efficiency.

Later I will show that the two forms
always give the same relative result and

that the output/input measure is easier
to compute. However, a measure of the
spectrum-space input must be defined
first.

Components of spectrum space
Efficient spectrum use comes from geo-
graphic re-use or time sharing of radio
frequencies. So, it is generally, but not
universally, agreed that the com-
ponents of spectrum space should be:
radio-frequency bandwidth, physical
space (such as area or volume), and
time?!2 There have been suggestions
that other quantities, such as polariza-
tion and modulation, are also dimen-
sions of spectrum space because sys-
tems using values of the parameters
that are “orthogonal” or nearly ortho-
gonal do not interfere with each other!'3.
However, these proposed quantities do
not have the characteristics of a dimen-
sion of a metric space, and so they will
not be included in the measure of spec-
trum space use. They will influence the
value of spectrum efficiency.

The dimensions of the physical space
depend on the service that is involved.
For te~43strial services such as broad-
casting and land mobile radio, area is
used as a factor, as proposed by Gifford?
and Powers?, for example. The critical
physical space for geostationary satel-
lites is a line — the geostationary orbit.
So measures of spectrum space for this
service usually include degrées of arc (a
linear metric)*® In some cases the
relevant physical space is volume’, and
for point-to-point services it may be
angle around a pivotal point.

The importance of the time dimen-
sion varies with the service. Many ser-
vices operate continuously with analo-
gue modulation (for example, point-to-
point microwave, some broadcasting,
navigation services); so the time factor
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is a constant. In other services, such as
land-mobile radio, time sharing is of
vital importance to efficient spectrum
use.

“Used” means “denied to others”

The area around a transmitter in which
a reliably usable signal can be received
is almost always smaller than the area
in which the same transmitter can cause
unacceptable interference. For pur-
poses of spectrum management and
efficiency, it is clearly the area that is
denied to other potential users that is
important. This is the area that is
related to spectrum saturation. Simi-

. larly, it is the bandwidth and time that

are denied to other users that is critical
in frequency assignment.

It is proposed that the unit of meas-
urement of spectrum-space use be de-
fined as the product

(bandwidth) X (relevant physical
space) X (time)

that is denied to other potential users.

There are two ways in which spec-
trum space can be denied. The space is
physically denied if it is filled with
sufficient power to interfere with other
proposed operations. This is the denial
of interest to spectrum engineering.
Definitions of a spectrum measure
based on physical denial are developed
in the appendix.

Frequently the spectrum space is ad-
ministratively denied. That is,
frequency managers make rules or
frequency assignments denying space
to other users even if that space is not

. filled with interfering radiation. Ad-

ministrative denial is sometimes a prac-
tical upper bound to physical denial
imposed to account for the statistical
variability of radio system performance
and to make management of the spec-
trum simpler. In other cases, administ-
rative denial is related to the spectrum
space used by the receiver.

Spectrum-space use by receivers
and transmitters

Traditionally radio transmitters have
been considered to be the users of the
spectrum resource. They use the spec-
trum space by filling some portion of it
with radio power — so much power that
receivers of other systems cannot
operate in certain locations, times, and
frequencies because of unacceptable
interference. Notice that the transmit-
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ter denies the space to receivers only.
Power in a space in no way prevents
another transmitter from emitting
power into the same location; that is,
the transmitter does not deny operation
of another transmitter.

On the other hand, receivers use
spectrum space because they deny it to
transmitters. Operation of the receiver
interferes with no one (except as it
inadvertently acts as a transmitter or
power source — even then the space
used physically is small). However, in an
attempt to guarantee interference-free
reception, the authorities deny licences.
to transmitters. The protection may be
in space (separation distance, co-
ordination distance), in frequency
(guard bands), or even in time (in the
United States some m.f. broadcasting
stations are limited to daylight opera-
tion). This denial constitutes “use” of
the space by the receiver. The radio
astronomy bands are a familiar example
of the recognition of receiver use of the
spectrum space.

Thus receiver and transmitter usage
of the spectrum resource results in
complementary denial: transmitters
deny wuse of a time-frequency-
geographic region to receivers wishing
to receive another signal, and a pro-
tected receiver denies a time-
frequency-geographic region to trans-
mitters whose operation would inter-
fere with it. An obvious way to incor-
porate these facts into a unit of meas-
urement of spectrum space is to parti-
tion the resource into two spaces — the
transmitter space and the receiver
space — and define dual units to meas-
ure the usage of each space.

For administrative simplicity, the two
units can be recombined into a single
measure of system use. Similarly, the
spectrum space used by all systems in a
" particular service can be defined as the
space denied to other services.

A measure of spectrum efficiency
The concept of quantifying efficiency
by the ratio of desired output to'valued
input is familiar to people in all walks of
life. A measure of personal transporta-
tion efficiency, miles/gallon, illustrates
several features of generally accepted
measures of efficiency. The numerator
is the desired output of interest — even
though it may not represent the entire
output or system function. The de-
nominator is a measure of the critical
input required to produce the output.
Notice that the numerator and de-
nominator need not be the same kind of
quantity, and that the units of the
resultant ratio may not make “sense” —
the units of miles/gallon turn out to be
inverse area!

This measure of efficiency does not
include all of the technical detail that an
engineer might want, but it com-
municates significant information to
the non-engineer — the consumer, the
policy maker, and the government
regulator. To be valuable and accepted,

a measure of spectrum efficiency also
should be understood and usable by
non-engineers — the lawyers, econom-
ists, and nonspec.alists who make final
decisions about spectrum use in the
International Telecommunication
Union and national regulatory agen-
cies.

Therefore, the measure of spectrum
efficiency should have the general form

communications achieved
spectrum space used

or more generally (to accommodate
radar, navigation systems, radio con-
trol, etc.)
information delivered
spectrum space used

The nature and units of the numerator
will depend on the type of service pro-
vided. The quantity of information in
the signal (measured, for example, in
bits), the distance over which it is
transmitted, and the number of people
who receive the message should be
included in the numerator.

The spectrum efficiency of an entire
service, such as tv broadcasting, can be
computed by aggregating the total
communications achieved and divided
by the total spectrum space denied to
other users.

Examples of input/output measure
Engineers addressing practical pro-
blems of interest to them have defined
input/output ratios naturally. A notable
example is the measure of “orbit utili-
zation efficiency,” defined by CCIR
Study Group 4 in 1974, for the geo-
stationary satellite service?, and still
under study® For digital modulation,
they defined efficiency as

bit rate
(r.f. banrdwidth)(orbit arc in degrees)

Since bit rate is bits/s, this can be
written
bits
(r.f. bandwidth)(orbit arc)(time)

This is precisely the form recommended
for the output/input efficiency meas-
ure. The numerator is the amount of
information transferred (measured in
bits), and the denominator is the pro-
duct of bandwidth, time, and geometric
space. In this case, the critical geo-
metric space is the geostationary orbital
arc — a line.

For analogue communications satel-
lites, the orbit utilization was defined to
be

information bandwidth
(bandwidth)(orbit arc)

In this case, the information delivered is
not quantified. Instead, the surrogate
quantity (information bandwidth) is
used because it is proportional to the
potential rate of information transfer.
This example illustrates one of the
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practical compromises that can be made
in implementing the general form of the
definition.

Hatfield® reviewed measures of spec-
tral efficiency proposed for comparing
land mobile radio systems and con-
cluded that the most useful definition of
spectral efficiency is

erlangs/MHz/mi?

Since an erlang is a measure of traffic
per unit time, this ratio can be rewritten

‘traffic
(bandwidth)(area)(time)

which is precisely the output/input
ratio for spectrum efficiency.

Starting with the general form, but
not including time as a factor, Vino-
gradov® developed an explicit formula
for the spectrum efficiency for a point-
to-point radio link. Considerations used
to derive the formula include the an-
tenna gains and sidelobe power, the
transmitter power and emission band-
width, polarization, receiver sensitivity,
and path length.

Another candidate
One proposed definition of “spectrum
efficiency” has the form?2!*

spectrum space used by “ideal” system

spectrum space used by the system
being evaluated

The denominator of this ratio is in-
tended to be the same as the denomina-
tor of the output/input ratio; namely,

‘the product of bandwidth, geometric

space, and time denied to other users.
The numerator is the product of the
same three factors that an “ideal” or
“perfect” system performing the same
function would deny to other users.

The ideal/input measure conforms to
the traditional engineering concept of
efficiency — a dimensionless number
between 0 and 1. However, to non-
specialists it may have a parochial flav-
our — a preoccupation with conserving
spectrum space as an end in itself.
Returning to the miles/gallon analogy,
would consumers want to replace the
miles/gallon measure with one which
compared the amount of fuel used by an
“ideal” automobile with the amount
used by a particular model? Such a
measure does allow ranking of different
systems, but gives no guidance as to
what the customer gets for his input of
petrol. Since many decisions about
spectrum use are made by non-
specialists, it is advantageous to have a
measure of spectrum efficiency that
they intuitively grasp.

Technical advantages of the output/
input ratio are that it is less subjective,
takes fewer steps to compute, and gives
the same relative answer as the ideal/
input measure of spectrum efficiency.

For example, suppose that the spec-
trum efficiency of a point-to-point
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microwave link must be computed. The
link must carry a fixed number of
telephone circuits m miles a given per-
centage of the time. This is the “output”
which is the numerator of the output/
input efficiency ratio: x circuit miles for
p percent of the time. To complete the
calculation of the efficiency, the spec-
trum space (bandwidth X area X time)
the link denies to other users must be
computed. Although this calculation is
not trivial, it is not necessary for the
present comparison because both
measures of spectrum efficiency have
the same denominator.

Now consider the calculation of the
ideal/input efficiency measure. The
calculation of the denominator is the
same as before. Also the output (x
circuit miles with reliability p) must still
be specified else how can the ideal sys-
tem be determined? And what is the
amount of spectrum space used by the
“ideal system”? The transmission could
be via coaxial cable or by waveguide
which would use almost zero spectrum
space — implying a spectrum efficiency
of zero for any practical microwave
system. ]

Or the system could use antennas
with very narrow main beams and very
low sidelobes. What is the pattern of the
“ideal” antenna? Other parameters
which would minimize the required
spectrum space would have to be
specified; e.g., receiver noise figure,
modulation index, and modulation type.
The necessity of answering these ques-
tions makes the ideal/input measure of
spectrum efficiency difficult to compute
and somewhat subjective. In practice,
the ideal system is usually replaced by
some reference system ™,

If the purpose of a measure of spec-
trum efficiency is to compare systems,
then nothing is gained from the ad-
ditional difficulty of computing the
ideal/input measure, because both
measures give the same relative result.
Let C stand for the output specified in
the example above (x circuit miles with
reliability p). Suppose system A uses Sa
spectrum space to provide the output,
system B uses Sy spectrum space to do
it, and an ideal system uses S; spectrum
space. The ideal/input efficiency meas-
ure for system A is S;/S, and for system
Bitis S/S, Using this measure "’

S/S,

224 8,/8
S/8, TMTa

times more efficient than system B.
Using the output/input measure, the
efficiency for system A is C/S, and for
system B is C/ S Using this measure
system, A is

C/S,

Crs = Sw/Sa

times better than system B, which is the
same result obtained before.

In conclusion, I recommend a spec-
trum efficiency measure of the form

(communications achieved)/(spectrum
space used) because

@ it will be understood by nonspecial-
ists who make or influence decisions
about use of the spectrum resource;

@ it is easier to calculate and less sub-
jective than another candidate, the
ideal/input measure.

The practicality of the definition
should be tested by converting the
general form into specific definitions for
services such as broadcasting, point-to-
point microwave links, and radar. This
should not be considered to be merely
an academic exercise because the CCIR
will probably adopt some definition of
spectrum efficiency soon. The resulting
change in international regulations will
affect radio system planners, designers,
and operators.
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Appendix

Calculation of physical denial

For the purpose of calculating its spectrum
use, a transmitter can be characterized by its
location in geography and frequency and by
its emission power density function e(s.f; f7).
This function shows the spectral power
density at frequency f radiated in the
azimuthal direction ¢ when the transmitter is
tuned to frequency fr. (Area will be used as
the physical space in this development.) The
function includes all power emitted, in-
cluding spurious emissions and transmitter
noise.

Similarly, a receiver can be characterized
by its location and its admission function
a(¢’.f; fr), which is the fraction of the power
density at frequency f arriving from direction
¢ that will reach the demodulator of a
receiver tuned to frequency fx.

Much of the power emitted by the trans-
mitter does not reach the receiver. The ratio
of received power to emitted power is the
basic transmission loss — defined to be the
loss between isotropic antennas and denoted
by L(f,d), where d is the distance between the
transmitter and receiver'. It is assumed here
that L(f,d) represents the basic transmission
loss for average conditions for the frequency
of interest.

A general expression for the power cou-
pling between a transmitter T, which is a
distance d from a receiver R, is

= (@ ffT)
P=| [—L(ﬁ g

]

[a(¢"fif1f M

In this equation, ¢ is the azimuth angle from
Tto R, and & is the azimuth angle from R to
T. On a flat surface, ¢’ = ¢ + = The first
factor in brackets is the spectral power
density arriving at the receiver, having suff-
ered basic transmision loss L(f,d). The second
factor in brackets is the fraction of that
power density admitted by the receiver, so
that the product is the spectral power density
received. Integration over all frequencies
with nonzero power density yields the total
received power, P.

Situation-specific denial measure
Suppose now that transmitter T and receiver
R are not in the same system, so that there is
a potential for interference. For any receiver
there is some threshold amount of power in
an unwanted signal that will interfere with
acceptable reception of the wanted signal.
Denote this threshold power level of receiver
R by Py

By setting P = Pg, and assuming that all
characteristics of the transmitter and
receiver are fixed, (1) can be solved for L(f,d)
interms of the fixed characteristics. This
relationship can be inverted to find the
minimum non-interfering separation d =
d(é,fr) of T and R.

Fig. 1 is a plot of d(¢,f;) for an illustrative
transmitter with a directional antenna. It can
be seen from Fig. 1 that the geographical area
that T denies R is given by

20
Alfe)= § 1/2d%(ofr)dd ©))
0

The spectrum-space ‘“‘volume’’ used at
frequency f is A(fg)df (see Fig. 1). The denied
areas for each frequency f can be computed,
and the resulting incremental volumes are
summed. The result multiplied by 71 (the time
the transmitter operates) is the situation-
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Fig. 1. Representation of the (bandwidth X area) volume denied to a receiver
by a transmitter with a directional antenna.

(g, ])
d¢

specific measure M for the spectrum space
used by transmitter T

M= [ A(fp)dfg
0

o 2n

=1 {1/2d*(o.fr)dodfy 3)
00

Similarly, the spectrum space denied to a
transmitter by a receiver R operating 7,
h/day is

oo 2n

Mg=1g { §1/2d%¢’ fr)de'dfr C)
00

where d = d(¢'.fy) must satisfy (1) for the
admission function of the evaluated receiver
and the emission function of the denied
transmitter.

Formally, the only difference between the
measures My and M7 is the interchange of
admission and emission functions, but it is
likely that the numerical values are different.
At any rate, the space measured is different;
receiver space is denied to transmitters and
transmitter space is denied to receivers.

Uniform denial measure
The numerical value of the situation-specific
measure depends on the relative locations
and specific emission and admission charac-
teristics of the competing systems. Thus the
value for a fixed system could be changed by
the introduction of a new system in the same
band or area. The uniform measure avoids
this undesirable feature by using idealized
reference transmitters and/or receivers.
Spectrum space used is now considered to be
the spectrum space denied to such reference
receivers and transmitters. Equations (3) and
(4) are still used to define the uniform meas-
ures; however, (1) now has simplified forms.

For the transmitter measure, define an
idealized “probe’ receiver which has an
isotropic loss-free antenna and a perfect
narrow selectivity function, so that a(¢".f;fr)
=0 if fr-b/2<f<fa+b/2 and «(¢"fifg)
= 1 otherwise. The bandwidth of the
reference receiver b is chosen small enough
that the emission function of the transmitter
is essentially constant over it.

With these assumptions on the referenced
receiver, the power coupling (3) becomes

Pp=e(dfofof 1)D/L(fr.d) )

where Pp is the interference power

threshold of the reference receiver. Recall
that (5) must be solved for d = d(¢.fg) to
evaluate (3) for the transmitter measure.

The power threshold Py of the reference
receiver in (5) is somewhat arbitrary. How-
ever, it may logically be related to the
average ambient noise power density since
this is the power that would “use” the space
in the absence of any system. Specifically,
choose Pi/b to be the average ambient noise
power density 2°.

An analogous definition can be made of the
space denied to a reference transmitter by a
particular receiver R. In this case, assume
that the reference transmitter has an isot-
ropic antenna and a perfect narrow spectral
density function. Specifically, «(¢.fifr) = 0
unless f~ — B/2 < f < f; + b/2, and in this
interval «(of’f;) = P./b, where P; is the
emitted power of the reference transmitter.

With these assumptions, (1) becomes

P& frife)

" b L(fad) b 6

R

where P, is the interference threshold of the
evaluated receiver. Again, (6) must be solved
for d = d(¢',fr) to evaluate (4) for the uni-
form measure for receiver R.

Equation (6) shows, explicitly, what is
intuitively obvious — that the space denied
by a receiver to a transmitter depends on the
power P;emitted by the reference transmit-
ter. In this case there is no ‘‘natural”
reference level to use as there was in the case
of a reference receiver, so the choice will
have to be arbitrary. Once a choice has been
made, however, this measure of spectrum-
space use depends only on the characteristics
of the evaluated receiver, including its power
threshold.

Simple measure for idealized
transmitters and receivers
The uniform metric for a transmitter
assumes that the reference receiver has a
rectangular bandpass (i.e., selectively func-
tion). Similarly, the uniform metric for a
receiver assumes that the reference trans-
mitter has a rectangular power spectral
density function. In both cases, the emission
(or admission) function of the evaluated
equipment (transmitter or receiver) is arbi-
trary; it does not need to be “rectangular.”
Suppose, on the other hand, that a trans-
mitter has a perfect power spectral density
function of bandwidth B. Then, the uniform
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measure M;=1BA(f;) where A(f;) is the
area (2) denied to a competing receiver with
tuned frequency f, =f;. Analogously, if we
want to evaluate the measure for a receiver
with a perfect rectangular bandpass of
bandwidth B, then the uniform measure is
M, =BA(f,), where A(fp) is the area denied to
acompeting transmitter. That is, the uniform
measure reduces to a simple (time) X (area)
X (bandwidth) product for “perfect” equip-
ment characteristics.

The expressions above measure the
amount of spectrum space denied by in-
dividual transmitters and receivers. If a
system has multiple receivers and the
spectrum-space volumes denied by these
receivers overlap, then the amount of spec-
trum used by the system is not simply the
sum of use by its component parts. Rather, it
should be the union of spectrum-space
volume denied, and the measure of system
use should be less than the sum of the use of
component receivers. An analogous situation
may occur with a system having transmit-
ters.

Ewing and Berry* discuss these definitions
in more detail and give sample calculations.
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Guide to hi-fi equipment

Over 450 pages of detailed information and
photographs of all major categories of high
fidelity equipment, including aerials, con-
struction Kkits, hi-fi cabinets, magnetic tape,
tape accessories, and unit audio systems, as
well as speakers, cassette decks, music cen-
tres, record decks and amplifiers are offered
in The Hi-Fi Year Book 1979, just issued by
our publishers IPC Electrical-Electronic
Press Ltd. A brief description of each item is
given, together with specifications and price.
A directory section iists brand names, dealers
and manufacturers and suppliers in
alphabetical order for easy reference. The
book is available from main bookshops at £3
or direct from the publishers at £3.50 inclus-
ive. Cheques should be made payable to 1PC
Business Press Ltd., and sent to General Sales
Department, CP34 Dorset House, Stamford
Street, London SE1 9LU.

Oscilloscope waveform
store

As readers will perhaps have discovered, no
sooner was the design of the ‘“Add-on
oscilloscope waveform store’ published
(October and November) than we were in-
formed that the MC1407 integrated circuit
was no longer to be made. All is not lost,
however. We hope to publish in the January
issue a replacement circuit for which the
printed board will need only a small modifi-
cation. At the same time, we will print the
circuit diagram of the power supply. Com-
ponents for this design were obtained by the
author from C.P. Development, 16 Hughen-
den Road, High Wycombe, Bucks. See also
p.64 for the correct version of Fig. 7.
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NEW/S OF THE MONTH

EBU discusses technical details for

The EBU has published a document “Study
of technical questions of interest to the
WARC 1979” which provides the comple-
mentary technical basis for the requirements
given in an earlier report on the guiding
principles for the WARC 1979
(see p75, August 1978 issue). Most of the
studies were carried out within the EBU in
preparation for the CCIR’s autumn '78
Special Preparatory Meeting (SPM).
Although contributions have been made by
the EBU to the SPM on most of the subjects
in the document, in other cases only pre-
liminary results were available and it was
therefore planned to up-date the information
according to the progress made by the EBU
Technical Committee during 1979.

H.f. broadcasting

The 56-page document, SPB66, is in three
parts; terrestrial sound broadcasting, ter-
restrial television broadcasting and satellite
broadcasting. In the first part the questions
are related exclusively to h.f. broadcasting
(band 7). A proposal is made for a specifica-
tion for a possible future single-sideband
(s.s.b.) system for h.f. broadcasting as this
has many advantages not possessed by any
compatible s.s.b. (c.s.5.b.) system (subject of
CCIR report 299-3).

The proposal suggests that the introduc-
tion of such a s.s.b. modulation technique be
in such a way that the transition from double
sideband (d.s.b.) to s.s.b. can be well organ-
ised in advance in order to avoid incom-
patibilities with existing receivers. The EBU
also consider that an s.s.b. system would be
more effective than a c.s.s.b. system in in-
creasing the efficiency of the 1.f./m.f. bands
(bands 5 and 6).

A conclusion in the document says that,
because most of the h.f. broadcast frequen-
cies are in constant use, it would not be
possible for broadcasting services to change
their operation from one band to another in
an organised way to comply with the sunspot
cycle, even if all allocated broadcast bands
were of equal width.

In view of the number of services com-
peting for the allocation of appropriate por-
tions of spectrum space for communication
by ionospheric propagation, suggestions
were made that some of the additional
frequency ranges which are to be allocated to
broadcasting, be shared by other services.
The EBU consider that this would lead to
difficulties and would not satisfy either party.
The 7MHz bands where radio amateurs in
region 2 share with broadcasters in other
regions is used as an example. It is the view of
the EBU that frequency allocations for h.f.
broadcasting should be exclusive and identi-
cal in all three regions.

Increased congestion in the h.f. broadcas-
ting bands, drew attention to the fact that the
deviations in carrier frequency from broad-
casting transmitters complying with CCIR
recommendations are not likely to ensure the
optimum use of the available frequency
spectrum. It was suggested that to meet the
proposed requirements of a maximum dif-

WARC ‘79

ference between carrier frequencies of 0.2Hz,
the stability of emissions needs to be 1 part in
108 (based on a carrier frequency of 10MHz).

‘It is the EBU'’s view that this standard should

be proposed for adoption at the WARC '79 by
the SPM and that all new transmitters should
conform to the standard. Transmitters cur-
rently in use should all be converted by the
end of 1984.

Terrestrial television broadcasting

The possibilities of television broadcasting
frequency sharing with the land mobile
services below 1GHz was one subject raised
in the document and the three main ways of
doing it were discussed. These were sharing
by using separate hours of operation, sharing
by the use of separate frequencies, and
sharing in separate geographical areas. In
terms of its effect on television broadcasting
it was found that, although sharing might be
technically feasible in particular cases (see
Spread spectrum comm. p50, August 1978), it
would always be very difficult from an or-
ganisational point of view and might even be
impossible in certain circumstances. The
effects of sharing on the mobile radio service

- were not studied because this was believed to

be outside the competence of the broad-
casters. However, the EBU felt that because
of the low interference tolerances in the
mobile service the mobile radio users may
experience even more serious difficulties
than the broadcasting service. The EBU
therefore advise that frequency sharing, as
suggested, should be avoided.

One question concerned the possibilities of
reducing the channel bandwidth of a tv
signal by incorporating the sound informa-
tion in the video signal. The EBU came to the
conclusion that there were three basic
requirements to be fulfilled. The first was
that the inserted digital sound signal should
not interfere with the performance of
existing receivers. The second was that the
system should be capable of the transmission
of stereophonic sound or of two independent
sound signals, if possible with full quality.
Lastly, they concluded that the service area
of a transmitter should be limited by the
degradation of the picture and not by that of
the sound. The EBU have decided to pursue
the development of a new transmission sys-
tem which meets these requirements and will
keep in close collaboration with the relevant
industries. However, because of the time that
will elapse before a new standard could be
made effective, it was concluded that the
WARC ’79 will most probably not be in a
position to take a decision on the introduc-
tion of such a transmission system.

Satellite broadcasting

Under the heading ‘satellite broadcasting’
one study dealt with the feasibility of satellite
sound broadcasting on the 26MHz range.
Although it indicated that this was feasible,
some EBU members were in favour of the
future utilization of the band for an inter-
national service, while others thought that the
proposal was inopportune, in view of deci-

sions made at the WARC '71 conference.
Another study considered a satellite sound-
broadcasting system for a national service
using portable receivers in the IGHz range. It
was decided that between sixty and sixty-five
channels, each of 150kHz bandwidth, would
probably be needed for each of the countries
in region 1 and the corresponding bandwidth
would therefore be about 9MHz.

A number of studies dealt with questions
resulting from the 1977 Geneva Conference,
where a frequency plan for the 12GHz range
within regions 1 and 3 were drawn up. The
major problem here was related to the
frequency spectrum that would be required
in order to proyide all the satellites in the
Geneva Plan with programme links in the
up-links. The EBU study contributes to the
general objective of making the optimum use
of the frequency spectrum but to achieve
such an aim it would be necessary for the
WARC 1979 to lay down certain regulations
that would enable the realisation of these
up-links under the recognised constraints.
Some additional problems relating to the use
of the 12GHz range are also discussed, as are
the dangers of interference to future 12GHz
broadcasting receivers that could be caused
by spectrum users outside this range. These
show that caution is required in the use of
certain frequency bands, when decisions are
to be made with regard to future allocations
to other services. The WARC will also be
required to decide on the introduction of
additional broadcasting services. In the
12GHz range only domestic radio receivers
could be used, which would restrict the
utility of this band to specialised sound
broadcasting services. The studies described
in the document give all the system charac-
teristics required to enable the appropriate
decisions to be made at the WARC.

Finally, some consideration is given in the
document to future developments in televi-
sion, and the system characteristics for
high-definition television systems for repro-
duction on large screens. An evaluation is
also made of the frequency-spectrum
requirements for the realisation of such
systems in ranges above 12GHz. The docu-
ment also includes six Appendices giving
information complementary to the subjects
discussed in the main parts.

Mobile radio aids show

The first Motor Show at the National
Exhibition Centre in Birmingham was a
triumph for mobile radio communications,
according to Pye Telecommunications
Limited. There were over 900,000 visitors to
the show and Pye takes at least some credit
for ensuring that many of them arrived and
left as quickly as possible, and with the
minimum of discomfort. An estimated 200
buses at the NEC, all equipped with Pye
mobile radios, transported more than half a
million visitors to and from car parks during
the ten days of the show.
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Revolutionary frequency
synthesizer chips

‘A PAIR of revolutionary new chips almost
passed from the workbenches of the research
and development laboratories and into the
telecommunications market without being
noticed. The chips in question were actually
used in Pye’s new frequency synthesizer (see
p.48, July 1978 issue) but it escaped the notice
of most of the media that credit for the
success of the frequency synthesizer should
go to Philips Research Laboratories (briefly
mentioned in the July report) and to the
Mullard Applications Laboratory for the
development of the chips.

When registered the silicon chip microcir-
cuits, which can form the heart of almost any
frequency synthesizer, may be given the
designations LNI1231 and LNI1241. The
LN1231 is probably the most important of the
two chips because it is now being called the
Frequency Synthesizer chip — implying that
it is the chip for frequency synthesizers.
However, a more technical name for the
LN1231 is ‘phase comparator combination’.

Frequency synthesizers have, to date,
never been completely accepted as the
standard device in the telecommunications
field because they are prone to produce
noise. According to design and research
engineers at Mullard and Philips, the phase
comparator was the cause of much of the
trouble because it produced a lot of phase
noise. This noise was passed through to the
output of the synthesizer and also provided
the source for other spurious signals.

Researchers at Philips, headed by Dr M.
Underhill, have managed to solve this pro-
blem using a new and fundamental principle.
In fact, the design principle is so basic that
details cannot be revealed at present. How-
ever, Wireless World has been told that the
principle is based on a sample-and-hold
technique. Philips claim that with the LN1231
purity of output can be 1000 times better, in
relation to phase noise produced at the out-
put of a phase-lock-loop (p.1.1.) synthesizer.
The LN1231 contains a crystal oscillator, a
programmable reference divider, a phase
modulator and two phase detectors (one high
performance and one conventional). The de-
vice, which also includes an out-of-lock indi-
cator, is produced in LOCMOS.

The second LOCMOS device, the LN1241,

is called the ‘universal divider’ and is a pro- -

grammable divider and control i.c. for exter-
nal prescalers. It uses a five-decade pro-
grammable divider which employs a multiple
feedback technique, incorporating feedback
for non-decimal channels. It also has a
facility for halif-channel offsets and a sub-
tractor is built onto the chip for i.f. offsets.
Programming is done in a multiplex form to
make the LN1241 compatible with matrix-
type memories. The device will accept
frequencies up to 9MHz (minimum) and can
divide from approximately 0 to 1400, giving
about 4% decades of division.

The fundamental research work on the

two chips was carried out by Philips after
consultations with a number of European
telecommunications companies, including
Pye. These companies provided the assist-
ance necessary to make suitable products out
of the devices, and in so doing they set the
parameters for the noise levels. Terry Giles,
who has spent the last three to four years
working on the frequency synthesizer de-
vices in Mullard’s Applications Laboratories,
said that all one needs for a multiple-channel
mobile radio mixer oscillator is a divide-by-
ten prescaler, a general-purpose op-amp., a
voltage controlled oscillator and a channel
store — a diode matrix would suffice.

Many low-cost synthesizers use two loops
in the phase lock loop circuitry, one which
obtains frequencies down to a particular
division and another loop, with a second
v.c.0., which obtains the frequencies in be-
tween (an example of this can be seen in
pp.65-66, Sept. 1977 issue).

Because they use two v.c.os there is more
chance of the synthesizer producing spurious
signals. The new chips use both linear and
digital circuitry and enable frequency syn-
thesizers to be made with only one loop. In
addition the devices enable radios to have a
much lower modulation distortion figure. For
a modulation index of 100, at 50Hz, a distor-
tion figure of about 1% €an be obtained.

It was Mullard’s aim originally to make low
cost, simple frequency synthesizers for single
channel transceivers and it was the result of
this work, in producing fast-operating de-
vices, and the breakthrough made by Philips
during their research programme, that have
made the production of these two frequency
synthesizer chips possible.

The LNI1231 and the LNI124]1 are now
available to the public in sample quantities at
a one-off price of £50 for the pair.

New four-year degree course in

SOUTHAMPTON University has introduced
special four-year engineering degree courses
for students of proven ability who plan car-
eers as professional engineers. The Univer-
sity is offering these courses in Acoustical
Engineering, Aeronautics and Astronautics,
Civil Engineering, Electronics and Electronic
Engineering, Mechanical Engineering and
Ship Science.

Although other universities —
Birmingham, Brune}, Cambridge, London
(Imperial College), Manchester, Oxford and
Strathclyde — have offered four-year full-
time (as compared with sandwich) en-
gineering degree courses, these have been
‘management enriched’ in that they have
been backed by management subjects. They
were also financed by the University Grants
Committee. The courses being run by
Southampton University are the first of their
kind and are intended to enrich the ‘pro-
fessional engineering’ content, of which
management studies form only a small part.
The whole thing is being carried out at the
Universities own expense; that is, it is being
done by diverting their existing funds and
changing their internal operations. The
Planning Director of the new courses is
Professor R. C. Smith who is himself a Pro-
fessor of Electronics. He has been relieved of
his teaching duties for three years and his
and his secretary’s work are being financed
by the Wolfson Foundation Fund — an
industrially-backed fund.

The programmes for the first and second
years of the new courses are exactly the same

as those of the normal three-year courses. In
the three-year course the third year is the
specialization year; in either Electronics
Techniques or Physical Electronics in the
case of the Electronics degrees. In the four-
year course this specialization period is
spread over the third and fourth years and it
is the extra year, mixed in with these, which
makes all the difference.

One half of this extra year emphasizes
‘design’ and will cover all aspects of design
from the first ideas of applications of systems
or equipment, to costing, production and
patenting, etc. Students will work with local
companies (national names) who may act as
‘pretend customers’ or perhaps even real
customers. The University is still discussing
details with the companies but it is likely that
a company will approach students to ask for
a particular design. The students will work in
teams, partly because they can get more
work done that way, and partly because this
is the way that they will probably work in
industry. Difficulties (in ownership of
patents) may arise if students should design
something which a company is really inter-
ested in, but again this is something which is
still to be discussed.

The other half of the extra year will be
given to ‘industrial studies.” While these
studies will be concerned with management
and business they will be engineer-oriented.
Professor Smith told Wireless World that the
four year courses are “‘out to produce better
engineers — good engineers have to be able
to cope with management-type problems”.

electronics

The second half of the extra year will
comprise of lecture courses on Industrial
Studies, design projects which will force the
students to use non-technical as well as
technical techniques (marketing forecasts,
etc.) and work relating to the organisation
and production of electronics.

The four-year course will also include 20
weeks in industry, as the three-year course
does. The student, according to Professor
Smith, needs to know how the theory fits in
with industry, and he believes that these
courses help to do just that. When asked
whether another year between school and
industry could be harmful to the students or
industry, Professor Smith said, “Although
the electronic industry is screaming out for
students it is also screaming out for well-
prepared people.” :

Students who started their degree courses
in October 1977 have already had the oppor-
tunity to apply for transfer to the four-year
course (at the beginning of their second
year). However, although the University
would like all of its students to receive this
special education — which incidentally pro-
vides them with an extra qualification, a
Diploma in Engineering — the courses are so
labour-intensive, from a staffing point of
view, that only 10% of these students may be
taken at the moment. All applicants are
interviewed by panels comprising industrial-
ists as well as members of the academic staff
and success depends upon their academic
record and their motivation for engineering.
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UK ahead in
fibre optics
standardization

INITIATIVE by the Electronic Components
Industry Federation (ECIF) in bringing
together UK companies in symposia and in
establishing a forum has put Britain ahead of
the world in the move to determine inter-
national standards for fibre optics, according
to an ECIF spokesman. The companies in-
volved in the discussions are too numerous to
mention here because they include the
makers of optical fibres, fibre optics cables,
connectors and suppliers of fibre optics
systems, but many of them are world leaders
in their own specialized areas.

ECIF got involved about two years ago
when between 30 and 40 connector
manufacturers, members of the ECIF, were
showing interest in making connectors for
the fibre optics industry. Although these
companies were in competition it wasin their
own interests to ensure that they worked to
standards which could eventually be adopted
internationally, and so the ECIF held sym-
posia to bring them all together. A forum was
then set up by the ECIF to introduce firms
making optical fibres and fibre optics cables,
and the suppliers of fibre optics systems.

When the British Standards Institution
(BSI) established a committee for fibre optics
(ECL-6-9) in April this year, ECIF decided to
direct their efforts to the same end and are
now represented on that committee. As far as
the standard’s specifications are concerned it
is very early days and a BSI draft is still to be
made, according to a spokesmen from ECIF
and BSI. However, the BSI spokesman said
that it was likely to be treated in two sec-
tions, fibres/cables and connectors/
terminations. Undoubtedly the specification
will dictate performance rather than
methods and materials. Factors which could
affect the specification and which are under
consideration include transmission powers
from sources, dB losses at connections and
along cables, cable sizes and types and di-
mensions of cable coverings and connectors.

According to the BSI spokesman the In-
ternational Electrotechnical Commission
(IEC) has already received a strong delega-
tion from the UK and written proposals from
the USA and European countries, including
Britain. A working group has been formed by
BSI and this now works in close liaison with a
similar working group in the IEC. Work was
expected to progress slowly at first and
would be based largely on the papers that
have already been written on the subject said
the BSI representative. ECIF are presently
establishing information exhanges between
the UK and organisations and authorities in
Europe and America.

i

Software dabb-
lers may take over
electronic system

= (2]

design’
A STRONG waming that electronic system
design could be damaged by falling into the
wrong hands as a result of the microprocessor
revolution was issued by Professor H. A.
Barker of Aston University in his chairman’s
address to the Control and Automation Divi-

sion of the IEE in October. He was basically
concerned with the effects of the general
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The AILTECH division of Cutler-Hammer's
Instruments and Systems Group have been
awarded a $17.8 million contract from the
Suez Canal Authority for the design,
manufacture and installation of a
vessel-traffic management system for the
Suez Canal. The system is hoped to be
installed and operational by 1980, to
coincide with the first phase of the Suez
Canal widening.

In operation, a ship entering the Suez
Canal at Port Said in the north or Port
Tewik in the south will be detected by a
radar and visually displayed on a
digital-scan display system. This
information will also be sent to a muin
computer at a central control centre at the
Authority’s headquarters in Ismailia.

SYRIA

JORDAN

EGYPT

Traffic management
system for
the Suez Canal

The newly-acquired information is
compared with information collected over a
period of some weeks or months about
ships intending to use the Canal. Data from
as many as 20,000 vessels can be stored at
any one time, permitting the controllers to
form convoys, taking into account, for
instance, a vessel’s speed or steering
charuacteristics.

Upon entering the Canal, a Loran
receiver /transmitter called CORT (Carry
On Receiver Transmitter) will be placed on
board the ship. This device automatically
determines its position by analysing signals
from special Loran transmitters. It then
sends a radio report of this position, which is
entered in the computer system at Ismailia.

availability of software. Even before the
microprocessor appeared, he said, the effect
of circuit integration had been to erode the
traditional hardware skills of the system
designer in favour of other, more nebulous
skills. These other skills were concerned with
the structuring of systems into intercon-
nected subsystems, rather than with the
designing of special-purpose circuitry using
discrete componentes. Detailed design was
increasingly embodied in the integrated
circuits used as the lowest-level subsystems.
The advent of the microprocessor
accelerated the trend of decreasing hardware
skills and, by providing a fixed basis for
system configurations, presaged their even-
tual disappearance from system design. At
the same time, the nature of the new skills
required by the system designer had finally
clarified; they were now the software skills
required to transform a problem into a pro-
gram.

Professor Barker claimed that the full
implications of this fundamental change in
the role of the electronic system designer had
not yet been widely appreciated, despite their

obvious importance for the proper exploita-
tion of the new technology. “In particular,
the change must be recognised, accepted and
acted on by the electrical engineering pro-
fession,” he said, “otherwise the system
design function will become divorced from
its electronic systems designed by whoever
happens to be applying them. While this may
have attractions for dabblers from other
professions, it is an amateur approach which
contributes nothing to the development of
the subject, and could be very damaging. The
divisive approach has always been a bugbear
in control and automation, where its dangers
are well appreciated, and here, in particular,
the opportunity for unification must not be
lost.”

Many electronic systems designers, con-
tinued the professor, had not even heard of
software until a few years ago, and even now
would be quite content for it to start and
finish at the level of an assembler. Engineers
would have to be re-educated and retrained
in the new concepts, and in industry “facil-
ities of a new, and often expensive, kind will
be required for design and development”.
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Establishing a local radio station

THE department of Extra-mural Studies at
the University of London has introduced a
university extension course on ‘establishing
a local radio station.” The course, which is
presently taking place, covers both theory
and practice and has three main aims. Firstly,
it aims to study the administrative, legal,
financial and technical aspects of setting up a
local radio station. Secondly it aims to iden-
tify a community or group interested in
applying for an IBA non-profit franchise, for
a cable licence or for regular access to an
existing station, and to assist that com-
munity or group in its application. Thirdly, it
aims to collectively write an account of the
course — in the hope that it may be helpful
‘elsewhere.

If you think that these aims make the
course sound less like an academic benefit to
a student and more like a collective aid to
groups trying to set up their own local radio
stations, you are probably right! The course
tutor, Peter Lewis, was one of the founders of
the Community Communications Group
(Com-Com) and he is now the public relations
man for them. He is also an ex-IBA man and
author of the book ‘Whose Media? The An-
nan report and after a citizens’ guide to radio
and television,” see p 52, April 1978 issue.
When Mr Lewis worked for the IBA he was
responsible for the Bristol Channel televi-
sion experiments in which five independent
local stations were set up on cable systems.
Unfortunately most of these stations ran into
financial trouble and closed down. The
leading stations were Bristol and Swindon,
the latter being the only one still in operation.

Some sessions in the course are being led
by visiting specialists who, it was planned,

would talk specifically on the fundamental
requirements for setting up a station. In one
stage of the course, joint meetings are being
held with representatives of the selected
community or group, on location.

It has been suggested by a reliable source
that the course organisers hope that the
course will flourish into a continuing project
which no doubt will be kindled by the publi-
cation of a report which the class and com-
munity or group representatives will prepare.
Wireless World put this suggestion to Mr
Lewis, who replied that there was an
educational job to be done but they hoped
primarily to assist a group or community in
getting an IBA franchise, and to pave the way
for other groups in the future. This project
arises from Mr Lewis’s other work (other
than Com-Com), that of running or helping
to run a community-related-curriculum
study service — making courses help the
community. When asked what will happen
after the course, Mr Lewis said that it was
very difficult to see what outcomes would
occur. “It is very hard to predict. The report is
hoped to be useful and perhaps of more use to
someone else.”

The present ‘class’ includes people who
have experience in free radio, hospital radio
and student broadcasting. There are also
people from Pacifica Radio in America,
Australian public broadcasting stations,
commercial radio in the UK, BBC local radio
and BBC tv.

At the time of going to press a project
group/community was still be be found.

® Some of Com-Com’s views are given on
p.71, October 1978 issue.

‘Broadcasters try programme labelling

THREE European organisations have now
done on-air tests of programme labelling on
their v.h.f./f.m. stereo sound transmissions
— the BBC, the Netherlands Broadcasting
‘Corporation (NOS) and the Swedish
Telecommunications Administration. Details
of these experiments, and other work in their
laboratories, emerged from three papers
presented at the recent International Broad-
casting Convention in London. The idea of
programme labelling — a sound broadcast-
ing refinement which may help eventually
to sell more advanced and expensive
. receivers to gadget-minded members of the
public — is to transmit, along with the
programme signal, a code signal which con-
tinuously identifies the programme service
or network, the transmitting station, the type
" of programme material and perhaps gives
other information such as the time, the
programmes in other networks, and simple
news or other messages. At the receiver this
information can be displayed as a visual aid
to tuning (especially in areas with a high
density of stations) or be used for automatic
. search tuning (May 1977 issue, p. 39) or
automatic pre-selection of stations and pro-
gramf'nes for either listening or recording.
Radio Luxembourg already uses a simple
form of programme labelling, and the ARI
traffic information service (October 1978, p.
73) is really based on this principle.

From the IBC papers it seems that the
broadcasters envisage transmitting the
labelling information on an inaudible sub-
carrier within each radio channel. Obviously
there is more bandwidth available in v.h.f.

channels than in Lf. and m.f. channels, thus
allowing a higher information rate and a
greater amount of useful information to be
sent. Nevertheless, the BBC authors did
mention in their paper the possibility of
labelling 1f. and m.f. broadcasts — by phase
modulating the carrier — and they hope to do
some on-air tests “in the near future.”

The information itself would be a repeating
sequence of characters, alphabetical and/or
numerical, which would be generated elec-
tronically in binary coded form — a seven- or
eight-bit word for each character — and
modulated onto the sub-carrier. All three
papers seemed to agree that a complete
sequence of characters, or message, would
have to be repeated four or five times a
second (e.g. for automatic tuning systems)
and this would entail an information rate on
the sub-carrier of about 600 bit/s.

The great difficulty is what frequency to
choose for the sub-carrier, what level it
should be, and how to modulate it, and here

there were some differences of approach’

between the papers. Clearly, programme
labelling must be compatible: it must not be
audible to mono or stereo listeners and must
not impair sound quality by interfering with
the stereo decoding process. According to
the BBC paper the sub-carrier can be placed
in one of the of the three bands : 15 to 19kHz;
19 to 23kHz; and above 53kHz. In the broad-
cast tests, whereas the British and Swedish
engineers used a sub-carrier of 57kHz, the
Dutch, believing that “the f.m. baseband
spectrum above 53kHz was unsuitable to
accommodate a sub-carrier’” for com-

Night vision glasses
used by helicopter
rescue service

The Swiss Helicopter Alpine Rescue Service
have just completed two years service

trials on a modification of ITT’s night

vision glasses, which were originally
developed for military use. Because most
calls for alpine rescue come during the worst
weather conditions, the glasses are
invaluable to pilots, and enable them to
clearly distinguish fields, woods and hills
which would normally appear as complete
blackness to the un-aided eye. The night
vision aids use ITT electronic image
intensifiers,sensitive to light undetectable to
the human eye. What the wearer sees is not
an optical picture, but an electroni¢ image
on a video screen.

patibility reasons, used 16.625kHz. However,
the BBC had carried out subjective
laboratory tests using 17kHz, 21kHz, 57kHz,
65kHz and 76kHz with seven different com-
mercial receivers. For a given degree of
impairment received by the listener (Grade 4)
they measured the percentage injection of
the sub-carrier and signal-to-noise ratio in
the data channel for the various receivers.
They found wide variation between the sets
and concluded “‘compatibility problems with
existing receivers are severe.” But the BBC
also reported their intention to do on-air tests
with different sub-carrier frequencies.

The Dutch experiments, reported in a
paper from Philips Research Laboratories,
Eindhoven, used phase shift keying for
modulating the sub-carrier. The BBC
reported “various’” ways of modulation,
while the Swedish paper described in some
detail a system which involved differential
coding of the binary information, arranging
this to phase modulate a 1187.5Hz tone, and
amplitude modulating the 57kHz sub-carrier
with this tone. 1t appears that the phase
relationship, of the sub-carrier to the 19kHz
pilot tone and its harmonics is important in
compatibility. The BBC, for example, in their
on-air tests locked the 57kHz sub-carrier in
quadrature with the third harmonic (57kHz)
of the pilot tone — the zero crossings of the
pilot tone occurring at maxima of the sub-
carrier.
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Displacement current

— and how to get rid of it

by I. Catt and M. F. Davidson (CAM Consultants)

and D. S. Walton (Icthus Instruments Ltd)

To enable the continuity of electric
current to be retained across a capacitor
Maxwell proposed a “"displacement
current”’. By treating the capacitor as a
special kind of transmission line this
mathematical convenience is no ionger
required.

CONVENTIONAL electromagnetic
theory proposes that when an electric
current flows down a wire into a
capacitor it spreads out across the plate,
producing an electric charge which in
turn leads to an electric field between
the capacitor plates. The valuable con-
cept of continuity of electric current is
then retained by postulating (after
Maxwell)! a “displacement current”,
which is a mathematical manipulation
of the electric field E between the
capacitor plates which has the dimen-
sions of electric current and completes
the flow of “electricity” (Fig. 1 (a) and
(b)). This approach permits us to retain
Kirchhoff’s Laws and other valuable
concepts, even though superficially it
appears that at the capacitor there is a
break in the otherwise continuous flow
of electric current.

The flaw in this model is revealed
when we notice that the electric current
entered the capacitor at one point only
on the capacitor plate. We must then
explain how the electric charge flowing
down the wire suddenly distributes
itself uniformly across the whole
capacitor plate. We know that this can-
not happen since charge cannot flow
out across the plate at a velocity in
excess of the velocity of light. This
paradoxical situation is brought about
by a fundamental flaw in the basic
model. Work on high speed logic de-
sign? has shown that the model of a
lumped capacitance is faulty, and “dis-
placement current” is an artefact of this
faulty model.

The true model is quite different.
Electric current enters the capacitor
through a wire and then spreads out
across the plate of the capacitor in the
same way as ripples flow out from a
stone dropped into a pond. If we con-
sider only one pie-shaped wedge of the
capacitor, as in Fig 1 (¢), we can recog-
_nise it as a parallel plate transmission
line whose only unusual feature is that
the line width is increasing (and hence
the impedance is decreasing). The

capacitor is made up of a number of
these pie-shaped transmission lines in
parallel, so the proper model for a
capacitor is a transmission line.

Equivalent series resistance for a
capacitor is the initial characteristic
impedance of this transmissien line at a
radius equal to the radius of the input
wires. Series inductance does not exist.
Pace the many documented values for
series inductance in a capacitor, this
confirms experience that when the so-
called series inductance of a capacitor is
measured it turns out to be no more
than the series inductance of the wires
connected to the capacitor. No
mechanism has ever been proposed for
an internal series inductance in a
capacitor.

Since any capacitor has now become
a transmission line, it is no more

(a)

w (O ( D
¥ X

@ ( ol Ga— D

Fig. 1 Process of current flowing into a
capacitor and spreading out across a
plate is shown in (a} .. ' b\ The struc-
ture in (b) can be considered as being
made up of a number of pie-shaped
wedges as in (c)-each of which is a
transmission line.
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necessary to postulate “displacement
current” in a capacitor than it is
necessary to do so for a transmission
line. The excision of “displacement cur-
rent” from Electromagnetic Theory has
been based on arguments which are
independent of the classic dispute over
whether the electric current causes the
electromagnetic field or vice versa.

Appendix
Comparison of the transmission line
model with the lumped model of a
capacitor in an RC circuit.
Taking the above discussion further,
consider a transmission line as shown in
Fig. 2, assumed to be terminated with a
resistance Ry (not shown). The reflec-
tian coefficient is p=(R1—Z)/(Rr+2Z,)
where Z, is the characteristic imped-
ance of the line. If the line is open-
circuit at the right-hand end, as shown
(and therefore R is infinite), the p= + l
We will assume that R>Z,.

When switch S is closed (at timet= 0)
a step of voltage V.Zo/(R+Z,) is pro-
pagated down the line. This reflects
from the open circuit at the right hand
end to give a total voltage 2V.Z /
(R+2Z,). Reflection from the left end
makes a further contribution of [V.Z,/
(R+2Zp)] X [(R=Z)/(R +Zy)] and so on.
In general after n two-way passes the
voltage after n passes is V,, and,

VZ,

‘R+2Z, @

Vi =V, +2.

R-Z,
R+ZJ

In order to avoid a rather difficult inte-
gration it is possible to sum this series to
n terms using the formula,

_a(l-v) @)
I v

where a is the first term of a geometrical
progression and v the ratio between
terms. (This formula is easily verified by
induction.) Substituting in (2) the
parameters from (1),

_ W2,
o Y 3
ie.a R+Z, 3)
R+2Z,
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We obtain,
2VZ, 1— -Zo|"
R+Z, [ +2Z ' )
n i R-Z,
R+2Z,
R-Zy1"
=vii— (6)
Ve |

This is the correct description of what
is happening as a capacitor charges. We
can now go on to show that it is
approximated by an exponential. We
have

R-Zn"

Consider the term,

ro(R~Zoy
“(7+z

_(1-Z/R \"
(1 +ZO/R)

If Z,/R<1 this term is asymptotically
equal to

2ZO‘”
1—
( R

Now define k=2Zyn/R. Substitution
gives:

. k;‘

1——
n

T=

By definition, as n—0° we have,

—-2Zgn
T=e"* —e 20
R

And therefore:

—ZZOn
V,=V [1—e \

R

Now, after time t, n=V_t/2l, where
v, =velocity of propagation.

Therefore

—Vit Z,
I R

V(ty=V {1—e

For any transmission line it can be
shown that:

Zo=f\/:E

1
Vet TR
C,=¢/f

where C, = capacitance per unit length,
and f is the same geometrical factor in
each case. The “‘total capacitance” of
léngth [ of line=1.C;=C.

vz, L
IR RC

Hence

and therefore
V(t) = V(1—e VR
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s
( I «Fig. 2 An.open-ended transmission line.
B
i,' Fig. 3 Comparison of the transmission
line model 1—(1—-2Zy/R)" in the curve A
with the lumped model 1—e~220"'% in
curve B, for 2Zy/R = 0.1.
n Vi
0.6 T; v
0-5
0.4-4
0.34
02
/]
0.1+ Z
s,
7 n{and time)—-—m
T T T T T T 1 1 T
1 2 3 4 6 7 8 9 10

which is the standard result. This model
does not require use of the concept of
charge. A graphical comparison of the
results is shown in Fig. 3.
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Digital broadcasting problems

THE BBC'’s initial experiments with digital
sound broadcasting (July issue, News, p.50)
have shown that there are major reception
problems in heavily built-up areas due to
multipath propagation, according to James
Redmond, the Corporation’s director of en-
gineering. Speaking on broadcasting deve-
lopments in his inaugural address as new
president of the IEE, he said that valleys
running transversely to the direction of
propagation from the transmitter can cause
this kind of problem for people living in the
valley. The hills on the transmitter side of the
valley attenuate the direct signal while those
on the other side provide several strong
reflected signals.

It was found that the Tyne valley caused
this kind of effect in parts of Gateshead.
When comparing differential p.s.k. and f.m.
reception while touring that neighbourhood,
BBC engineers found that d.p.s.k. reception
was virtually perfect for the greater part of
the time but was quite unacceptable in a few
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regions when using a receiver with a simple
digital decoder. Where reception was unac-
ceptable the receiver muted. After giving a
comparative demonstration of d.p.s.k. and
f.m. reception in this region, Mr Redmond
commented that clearly there was a lot to do
and they probably would have to try other
forms of modulation to decide which would
give the best reliability. The work was only
just beginning and “it is so unusual for the
broadcast engineer to find himself with an
absolutely clean slate in the utilisation of a
frequency band that the responsibility of
choosing wisely is a very heavy one. The
opportunity is unlikely to arise again in our
lifetimes.”

® James Redmond retires as director of
engineering this year after a long and dis-
tinguished career in the BBC. He joined in
1937 as a sound engineer in Edinburgh and
progressed through the organization, be-
coming assistant director of engineering in
1967 and director in 1968.
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Audio power amplifier design — 5

Negative feedback and non-linearity distortion

Why does the low note contain the sound of the high note? — ARISTOTLE
\

by Peter J. Baxandall, B.Sc. (Eng), F.1.E.E., F.I.LE.R.E.

The July article in the present series
concluded the treatment of the basic
techniques for achieving feedback-loop
stability. Attention will now be given to
the effects of negative feedback on
non-linearity distortion, and it will be
shown that some of the ideas involved
are more subtle than is sometimes
appreciated.

THE following treatment, which has
gradually become clarified and ex-
tended in scope over a period of many
years, will, it is hoped, enable the reader
to see what the answers to questions
such as the following should be:

(a) Is it a valid criticism of the use of
large amounts of negative feedback
that it converts moderate amounts of
low-order harmonic and intermodula-
tion distortion into a multitude .of
small-amplitude distortion products of
high order, which may be subjectively
more significant?

(b) Is it always desirable to design a
feedback audio amplifier to have a
nearly-level audio-frequency response
before feedback is applied?

(c) Does plenty of feedback at medium
audio frequencies, assuming there are
-no slew-rate or other overload effects,
necessarily ensure that two or more
signal components near the top of the
audio band will give rise to negligible
intermodulation products at medium
frequencies?

(d) Is it important for an audio amplifier
to give low distortion when signals at
frequencies lying outside the audio
band are fed into it?

Obviously, in many amplifier circuits,
owing to the presence of capacitors or
transformers, or because of insufficient
bandwidth in transistors, frequency-
dependent effects will have to be in-
voked when considering distortion
"mechanisms. In some practical audio
circuits, however, such effects may be
negligible. The following treatment will
initially assume no significant
frequency-dependence, and will provide
a foundation of theoretical under-
standing which may later be extended
to include the influence of frequency.

Amplifier with parabolic transfer
characteristic

Consider the basic feedback amplifier
configuration shown in Fig. 1. The volt-
age symbols represent instantaneous
voltages, and each polarity marked is

that which exists when the correspond-
ing symbol has an instantaneously
positive value. For the feedback to be
negative, either A or 3 must be negative.
(For a defence of the sign convention
adopted, see page 41 of the March 1978
issue.) For present purposes it will be
convenient to take A as being positive,
so that 3 will be negative.

The simplest form of non-linearity to
consider is that in which the transfer
characteristic of the amplifying device,
i.e. the graph, of instantaneous output
voltage (or current) against instant-
aneous input voltage (or current), de-
parts from being a straight line only
because of the presence of a square-law
term in the corresponding equation*.
Thus, referring to Fig. 1, let

Vo =AV +a (AV')? 0))
The graph of this equation is the
transfer characteristic shown in Fig. 2.
Plotted on this convenient basis, with
equal scales on the two axes, the 45°
broken line represents the slope at the
origin, the actual characteristic depart-
ing from the ideal straight line by the
amount « (Av’)? as shown. Because
equation (1) is a quadratic equation,
representing a parabola (of which only
part is drawn in Fig. 2), the graph is
sometimes called a quadratic transfer
characteristic.

If there is no feedback in the Fig. 1
circuit (=0), v/ becomes equal to v;,
and the complete circuit then has a
transfer characteristic equation asin (1)
but with v;, written for v'. Suppose now
that v;, is a sine-wave signal given by

Vin= \A/,-,‘sin wt (2)
Substituting this for v’ in equation (1)
gives
A A
Vour=AVsinwt + oAV, sin%t (3)
(No feedback)

The first term represents the wanted
fundamental output, the other term

* It is tempting to call this equation the ‘transfer
function’, but this usage is better avoided because
the term has an almost universally accepted
meaning in a somewhat different context, as
explained in the March 1978 article. It is thus better
to refer simply to ‘the equation of the transfer
characteristic’. ’
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representing the second-harmonic
distortion because

sin®wt = Y-t cos2wt (4)

This elementary trigonometry formula
may be illustrated graphically as in Fig.
3. (I trust that those readers highly
familiar with such elementary ideas will
bear with me until more interesting
topics are reached — I have assumed
that some readers will welcome a rather
slow and basic approach.)

Very-sma'l-
signal gain

Fig. 1 Basic feedback-amplifier con-
figuration.

s
/

out ‘__,Q‘X(AV.)Z

Fig. 2 Simple parabolic, or quadratic,
transfer characteristic. a is a constant
determining the degree of non-linearity,
and A and V' are as in Fig. 1.

4
sin? wtl=5- %coszwt)

(MBS
'

_1_1._

Fig. 3 Waveforms illustrating a basic
trigonometry formula.
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If (4) is substituted for sinZet in (3), it
will be seen that the magnitude of the

second-harmonic output voltage com-
ponent is given by

Vona="0A2 0,2 )
(No feedback)

The magnitude of the fundamental out-
put is given by

A A
Vfund=AVin (6)
(No feedback)

Dividing (5) by (6) and multiplying by
100 gives the percentage second-
harmonic distortion as

%2nd=%40A VX100 (7)
(No feedback)

Thuss from (5) and (7), the absolute
magnitude of the second-harmonic
output voltage is proportional to the
square of the input (or fundamental
output) voltage, whereas the percent-
age second-harmonic distortion is lin-
early proportional to the input voltage
itself. This is a property of any circuit or
device in which square-law distortion is
dominant. (It may here be mentioned
that a statement such as “the distortion
is proportional to the square of the
output voltage’” is really quite
ambiguous, for “the distortion” can be
taken to mean either ‘‘the distortion
voltage” or “the percentage distortion”.
This ambiguity often appears in the
literature and sometimes causes very
real confusion. A plea is therefore made
to authors to say what they mean!)

The problem now to be considered is
the effect on distortion of making 8
finite in Fig. 1, i.e. applying negative
feedback, still assuming a parabolic
transfer characteristic for the basic
amplifier. This problem may be
approached from several different
angles, and, as is often the case, adop-
ting more than one viewpoint is helpful
in providing a more complete
understanding of the principles in-
volved.

First of all it is possible to construct,
point by point, a graph of v, against v,
with feedback operative, and to show
that it is much more nearly linear than
without feedback. To do this, a particu-
lar value of v’ is taken, and from equa-
tion (1), assuming A (the gain for very
small signals) is known, v, is calcu-
lated. Then Bv,,, is determined. Finally,
with due care over signs, v,, is obtained
from the relationship

vl?Bvout"'vin 8)

A little thought will show that as the
magnitude of A or B is increased, the
resultant transfer characteristic be-
comes more and more nearly a perfect
straight line. With very large A or §, v,
becomes enormously greater than v/,
and the overall gain is then given very
nearly by

(7~slopegm°

Fig. 4 Ideal parabolic characteristic for
fe.t.

\i?uf/vl'r‘l:_l/B (9)
(Infinite feedback)

The change from a parabolic transfer
characteristic to a straight line as the
loop gain is increased from zero to
infinity is a smooth and gradual process.
All the intermediate transfer character-
istics are absolutely smooth curves,
quite free from any suggestion of kinks
or other blemishes. But is each one still a
parabola, of lesser curvature?

The answer to the above very
important question is “no”, and an in-
dication that this must be so can be
obtained without actually working out
the equation of the new transfer cha-
racteristic. Start with 3=0 (no feed-
back). With a sine-wave input at
frequency f, the output will contain
components at f and 2f. As soon as B is
made finite, some of the 2f component
will be let through into the input circuit,
so that the basic amplifier will now be
receiving inputs at f and 2f.

Now any device with a parabolic, or
quadratic, transfer characteristic, when
fed with two inputs at different
frequencies, generates intermodulation
products at the sum and difference
frequencies — and the sum frequency in
the present case is 3f. (This arises from
the fact that (sinw;t +sinw,t)? gives a
term 2sinw;tsinw,;t which is equal to
cos(w,—w)t — cos(w, +w,)t.)

Thus, while the amplifier without
negative feedback gives nothing but
second-harmonic distortion on a single
sine-wave input, as soon as a little feed-
back is applied, a third-harmonic output
appears. This is not the end of the story,
however, for this third harmonic, like
the second harmonic, gets fed via the
B-network into the input circuit, where
sum and difference products are again
generated. This time the sum products
are at f+3f, which gives a fourth har-
monic, and 2)+3f, which gives a fifth
harmonic. Clearly there is theoretically
no end to this process — every new
harmonic considered, when fed back,
gives rise to harmonics of yet higher
order. Before too hastily condemning
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feedback, however, it is wise to consider
the magnitude of these effects, and also
to question whether assuming a purely
parabolic transfer characteristic is suf-
ficiently closely related to the behaviour
of practical devices to be of much value.
Maybe they already produce compar-
able amounts of high-order harmonics
before feedback is applied? It is evident
that a fully satisfactory understanding
of the problem can best be reached by a
combination of theory and experiment.

Before presenting experimental
results for comparison, the theory of
feedback over an ideal parabolic device
will be pursued further, to obtain the
actual magnitudes of the various har-
monics generated. The full analysis is
somewhat tedious, but an outline of the
approach adopted is as follows. The aim
is to obtain an expression for the
closed-loop transfer characteristic in
the form of a power series

= 2
Vout =@ 1Vin+ayvip +a3v,-,,3+...

(10)

Then v, = XA/i,,sinwt is put in this and the
resultant harmonic magnitudes are
obtained. To obtain the power series,
the starting point is equation (8), the
value of v’ there given being substituted
in equation (1). This produces a quad-
ratic equation relating v;, and v, which
can be solved to give v,, as a direct
function of v;,. The function, however,
contains a square-root sign and is not in
itself a power series. The binomial
theorem is then used to obtain the
wantAed power series. Substituting
vin= Vi:sinwt in this series gives terms in
sinwt, sinZet, sin’wt etc. As illustrated in
Fig. 3, sin%ot produces second harmonic,
and elementary extension of this prin-
ciple shows that the sin’wt term pro-
duces third harmonic,’ and so on. The
various harmonic amplitudes are thus
obtained as functions of the peak input
voltage, V,,l More conveniently, how-
ever, for practical purposes, the har-
monic magnitudes are expressed as
functions of Vou,, on a percentage basis.
This is preferable, because in assessing
the performance of a feedback
amplifier, one is interested in the per-
centages of the various harmonics pre-
sent at known output levels.-and how
these vary with the amount of negative
feedback used. The results of the ana-
lysis are given in Table 1. « is the'
“distortion constant” of equation (1), A
is the amplifier forward gain for very
small signal levels, and f is the feedback
factor. )
It is instructive to plot curves from the
Table 1 formulae and to see how they
compare with curves based on meas-
urements using an approximately

7 Some third-harmonic is also produced by the
sin®wt term, but in view of the much smaller
magnitude of this contribution except at signal
levels approaching the overload point, it may
reasonably be neglected. The output level used in

the tests is just low enough to avoid serious errors
from this cause.
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Table I. Theoretic distortion formulae for feedback amplifier with parabolic forward transfer

characteristic.

Percentage of
fundamental

Harmonic
number

Ratio of harmonic
amplitudes

Harmonics Ratio

A
50aV .,
1-AB

1-AB

X
aVoudAB|

2nd : 3rd

50[ABI Y yur”
SDIAM Y our

(1-AB)

3rd : 4th 0.800 v

62.504 B,,}
DT T
(1-AB)

87.5004 BIa Vot
(1-ap)?

4th : 5th 0.714 v

131.254 B0 ,,.°

S R
(1-AP)

5th : 6th 0.667 v

quadratic device such as an f.e.t. Now it
will be noticed that the product a\“/o,,b
raised to various powers, occurs
throughout the formulae, and a value
for this must be decided upon before a
set of curves, such as those shown in
Fig. 7, can be drawn. A convenient
procedure is to choose the value of « so
that the theoretical percentage second-
harmonic distortion without feedback
given by the Table 1 formula as soavou,,
is the same as the measured second-
harmonic distortion at the value of V
adopted. This effectively matches the
value of a to that of the practical circuit,
and is more convenient than deter-
mining « by other means.

F.e.t. characteristics

Most text books give the following
equation for the drain current, I; of an
f.e.t. whose drain-to-source voltage. V
is well in excess of pinch-off voltage, v,

\%4 2
1d=1dJ B

11
v, an

This is a parabolic relationship, as il-
lustrated in Fig. 4, and from the
geometry of this diagram it follows that
2lao (12)

Emo™
0 Vp

An f.e.t. would therefore appear to be
the ideal parabolic device for checking
the distortion theory evolved above.
However, several years ago, it struck
me that there would be something
rather queer about a device if it accu-
rately followed a law as given by equa-
tion (11), the reasoning being as follows.
Differentiating (11) gives

ﬂd_=2.ldox[ vgs
Ve V| Vs

gm= - 1] (13)

But from (11)

Vee ,_ [Ta
VP Ido

and substituting this in (13) leads to

=21d0 Id
Em v

P Ido

out’

Finally, using the relationship (12), this

becomes
_ Iq
gm _gmo \/Ido

According to this equation, as the work-
ing drain current I, is reduced, g,, falls
off in proportion to the square root of I ;.
Now for a junction transistor g,, varies
with collector current I, according to
the relationship

(14)

gm=lc><% (15)

where g=charge of an electron,
k =Boltzmann’s constant, and
T =absolute temperature.

Here g, is proportional not to the
square root of the collector current, but
to the collector current itself, and with
silicon planar transistors the relation-
ship holds accurately in practice down
to currents of less than a nanoamp.
Thus, while an f.e.t. will normally have a
lower g _than a junction transistor at,
say, ImA, the more gradual fall-off in g,
with working current for the f.e.t.
would, if continued, give it a much
larger g,, than a junction transistor
when operated at a low enough current.
In view of the very basic quantities
involved in equation (15), I felt this
result was probably too good to be true!
A measurement of g, for an f.e.t. overa
wide range of drain current was there-
fore made, and gave the result shown in
Fig. 5. Thus it seems that a law of nature
does indeed come into action to prevent
the g,, of an f.e.t. exceeding that of a
junction transistor. It will be seen that
the steeper broken-line asymptote is

fairly closely that expected for a junc-’

tion transistor, and would, if continued
to the right, give a g,,, of nearly 40mA/V
at ImA.

Because of the above discrepancy
between the usual text-book equation
(11) and what is found to happen in
practice, if for no other reason, one
would not expect the transfer chracter-

.istic, corresponding to Fig. 4, for an
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actual f.e.t., to be quite precisely
parabolic. Consequently, even without
negative feedback, harmonic com-
ponents in addition to second harmonic
must be expected to appear to some
extent.

However, despite the above, the
assumption that the transfer character-
istic for an f.e.t. is as given by equation
(11) is quite near enough to the mark to_
permit the magnitude of the second-
harmonic distortion without feedback
to be fairly accurately calculated —
provided the working current is not
excessively small (see Fig. 5). It may be
deduced from equation (1 1) that

%2nd =125 (16)

Idc
J(f.et. without feedback)
where I is the peak fundamental drain-
current excursion and I 4.is the working
d.c. drain current.

Equation (16) may be compared with
the result' for an ideal voltage-driven
junction transistor, which is

A

%2nd = 25—1 an

(Junction transistor without feedback)
In this latter case an alternatlve
formula "

%2nd = V,»,1 (18)
where Qi,, is the peak signal input vol-

I (WASV)

-2 -1
DRAIN CURRENT, T4 (pA)

Fig. 5 Measured mutual-conductance
characteristic for an f.e.t.

2N5458 analyser
; i ; system
From

floating 1000Hz
source (very low
distortion)

Feedback
controt

== 1000

o

Fig. 6 Test circuit for
harmonic-distortion measurements.
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tage in millivolts. But no such delight-
fully simple result applies to the f.e.t.

F.e.t test circuit

The experimental circuit used for’
distortion measurements on an f.e.t.
amplifier stage, with and without
negative feedback, is shown in Fig. 6.
No very expensive measuring equip-
ment was used. The 1000Hz signal
source consisted of a home-made low-
distortion R-C oscillator feeding a Quad
50E amplifier, an air-cored tuned circuit
purifying arrangement being connected
to its floating output winding. The ana-
lyser system consisted of a parallel-T
1000Hz notch filter, whose output fed
an R-C oscillator modified to function
as a very highly selective amplifier
feeding a c.r.o. For all measurements
except second-harmonic, a passive
notch circuit tuned to the second-
harmonic frequency was inserted in
"front of the selective amplifier. Having
.tuned in a particular harmonic, the
analyser system input was then
switched to another oscillator, at the
harmonic frequency, the known output
of this oscillator being adjusted to give
the same size of c.r.o. picture as before.
With due care to avoid r.f. interference
and hum problems, this set-up was both
highly sensitive and of satisfactory
accuracy. A test was done in which the
signal source, at an enhanced level, was
fed via a 3.3kQ resistor straight to the
integrated-circuit follower. The har-
monic readings at the output of either
integrated circuit, as the same fun-
damental voltage as before, were then
negligible compared with those
obtained with the f.e.t. in operation.

Consideration of results

Fig. 7 shows, in full-line, the results of
measurements using the Fig. 6 circuit,
the chain-dotted curves being calcu-
lated from the formulae in Table 1. All
curves relate to a fundamental output
voltage of 3 volts peak. (A convenient
fact is that, even with a large second-
harmonic present, the peak value of the
fundamental is accurately equal to half
the peak-to-peak value of the total out-
put waveform.)

“The mean drain current in Fig. 6 is
1.55mA. The a.c. drain load is 3.2k{,
giving: a peak fundamental drain cur-
rent, at 3 volts peak, of 0.94mA. Equa-
tion (16) above thus predicts a peicen-
tage second-harmonic distortion with-
out feedback of 12.5Xx(0.94/1.55) =
7.6%. It will be seen that the measured
value is very close to this. As expected,
however, the f.e.t. without feedback
shows itself to be by no means ideally
parabolic in transfer characteristic, so
that appreciable amounts of higher-
order harmonics are measured —
though the largest of these, the third,
harmonic, is only 0.19% despite the quite
large output level.

When feedback is applied, the mag-
nitude of the measured third harmonic,
conveniently expressed as a percentage
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Fig. 7 The full-line curves represent
distortion measurements using the Fig.
6 set-up. The chain-dotted curves relate
to calculated distortion, assuming an
ideal parabolic f.e.t. characteristic as
shown in Fig. 4. All curves are fora
fundamental output level of 3V peak.

Gain with feedback
Gain without feedback

of the constant fundamental output, at
first rises, as more and more second
harmonic is fed back into the input
circuit to intermodulate with the fun-
damental voltage existing between gate
and source and thus generate a sum
component at third-harmonic
frequency. As the feedback is further
increased, the resulting improved
linearity of the amplifier soon becomes
the dominating influence and, when the
amount of feedback is large, the third-
harmonic output (at constant fun-
damental output) becomes directly
proportional to 1/(1-AB). Similar
effects occur also for the other har-
monics, and it will be seen that the
measured distortions, when the feed-
back is large, approximate closely to
those calculated assuming a purely
parabolic transfer characteristic. Thus,
for an fe.t. at least (though actually it
applies also for a junction transistor),
the main distortion mechanism for the
production of third and higher har-
monics, once plenty of feedback is
applied, is the intermodulation one
mentioned, rather than the existence of
cubic and higher terms in the power
series representing the transfer charac-
teristic.
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Conclusions
Some important conclusions that may
be drawn from the above are:

® Even fe.ts, used without feedback,
generate high-order harmonics — and
therefore, on programme, high-order
intermodulation products.

@® A small amount of negative feedback
(e.g. 6dB) in a single-ended stage,
though reducing the second-harmonic
distortion, and also the total (un-
weighted) distortion, by about 6dB, will
increase the higher-order distortion,
and the quality of reproduction may
well become worse as judged subjec-
tively.

@® If enough negative feedback is
applied, all significant harmonics (and
corresponding intermodulation pro-
ducts) can be reduced to a far lower
level than without feedback, though the
amount of feedback required to achieve
this becomes larger the higher the order
of the harmonic considered. (For
example, referring again to Fig. 7,
16.5dB of feedback is sufficient to
reduce the third harmonic to the same
level as it has without feedback,
whereas about 35dB is required for
reducing the sixth harmonic to its no-
feedback level.)

@® The magnitude of harmonics of ex-
tremely high order will be increased by
the application of negative feedback, no
matter what practical amount of feed-
back is employed, but this is of no
consequence if, when thus increased,
they are, say, 120dB below the fun-
damental.

@ Fig. 7, as already stated, applies at a
particular output level of 3V peak in the
Fig. 6 circuit, the peak drain current
excursion being about 60% of the work-
ing drain current — in other words, it is
high-level class A operation. When the
signal level is reduced, the various har-
monics fall off at different rates, as may
be seen from Table 1. The percentage
second-harmonic is proportional to V,,
whereas the percentage fifth-harmonic,
for example, is proportional to \70u,4. On
a logarithmic plot, as in Fig. 7, the effect
of reducing the output signal level is
that all the curves remain of the same
shape, but each curve shifts downwards
by a distance proportional to (n—-1),
where n is the order of the harmonic, so
that the spacing between the curves
becomes wider. Thus at a reduced out-
put level the higher-order harmonics
rapidly become negligible.
(To be continued)
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RECEIVING DISHES
FOR SATELLITE
BROADCASTING

I suggest that there is a serious misconcep-
tion about satellite broadcasting systems
being propagated by “headlines” and news
items like your July 1978 item “Will the dish
antenna replace the chimney pot?”

It is informative to drive or walk down a
street and see how few homes have a direct-
sight line to a broadcasting satellite. A direct
sight-line is essential to reception. Antennas
will have to be outside, unless very efficient
radomes are provided for inside antennas.
Trees in leaf effectively block the satellite
signals in the 12 GHz band.

I do not doubt that broadcast satellites will
be developed and in use within a few years
but I seriously doubt that there will be many
homes able to receive these broadcasts on
their own antennas. Most reception is likely
to be community antennas of various kinds,
i.e. antennas that serve a group of buildings
or a whole community, probably in the form
of cable television distribution systems.

We have some experience with terrestrial
broadcasting services at 2150MHz (the MDS
service in the United States). Even at this
lower frequency we require absolutely clear
sight-line and find that in many communities
such sight-lines are not available for a large
proportion of homes.

I. Switzer

Switzer Engineering Services Ltd
Mississauga

Ontario, Canada

Our report dealt with a talk given by Dr G. J.
Phillips, so we have asked Dr Phillips to
comment on the letter:

The question raised by Mr Switzer is an
interesting one. I would first, however, say
that there is no misconception in the propo-
sals for broadcasting by satellites in the
12GHz microwave band. There has been very
wide international agreement on the prin-
ciple that the transmitted power should be
sufficient to permit individual reception
where practicable. It was assumed that the
majority of people will have at least some
part of their premises or adjoining ground in
line-of-sight from the satellite. The chance is
very much greater with an elevation of some
25 degrees than with the terrestrial case Mr
Switzer mentions. Of course, it will be more
practical in a large number of cases to have
local cable distribution systems. apart from
some cases where they are essential because
direct reception is not possible.

However, we can all find our own answer
to the line-of-sight problem very simply. On
October 12th at 3 p.m. BST the sun was at a
position in the sky that represents the satel-
lite position assigned for UK services. It is
near enough in the right place on any after-
noon at this time from 6th to 18th. We can see
which part of our premises or garden are in
shadow, and whether or not there is any
position left in sunlight that would be a
practical one for a 3-foot dish. Incidentally, I
agree that trees are a major problem, and we
have to anticipate the next few years of
growth of potential offenders.

What is sometimes forgotten is that ter-
restrial broadcasting and cable systems share
a basic difficulty; extending coverage to
remote areas of low population is expensive
with either of these methods. Satellite
broadcasting gives an opportunity for those
prepared and able to install a simple system
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to receive the service, in whatever part of the
country they live. In some ways it comes
close to the ideal of broadcasting than any-
thing hitherto. But it still allows a cable
system to be used when it can be installed
and proves to be cheaper or where our
observations of the sun in October show you
need it!

G. J. Phillips

BBC Research Department

Tadworth, Surrey

MICROCOMPUTERS
AND
MICROPROCESSORS

New developments will probablv always
bring with them problems of description. A
current area of difficulty seems to be the
word ‘microcomputer’. Indeed, in a recent
vocabulary of microprocessor terminology’,
a microcomputer is said to be:
“l. Synonymous with microprocessor.

2. Computing system which usually consists

of a microprocessor unit memories and i/o

circuits mounted on a p.c. board, and selis for
about 500 dollars, comparable to a minicom-

puter but smaller in size, slower and less
powerful.”

Many readers will probably agree with de-
finition number 2, i.e. a microcomputer is a
microprocessor-based system. However, de-
finition 1 seems dubious.

When the manufacturers recently started
putting a microcprocessor, memories and i/0
onto a single chip they had to use a new
description to differentiate it from a micro-
processor, as the following examples show:

Intel 8048 Single component 8-bit micro-
computer

Intel 8022 Single chip microcomputer

Motorola 6801 Microcomputer unit (MCU)

T.I. TMS 1000 One-chip microcomputer

Rockwell PPS4/1 Single circuit micro-
computer

AMI 9940 Single chip microcomputer

Mostek 3870 Single chip microcomputer

I should have explained this in more detail in
my recent article “Trends in microproces-
sors” in the September issue as this may have
prevented your editorial staff from changing
the word ‘microcomputer’ to ‘microproces-
sor’ in a number of places, in an attempt to be
consistent with their current beliefs on ter-
minology. The section on page 68 headed
‘Single chip microprocessors’ should have

been headed ‘single chip microcomputers’
and the word ‘microcomputers’ used
throughout this as appropriate. Also ‘micro-
computers’ should have been used in the
section headed ‘two chip expandable sys-
tems’ on page 69 (lines 17 and 24). Similarly,
Figure 4 and Figure 5 should have referred to
microcomputers rather than microproces-
SOrs.

It is also interesting to look at the
manufacturers' descriptions of single board
microcomputers:

Intel SBC Micromputers

Packaged microcomputer systems

O.e.m. computers
Motorola Microcomputers

(Micromodules)
Zilog Z80 MCB microcomputer board
TITM 990 Series microcomputer modules
DEC LSI-11/2 microcomputer

The current state therefore seems to be
clear; a microcomputer contains a micro-
processor, memory and i/0, and you will need
more information from the text to determine
whether it does this in a box, on a board or in
a chip. (Thinks: will we have single-chip
minicomputers (sic) one day?)

I should also point out some other minor
misprints in the article. On Figure 7, the
words ‘minimum system,’ ‘address buffer’,
‘data buffer’, ‘control’ and ‘interrupt’ are
incorrectly sprinkled around the diagram,
and on page 70, the Z8000 address range in
expanded mode s .ould have read 8 Mbyte.
David A. Russell
Computer Technology Ltd
Hemel Hempstead
Herts

Reference
1. B. Becciolini “MPU Vocabulary” Motorola
Publication, 1977.

RELATIVITY AND TIME
SIGNALS '

A great deal of present knowledge and
understanding is directly opposed to what
was earlier thought to be the case and the
first chaps to come up with these new-
fangled notions, e.g. a round Earth, have
always had an unwelcoming reception.
However, it does not seem likely that Dr
Essen (“Relativity and time signals”, October
issue) will fall into this distinguished band for
his concepts of Relativity, despite his pre-
eminent work on establishing time standards
at a single location or between stationary
locations. In fact he seems to be clinging to
older (Newtonian) ways of thought on this
subject.

In the preamble to the article he is quoted
as saying that “no one has attempted to
refute my arguments.” This is not the case.
At a lecture he gave on this topic some four
or five years ago at this institution, several of
the audience (from Fellows of the Royal
Society downwards) put powerful and
cogent arguments at variance with his own,
but unhappily Dr Essen seemed barely to
hear them, let alone try to grasp what was
being said.

A principal difficulty most of us have in
attempting to comprehend Relativistic
theory is that it systematically encompasses
a proposition which is totally at variance
with everyday experience — that is, that the
velocity of light is the same for all observers.
As far as | am aware, this proposition has not
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been falsified and is in accord with all
relevant observations so far made.

Why is this such a difficult idea to handle?
Imagine you let off a firework with a bang
and a flash; the acoustic and optical wave-
fronts spread out spherically from you at the
speed of sound and the speed of light respec-
tively. Suppose someone is hurrying towards
the pyrotechnic display; he sees the acoustic
wave approaching him more quickly (than it
left you), since (?) he is moving towards this
sound wavefront — but, astoundingly,
the optical wavefront still approaches him at
the velocity of light, the self same speed it
was receding from you.

Most people find this stunning, not to say
distressing, too, but it is wholly in accord
with all observations so far made. This is so
“unreasonable” that attempts to use every-
day language to discuss such situations are
usually doomed to the errors and paradoxes
which Dr Essen eloquently portrays. It seems
that only the strict unbending formality of a
mathematical language can cope with dis-
cussing effects which are so at variance with
~ everyday experience.

Simultaneity is one such obvious and
self-evident everyday idea which is a
‘casualty’ when constrained to be in accord
with the constancy of the speed of light for all
uniformly moving observers, who now see
the same event happening at different times
depending on their speed.

Dr Essen is worried by where the ‘missing’
ticks go in his clock thought-experiment.
Because a sentence can be grammatically
and syntactically correct, it still does not
imply that any meaning can necessarily be
ascribed to it — the classic example of
Russell’s, “Monday is square” or “Is Monday
square?”, demonstrates this beautifully. It is
not that Dr Essen’s ticks are ‘missing’.
Relativistically, each observer sees his own
clock functioning normally and sees the other
chap’s clock running more slowly. The
observers are thus equivalent; that is, they
each get identical results for the same obser-
vation (watching the other chap move off)
and this seems very satisfactory. The ticks
only appear to be missing if one takes the old
Newtonian concept of time (and simult-
aneity) as being something absolutely esta-
blished everywhere ‘at once’ throughout all
space. ‘Missing' ticks would be very strange,
as Dr Essen perhaps unwittingly emphasises,
and good grounds for preferring all of
Relativity theory rather than what seems to
be his partly Newtonian viewpoint.

A dazzingly clear exposition on simult-
aneity and other such matters is given by
Einstein himself in the paperback by
Methuen called Relativity (The Special and
the General Theory), translated by Lawson.
In the early parts of this book there is no
algebra to ‘confuse’, just beautiful thought
experiments using railway trains (!) etc. and
brilliant careful exposition.

D. Griffiths

Physics Department
Imperial College
London SW7

Dr Essen replies:

I remember the meeting at the Imperial
College to which Dr Griffiths refers and if my
recollection is correct my talk was given a

courteous hearing and friendly reception,

apart from a few gasps of disbelief which
were firmly suppressed by the chairman. The
discussion was a disappointment to me,
however, since it consisted largely of a
reiteration of some of the arguments I had

been trying to demolish. It could be that I was
too polite or too slow witted to deal
adequately with this part of the discussion.

In my article I only dealt with one specific
point — the error in Einstein’s thought-
experiment, but Dr Griffiths’ criticism ranges
over a much wider area, including the
velocity of light and simultaneity. For a
discussion of these I would refer the reader
and Dr Griffiths to the references given at the
end of the article. He advances the view that
relativity effects can only be dealt with by
“the strict unbending formality of a mathe-
matical language” but I suggest that, on the
contrary, an error in a thought-experiment
can be explained only by the stricter for-
mality of experimental technique. Although
Dr Griffiths calls it my experiment [ hasten to
disclaim ownership as I am strongly opposed
to the use of such devices. However, if they
are used they should be conducted with the
correct technique and 1 have shown that if
Einstein's experiment is carried out correctly
it does not give the paradoxical result
obtained by Einstein. I would have thought
that relativitists would be grateful to have
this paradox explained and removed from the
theory.

Dr Griffiths states that each observer sees
the other chap’s clock running more slowly
than his own and I agree that this is a simple
way of expressing Einstein’s first prediction.
My expressions (1) and (2) are a more precise
way of saying the same thing. It could be
called an apparent effect since it is the result
of a measurement made at a distance and is
symmetrical for the two observers. If he
considers in detail how the comparison is
made as [ have explained in my article he will
be forced to the conclusion that ticks must be
lost or at least that they are not received and
recorded on the clock dials. Dr Griffiths
suggests that [ am worried by this loss, but I
merely state that it is inexplicable. It was
Einstein who was worried and he stated later
that it was absurd. He thereby implicitly
abandoned his first set of assumptions and
the results obtained from them.

If Dr Griffiths wishes to make a serious
criticism of my article he must show where
my analysis of the thought-experiment is
wrong.

L. Essen

Great Bookham, Surrey

Editor's Note. We have received many more letters
on this subject and hope to publish a selection of
them in future issues.

£

HIGH FREQUENCY
DIFFERENTIATOR

In Mr S. Cussons’s ‘‘High frequency dif-
ferentiator”, Circuit Ideas, August issue, the

proposed circuit is, of course, not a true
differentiator, having the transfer function

sRC
I + sRC

instead of the true differentiator’s sRC. Mr

R
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Cussons’s circuit approximates the true
differentiator at low frequencies, f< <1/
27RC, i.e. f< <807kHz, not the claimed
5MHz, with the component values shown. It
will run out of loop gain at 5SMHz anyway, the
second stage will have only X 1.67 typically
left.

Rules of nature cannot be altered: a true
differentiator has to have gain proportional
to frequency with all the associated noise and
stability problems.

Incidentally, an identical (except polarity)
transfer function can be obtained in a simpler
circuit, shown here, with less output offset.
Andrew E. Romer
Bognor Regis
Sussex

DISCUSSION OF
WARC 79 PROPOSALS

It is not true that the United States of
America is the only country which encou-
rages public discussion of WARC proposals.
Here in Canada the government gives every
opportunity for industry and members of the
public to read the current draft proposals,
comment on them, and participate in the
revision.

The process here is not quite the same as in
the US, but it achieves the same objectives. It
is true that much of the detailed discussion
which leads to draft proposals goes on within
government, but the group which does this
work welcomes submissions from anyone,
and there is plenty of evidence that such
submissions are given active consideration.

When draft proposals are ready the text is
publicised through several channels, in-
cluding news releases in the printed press.
Comments are invited, and all responses
(excepting only those for which the authors
have specifically requested confidentiality —
and these are few) are available for inspec-
tion at regional centres of the Department of
Communications throughout the country.
The third draft of Canada’s proposed position
at the WARC 79 is now being prepared.

It is normal procedure for the DOC to call a
meeting of interested parties each time a new
draft revision is published, for explanation
and discussion. .

In parallel with this activity, industry
participates in many studies relating to
domestic sub-allocations of present and
proposed ITU frequency allocations. Qur
government in fact indulges in quite a lot of
pushing and prodding to excite more interest
and comment from both industry and the
public at large.

I should mention that the Canadian Radio
Technical Planning Board is not a govern-
ment body. We are the working interface
representing all users of the radio spectrum
and suppliers of radio equipment. OQur normal
emphasis is on the review of type approval
specifications for radio and tv equipment,
and standard radio systems plans for efficient
use of the spectrum within Canada (this kind
of thing also being done here in the knowl-
edge and with the participation of all those in
industry and the public who care about such
things). '

I just felt that credit should be given where
credit is due; our government does its best to
encourage participation.

Bob Eldridge
Canadian Radio Technical Planning Board
Ottawa, Ontario
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BIRD'S GEOMAGNETIC
SENSE

As a neurophysiologist I read with interest
recent letters regarding the problem of avian
geomagnetic sense (February and June). As
someone more familiar with animals than
transistors I feel that [ ought to voice some
thoughts on the subject.

As I understand it your correspondents
have suggested that some avian organ or
tissue may be receptive to small potentials
induced therein by the bird’s passage
through the earth’s magnetic field. These
potentials are presumably induced in exactly
the same way as in any normal metaltic
conductor under similar conditions.

My first point is that such a mechanism
could not be used for the detection of mag-
netic north. Given that magnetic lines of
force have no thickness, the same number of
lines will be ‘cut’ by horizontal movement
through them in any compass direction. Thus
the potential induced in our receptive organ
would be independent of compass course,
which would therefore be undetectable.

However, the angle of dip of the earth’s
magnetic field is a function of latitude, being
zero at the magnetic equator and nearly 90°
at the magnetic poles. Thus our mechanism
could be used for the detection of latitude,
the potential due to flight increasing as
angular distance from the magnetic equator
(and reversing in the southern hemisphere).

Which organ or tissue may be responsible
for this detection? It has to have the proper-
ties of a cable conductor, and would be more
efficient if it were long and straight. The
obvious answer is nerve cells (neurones),
some of which may be several centimetres
long in the pigeon. In addition, they do show
some properties characteristic of cable con-
ductors.

It is unlikely that these neurones would be
found in the wings, as previous contributors
have suggested, since wing movement is in
three dimensions and any induced signals
would reverse their polarity on upstroke and
downstroke. The neutral circuitry needed to
analyse this kind of information would have
to be exceedingly complex. 1t is one of the
axioms of modern biology that things are
never complex when they can be simple! In
addition, the point previously made concer-
ning interference from wing muscles (cur-
rent flow which would also produce a mag-
netic field) is valid and powerful.

Alternatively, I would propose that such
neurones would be found in the spinal cord of
the bird in question. This has the advantages
of being long, straight and moving in one
dimension only when the bird is in flight.

The objection that signal-to-noise ratios
would be such as to make signal processing
impossible does not hold water on two
counts. Firstly, there could be many tens, if
not thousands, of neurones involved in field
detection. Parallel information processing of
this kind is relatively common in nervous
systems, one of the best examples being the
human ear. Secondly, many other sensory
systems can extract extremely weak signals
from large amounts of noise. Good examples
are the electric field detectors of certain fish
and the lateral line vibration detectors of
others.

The magnetic field sensing neurones of our
navigating bird are likely to be of the ‘leaky’
kind. Such neurones constantly fire nerve
impulses at fixed frequencies, and these are
superimposed on a resting potential of some

70mV (negative inside the neurone). Any
magnetically-induced alteration of this res-
ting potential by as little as a fraction of a
microvolt would alter the neurone’s firing
frequency in such a manner as to make it
detectable by relatively simple neural pro-
cessing. It is such a mechanism which
enables electric fish to detect minute field
changes.

Regardless of whether magnetic field de-
tection is theoretically possible, there is
indisputable evidence that many birds (and
indeed some other animals) do use it for
navigation. It must be viewed, however, as
only one of many mechanisms which birds
have been shown to use. Such include visual
cues from local geography, astronavigation
(both by sun and stars), and, incredibly, the
use of a very accurate ‘biological clock.’

One must ask oneself whether the use of
geomagnetic sense alone could guide a bird
to an accuracy of half a mile or so over a
distance of many hundreds of miles. Perso-
nally, I doubt it.

1. Seath
Lowestoft
Suffolk

ALTERNATOR
REGULATOR

Having designed a regulator similar to that of
Mr Watkinson (August issue), I have discov-
ered that stabilising the regulator is not as
straightforward as he suggests.

[ found that with a circuit very similar to
his, including stabilising capacitor C;, I was
getting gross instability to the extend that at
night a 2Hz flicker was apparent in the
headlight beams. The battery potential was
varying by about 0.5 volts, indicating that the
regulator was switching the alternator fully
on or fully off. After some thought I realised,
as Mr Watkinson states, that the transfer
function of the alternator has poor band-
width. Because of the inductance of the field
winding, a sizeable lag is introduced into the
feedback loop.

The instability this causes may be elimin-
ated by lowering the loop again, i.e. de-
creasing the gain of the regulator. However,
this then has the effect of widening the error
band of the loop, so that for light loads the
battery voltage is high, leading to overchar-
ging during daylight in the summer, and
conversely low battery voltage for heavy
loads such as rear screen heaters and lights
— not a desirable phenomenon.

The alternative that I chose was to accept
that the feedback loop will be unstable, and
to ensure that the regulator switches at a few

Ignition switch

hundred hertz. This has the advantage that
the output transistor dissipates very little
power. (An analogy is the switched mode
power supply compared with the linear
regulating type.) Loop gain can be very high,
giving constant battery voltage whatever the
load.

This is achieved by connecting C, between
the base of Tr, and the positive rail instead of
earth, in Mr Watkinson’s Fig. 1. In fact, my
circuit as shown is very similar to his Fig. C,
differing mainly in that my alternator field
winding is earthed at one end. I therefore
inverted the connections to the op-amp, and
used a p-n-p Darlington transistor between
the positive supply rail and the field winding.
Using a 741 op-amp with its low output
slew-rate helps avoid fast switching tran-
sients coupling through the alternator.

C. Stephens
Woodbridge
Suffolk

MICROPROCESSOR
BUSES

I was surprised to see (October letters, p.60)
that P. Borril is still trying to establish a
microprocessor standard bus for Eurocards
with indirect connectors.

For some reason he seems to have chosen
to ignore the existence of a bus that fits his
requirements, that is the E-78. This has been
designed for the new generation of 16-bit
microprocessors and their large amounts of
address space. Special emphasis has been
given to making this bus suitable for use with
all the micros that Mr Borril lists, as well as
with the Intel 8086, the Zilog Z-8000 and the
Motorola 68000. Provision is also made, as
with the Intel Multibus, for multiprocessing.

Anyone who is interested in learning more
about E-78 is advised to contact: Mr A.
Secker, 209 Albury Drive, Pinner, Middlesex,
who is the secretary of the E-78 committee.
Anthony J. Aylward
Gillingham
Kent

EDISON VOICE WRITER

We have acquired an Ediphone, Edison Voice
Writer, serial number 505151, made by
Thomas A. Edison Inc., West Orange, N.J,,
USA. Can any of your readers give us any
information on this item?

J. Firth

Firth-Guthrie Instruments Ltd

70 Twist Lane
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TECHNICAL KNOWLEDGE.

1 am puzzled by the increasing use in written

and spoken English of the word “expertise”

(pronounced “experteeze”, and therefore,

presumably, a borrowing from the French).
My French dictionary defines it thus:

expertise, n.f., survey, valuation, assessment (of
specially appointed surveyors); report, appraise-
ment, arbitration. Faire une expertise; to make a
survey.

It is most distracting to see the ghostly
forms of quantity surveyors and estate
agents flitting across the page as I struggle to
come to terms with the march of progress in
electronics. So, to all of your contributors:
1 beg you on my bended knees
say skill not “expertise”.

F. L. Devereux

Hindhead

Surrey

T e AR |
SPECTRA OF TONE
BURSTS

Before replying to Mr Driscoll’s June letter
on the interpretation of tone burst spectra it
might be useful to summarise what has gone
before. In the December 1976 letters he
mentioned an experiment of his which
showed that it was possible to distinguish
between two rectangular tone bursts which
differed only in the ‘phase’ of the sinusoidal
carrier with respect to the burst envelope,
and interpreted this experiment as showing
that the ear could sometimes distinguish
periodic waveforms whose spectra differed
only in the phases of the components. In the
February 1977 letters 1 pointed out that the
tone bursts he described had different dis-
continuities at their ends, which would pro-
duce differences in the amplitudes of the
spectrum components, thus invalidating his
interpretation. In the July 1977 letters he
denied this, and asserted that the only dif-
ference between the spectra of the tone
bursts he had used was ‘a simple linear phase
shift of all spectral lines’. In the October 1977
letters 1 quoted an algebraic expression for
the spectrum of an isolated rectangular tone
burst and showed that the spectrum
amplitudes were indeed functions of the
carrier ‘phase’, and that the component
phases depended in a nonlinear fashion both
on the component frequency and on the
carrier ‘phase’.

From the June letters, one of Mr Driscoll’s
students has checked this expression and has
been unable to fault it, Mr Driscoll, however,
now asserts that the amplitude changes and
nonlinear phase changes are very small, that
these spectrum changes lack practical
significance,” and that the important effect of
altering the carrier ‘phase’ is to alter the
phase of each component of the spectrum by
an amount proportional to its frequency,
leaving its amplitude unchanged. In fact this
last effect is essentially a trivial one brought
about by Mr Driscoll’s student’s unfortunate
choice of ‘synchronising times’ (see my letter
in the September 1976 issue) in calculating
the toneburst spectra. Fig. 1(a) shows part of
a repeated rectangular toneburst waveform
with ‘onset angle’ 0°, Fig. 1(b) a waveform
with onset angle 20°, and Fig. 1(c) the same
waveform just shifted back in time by (20/
360)/1000s or 60ps. Clearly the second and

third waveforms will sound identical, but in
the spectrum of the third waveform these
linear phase shifts simply do not appear. An
elementary theorem on Fourier transforms,
touched on in my letter of September 1976,
states that the effect of shifting a waveform
backward by a time t is to subtract from the
phase of each component an amount 2mft,
where f is its frequency, leaving its amplitude
unchanged. The waveform of Fig. 1(c) differs
from that of Fig. 1(a) only for intervals of
60ps at the beginning and end of each
toneburst, and the two spectra differ only in
the amplitude changes and nonlinear phase
shifts which Mr Driscoll is so anxious to
ignore. The differences are certainly small,
since the end sections amount only to 1.5% of
the length of each burst, and by Gabor’s
acoustic uncertainty principle spread their
contributions out over a frequency range of
about 10kHz. However, if Mr Driscoll’s ex-
perimental observations are correct these

differences must provide their explanation,.

and clearly invalidate his original interpreta-
tion.

His algebra is also at fault. The range of
integration of w in complex Fourier trans-
forms from spectrum to waveform is from
—00to +00, Thusif his P(w—w,.) (June letters)
is large when w~uw, then P(«+w,) must be
large when w~ —w,, and cannot be neglected,
so that his demonstration collapses.

In closing may I repeat my observation
from an earlier letter that in the frequency
domain common sense can be a dangerous
guide, even it would seem for someone with
access to a digital computer. There is indeed
no substitute for a sound ‘grasp of basic
principles’.

C. F. Coleman
Wantage
Oxon

PUSH-BUTTON TUNERS
WITH AFC

1 note with approval Cathode Ray’s call for
the use of push-button tuning arrangements
(September issue). In the same issue Mr
Nelson-Jones publishes his revised circuit of
his f.m. tuner using as before push-button
tuning. However, on examining his circuit 1
find no precautions against a very annoying
problem. It is this: if a station is selected at
the high frequency end of the band, then on
switch-on the supply to the varicap diodes
builds up slowly and the tuner may lock on to
a lower frequency station. In my area, if LBC
was selected then it was very likely that there
would be an adventitious lock on to BBC
Radio London or even Radio 4. On momen-
tarily disabling the a.f.c. the proper tuning
results, but it is an annoyance.

The remedy is simple in the extreme: an
electrolytic capacitor connected across the
contacts of the “disable a.g.c.” switch. At

switch-on this capacitor must charge up,
thus in effect creating the position that the
contacts were closed until some degree of
charge is established in the capacitor. In this
“breathing space’ before the a.g.c. comes on
the varicap voltage becomes established so
the correct station is captured.

The value of the capacitor should be
chosen to suit the circuit but it is by no means
critical, The readily available 160pF, 10-volt’
type seems generallyappropriate. Often there
is no room for it on the p.c. board but it is
easily mounted on the appropriate terminals
of the push-button unit or on the a.g.c. on/off
switch. It would be a worthwhile addition to
the new Nelson-Jones tuner, at least in
districts where the problem arises.

Ivor Abelson
London N14

POOR PROSPECTS IN
ELECTRONIC
ENGINEERING

In your September issue, Tim Williams wrote
that large companies would have only “in-
experienced youngsters and experienced
no-hopers (some would have it that this is,
already so); in which case, if their senior
management were unaware or, through in-
ertia, unable to rectify the situation, they
would simply collapse, due to inability to
compete — in the absence of other market
factors. It may be that this process is already
in motion, and that the elephants have had
their day.”

During the last two years my close collea-
gues and I have by chance studied a very
large number of companies at close quarters.
We would confirm that the large companies
in our field have collapsed, by which I mean
that the decline is far gone and irreversible
unless drastic action is taken. There has been
a sustained attack on its own technocratic
base by the management of every large
company of which I have experience in the
field of computers and electronics. They are
now generally propped up by cost plus,
no-results-demanded, government contracts.

It is not good enough for people like myself
to stand by looking wise, saying “I told you
so,” (see Computer Worship, 1972, pub.
Pitman, page 48) and do nothing positive
about picking up the pieces and making
something constructive out of the near
empty shells that PQR, STU and the other
large electronics companies have become. As
Tim Williams says, “It would be a shame if
the vast resources inherent in [the elephants]
were to go to waste.”

Only we, the technocrats, are in a posi-
tion to know that today our major high
technology companies generally have only
badly paid, souped-up wiremen and office
boys masquerading as senijor research en-
gineers and designers.

1 would like Wireless World to host a
dialogue, premised on the assumption that
technology-free management has dismantled
the technorcracy in our industries, to discuss
what we should do next. At technocrats, it is
our job to pick up the pieces left by the
vandalism of other groups.

Ivor Catt
St. Albans
Herts
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Effective length of
ferrite rod aerials

A topic that has received almost no treatment in the literature

by H. Sutcliffe, M.A_, Ph. D., F.1.E.E, F.|.E.R.E. 'Department of Electronic Engineering, University of Salford

The theory given in this article was
recently checked by my colleague M. D.
Samain and was at first received with
some scepticism because his
measurements comparing a frame aerial
with ferrite rod aerial were inconsistent.
The discrepancy was not explained until
he telephoned the BBC and found that
the Moorside Edge medium wave
transmitter, which had been used as the
signal source, has its power boosted as
daylight fades and this occurred half way
through the exercise. As Sherlock
Holmes pointed out, if there is only one
possible explanation it must be right,
howeverimprobable.

A COMPLETE ANALYSIS of the be-
haviour of any aerial should be con-
ducted using the concepts of gain,
aperture and radiation resistance but
this approach gives a tortuous route in
answering the following simple ques-
tion. “If a ferrite rod aerial is located in a
radiated field of strength E volts per
‘metre and the p.d. at the coil terminals is
V volts, how do we find the effective
length L appropriate to the relation V =
LE ?” This is a fair question but, sur-
prisingly, has received almost no treat-
ment in the literature of electromag-
netic theory and aerial design. There is a
fairly simple approach to a solution
which will be presented later in this
article, but first examine that simpler
structure, the loop or frame aerial.

Suppose a loop, small in size
compared with a wavelength and with n
turns enclosing an area A square
metres, is sitting with its plane in line
with the transmitter. Then the trans-
mitted magnetic field will pass normally
‘through A and if no current is taken
from the coil the p.d. can be calculated
from the flux-changing law. If the mag-
netic field is H = H,, sin 2nft the linked
flux is p,AH and the p.d. is

d
V= a(HQA nH)
=uoAnH, 2nfcos2nft

It is conventional to describe aerial
performance in relation to electric field
strength E rather than magnetic field
strength H. For normal propagation the
two are in phase and at right angles to
each other, and have the ratio E/H =
120w ohms = R,, and called the imped-
ance of free space. We insert this rela-
tion and get

o Anf

(=
O L

or V=LE, _cos2nft

where L can be defined as the effective
length of the loop aerial.

The next stage in considering the
connection of a loop aerial to a receiver
is to draw the equivalent circuit. The
real circuit might be as shown in
Fig.1(a) and then the equivalent circuit
appears as at(b)

In the equivalent circuit L; and R; are
the inductance and series resistance of
the loop. R, is a component that has
been ignored in the discussion so far. It
is the radiation resistance of the loop
and represents the power lost by radia-
tion when current flows. For loops of
size small compared with a wavelength,
R, is found to be so minute compared
with R that it is of no practical import-
ance. The voltage V, across the capaci-
tor may be regarded equally
legitimately as the output voltage of the
aerial circuit and is greater than V in
proportion to the Q-factor of the circuit.
It would be quite acceptable to define L
as V,/E or to define the L-value for one
turn only of the loop, so it appears that
the L-value of this kind of aerial is not a
unique property but must be related to
some particular aspect of the associated
circuit. :

So much for the loop aerial, which
was discussed solely to explain a
sequence leading from an easily under-
stood physical process, voltage induc-
tion in this instance, via concepts of
equivalent circuits to a method of cal-
culating voltage and current signal
levels in circuits associated with the
aerial. Can we follow the same argu-
ment with the ferrite rod aerial?

It is tempting to regard the rod as an
extension of the loop, collecting and
concentrating the radiated magnetic™
field and channelling it through a coil
wound round the middle of the rod. This
approach is strangely unrewarding,
though it has provided several theoreti-
cians with a challenging exercise in field
theory and mathematics. There is an-
other route to the solution of the pro-
blem* more appropriate to circuit de-
signers, and this alternative approach
will now be presented.

The argument begins by considering
an idealized ferrite structure similar in

* Ferrite rod aerials, by H. Sutclitfe. Int. J.
Elect. Enging Educ. Vol.13 1976, pp. 35-40.
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Fig. 1. Loop aerial (a) and its equivalent
circuit (b). V is LE,, cos 2uft, where L is
the effective length.

]

Fig. 2. Magnetic dipole in H field con-
nected to a current generator. Flux and
voltage are zero if nI=HL.

i

shape to the ball-ended magnet that
was, and perhaps still is, common in
school physics laboratories. This struc-
ture is called a magnetic dipole and has
the property that its magnetic flux
enters and leaves the magnetic material
only at the ends, which are distance [
metres apart. Now suppose the dipole to
be wound with n turns of wire and to be
aligned with an alternating magnetic
field H amps per metre. Flux will
oscillate through the winding and vol-
tage will be induced, but we must post-
pone this concept. Instead we imagine
the application of a current generator I
to the terminals of the winding as
shown in Fig.2. The magnitude and
phase of I is adjusted exactly to balance
the magneto-motive forces, so that no
flux passes through the dipole and no
voltage is induced in the winding. In
these circumstances the relation be-
tween | and H is very simple and is

nI=Hl, I=Hl/n
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Fig. 3. Magnetic dipole in H field connected to load (a) and its equivalent circuit
(b) in which the dipole is now a passive component.
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Fig. 4. In equivalent circuit of ferrite rod aerial, I is calculable, Lyand Rf
measurable and R,y negligible. Effective length can be defined as IRy | nR,,
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Suppose the load in Fig.4(b) is a
capacitor and the aerial voltage is
specified as the p.d. V, across the resul-
ting parallel LC circuit at resonance.
Then

V0=1Rf=HlRf/n,
and since E/H=R,,

V0=IBLE=LE, where L =lR—f.
nR, nR,

A typical situation is | 0.05m, R, 80
kilohms, n 50 turns, and R, 377 ohms,
for which L =0.21 metres, or volts per
(volt/metre). .

This definition of L is arbitrary as a
definition of aerial performance but it
does at least have the merit of being
easy toremember. Also it gives a correct
answer subject to a lack of precision
about the value of I, the effective
dipole length. This normally lies bet-
ween 1/4 and 1/2 of the rod length, but
it would be advantageous if manufac-
turers of ferrite rods were to quote this
most useful parameter when specifying
their products.

The next step is to invoke the principle
of superposition and add another
generator in parallel with the first,
identical to it but with opposite polarity.
This step will achieve two things. Firstly
and obviously it will nullify the effect of
the previous external generator, so that
any p.d. appearing at terminals AB is
now caused by the transmitted field H.
Secondly, the voltage that now appears
is calculable solely from the effect of
applying the second generator. The
equivalent circuit of the magnetic
dipole is therefore related to the real
circuit as illustrated in Fig.3.

This result is somewhat surprising,
for we expect from the physical behavi-
our of the dipole as a receiver that the
generator will appear as a voltage
generator in series with the coil. Instead
we find that in the equivalent circuit the
most natural and basic form of the
generator is a current generator in
parallel with the coil. Before proceeding
further with a discussion of circuit
topics though, we must examine the
situation where the coil is wound not on
an ideal dipole but in the usual form of a
concentrated coil at the centre of a
cylindrical ferrite rod. If we are to use
the expression for the size of the current
generator (I =Hl/n) for a ferrite rod we
need to Know the length [ of the equi-
valent ideal dipole. The argument be-
comes less precise at this point but still
yields useful results.

An illuminating experiment is to ex-
cite’a rod by a coil at its centre and
measure the voltage induced in a coil
which can slide along the rod. This
provides a measure of the magnetic flux
in the rod at various distances
from the centre. It is found that the
flux is a maximum at the centre

and negligible at the ends, and the dis-
tribution follows approximately a raised
cosine pattern. This experiment has
been performed with rods of various
lengths, diameters and permeabilities,
and for the types common in receivers
there is very little difference in the
general pattern of behaviour. Further
experiments based on the equivalent
circuit of Fig.3, in which the H field was
generated by a local air-cored coil, con-
firmed the conclusion that for common
ferrite rod aerials the equivalent dipole
length | is approximately 1/3 of the rod
length. The ratio rises to 1/2 for thick
rods of high permeability and falls to 1/4
for thin rods and low permeabhility
(1,~200). It can be concluded therefore
that the equivalent circuit of a ferrite
rod aerial can be described conveniently
by reference to Fig.4.

In Fig.4(b) the value of I is readily
calculable with no requirement to know
the diameter or permeability of the rod,
though there is some lack of precision
because the effective dipole length [ is
only approximately given by 1/3 of the
rod length.

The inductance L; and parallel loss
resistance R; of the coil are easily mea-
sured. Both are approximately propor-
tional to n? The resistance R is the

radiation resistance in its parallel form

and is so large in practice compared
with R; that its effect is negligible.

It would be quite proper to halt at this
stage in the discussion, for the circuit 0§
Fig.4(b) provides everything a circuit
designer needs to know, but since the
whole exercise was generated by a
question about equivalent length, i
formulae of the type V = LE, it may be
appropriate to continue with a little
more analysis.
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UK firms’
microelectronics

"incompetence’’

ACCORDING to union leader Ken Gill, the
recent ACARD report on the utilization of
microelectronic devices in British industry is
“a damning indictment of employers’ incom-
petence”. Gill, who is general secretary of
TASS (the technical, administrative and
supervisory section of the Amalgamated
Union of Engineering Workers), was
speaking at an AUEW officials’ conference at
Eastbourne in September. He quoted the
ACARD report as saying that we have been
overtaken by competitors in fields such as
cash registers, food processing equipment,
process instruments, machine tools,
telephone switching systems, printing
machinery and even in ship chronometers. In
many of these fields we had previously had a
dominant position. “Moreover, we failed to
recognise new opportunities until others
produced the products” (said the report).
‘‘Examples are calculators, electronic
watches and clocks, word processing and
television games ........ On production
methods the picture is just as gloomy. In-
dustrial firms are only slowly incorporating
new technology such as numerically con-
trolled machine tools into their manufac-
turing and into production planning con-
trol”. The main conclusion in the report, said
Gill, is that every department and agency of
the Government including nationalised in-
dustries must accept the importance of the
new semiconductor technology.

“Technology must be our slave and not our
master,” he went on. “Our members must be
alerted to negotiate on every aspect of the
new technology and warn them of those
areas of importance of which they may not
be immediately aware. The multi-national
corporations see this technology as a means
for greater profits, and greater controls over
their employees and the consumer. The
union movement see it as more employment
and more purchasing power and more leisure
for the workers. The massive increase in
productivity derived from these develop-
ments must go to the benefit of all and not to
the few.”
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Britain joins Europe (again)

Goonhilly earth terminal looks towards the Continent

IN SEPTEMBER the UK joined an associa-
tion of 17 European countries set up to
manage a future European communications
satellite system. Called Eutelsat, this organ-
isation is run by the telecommunication
administrations of the various countries —
the British Post Office being one of them —

G 50 Qs

and an agreement has been signed about -

dividing up the cost of the project. The whole
system will be based on a 11/14GHz
European communications satellite (ECS),
carrying telephone, telex and tv traffic,
which will be launched at the end of 1981.

-~

Meanwhile, a test satellite called OTS2 (Or- :
ibital Test Satellite 2) has already been

launched (July issue, News, p.48) to allow
various experiments to be carried out for the
European scheme. Since May this has been in
geo-stationary orbit at 10°E above Gabon —
a line of lcagitude which runs through the
middle of Europe, passing near Oslo, Ham-
burg, Lake Constance, Milan, Sardinia and
Tunis.

Dual polarization .

Our front cover this month shows the

British contribution to the OTS2 experi-
ments, an earth terminal at the Post Office’s
satellite earth station at Goonhilly Downs.
Cornwall. Known as Goonhilly 4 (the earlier
terminals being part of the Intelsat scheme),
it is now sending speech and television test
signals up to OTS2 on 14GHz and receiving
them back on 11GHz. It was designed and
built by Marconi Communications Systems
Ltd in a £3%m joint venture with the De-
partment of Industry and the Post Office. The
aerial is a 19-metre dish with Cassegrain feed
and a gain of 66dB in the 14-14.5GHz trans-
mitting band and 65dB in the 10.95-11.8GHz
receiving band. An unusual feature is that it
allows two separate beams to be transmitted
simultaneously on the same frequency, one
being horizontally polarized and the other
vertically polarized, so that spectrum space is

saved by handling two groups of signals in
the same frequency band. Part of the test

programme is to find out whether

atomospheric conditions will affect the de- .

gree of polarisaton between the two beams.

The 14GHz transmitter, installed in the -
cylindrical building below the dish, feeds the .

aerial through a waveguide system and horn.

It uses a five-cavity klystron in an r.f.,
amplifier giving a c.w. power of 1.6kW with a -

gain of 32dB and a bandwidth (1dB) of
90MHz. In turn this r.f. amplifier is fed with
14GHz signals from a double up-converter
which receives an input of either 140MHz,
carrying 120Mbit/s digital information or
70MHz carrying 60Mbit/s digital or f.d.m.
video information. The receiver consists of a
low noise amplifier mounted near the feed
horn, and the 11GHz signals from this pass
through a double down-converter to give the
140MHz or 70MHz outputs mentioned above.

Part of the test programme with OTS2 will
include trials with digital transmission.
During the 1980s this technique will be
increasingly used within British and other

national telephone networks and will there- .

fore be required on international networks.
With satellite communications, digital trans-
mission also provides much greater flexibility
and economy than earlier analogue methods.
By means of time division multiple access
(t.d.m.a.), a number of earth stations can use
the same satellite radio channel. They use the
channel in sequence, in a series of carefully
synchronised bursts of radio transmission.
For the t.d.m.a. tests with OTS2, Goonhilly 4
can provide the signals to synchronise all
four European aerials involved (the other
three being in France, Germany and Italy).

A t.d.m.a. burst consists of a preamble,
containing identification, control and signal-
ling information and other details, followed
by a data burst. This is built up from conse-
cutive sub-bursts, such as digitised f.d.m.,
p.c.m., and one for digital speech interpola-
tion (see lot*er), which are generated
separately.

For transmission purposes the digital
signals are provided by two modems
(modulator-demodulators), one for 120Mbit/s
and the other for 60Mbit/s In these, the
modulator accepts two parallel binary inputs
at a symbol rate of 60Mbit/s for each chan-
nel, together with a clock and burst control
signal. A differential encoder is used to
resolve carrier phase ambiguity. The parallel
bit streams are fed to balanced linear
modulators, and by means of a 90° phase
shift in the local oscillator drive, a 4-phase
p.s.k. signal is produced. Burst control is
achieved by controlling the local oscillator
drive.

The demodulator includes facilities for
reference clock extraction, clock recovery,
regenerating the demodulated data, and
a.g.c. control of the mean input signals. The
140MHz input four-phase p.s.k. signal is
distributed to two double-balanced mixers
driven by the recovered carrier fed via a 90°
phase splitter. The two demodulated signals
are regenerated and differentially decoded to
give the two data outputs. The outputs are
correlated in a phase correction circuit to
adjust the phase of the recovered carrier for
minimum crosstalk. A narrow band filtering

-technique is used in an a.f.c. circuit in the
. carrier recovery unit.

Digital speech interpolation

In addition to the dual polarisation, further
economy in the use of the available spectrum
will be achieved by means of digital speech
interpolation. In this technique, which is
similar in principle to the TASI (Time
Assignment Speech Interpolation) system
used for many years in international cable
communications, the digits of one telephone
conversation are interposed in the spaces
resulting from pauses occurring in other
conversations, thus reducing the number of
channels needed for the whole of the traffic.
The interpolation equipment has been de-
signed by Cambridge Consultants and is a
distributed microprocessor system
employing seven Texas Instruments
TMS9900S devices.

~ The equipment is arranged to process the

www americanradiohistorv. com

two directions of traffic separately, so the
terminal contains both an interpolation
transmitter and an interpolation receiver.
Functions of the transmitter are the detec-
tion of the activity of incoming speech chan-
nels, the assignment of active channels to
currently inactive channels in a conversatio-
nal “pool”, and generaiuon ot assignment
messages for transmission to interpolation
receivers, indicating the changing state of
the channel associations. The receiver’s
functions are the interpretation of assign-
ment messages and the assignment of chan-
nels from the conversational “pool” to the
correct outgoing speech channels.

The specification of the equipment was so
advanced that a speech activity simulator
had to be built to test it. This includes two
microcomputer cards, and simulates speech
activity on up to 240 terrestrial channels in
the interpolation equipment, employing
stored statistical distributions of various
parameters of a typical conversational
“pool”. These distributions can be based on
the acitivity found in live traffic situations or
can be generated to provide special charac-
teristics. The additional equipment was
necessary because simulated speech traffic
allows the loading of circuits to be controlled.
This permits a more consistent indication of
equipment performance. To evaluate the
performance of the interpolation equipment,
and hence the effectiveness of the technique,
one or more test channels are continuously
monitcred while the equipment is loaded
with dummy traffic from the simulator.

European Communications Satellite is being
developed to handle intra-European
telephony and the distribution of Eurovision
programmes during the 1980s. The general
design of each satellite will be similar to that
of OTS2 — in particular it will operate in the
11 and 14 GHz frequency bands and re-use
the available spectrum by means of dual
polarisation. The main differences between
the ECS and OTS2 satellites are:

1. ECS will have twelve 80MHz transponders
instead of six of different bandwidths.

2. It will not have inclination control and will
therefore be seen from the earth as moving
daily in a figure-of-eight path between the
latitudes of 3.5°N and 3.5°S.

3. It is designed for a seven-year life instead
of five for OTS2.

4. It has three spot-beam aerials instead of
only one on OTS2.

5. It carries sufficient batteries to power five
transponders during an eclipse, whereas
OTS2 can power only two.

6. It is likely to be launched by the European
Ariane Launcher instead of the US Thor
Delta 3914.

All twelve transponders are accommo-
dated within the frequency band of 500MHz
allocated to the transmitting and receiving
radio paths: six transponders are accommo-
dated on vertical polarisation and six on
horizontal polarisation. The output of the
solar cell panels — one on each side of the
vehicle — is sufficient to power nine of the
twelve transponders, each of which has a
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final travelling-wave-tube amplifier output
of 20W. The remaining three transponder
chains are available as replacements for
failed or deteriorating units.

ECS will allow for the interchange of
telephony traffic between any two CEPT
members — covering an area bounded by
Iceland, Scandinavia, Finland, West Ger-
many, Turkey, Portugal, and the Atlantic
Islands. Exchange of Eurovision pro-
grammes within the European broadcasting
region also includes the European Broadcas-
ting Union member countries in North Africa
and the Middle East.

To meet the coverage requirements, the
telephony area has been divided into three,
each covered by a circular spot-beam trans-
mitted by its own aerial. The spot-beams will
illuminate East and West Europe and the
Atlantic (Azores and Canary Islands). A
fourth transmitting aerial provides coverage
of the entire European zone by an elliptical
“Eurobeam,” and there is one receiving aerial
(with a spare) also covering the entire zone.

Some 15 earth stations, with dish aerials of
16-19m diameter, are expected to be working
to ECS by the mid-1980s, plus six television-
only earth stations with 13m diameter an-
tennae.

The telephony system will use digital
transmission, with four-phase, phase-shift-
keying modulation in t.dm.a. as explained
above. The traffic from each country is
concentrated into a short burst of modulated
carrier transmitted in a pre-determined time
slot, with careful synchronisation of all the
earth station involved. Transmitting the
bursts of 120Mbit/s would give each 80MHz
transponder a capacity of some 1,600
telephony channels. This can be
approximately doubled by use of the digital
speech interpolation system explained
above. Television transmission will use
frequency modulation with “sound-in-sync.”

Eutelsat. The telecommunications satellite
organisation set up by the European admin-
istrations and operating agencies is, for the
time being, provisional and its full title is
“Interim Eutelsat.” It has a permanent
secretariat in Paris. Its consitution, which
came into force on June 30, 1977, allows all 26
members of CEPT (the European conference’
of postal and telecommunication administ-
rations) to be a party to it. So far 17 admin-
istrations or operating agencies have become
“signatory parties.”
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Interim Eutelsat is preparing to set up two
satellite systems. Known as ‘‘space seg-
ments,” there are, first, the ECS space seg-
ment, providing telecommunications ser-
vices between fixed terminals on land; and
secondly the MAROTS space segment, pro-
viding a mobile maritime telecommunication
service. The arrangements for each segment
are covered in supplementary agreements to
the constitution. One of these came into force
on September 14 and relates to the ECS space
segment. That for the MAROTS space seg-
ment came into force on October 22, 1977.
Each segment is controlled by its own In-
terim Eutelsat Council.

Interim Eutelsat will allocate capacity in
each space segment to the organisations
using it, and will also approve earth stations.

As a provisional organisation, Interim
Eutelsat has no “juridicial personality” and is
therefore unable to enter into agreements or
contracts until it becomes a definitive or-
ganisation in about 1980. For the time being,
it assigns mandates to particular administra-
tions to enter into agreements on its behalf.

Britain will be acting for Interim Eutelsat
in matters relating to the MAROTS space
segment. France has a similar role for the
ECS segment. ’

Add-on oscilloscope waveform store

Readers who are following this project will
have been baffled by the inclusion in part 2 of

Fig. 7. Master control circuit.

the article in the November issue of a totally
irrelevant Fig. 7. We apologize to Mr

Fastner and to readers. The correct diagram
is reproduced below.
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From Science of Cambridge: the new MK 14.
Simplest,most advanced,most flexible

8-digit, 7-segment
LED display E

MK 4including
optional RAM1/0
and Extra RAM.

The MK 14 is a complete microcomputer with a
keyboard,adisplay, 8 x 512-bvte pre-
programmed PROMs,and a 256-byte RAM
programmable through the keyboard.

As suchthe MK 14 can handle dozens of
user-written programs through the hexadecimal
keyboard.

Yet inkit form, the MK 14 costs only £39.95
(+£3.20 VAT, and p&p).

More memory —and peripherals!

Optional extras include:

. ExtraRAM =256 bytes.

2. 16-line RAM I/O) device (allowed for on the
PCB, giving further 128 bytes of RAM.

3. Low-cost cassette interface module - which
means you canuse ordinary tape cassettes/
recorder for storage of data and programs.

4. Revised monitor, to get the most from the

cassette interface module. It consists of 2

replacement PROMs, pre-programmed with

sub-routines for the interface, offset
calculations and single step, and single-
operation data entry.

PROM programmer and blank PROMs to set

up your own pre-programmed dedicated

applications.

All are available now to owners of MK 14,

A

A valuable tool—and a training aid

As acomputer, it handles operations of all
types—from complex games to digital alarm
clock functioning, from basic maths to a pulse
delay chain. Programs are in the Manual,
together with instructions for creating your own
genuinely valuable programs. And, of course,
its a superb education and training aid -
providing an ideal introduction to computer
technology.

4.43 MHz crystal

PROM-512 bytes
RAM-256 bytes

ExtraRAM
(optional)

Edge connector for
. external keyboard with
up to 32 keys

SPECIFICATIONS

®Hexadecimal keyboard @ 8-digit, 7-segment
LEDdisplay ® 8 x 512 PROM, containing
monitor program and interface instructions
©256 bytes of RAM @ 4 MHz crystal @5V
regulator® Single 8 V power supply ® Space
available for extra 256-byte RAM and 16 port
[70® Edge connector access to all data lincs
and [/O ports

Free Manual

Every MK 14 kitincludes a Manual which deals
with procedures from soldering techniques to
interfacing with complex external equipment.
[tincludes 20 sample programs incliding math
routines (square root, etc), digital alarm clock,
single-step, music box, mastermind and moon
landing games, self-replication. general
purpose sequencing, etc.

CPU

microcomputer -in kit form.

£ Vregulator

Power rails and
input/output edge connector

RAM I/Q device

PROM -
— 512 bytes

RAM-256 bytes

ExtraRAM
— (optional)

Display and keyboard
interface circuitry

Designed for fast, easy assembly

The MK 14 can te assembled by anyone with a
fine-tip soldering iron and a few hours’spare
time, using the illustrated step-by-step
instructions provided.

How to get your MK 14

Getting your MK 14 kit is easy. Just fill in the
coupon below, and postitto us today, with a
cheque or PO made payable to Science of
Cambridge. And, of course, it comes to you with
acomprehensive guarantee. If for any reason,
vou’re not completely satisfied with your MK 14,
return it to us within 14 days fora full cash
refund.

Science of Cambridge L.td,
6 Kings Parade, Cambridge, Cambs., CB21SN.
Telephone: Cambridge (0223) 311488

To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB2 1SN.

[ ExtraRAM # £3.88 (inc p&p.)
[JRAM I/Odevice # £8.42 (inc p&p.)

I enclose cheque/money order/PO for /

Name

Address (please print)___!

| Allow 21 days for delnery.

Please send me the following, plus details of other peripherals:
[JMK 14 Standard Microcomputer Kit ¢ £43.55 (inc 40p p&p.)

Science of
Cambridge |

(indicate 1otal amount.) I

WW — 010 FOR FURTHER DETAILS
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Model TCSU1 Soldering Station
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control <[0pS them Lo over neating the fal sale  electronic
icul prowdes protection even 1 the thermocoupie fails

TCSUS suldenng statin €38 10 ¥TC ana CTC wons £14.85
k nciusve o' VAT and PSP

A

" Model CX- 17 watts

a mimature 110n with the element enclosed first in a ceramic
shalt then n a stainless steel Vutually leak tree Only 7'
long Fstted with a 3 37 bet £4.15 inclusive of VAT and P&P
Range of 5 Other bits avaiante 1rom 5 down 10 3 64

Model X25 - 25 watls
it € 0 =\H — =

W e |5

A general puipose 1100 dlsu with 4 ceramic and sieel shatt to
give vou (oughne s Combined arth near perdfect insulation
fited with 1 8 b1t and pnced at £4.15 inclusive of VAT and
P &P Range of 4 uther its avaiabie

- <
Model SK3 Kit Model SK4 Kit

Contain, ot Be with the
model Cx2J0 mode)
soltenng ina and X25 240 general
the stand ST3 Durpose on
Puced at£5.99 and the S13
ncise oF VAT stand s kit
and PSP 'S a must for
It makes an every 100kt in
exceltent the home
' ' | wresent fur the Prced a£5.99
radio amater nclusive of VAT
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Model SK1 Kit
. . . . Thig kit coniamns a 15 walt miniature
You can now combine fingertip accuracy with strict S R
temperature control (within 2%)atthe 0.6mmtip ofa miniature L
soldering iron by using the soldering station shown with Model MLX Kit
One Of the 24\/0“ lrons . The sglderning ion n thiskitcanhe
The exceptionally fast recovery time of a miniature iron of o b
40watts at the chosen temperature ensures a short exposure O T A e
or dwell time. If your requirements are less demanding. e
one of our ordinary miniature or general purpose soldering AT (PSF

irons or kits may suit better. o —r— —————>{
All our soldering equipment is made in England to strict local r Please send the following
and international standards of safety. Our name for
reliability is spreading from all over Europe to the U S.A..
to Japan and to most other countries.
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Did you know?

Some puzzles in radio engineering fundamentals

by Epsilon

THE ART of radio engineering is now
well into its second half-century; many
of the fundamentals, probably once well
understood, are perhaps too easily
accepted today and seldom explained
adequately in basic engineering
courses. Take, for example, a capacitor.
Readers will know that there are quite
fundamental laws which describe its
behaviour. These are the laws of charge
and energy, and they are often used to
solve certain problems in much the
same manner as momentum and Kinetic
energy are used in mechanics.

A typical problem is shown in Fig. 1.
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Fig. 1. What is the voltage on the
right-hand capacitor after the switch is
closed?

Here a capacitor of capacitance C is
charged to a voltage V. At a particular
time, the first capacitor is connected to
a second capacitor, also of value C, but
containing no charge. By the law of
charge conservation, the charge before
and after the connection is the same,
and is given by
Q=CVv =2V,
and therefore the voltage V, is equal to
V/2. But by the law of energy conser-
vation,
E = CV?%/2 = (2C:V.2

and the voltage V, is equal to V//2.

Now since capacitors are essentially
lossless, energy cannot vanish without
trace, and so the second answer should
be the correct one. But this would imply
that charge had increased by a factor of
/2, thus violating the law of conserva-
tion of charge. The problem becomes
really ridiculous if one capacitor is
charged to +V, the other to —V. The net
charge is then zero, and the use of one
method would predict a final voltage of
zero, the other a finite voltage of in-
determinate sign.

Unfortunately, both conservation
laws happen to be cornerstones of elec-

trical engineering theory and are not to
be discarded lightly. Some means must
be found to reconcile the two laws, but
how? No doubt readers will reassure
themselves at this point by claiming
that all real capacitors have resistance,
and that the losses associated with this
account for the discrepancies between
application of the two laws.* A natural
reply is to make the capacitors operate
at superconducting temperatures and
to reconsider the problem. Another in-
genious way out might be to note that it
is very difficult to discharge a capacitor
without forming an arc (and hence
getting rid of excess energy). Unfortun-
ately for this suggestion, semiconductor
technology does enable an arcless con-
tact to be made, and so this explanation
is at best a weak one. Accepting that
simple measurements with a voltmeter
show that the charge is conserved, what
is the explanation of the apparent dis-
appearance of the energy?

A second example, representing such

‘an ‘everyday feature of electronic

equipment that its correct operation is
taken for granted, is shown in principle
in Fig. 2. A coaxial cable takes an r.f.
signal from one part of a system to
another. The system has a metallic
ground plane which can be considered
as being infinite in extent. Standard
practice dictates that the outer braid of

the coaxial cable is connected to the

ground plane at both ends. An interest-
ing question now emerges: what path
does the return current from the load
take? One answer (which is certainly
true at d.c.), is that it takes the path of
least resistance, or rather, it shares itself
between the outer braid of the coaxial
cable and the ground plane in the ratio
of conductances. At a.c., the impedance
between two points on a ground plane is
effectively zero, whereas between the
two ends of the outer conductor of a
coaxial cable it is roughtly
X = 0.21flog.(21/D)

where [ is the length in metres, D is the
braid radius, and f is the frequency in
MHz. Clearly the impedance increases
with length and frequency, and there-
fore most, if not all, of the return current
does not flow in the outer conductor at
all, but in the ground plane. Of course,
this situation does not happen; if it did,

*It so happens that this statement 1s exactly true for

any finite value of resistance.’

www americanradiohistorv com

Intinite ground plane

Fig. 2. Does the return current from the
load flow in the ground plane or the
outer braid of the cable?

|

Fig. 3. The switch is closed at t=0.
What is the current in the inductance?

the outer conductor would be redun-
dant, the cable would be unscreened,
and the concept of characteristic
impedance would be quite meaningless.
Obviously, no matter what the cable
length or the frequency, none (well,
almost none) of the current flows in the
ground plane. Why?

A third example is not so much one of
fundamental principle as one of
observed fact. It concerns switch-on
surges in transformers. If a transformer
(the larger the better) is connected
directly to a mains supply, a distinctive
hum is often heard which decays away
over a period of tens of cycles. If the
transformer is large enough it may blow
a quite substantial fuse. Why? Those
who have experienced the effect will
mutter “switching-on surge,” but that is
a description of the problem and not a
quantifiable explanation of its cause. A
related problem, which will help to
obtain the answer, concerns the circuit
shown in Fig. 3. Assuming that the
switch is closed when the applied sine
wave is at zero and, for the present, that
the resistance is zero, is the current in
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the inductance sinusoidal and does it
have an average d.c. value of zero?
Before continuing to two more prob-
lems less related to real life, let us
examine the answers to the questions
already presented. The first example is
an interesting one, if only because it is
so fundamental. As a first step it can be
noted that all capacitors must have
physical size; it is simply not possible to
make a finite capacitance of infinitely
small dimensions; secondly, whenever a
capacitor is discharged the current
must flow through a finite distance, and
thirdly, current flowing through a dis-
itance generates a magnetic field, which
in practical terms means that every
capacitor possesses a small inductance.
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Fig. 4. The solution to Fig. I with R=0

Fig. 4(a) shows the equivalent circuit
of Fig. 1, and Fig. 4(b) shows the actual
voltages of the two capacitors as a
function of time. The whole circuit is
resonant at a frequency given by

WALC/2 =1

V, starts at zero, oscillating between a
value of zero and V, the mean value
being V/2. V| has the same sinusoidal
form as V, but starts at V and decreases
down to zero. Both charge and energy
can now be accounted for. The total
charge in the two capacitors remains
constant at Q = CV, thus satisfying the
requirement of conservation of charge,
but the charge in each separate capaci-
tor oscillates from one to the other
about the mean.

The energy flow is more complicated,
there being a continual transference
between capacitive and inductive
storage. Thus, beginning at timet = 0in
Fig. 4(b) capacitor C, starts with zero
voltage and zero energy. C, starts at V.
One quarter-cycle later both capacitors
have the same voltage V/2, and there is
zero voltage across the inductance.
Since the current in an inductance lags
the voltage by a phase angle of 90°, the
former is now at a maximum and it will

be found that exactly one half the en-
ergy resides in the inductance. This
accounts for the “missing” energy. One
half a cycle later the voltage across C, is
a maximum and equal to V, and that
across C) is zero; all the energy has now
been removed from the inductance and
resides in C,. The reader can follow the
remainder of the cycle.

No matter how small the lead induct-
ance, the oscillation just described is
always present, and, taken with the
steady voltage, it fully accounts for both
the original charge and the energy. The
reason that an erroneous result can be
obtained, in this case by neglecting
inductance, is because the laws of con-

‘servation do not tell us how charge or

energy may be stored, only that they
cannot disappear.

The explanation may now be deve-
loped a little further, to begin with by
allowing a small series resistance to be
present as shown in Fig. 4(a). The
oscillation, instead of persisting inde-
finitely as before, now decays exponen-
tially (the multiplying factor is actually
exp(—Rt/2L)) and leaves a steady state
voltage of V/2 on both capacitors. This
is, of course, the voltage measured by a
d.c. meter. Taking a further step, just as
a capacitor possesses inductance, so it
also possesses radiating properties, and
there will in general be an apparent
resistive loss because of this. Taking a
third step, capacitance, inductance and
radiation resistance are not lumped
circuit elements but are distributed, and
so even the reasoning given above is at
best an approximation.

The explanation of the screening
properties of the coaxial cable concerns
the self and mutual inductance of the
two conductors of which it is com-
prised. Fig. 5 shows a longitudinal cross
section of the cable, large letters being
used for the outer conductor and small
letters for the inner.

A current i flowing upwards in the
inner conductor sets up a magnetic field
whose lines of force go around it. As a
simplification we shall assume that the
conductor is straight and long, and then
these force lines have a magnetic field
strength of

h = i/2nx ampere turns per metre
where x is the distance from the centre
of the conductor (but note that this
expression is not applicable when x is
less than d). A current I flowing down-
wards in the odter conductor also
causes a magnetic field strength, this
time given by

H = —1/2ax,
where x is measured from the centre of
the hollow tube which forms the outer
conductor and I is distributed uniformly
around the periphery. Inside the tube
the field due to I is everywhere zero.

The magnetic fields cause back vol-
tages to be generated in each conductor
whenever they change with time. The
current [ causes a large back voltage to
appear in the outer conductor (the self
inductance term) but this is cancelled
by the back voltage caused by the cur-

s

www americanradiohistorv com

WIRELESS WORLD, DECEMBER 1978

Field due to outer .=t e Field
conductor A 1 m“‘"i_\_ due todinr;er
(out of plane 3 conductor
#(towards plane
HBDEL E a of the pgper)
© i ® i
= ;7
fh.
e iz ® %
N RE
g i
© % '{ ® ¥
—x 3 P o
T ;
: %
S 3 @ 3

Fig. 5. Fields due to the inner and outer
conductors of a coaxial cable go
around the cable. The left and right
sides show the field separately.

rent in the inner conductor (the mutual
inductance term). Now it so happens
that the magnetic field-inside the outer
conductor does not have any effect, and
the total back voltage is thus propor-
tional to (h—H) or (i-1)/2ax. If i = 1, all
external magnetic fields are exactly
equal to zero (in other words, the cable
is properly screened) and the back vol-
tage is also zero. Each end of the cable
is at exactly the same potential and no
current flows in the earth plane; if it did,
a potential in the correct sense to cancel
it would appear along the cable. We can
all breathe a sigh of relief at the result,
because otherwise r.f. engineering
would be impossible. However, at low
frequencies, particularly audio, cable
resistance starts to become important
and screening against magnetic pick-up
is not at all so easy.

The full explanation for the third
example can only be found satisfactor-
ily by recourse to differential equations.
Before giving the solution, it is as well to
recall that the properties associated
with inductance are expressed solely in
terms of the back voltage developed
when a current experiences a rate of
change. Specifically:

V = L X no. of amperes changed per
second

It is important to realize that the
voltage V is not a function of any con-
stant current, which could be infinite
without altering Vin any way. With this
in mind, the full solution for the current
in Fig. 3 becomes understandable. It is

I = (E/Z)sin (wt — &) + (E/Z/ exp
(Rt/L)sin ¢

where tan¢ = wL/R and
Z = VRT + (wl)?

The solution will be seen to consist of
two terms, the first being the one
generally used in a.c. impedance calcu-
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(a)

lations, the second being a transient
term which is d.c.’ with an exponen-
tional decay.

The solution for the case when R is
zero is given by:

I = —(E/Z) cosut + (E/Z)

and there is thus a standing d.c. term
equal in magnitude to the peak altern-
ating current. The total current starts at
zero and builds up to twice the value
normally expected, but it never reverses
in sign. There is a constant direct cur-
rent circulating on a nominally a.c.
supply and this persists indefinitely. In
real life, resistance is always present
and the d.c. term decays to zero; the
lower the resistance, the lower the rate
of decay. Knowing this, an explanation
of why a switch-on occurs can now be
given.

When a transformer is connected to
the mains supply, a circulating direct
current is set up as just described. If the
switch-on occurs at or near the zero
voltage point of the a.c. cycle, thed.c. is
at a maximum, and the total current
runs up to nearly twice the normal
value given by I = E/«L. Twice the
normal magnetization current is often
more than sufficient to run the iron core
of the transformer into saturation, and
the laminations start to protest loudly.
With the transformer iron saturated,
the instantaneous value of L is grossly
reduced and so the magnetizing current
must increase to generate a back vol-
tage which is equal to the mains supply.
The effect persists until the direct cur-
rent dies away or until the fuse blows.

After these questions and answers on
rather everyday topics, here are two
problems of a more thought-provoking
nature.

A small bar magnet is launched into
outer space, where it can be assumed to
be free of any external influences. The
magnet is set spinning about an axis
which passes through its middle and is
perpendicular to the line joining the two
poles. What happens to the rotational
speed of the magnet with the passage of
time? No mechanical forces on the
magnet (such as air resistance) need be
considered.

Our second problem is also concerned

(c)

Fig. 6. What is the external magnetic
field when the last plug (a) is placed
into the hole in the hollow sphere (c)?

with permanent magnets. Fig. 6 (a)
shows a magnet made in the form of a
six sided tapered plug. The lines of force
of this magnet run from north to south
(by convention). A number of these
plugst can be assembled as in Fig. 6 (b),
and the result will be part of a hollow
sphere. Lines of force will emanate from
the outside of the sphere and will enter
the inside as shown in Fig. 6 (b). The
assembly of the sphere can continue
until the situation in Fig. 6 (¢) is
reached, at which point lines emanating
from the outer surface still return via
the single hole to the south pole of the
inner surface. A compass needle passed
anywhere near the outer surface would
record that it behaved as a magnetic
north pole except near to the hole. The
final plug is now inserted into the hole.
What is the external magnetic field of
the sphere at large, intermediate, and
zero distances from the surface?

On a superficial level the two answers
happen to be rather obvious: the spin-
ning bar magnet slows down and the
magnetic field outside the sphere is
everywhere zero. The more quan-
titative explanations are as follows.

The spinning magnet generates an
alternating magnetic field that gives
rise to an electromagnetic effect and
hence to radio waves. The power
associated with these comes from the
only available source, the kinetic en-
ergy of the spinning magnet, which
therefore slows down. The explanation
is rather an interesting one, because it
shows that there is no reason why
mechanical energy should not be turned
directly into radiation without the use
of electronic devices. However, I should
point out that the idea is intriguing
rather than practical!

To carry the explanation a little
further, the magnet can be assumed to

tIn practice, and in theory, a sphere cannot be
assembled from six-sided plugs alone. To get a
perfect fit it must be done with a mixture of
six-sided and five-sided plugs (see Fig. 6 (b)), as in
the truncated icosahedron. However, this awkward
fact should not affect the author’s discussion. — Ed.
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be replaced by a solenoid carrying a
current I whose field matches that of a
magnet. Next, the rotating magnetic
field can equally well be created by two
such solenoids fixed in an inertial
reference frame at right angles to one
another and carrying currents.

I, = Isin(2avgyt),
I, = Icos(2nv t)

vy being the speed of the real magnet in
revolutions per second. By this sub-
stitution the problem has been reduced
to one of radio engineering. Each
solenoid acts as a small loop antenna,
the radiation from which results in a
circularly polarized radio wave. Now
the radiation resistance of an elec-
trically small loop is given by

R = 31,200 A2N?v?/ct

where A is the area of the solenoid, N is
the number of turns, V is the frequency
in cycles per second, and c¢ is the~
velocity of light. By equating the kinetic
energy stored in the rotating magnet to
the I’R losses in radiation it can be
shown that the speed after a time t is

v o= vyl + kt)™"

k = 31,200 (JAN)*(27vy)2/(c*W)
where W is the moment of inertia of the
magnet.

The explanation for the magnetic
field outside the sphere being zero can
be given by reducing the problem to
absurdity. Since the sphere is perfectly
symmetrical in a three-dimensional
sense there can be no preferred axis of
magnetization; if lines of force do exist,
they can only be perpendicular to the
surface and they must all hive the same
direction of flow. But then this is tanta-
mount to saying that the sphere acts as
if it were a unit magnetic pole. Now man
has been searching for unit magnetic
poles for a long time, and, like the
philosopher’s stone, they have never
been found (except possibly at the sub-
atomic level). Unless you believe other-
wise, the only possible solution is for the
field outside the sphere to be every-
where zero. A more formal proof exists.
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Solar heating temperature controller

Differential circuit gives precise control of a pump motor

by A. J. P. Williams Gwent College of Higher Education

This solar heating controller uses a
recently introduced sensor to accurately
detect the temperatures of a solar panel
and a water tank. The circuit allows an
electric pump to be controlled at precise
selectable temperatures for optimum heat
exchanger efficiency. The circuit is easily
calibrated, and is not affected by
interference form local mains wiring.

In the basic system of Fig. 1, a heat
transfer fluid, usually water, is pumped
through the solar collector where it
gains heat. The fluid then passes
through a heat exchanger coil where
most of the heat gained previously is
transferred to the stored water. The
outputs from a temperature sensor
attached to the collector output, and a
second sensor attached to the storage
tank operate a differential temperature
controller. This controller switches the
pump motor on when sensor 1 is hotter
than sensor 2, which transfers heat to
the stored water, and off when sensor 1
is cooler than sensor 2, thus preventing
the stored water from being cooled
during the night or when the weather is
dull.

Because solar collectors are more
efficient when they are operated at low
temperatures, it is beneficial to run the
system at the minimum temperature
which will allow energy to enter the
stored water and justify the pump
operating.

For example, if the average rise in

Heat exchanger coll

temperature of the stored water is 40
deg C, and the stored water is increased
by only a further 2 deg C with precise
control, this represents a 5% increase in
efficiency, or an extra 348Whr for each
150 litres of water heated.

Circuit details

The complete circuit in Fig. 2 is based on
the Analogue Devices AD530K temper-
ature transducer which is a constant
current temperature sensor. The cur-
rent through the device is almost inde-
pendent of the voitage across it within
the range of 4 to 30V. This characteristic
ensures that any mains induced vol-
tages in the leads cause negligible 50Hz
current through the sensors. Connec-
tions to the sensors can be by an un-
screened twisted pair of wires of up to
50m in length if required, provided that
they are well insulated. It is essential
that the connections to the sensors are
well insulated and dry so that all of the
sensor current is detected by the control
unit. The current through each sensor is
directly proportional to the absolute
temperature of the sensor. Therefore, at
0 deg C or 273 deg K the nominal cur-
rent is 273pA, and at 100 deg C or 373
deg K the current is 373pA. This

Fig. 1. Basic solar heating system. The
pump only operates when the collector
temperature is above that of the stored
water.

_______ Hot water

output

—{ Stored water

.
Al |
1 . T
| L i
v Y
| i
| |
Pump | {
|
C_\ 1 L
\‘_/ ; } L Cold water
T 1 ! input
|
i |
| | !
A : .
. Ditferential
Lo = temperature | -«- — Mains input
controller
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relationship also makes the device suit-
able for measuring temperature.

Because IC, has a high input resist-
ance, the difference between the cur-
rents through the two sensors, I,—I,
mainly flows through R,. When the
temperature of the stored water is
greater than that of the collector, I, is
greater than I, and V| is positive. This
causes pin 2 of IC, to become positive
and the output at pin 6 to move close to
ground. At this point D5 cannot conduct
and Tr, switches off the pump motor via
the relay. When the temperature of the
collector is greater than that of the
stored water, I, is greater thanI,,so Vis
negative which drives pin 6 of IC, close
to the positive rail. This in turn switches
the relay and pump on via Tr, and Ds.

With a temperature difference of 1
deg C between S1 and S2, a current of
1pA will flow through R, which
makesV, 100mV. The value of V, is
arranged to be approximately 125mV
which ensures that V, can be varied
from 0 to 100mV. AsV, is increased it
tends to switch Tr, off therefore,
I, must be greater than I, to make V,
sufficiently negative before Tr, can be
switched on. Thus, adjustment of Ry,
determines the collector temperature
that switches the pump on. The range of
R g is at least 10 deg C. At 25 deg C the
tolerance of the current through the
temperature transducer is *2pA, so V,
could be £40mV when it should be zero.
To correct for any such unbalance be-
ween the sensors, and any input offset
voltage on IC,, V, can be varied from
about 0 to 75mV. Varying Ry and Ry,
only has a small effect on the total
resistance between pins 2 and 3 of IC,
and point C respectively. This ensures
that the calibration of different control
units will be similar.

Feedback circuit

Positive feedback around IC, makes
sure that V, must be made more positive
than V5 before Tr, can be switched off.
This switch-off hysteresis enables the
pump to be switched on when the col-
lector is, for example, 5 deg C higher
than the stored water, and off when the
collector is 3 deg C higher than the
stored water. The amount of hysteresis
is determined by R,, which is a log-
potentiometer. This control is wired so
that the low resistance end is connected
to D,. The hysteresis control can be
calibrated over the range 0.4 to 9 deg C,
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better than 0.1 deg C, the feedback
resistance may be increased to 4. 7M.

Measuring circuit

The measuring circuit operates as a
current-to-voltage converter where the
current from S1 or S3 flows through Rj
and Ry; or Ryg. The voltage at pin 6 of IC,
*moves sufficiently positive to maintain
the sensor current through R; + R,
The potential at pin 2 of IC, is always
close to the potential at point B which
ensures that S1 has the same internal
power dissipation with SW1 in position
1 or 2. When the current through Sl is
273pA, and R;+R,; is 18.68k, the p.d.
across the two resistors will be 3.1V
which holdsthe positive sideof the meter
at the same potential as point A. The
meter then reads zero which represents
0deg C. When the current through Sl is
373uA, the p.d. across R; + Ry; will be
6.97V with respect to point B. Therefore,
the positive end of the meter will be 6.97
— 5.1V with respect to point A. The
resistance in series with the meter can
therefore be set to 1.87k{l to represent
100 deg C. More sensitive meter move-
ments may be used by changing R; +
R,; accordingly.

The temperature coefficient of the
5.1V zener diodes is comparatively low
so that changes in ambient temperature
only have a minor effect. This also
applies to sensor S3 which may be used
for monitoring any part of the system. A
separate control for each sensor is not
used because of their high linearity. The
circuit may be simplified by omitting
the measuring circuit and connecting
the top end of S1 to point B.

differential temperature controller.
Sensors 1 and 2 are sited as shown in
Fig. 1, and sensor 3 can monitor the
temperature anywhere in the system.

Test meter
C-10uA

Sensor 2

l

“[ 9V Test meter
O -10uA
Roa S A Sy+
100k

S

Fig. 4.
'
- I(:1 pin2
10k
Ras
10k
Test meter (273 to 373) pA
Point C

Fig. 5.

www americanradiohistorv com

For the differential temperature,
remove Sl and S2, connect the calibra-
tion circuit of Fig. 3 in place of S2 and
switch SW1 to position 2, or replace S3
by a 15k{2 resistor to prevent the meter
reading backwards. Load the pump
motor output with a 40W lamp so that
LP, can turn on. Set the slider of Ryg to
within a few degrees of point C and
mark as zero degrees temperature dif-
ference. Set Ry, for minimum hysteresis,
i.e. maximum resistance, and then set
the current on the test meter to zero by
adjusting R,3. Slowly adjust Rj; until
LP, just lights, and set Ry; to give 1pA
on the test meter. Adjust Rjg until LP,
goes out, and then return Ry slowly
until LP, just lights. This position is
marked 1 deg C on the dial of Ryg. Reset
Ry, for 2pA and re-adjust Ryg until LPy
goes out. The point at which Ryg just
lights LP, is marked as 2 deg C. This
procedure is repeated at 1pA steps to
calibrate up to 10 deg C.

To calibrate the hysteresis control,
connect the circuit in Fig. 4, and set the
differential temperature control to zero.
Set the hysteresis control to maximum,
i.e. minimum resistance. Adjust Ry,
until LP, lights and then set Ry, so that
the meter indicates the hysteresis req-
uired, e.g. 2uA for 2 deg C hysteresis.
Slowly move the hysteresis control to
the point where LP, goes out and mark
the calibration point. Repeat the pro-
cedure for temperatures from 0.5 to 9
deg C.

For the temperature measuring
circuit the following method is suitable
if an accuracy of *3 deg C is sufficient,

L]
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or. + 2 deg C if the more expensive
AD590L sensor is used. Connect the test
circuit in Fig. 5, and set SW1 to position
1. Adjust Ry to give 273¢A on the test
meter and set Ry; so that M1 indicates
zero, i.e. 0 deg C. Switch SW1 to posi-
tion 2 and adjust R, so that M1 indi-
cates zero. Set the test meter to indicate
373uA by adjusting Rys and adjust Ry so
that M1 reads full scale, i.e. 100 deg C. If
the meter M1 is scaled 0 to 100 in 10
steps, then each step will indicate an
increment of 10 deg C.

For maximum accuracy, the sensors
are used directly. Keep S1 and S3 at 0
deg C, switch SW1 to position 1 and
adjust R,; so that M1 indicates zero.
Switch SW1 to position 2 and adjust Ryg
so that M1 indicates zero. Keep S1 at 100
deg C, switch SW1 to position 1 and
adjust Ry, until meter M1 indicates full
scale, i.e. 100 deg C.

The linearity of the AD590K sensor is
better than 0.5 deg C over the range
—55 to + 150 deg C, but because all of

WIRELESS WORLD, DECEMBER 1978

the senors have the same general cha-
racteristic they should track within
about 0.1 deg C.

It is not easy to check the accuracy of
the switching-temperature differences
by varying the temperature of the se-
nors because the control is more precise
than most readily available temperature
measuring instruments. The overall er-
ror for differential temperature and
hysteresis is generally less than *0.3
deg C.

CIRCUIT IDEAS

Sonic pulse generator

This circuit produces an intense audible
click, suitable for sonar experiments, by
connecting the mains supply to a
loudspeaker for part of a mains cycle.
The 240V a.c. input provides a 9V supply
and also an a.c. trigger waveform,
which is fed to the first timer via a push
switch. This timer will only trigger on

the negative slope zero-crossing point
of the mains cycle. After a delay, set by
the phase control, the second timer is
triggered which then fires the thyristor.
Timer 2 is used to prevent multiple
firing, and is reset by releasing S,. The
reed relay takes about one millisecond
to provide a synchronizing output, but
an opto-isolator can be used for faster
operation.

Other applications of this circuit in-
clude driving a coil for producing per-
manent magnets. Because the circuit is
not isolated from the mains supply,
appropriate safety precautions must be
taken.

Dr B. G. Gaydon
G.E.G.B.
Kent.
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Temperature dependent
power controller

By using a 723C i.c. regulator as a
sense-bridge, a low-cost water tem-
perature controller can be con-
structed. The base-emitter junction of a
BC183B senses the water temperature
and gives a base-emitter voltage varia-
tion of about 2mV per deg C in the range
0 to + 100 deg C. This voltage change is
amplified in the collector circuit and
applied to the non-inverting input of a
comparator within the i.c. A voltage set
by R, is applied to the inverting input,
and determines the sensor temperature
at which the comparator switches its
output positive. A stable supply for this
part of the circuit is provided by V.
Rectified a.c. is applied to the CL input
through a delay network R,C which
allows a positive pulse to pass from the
comparator to V, just after the zero-
crossing point of the applied a.c. This
pulse drives the triac via a transformer
of 36 s.w.g. wound on a lin X 3%in ferrite

300mA
O—a>—<0—9

N
\\

%2»(7

Red Yetiow 0V
240
Trq
2k7

o,

§2k7

470%
Green T

$12V

T

Automotive voltage indicator

An indication of battery voltage is
useful to the motorist for monitoring
the battery’s capacity to delivery cur-
rent, and as a check on the efficiency of
the dynamo or alternator. This circuit is
a solid-state alternative to a moving coil

Transistor Tr; takes current from the
yellow le.d. and turns it off while Tr,
remains in conduction to keep the red
l.e.d. off. The circuit can be easily
modified for different voltages by
changing the zener diodes.

rod meter. The table shows the outputs Red Yellow Green Voltage
Positive feedback around the compa- obtained over the critical range of 10to 1 0 o <10V
. . . g ] 14V. : 1 1 0 11V
rator is applied through isolating diode . .
\% whichpepnsures tha% feedbackgis only e (et islsony (Y, i, 1k, - O ! U 12v
efzfective when a pulse appears at the and Tr, are off and Tr, is turned on. As 0 1 1 13V
output. A 0.5Hz triangular wave the voltage rises the 10V zener diode 0 0 1 =14V
generated by IC,, is applied to the input begnps 9 dcct)nduCTt‘, Trfzf IECEE
of the comparator and provides propor- e urns 1T, o ;
tional pulse width modulation. The A eporversiapielyy DN ey Uiy e
amplitude of this waveform defines the | L'z are on, but at 12V only.Tr, is on.  S.C. Mathur
proportional bandwidth of the control- Similarly, Tr, is turned on-as the voltage  Weybridge
ler, which is 0.5deg C with the values rises to 14V and the 12V zener conducts.  Surrey
shown. .
Control of a three gallon well-stirred
water bath at 40 deg C is better than
+0.05 deg C. A thermistor may be sub-
stituted for the transistor to give a wider
temperature range and less sensitivity
to ambient temperature.
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Breadboard survey — 2

Assemblies and systems

Part one described the basic breadboard
blocks. This concluding article covers
breadboard assemblies and systems,
many of which are based on the
individual blocks.

THREE ASSEMBLIES based on the-
Bimboard 1 consist of either 2, 3 or 4.
blocks mounted on a rigid aluminium:
base plate as shown in Fig. 9. Four
screw-terminals are also supplied for
connection to incoming power supplies.
As with the single block, a vertical pane}
can be mounted to support switches and
potentiometers.

Eight assemblies from A.P. Products,
based on either their distribution strips
or super strips, offer from 728 connec-
tion points and two screw terminals, to
3,648 connection points and four screw
terminals.

Six assemblies from Continental
Specialities, based on their bus strips
mounted on a base plate, offer from 630
connection points with four screw ter-
minals, to 3,060 connection points also
with four screw terminals.

The Vector Klip-Blok breadboard
system shown in Fig 10 consists of 0.1in
matrix blocks organised as 12 rows each
with four interconnected beryllium
copper sockets. These blocks have four
pins which locate in a base plate which
contains a matrix of holes. Because the
individual blocks can be moved, the
system automatically accommodates all
dual-in-line i.cs and most discrete com-
ponents with lead diameters between
0.38 and 0.8mm. For larger lead
diameters, special sockets are supplied.
To supplement the blocks, metal socket
strips are supplied, also with locating
pins, which serve as power supply rails.
These metal strips can be cut into
shorter lengths to produce several sup-
ply rails. Both sides of the matrix base
board are printed with a labelled grid to
help with component placement. A
useful feature of the Klip Blok system is
the ability to wire on both sides of the
base board.

Three board sizes are available from
model 49X, which measures 67 X
114mm and accommodates two blocks
and two metal socket strips, to model
51X which measures 114 X 203mm and

accommodates eight blocks, eight metal
socket strips and three screw terminals.
All of the base boards are mounted in an
aluminium frame, and two larger
frames will accommodate two or four
51X baseboards.

Function boards are modules designed
to be used with the Ramp base board
which also accommodates up to four
Bimboards. A power board, see Fig. 11
which measures 150 X 50mm, allows
breadboard circuits to use either TO3P,
TO126, TO220, TO66 or TO3 type
semiconductor cases on two 10W heat-
sinks. The components are either plug-
ged into a fixed socket and bolted to the

heatsink or bolted and wired with plug
in leads to a breadboard circuit. Two
terminal blocks allow external connec-
tions to, for example, a loudspeaker.
The power board is supplied with con-
nector leads and mounting hardware.
An oscillator board, which measures
150 X 50mm, contains a 1IMHz crystal
oscillator, six counters and a one-shot
circuit. All inputs and outputs are
brought out to labelled connectors
which accept stripped wire connections
in the same way as the breadboard. A
set of four display boards, which again
all measure 150 X 50mm, range from a

" four digit 5V version to a six digit 5 to

15V type. All of the boards accept multi-

Fig 9

Fig 10
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Fig TR
BREADBOARD PRICE SUPPLIER BREADBOARD PRICE SUPPLIER
Augat Breadboard Rastra Electronics ©-1022- £73.30
Panels Ltd, + v.a.t.
8 130-36DG 1R £269.72 275 King Street, ©-1024- £41.50
+ v.a.t London W6 9NF. + v.a.t.
8 130-36DG 1R-2 £139.16
> +va.t Klip block 51X £21.00 Rhopoint Ltd,
8 130-36DG1R-10 £58.97 + v.a.t. Eastman House,
+ v.at 50X £14.00 98-102 Station
- +v.a.t. Road,
Bimboard 1 €£8.83 inc. Boss Industrial 49X £7.50 East Oxted,
2 £21 01 me. Mouldings L_td, +v.a.t. Surrey BH8 OAY.
Higgs Industrial
3 £29.84 inc. Estate, Laboratory Bread- £72.15 Heath (Gloucester)
. ) 2 Herne Hill Road, board (kit) inc. v.a.t. Ltd,
4 £38.79 inc. London SE24 0AU. Gloucester GL2 G6EE.
Bimboard designer 1 £565.62 inc. -
- ) Ramp base board £5.00 Ramp Electronics
2 £61.02inc. +vat 105 Harehills
3 £66.42 inc. " power board £10.95 Avenue,
_ _ i + v.a.t Leeds LS8 4HU.
Euroblock £5.80 David George Sales oscillator board i2339;‘>
i 74 Crayf R
IS, Ykl R ord " display board £18.50
High Street,
+ v.a.t.
Crayford, £19 95
Kent DA1 4EF. )
+ v.a.t.
£25.95
. + v.a.t.
Experimenter 300 £5.75 Continentai £2\é85t0
+vat. Specialties Cor- o vl
600 £6.30 poration, = L
+ va.t Spur Road, Super stri 11
Assembly 6 £9.20 North Feltham persine S11.05me.
+ v.a.t. Trading Estate, Assembly 200 £12.53 inc.
100 £11.80 Feltham :
; " - ) Lektrokit Ltd,
101 i1 7.2? Middlesex. 291 £16.75 inc. Sutton Industrial
v.a.t
208 €1 3 Park,
102 i22.95 +19.35inc. London Road,
vat 212 £23.60inc Reading.
103 £34.45 Berks RG6 1AZ.
+ v.a.t . 218 £31.70inc.
104 £45.95
+vadt 227 240.35 inc.
Breadboard system £74.70 236 £53.50 inc. OK Tool Co Ltd,
203A + v.at 48a The Avenue,
236 with power supply £78.95inc. Southampton,
Hirschmann Ex- £45.00 Lectroustic Ltd, Hants SO1 2SY.
perimental Plate +valt 20 Wilbury Grove, _
Hove, S Dec £3.50 Bandridge Ltd,
Sussex BN3 3JQ. + va.t. 80a Battersea Rise,
T Dec £4.50 London SW11 1EH.
+ v.a.t.
IC breadboards Cambion Elec- u-Dec A £4.65
705-2105-02 £16.40 tronic Products + v.a.t.
+ v.a.t. Ltd, p-Dec B £7.20
705-0169-01 £173.40 Castleton, + v.a.t.
+ va.t Sheffield, S30 2WR.
©-0269- £92.80 Wonderboard small £2.80 Charcroft Elec-
+ v.at. inc. v.a.t. tronics,
© -0369- £54.20 large £11.20 Charcroft House,
+ va.t inc. v.a.t. Sturmer,
©-1020- £150.20 Haverhill,
+ v.a.t. Suffolk.
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Fig 12

Fig 14

plexed b.c.d. or seven segment inputs
via labelled sockets and stripped wires.

To supplement the function boards,
there is a range of terminal blocks,
sockets and a multi-zener, all designed
to plug into a 0.lin matrix breadboard.
The last mentioned is a single circuit-
block which gives an adjustable zener
voltage from 2.7 to 30V.

Augat i.c. test panels are available in
three sizes, each 155mm wide by 106,
231, or 441lmm long. These panels
accommodate 10, 25 and 50 i.c. sockets
respectively. Each i.c. pin has a vertical
socket constructed from beryllium cop-
per with gold-over-nickel plating, see
Fig. 12, and connections are made by
special patch leads. A 36-way edge con-
nector, also with vertical sockets, is
used for input/output connections and
several power supply busses which
travel in between the i.c. sockets.

This system can be extended by using
single breadboard units. These small

boards contain similar vertical sockets
together with pins on the underside
which will locate on top of any one i.c.
on the main board. The individual
breadboards can accept more i.cs or
other components as required. A special
plug/socket patch lead enables a con-
nection to be made to the socket
underneath the piggy-back module.

The Bimboard Designer in Fig. 13
consists of one, two or three Bimboards
mounted on a console which contains a
triple-rail d.c. power supply, comprising
a dual tracking 100mA supply which
can be varied from =5 to =15V, and a
fixed 5V output rated at 1A. All of the
supplies, which are isolated from earth
and from each other, offer short circuit
protection. Power supply terminals on
the top of the console accept either 4mm
plugs or stripped wire.

The console is fitted with a mains
switch/neon indicator, a fuse holder,
and a vertical panel.

www americanradiohistorv com

Fig 15

Proto Board 203A. Fig. 14, is composed
of three Continental Specialties 0.lin
breadboard strips and five power supply
strips mounted on a steel case. A total of
2,270 connection points will accommo-
date up to 24 14-pin i.cs together with
discrete components. An internal power
supply with short circuit protection
gives three d.c. outputs of 5V at 1A
and =15V at 0.5A. Four screw terminals
are provided for supply and earth con-
nections, together with a mains switch
and neon indicator. Dimensions for the
unit are 247 X 165 X 90mm.

Laboratory Breadboard Type ET3300
from HeathKit, see Fig. 15 is available in
kit form or ready built. The console
comprises four 0.lin matrix strips and
three bus strips which will accept up to
24 14-pin i.cs. The internal d.c. power
supplies offer +5V at 1.5A, =12V at
100mA, and are short circuit protected.
Overall size of the unit is 89 X 304 X
304mm. O
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The
Makers

> ha
e SIGN UP HERE
FOR A NEW CAREER.

Skillmakers belong to Britain's largest industrial training
force. The team of instructors who run over 70 Skillcentres.
They're first class craftsmen with the extra talent for passing
their skills on to others.

Could you fit the bill? Are you ready for anew career asa
Skillmaker? Ask us. Take our trade tests. Show us your skill.

After training at one of our Instructor Training Colleges
you’ll soon be passing on your skill toa keen small class in the
freedom of your own workshop.

And you’re in a promotion and salary system which goes on
up through Chief Instructor to Assistant Manager to Manager,
even beyond.

We have immediate vacancies for men and women in the
following trades:

Radio, TV and Electronic Servicing.
TV Field Servicing.

You need full trade qualifications, and at least five years’
practical experience. If you measure up, fill in the coupon now
and post to:

The Skillmakers, Manpower Services Commission,
FREEPOST, London SW1W 8BR.
No stamp required.

SKILLCENTRE
INSTRUCTOR

e e —_——_——— ——————
wle. I

| Pleuse send me further details. |

Name Trade

i Address }
(Please use block capitals) wwl | ! ¢!! Manpower l
l Services Commission

s —— — — — — — ———— —
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The Sinclair PDM35.
A personal digital multimeter foronly £29.95

Now everyone can afford to
own a digital multimeter

Adigital multimeter used to
mean an expensive, bulky piece of
equipment.

The Sinclair PDM35 changes
that. It’s got all the functions and
features you want in a digital
multimeter, vet thev're neatly
packaged in a rugged but light
pocket-size case, ready to go
anvwhere.

The Sinclair PDM35 gives vou
all the benefits of an ordinary digital
multimeter - quick clear readings,
high accuracy and resolution, high
input impedence. Yet at £29.95
(+8% VAT), it costs less than you'd
expect to pay for an analogue meter!

The Sinclair PDM35 is tailor-
made for anvone who needs to make
rapid measurements. Development
engineers, field service engineers,
lab technicians, computer specialists,
radio and ele¢tronic hobbyists will
find it ideal.

With its rugged construction
and battery operation, the PDAM35 is
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make it
just as useful on the bench.

What you get with a PDM35
31/, digit resolution.

Sharp, bright, easily read L.LED
display, reading to = 1.999,
Automatic polarity selection.
Resolution of I mV and 0.1 nA
(0.00011{ A

Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 My
1% of reading accuracy.

Operation from replaceable battery
or AC adaptor.

Industry standard 10 M«1input
impedance.

Compare it with an
analogue meter!

The PDM 35% 1% of reading
compares with 3% of full scale for a
comparable analogue meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve I mV
against around 10 m\' fora
comparable analogue meter - and
resolution on current is over 1000
times greater.

The PDM35 DC input
impedance of 10 M (11s 50 times
higher than a 20 k(1/volt analogue
meter on the 10 V range.

The PDM35 gives precise
digital readings. So there’s no needto
interpret ambiguous scales, no
parallax errors. There’s no need to
reverse leads for negative readings.
There’s no delicate meter movement
to damage. And you can resolve
current as low as 0.1 nA and measure
transistor and diode junctions over
5 decades of current.

0
Technical specification(+8 VAT
DC Volts (4 ranges)
Range: Tm\V 1o 1000 V.
Accuracy of reading 1.0% £ 1 count.
Note: 10 Minput impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 Vo 500 V.

Accuracy of reading: 1.0% =+ 2 counts.
DC Current (6 ranges)

Range: 1 nA.to 200 mA.

Accuracy of reading: 1.0% £ 1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 111 to 20 M.

Accuracy of reading: 1.5% =+ 1 count.
Also provides 5 junction-test ranges.
Dimensions: 6 inx 3inx | in.
Weight: 64 oz.

Power supply: 9 V battery or
Sinclair AC adaptor.

Sockets: Standard 4 mm for
resilient plugs.

Options: AC adaptor for 240V

50 Hz power. De-luxe padded
carrving wallet. 30 kV probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts - from
programmable pocket calculators
to miniature TVs. The PDM35
embodies six vears’ experience in
digital multimeter design, in which
time Sinclair have become one of
the world’s largest producers.

Tried, tested, ready to go!

The Sinclair PDM35 comes to
vou fully built, tested, calibrated and
guaranteed. It comes complete with
leads and test prods, operating
instructions and a carrving wallet. And
getting one couldn't be easier. Just fill
in the coupon, enclose a cheque/ PO
for the correctamount (usual 10-dav
money-back undertaking, of course),
and sendit to us.

Sinclair Radionics Lid, L.ondon Road,
Stlves, Huntingdon, Cambs., PEL7 4H]J,
England. Regd No; 699483,

— L]
To: Sinclair Radionics Ltd, London Road, St Ives, Huntingdon, Cambs., PE17 4H].

Please send me——___ (qty) PDM 35(s
@ £32.35(incl. VAT each
(qty De-Luxe carrving cases

(qty AC adaptor(s for 240V
power 7' £3.24 (incl. VAT 1 each ..... .
Post and packing (please add
I'enclose cheque/PO made pavable
to Sinclair Radionics Ltd for
(indicate total amount)... ... .

: Tunderstand that it Tam not completely
£ satished with my POM 35, I may return

I it within ten davs for full cash refund.

@ £324 (incl. VAT veach................... L

— NAMC. L

.- World leadersin fingertip electronic_sj

WW—096 FOR FURTHER DETAILS
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Loudspeaker system design

Changes and refinements to the system described in the May and June issues

by Siegfried Linkwitz, Dip!. Ing., Hewlett-Packard Co., Santa Rosa, California

It is unfortunate that there are still so few
loudspeakers commercially available
which achieve a high standard of
accuracy, according to Mr Linkwitz.

" After all,”" he says, ""the design
concepts are rather straightforward and
rational.”” The design of a loudspeaker
system has to include a large number of
electrical, mechanical and acoustical
parameters if optimum results are
desired. There is not one single
parameter which by itself will turn a poor

loudspeaker into a superior one; attention:

has to be given to all parameters,
including the driver, enclosure and
crossover.

THESE NOTES are intended to encou-
rage further development of loud-
speakers, and bring increased enjoy-
ment to those who want to undertake
the task of building their own systems.
The changes and refinements made to
the original loudspeaker system, de-
scribed in the May and June issues, are
presented to show the completeness of
the analytical design approach, and
should not be taken as an indication
that the previous system is obsolete.
The audible effects of the changes are
subtle and the added complexity of the
circuits would be worthwhile only to
someone trying to achieve greatest
accuracy of reproduction. But the tech-
niques described should be of general
interest to any loudspeaker design.

I feel the weakest link in recreating
the illusion of a life source with loud-
speakers lies at the microphone pick-up
end of the signal chain. It seems likely
that more than two loudspeakers are
needed, but first a much better under-
standing for recording and reproducing
the appropriate sound field has to be
developed and demonstrated. Then it
may be possible to transport oneself to
Symphony Hall without moving out of
the living room chair. Meanwhile the
loudspeaker as the necessary electro-
acoustic transducer can approach a
high state of development.

Any moving coil driver has the
general frequency response of Fig. 22
(Fig. 17 ref 16*) when driven from a
constant voltage source. This is a
second-order filter with an asymp-
totic slope of 12dB/octave below the

*Figure numbers prior to 22 refer to the author’s
previous articles, ref. 16.
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Fig. 22. Frequency response of a
moving-coil driver with dimensions
small compared to a wavelength, which
must be taken into account when de-
signing crossover networks.

Fig. 23. To achieve an acoustic or overall
high-pass filter response with 24dB/
octave slope (b), requires the terminal
voltage to follow a 12dB/octave slope
below resonance to compensate for the
effects of the driver, whose sound
pressure and phase response are shown
at (a).

—
180"~ = =~ =
Ss Qg 09
12dBoct S to BOOH2 )
Y a)
o &
\ phase
N
\-J +40°
10dBe I~
- 50° Se

-22dB

(c)

1208/0/

100 800 1500 10k
FREQUENCY (H2)

www americanradiohistorv com

resonant frequency f, and flat sound
pressure output above it. The height of
the peak near f, is governed by Q. Both
parameters f, and Q, are easily deter-
mined from an impedance measure-
ment of the driver, Fig. 18. This general
transfer function between terminal vol-
tage and sound pressure output applies
to woofers, mid-range units and
tweeters as long as their cone dimen-
sions are small acoustically, Fig. 2, and
must be taken into account when de-
signing a crossover network.

As an example, consider the high-
pass section of a crossover to a 25mm
dome tweeter which has a resonance of
800Hz with Q, of 0.9, Fig. 23(a). The
desired acoustic output should follow
the fourth-order high-pass characteris-
tic of the 24dB/octave crossover with
1.5kHz as the —6dB crossover
frequency (b). At first glance it seems
sufficient to shape the driver terminal
voltage to follow the 24dB/octave
high-pass function of (b) because the

Fig. 24. Required drive voltage (c) has to
be constant below the driver resonance
frequency f, to give the desired acoustic
h.p. response (b) (cone excursion shown
dashed), as a result of driver response

(a).
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filter has 22dB of attenuation at the
driver resonance. Indeed, this was the
procedure in the original crossover de-
sign for the T27 tweeter, Fig. 10. Such
terminal voltage, however, causes a
36dB/octave roll-off in acoustic output
from the driver for frequencies below
resonance f,. To achieve the exact
acoustic frequency response of (b) the
terminal voltage must follow a 12dB/
octave slope below the 800Hz driver
resonance (c). This then compensates
exactly for the phase shift and group
delay which the driver would otherwise
add to the acoustic high-pass function.
The additional phase shift would cause
a tilting of the radiation pattern as the
sound pressures from the tweeter and
mid-range unit would add to a maxi-
mum at a point off-axis!®. The amount
of the phase shift introduced by a
second-order high-pass filter can be
calculated for Q,=0.5 from

¢=180%-arctan

—arctan

200;— /@Oy

0

For the above example, the driver con-
tributes 40° of phase shift at 1.5kHz.
Sound pressures form the mid-range
unit and tweeter are therefore not in
phase unless the measures described are
taken.

Driver terminal voltage
The acoustic high-pass function of the
previous example requires an exactly-
shaped terminal voltage to compensate
for the driver’s own frequency response.
A fourth-order high-pass response is
equivalent to the cascade of two
second-order Butterworth sections!®.
The first step then is to equalize the
driver output to follow a second-order
Butterworth function by shaping the
terminal voltage applied to it, Fig. 24.
Design formulas were developed for a
very useful network, Fig. 25. It is a
modification of Fig. 20 and will later be
used also to extend the woofer response.
A note to those familiar with the de-
scription of transfer functions by poles
and zeroes in the complex frequency
plane: This network will generate a pair
of complex zeros (f,, Q,) which are
positioned to cancel the complex poles
of the driver (f,,Q,). In addition, a pair of
complex poles (f,,Q,) is available which
are placed at the crossover frequency in
the case of the tweeter highpass or at
the lower cut-off point of the woofer in
the case of woofer equalization. The
factor K in the design formulas is

necessary for cancelling a pole-zero pair
(fp1.f2) Which would otherwise be intro-

duced by the network.

The second step in designing the
acoustic high-pass filter is to follow this
network with a standard second-order
Butterworth section to achieve the
overall drive voltage of Fig. 23(d). The
complete circuit of Fig. 26 is only
slightly more elaborate than Fig. 14 but
it achieves the exact fourth-order
acoustic output, Fig. 23(b).
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Crossover frequencies and drivers

The techniquie described could be used
to modify the original T27 high-pass
filter (f, 1.2kHz, Q, 1.1). Instead, I used a
Son-Audax HDI12X9 D25 soft-dome
tweeter with a 1.5kHz crossover
frequency to the B110. At 3kHz, the
previous crossover point, the B110 cone
diameter is about one wavelength, so
that a certain amount of directionality
can be expected, Fig. 1. Further, the
mid-range and tweeter units are
separated by one wavelength at 3kHz so
that the combined radiation patter be-
gins to narrow in the crossover
frequency range, Fig. 3(b). The lower
crossover reduces the acoustical di-
mensions by a factor of two so that a
wider and more uniform dispersion is
obtained over all frequencies in both the
vertical and horizontal planes of radia-
tion, Fig. 2. The loudspeaker then
approaches more closely the acoustical

www lamericanradiohistorv com
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(d) Design formulas

() Speaty f,, Qg fo Op
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(9 Agc = 40 log :_0 [d8]
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(e) Circut analysis

1
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o = —— 1
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2T R T 2R, +RyY ¢,

Fig. 25. Useful network for compen-
sating driver resonance at f, and exten-
ding frequency response to f, for woofer
equalization or providing cut-off at fo
for mid-range or tweeter high-pass, res-
ponses. Calculated values should be
checked with the circuit analysis equa-
tions.

point source. While the mid-range unit
has to cover one octave less in
frequency, the tweeter must now have
four times the excursion capability to
maintain the same acoustic output. The
Son-Audax unit works well in this
application and there is no sacrifice in
overall smoothness of response
compared to the T27. The new unit does
not roll off towards the high end. For
most commercial recordings a slight
droop of about 3dB between 2k and
15kHz seems subjectively preferable
and such response can be easily ad-
justed with properly designed treble
controls.

The crossover point between woofer
and mid-range units has been raised
from 70 to 100Hz, thus reducing the
maximum cone excursions for the B110
by a factor of two for constant sound
output. Experience has shown that only
the mid-range power amplifier is
occasionally driven into clipping. If
carefully fused a 100W amplifier might
be considered for driving each B110. The
three-way system is very forgiving to
clipping of the mid-range amplifier. It is
not audible on short transients because
the woofer and tweeter channels still
reproduce their undistorted portion of
the total signal. The reduced frequency
coverage of the B110 at both low and
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34k8
2n2
T TZOOn 2n2
G 0-9 Op 0.7 fc 1.5kHz
to BOOHz fp 1 5kHz

Fig. 26. Network for a 1.5kHz 24dB/
octave acoustic highpass filter for a
Son-Audax HD 12 X9 D25 dome tweeter.
The first op-amp stage compensates
exactly for the driver resonance at
800Hz and gives a 12dB/octave 1.5kHz
acoustic high-pass response. The second
op-amp stage is a conventional Butter-
worth section. Design formulas for this

network are from Fig. 25 and Fig. 14.

high frequencies improves the amplifier
power distribution between the drivers.

The crossover frequency between
woofer and mid-range units was not
raised further because the centre
woofer is positioned 0.84m behind the
mid-range unit and the phase shift due
to this path length would become ex-
cessive. Further, the stereo effect might
suffer from the blending of left and
right-channel information for too high a
crossover frequency.

In the future it could become
necessary to have truly full range,
separate speakers for reproducing an
appropriately recorded sound field.
Previously the mid-range resonance at
70Hz was used as one section of the
24dB/octave acoustic high-pass func-
tion. The second section was provided
by an active network. Now, both sec-
tions are implemented electronically
using the circuit of Fig. 25 to compen-
sate for the B110’s resonance in its
enclosure, with f; and Q, determined
from Fig. 18 (f, 73Hz, Q, 0.6). The com-
plete network has therefore a configu-
ration similar to that of the tweeter, Fig.
26.

Woofer equalization

The centre channel woofer covers a
relatively narrow frequency range. Of
particular interest is the lower cut-off
point and cut-off rate. There is some
indication that the low-end phase be-
haviour of a system can have audible
effects. A 5Hz square wave for example,
which sounds like a sequence of clicks,
will change its tonal character when
transmitted through an all-pass net-
work'%, From network theory it is
known that any high-pass filter with a
slope of more than 6dB/octave will
produce some amount of ringing to a
step input!”. It is impractical to roll off
the woofer at a 6dB/octave rate because

68k1

Fig. 27. Shaped toneburst used to
evaluate the audibility of phase distor-
tion.

17u6
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Fig. 28. Passive network for 24dB/
octave acoustic slopes and 1.6kRHz
crossover frequency. If constant ter-
minal impedance is assumed for the
drivers then the network and its ele-
ment values can be determined ana-
Iytically? (a). Computer optimized net-
work for actual drivers shown at (b).

it would mean that its cone excursion
has to continue to increase at 6dB/
octave even below the 3dB corner. The
only practical way is to use a 12dB/
octave rate. If the Q of this high-pass
network is kept low at 0.5 then a mini-
mum of overshoot is combined with a
minimum of cone excursion.

The original network Fig. 13 is a good
approximation. The revised crossover
uses the circuit of Fig. 25 with f;19.3Hz
and Q0.5 which gives a 30Hz, 3dB
corner frequency.

The high-pass nature of the woofer
channel introduces phase shift at the
100Hz crossover to the mid-range unit

according to the previous formula for Qg
0.5: o
&=180%-2arctan I _ 220
fo

This amount of the phase shift by itself
is insignificant, but combined with the
phase shift due to the woofer location of
0.84m behind the mid-range it becomes
necessary to add delay to the mid-range
channel. It is implemented with the
network of Fig. 16 which has a phase
shift of

&= —2arctan(2nfRC)

Both the absolute value of the phase
shift and the slope of the phase curve, or
the group delay, can be made to
coincide between woofer and mid-range
channel. The specific network com-
ponent values R and C depend upon the
set-up of the loudspeaker system and no
compensation is needed when mid-
range and woofer radiate from the same
plane.

Audibility of crossover networks
Lowering of the tweeter crossover to
1.5kHz raised some concern over the
audibility of phase distortion. The com-
bined mid-range of tweeter sound
pressure has all-pass characteristic.
Sound pressures from the two drivers
are in phase at all frequencies relative to
each other but the overall sound press-
ure has a frequency-dependent phase
shift relative to the electrical signal at
the input to the crossover network. The
group delay is not constant with
frequency .

A new form of test signal was used
which consists of a five-cycle tone burst
of variable frequency. The tone burst is
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Fig. 29. Complete schematic of crossover network and equalization of the author’s system.
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not turned on and off in the usual
abrupt fashion but instead it builds up
and decays gradually, Fig. 27. The en-
velope of the burst follows a raised
cosine function'®. The spectral content
of the shaped tone burst is concentrated
in a narrow frequency range. The ear
appears to be very sensitive to phase
distortion of this signal, while a
square wave or rectangular envelope
burst are almost useless at higher
frequencies for such tests. A system
with 24dB/octave crossover filters has
the phase shift of a second-order all-
pass network with complex poles and
zeroes of Q=0.7. No audible change
could be noticed on insertion of this
network into the test signal path. The Q
had to be increased to 2.4 before any
effect was noticed with the test signal at
1.5kHz. Observation with an
oscilloscope indicated ringing of the
trailing edge of the shaped burst which
became increasingly more audible as Q
was raised above 2.4. It can be con-
cluded safely from these tests and
others with program material that the
phase distortion of a 24dB/octave
crossover is insignificant.

Often, claims are made for the super- '

iority of low-order crossover networks
with 6dB/octave slopes. It should be
obvious from Fig. 24 that a 6dB/octave
acoustic response cannot be realized
with a passive network because the
driver itself introduces a 12dB/octave
slope and the aforementioned
associated phase shift. Merely applying
a terminal voltage which changes with
6dB/octave would guarantee an 18dB/
octave slope below the driver resonance
and 6dB/octave above it, but with ex-
cessive phase shift which defeats the
whole phase argument for this type of
network.

Even a 12dB/octave acoustic high-
pass filter would be extremely difficult
to achieve passively as can be seen from
the required terminal voltage of Fig.
24(c¢).

The lowest-order acoustic high-pass
filter which can be realized with a pass-
ive network has 18dB/octave slope,
sometimes called an acoustic Butter-
worth'®, This filter still suffers from the
phase quadrature between low and
high-frequency driver outputs and the
resulting frequency-dependent irregu-
larity in the radiation pattern'®. Sur-
prisingly then, the 24dB/octave
crossover is the lowest-order function
for which the all-important radiation
pattern has a stable axis. So-called “lin-
ear phase” loudspeakers are based on
wishful thinking and not on physical
realities.

Enclosures
Further investigation into the con-
structon of a well-damped enclosure for
the mid-range and tweeter led to the
following conclusion.

A small box with 20mm thick walls is
too stiff for tar-based damping layers.
The tar has not enough stiffness of its

own to control the motion of the panels
at resonance. A better match between
the two stiffnesses is required®.
Building the enclosures out of 6mm
plywood with a 15mm damping layer
consisting of a 3:1 mixture of water-
based roof patching tar and sand gave
optimum results.

A simple and quite revealing test is to
knock on’any box to hear how dead
acoustically it is.

Passive crossovers
Not everyone is at home with the
electronics and the rather elaborate
op-amp circuits for this loudspeaker
system. A passive crossover seems at-
tractive as it would consist only of in-
ductors, capacitors and resistors in a
relatively simple interconnection. Un-
fortunately it is considerably more dif-
ficult for the home constructor to arrive
at the correct element values for a
passive network than to design active
networks with their great flexibility to
change transfer functions and gain'®.
To design a passive network for a
24dB/octave acoustic crossover
requires a computer optimization
routine unless one is satisfied with the
trial and error procedure on which most
loudspeakér design has been based on
up to today. If a driver could be
represented by a resistor then exact
network values are easily calculated?!,
Fig. 28(a). Real drivers have complex
terminal impedances, Fig. 18. This not
only affects the component values of
the theoretical network but also the
topology as can be seen by comparing
the two networks of Fig. 28. Here a
prototype design is shown for a 1.6kHz
crossover between a 25mm dome

83

tweeter and a 100mm woofer/midrange.
Even the computer-optimized network
of Fig. 28(b) has the desired acoustic
amplitude and phase characteristic only
for about two octaves either side of the
crossover frequeney.

The active network in contrast to this
can be exact because the voltage source
at the driver terminals is able to impose
any desired acoustic frequency res-
ponse to the driver, without interaction
between the source’s frequency res-
ponse and the driver impedance.

Note. In addition to the points noted on
page 91 of the October issue, Mr Link-
witz points out that the horizontal scale
for Fig. 6is d/N\.
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Association of audio consultants

IN AN ATTEMPT to improve the standard of
audio equipment reviews, an Association of
Professional Audio and Radio Consultants
has been formed. Acting secretary is James
Moir, 16 Wayside, Chipperfield, Herts WD4
9JJ. The aims are as follows.

Aims of the association
The Association of Professional Audio and Radio
Consultants was formed in July. 1978 to improve
the standard of services offered by consultants,
work towards protecting the interests of their
clients and advance the reputation of the pro-
tession. It recognised that the work of unqualified
consultants sometimes fell below desirable
standards and the membership requirements of the
association ensure that a high level of professional
and technical competence is maintained.

The objects of the Association are:
(a) To maintain and where possible improve the
standards of professional conduct and competence
of consultants concerned with audio and radio
engineering.
(b) To represent and make known the views of its
members upon matters relating to, or affecting the
profession.
(¢) To promote further education and knowledge in
audio, radio and acoustic engineering.

Some consultancies tend to specialise in particu- |

L
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lar aspects and members of the Association will be
bound by their Code of Ethics to restrict their
activities to areas where their professional exper-
tise is relevant. The range of expertise available is
fully comprehensive. For example, the prospective
client will be able to choose consultants from
within the membership of the Association to give
assistance with:

1. The assessment of the performance of audio and
radio equipment and the associated software.

2. All aspects of the acoustics of concert halls.
studios and theatres. including speech reinforce-
ment, sound recording and associated techniques.
3. Fundamental redesign for development of
improved products.

Membership: (a) Member: An organisation or an
individual offering consulting services with no
significant financial interest in the product of the
service. (b) Conditions of membership: Applicants
for membership shall furnish evidence of pro-
fessional and technical competence.

The ethic which has been adopted by the
Association is basically similar to that of the
existing professional associations. It ensures that
the advice proferred by its members is not in-
fluenced by financial interests in the products and
that any commercial involvement is. in any event,
limited to a small proportion of the member’s
activity. Members will aiways declare the nature of
this involvement when appropriate.
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PRODUCTS

WW 301

WW 303

Portable computer

access

Access to a remote computer
from any location with a
telephone line and a tv set is
possible with Tele-Zip. Costing
£550, Tele-Zip comprises key-
board, acoustic modem and tv
modulator in a suitcase housing.

Conceived by Data Dynamics,
it is a follow-on from their Zip
range of computer terminals:
coming from a UK company
these do not have the limitations
of the simpler US terminals
which because of their fixed one-
chip basis can’t accommodate
changes like 50Hz mains, the
Datel service, or the £ sign. “We
put in a microprocessor” said a
spokesman at a recent press
launch “not for its low cost, but
to give us flexibility.” Some of the
obvious areas of use are educa-
tion, seat booking, remote diag-
nosis, computing, selling.

Details from Data Dynamics,
Data House, Springfield Road,
Hayes, Middx.

WW 301

Insulation strippers

Cable strippers designed to cope
with coaxial cables are an-
nounced by Hellermann. Two
blades are used to sever both
sheath and dielectric, leaving
inner conductors free at a length
suitable for termination. The
depth of cut is adjustable and, in
three models, the strippers will
take cables of between 3 and
13mm o.d. Blades are replaceable.
Hellermann Electric, Pennycross
Close, Plymouth, Devon.

WW 302

15MHz oscilloscope

Two 13MHz channels of 2mV/cm
sensitivity and a maximum time-
base speed of 100ns/cm are the
characteristics of the Gould Ad-
vance OS255. All the usual trig-
gering modes are provided, and
there is a 1V calibration signal, a
timebase output and directly
coupled intensity modulation.
The 10 X 8cm tube is on the left,
completely separated from all but

tube controls, so that a right-
handed operator does not tend to
obscure the screen while using
either sweep or amplifier con-
trols. A left-handed user might
find the layout less convenient.
Weighing 6kg, the instrument is
easily portable. Gould Instru-
ment Division, Roebuck Road,
Hainault, Essex.

WW 303

Integrator

Varying direct voltages up to
25mV are integrated with time
and displayed numerically on the
MVI1 millivoit integrator. It can
therefore be used to integrate or
average any varying quantity

which can be transduced to a
voltage, such as temperature,
liquid flow or power over a period
from minutes to months. An
eight-digit display is provided
and the instrument is battery-
powered. Delta-T Devices, 128
Low Road, Burwell, Cambridge.
WWwW304

Keypad

KB44E is a hexadecimal coded
keypad using low-profile reed-
switch keys. Encoding is by
¢.m.o.s. circuitry, which will
accept supplies between 3 and
15V and uses little power, and the
coding is the ISO R943 4-bit cha-
racter set. Two-key rollover, n-
key lockout and bounce protec-
tion is provided. Dimensions are
108 x 108 x 28mm with keys
depressed. F.R. Electronics Ltd,
Wimborne, Dorset.

WW 305
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Print head

Suited for use in o.e.m. printers,
the Roxburgh 820 printer head is
a seven-needle type, printing ona
7 x5 dot matrix. Characters are
2.87mm in height and are printed
at the rate of 100 characters per
second. Paper can be either

standard with an ink ribbon or
pressure sensitive, the input
being sufficient to imprint three
copies plus the top printing. The
drive pulse to each needle
solenoid is 400us, of 24V and 3A.
Mean life before failure is claimed
to be 25 million characters. Rox-
burgh Electronics Ltd, 22
Winchelsea Road, Rye, East Sus-
sex.

WW 306

Solid-state relays

In a package measuring 42 X 15
X 26mm, the Astralux 6000 series
of solid-state relays can switch
up to 15A at 600V pk. A variety of
ratings is available, the 1A ver-
sion being designed for printed-
board mounting, larger types for
chassis or heatsinks. Isolation
between input and output is
quoted as 2.5kV or 3.5kV r.ms,,
depending on the model, and the

input voltage range is 3-24V d.c.
at an impedance of 2 kilohms.
Astralux Dynamics Ltd, Bright-
lingsea, Colchester, Essex.

WW 307

Alarms

Piezoceramic warning ‘bleepers’
from Pedoka are said to produce
a clear, loud sound for small de-
vices such as telephone, alarm
clocks and the like. Model PKB5-
3BO, which requires 9V at 9mA

d.c., emits a 2.8kHz note of 99dB
at a distance of 30cm. Pedoka
Ltd, 28-29 White Lion Street,
London N.1.

WW 308

High speed interface

The CD40115D is a 22 pin high
speed silicon-on-sapphire i.c. de-
signed to provide a two way in-
terface between c.m.o.s. and t.t.l
systems. The 8-bit device offers 5
to 12V or 12 to 5V level conver-
sion with a typical propagation
delay of 10ns and 30ns for c.m.o.s.
to t.t.l. and vice versa. T.t.l. sink
current is specified as 30mA, and
no external pull-up resistors are
required on the t.t.l. input. Apart
from the level-conversion mode,
a high impedance tri-state mode

can be selected. RCA Solid State, i

Sunbury-on-Thames, Middlesex
TWI16 7THW.
WW 309

Cutter

The general-purpose cutters
from Vero, type ABO050, are
claimed to be at home with
materials ranging from tin plate
to cardboard, handling printed-
board material with ease. The
blades are of stainless steel, with
plastic grips, and a spring opens
the cutters. Price is £3.50 from
Vero Systems (Electronic) Ltd,
362 Spring Road, Sholing,
Southampton, Hants.

WW 310

Small digital
multimeter

An unusual digital multimeter
from Heuer weighs less than 3oz,
including its probe and batteries.
The size of the main unit, with
l.c., 3%2-digit display, is 4 X 1.6 X
0.5in, not much bigger than the
probe, and provides for the
measurement of alternating and
direct voltage and current to
1kV, 2A and 20M(). The unit
offers true r.m.s. measurement
and there are extra probes for
high current, voltage and tem-
perature investigation. Heuer
Time Ltd, Argyle House, 29/31
Euston Road, London N.W.1.
wWWw 31l

Capacitance box

Capacitor substitution box from
Time Electronics, the Type 9000,
covers the range 100pF to 10uF in
five decades, with a mid-scale
tolerance of *1%. Colour-coded
edge switches are provided and
stray capacitance is less than
50pF. The companion resistor
box, the 8000, inserts resistance
of | ohm to 100 megohms in eight
decades at between 0.1% and 1%

tolerance. Contact resistance is
less than 0.25 ohms. Electroplan
Ltd, P.O. Box 19, Orchard Road,
Royston, Herts.

WW 312

100MHz syn-
thesizer sig. gen.

Clive Green of Quartzlock, and of
Green Electronic & Communica-
tion Equipment Ltd, says he has
made a ‘“‘British synthesizer
breakthrough” with the model
360 signal generator. Most signal
generators stop at 5SMHz, he says,
are non-programmable and have
analogue controls that need to be
correlated with meter readings.
This one goes up to 100MHz
(200MHz with doubler) and down
to 100Hz, with b.c.d. program-
ming, all-digital control settings
with very low modulation distor-
tion even at high modulation
level (1% is claimed). Simul-
aneousa.m. and f.m. is possible —
an advantage perhaps for poten-

tial use with a.m. stereo systems.
Resolution is between one part in
10° and 108, accuracy one in 107
with a stability of 3 parts in 10°
per day.

Price is £3,300 and according to
Green is better and more reliable
than its competition at £10,000.
Now he’s started selling
“quietly”, with trial quantities to
people like the MoD, P.O.,
Plessey, Clive Green clearly feels
he’s got a winner. “After 20 years
in the instrument business” he
told us “you get a feel for what is
needed”. He reckons the market
potential is enormous — second
only to that for oscilloscopes.
Which should please his backers,
Peak Investments (with whom he
believes he has a good deal, be-
cause unlike his previous
arrangements, with ICFC for
example, finance is recouped in
relation to sales, and not at fixed
intervals). Quartzlock Sales Ltd,
Newnham Industrial Estate,
Plymouth PL7 4LU.
wWWw 313

wWw il

WW 312

WW 313

www americanradiohistorv com



www.americanradiohistory.com

WIRELESS WORLD, DECEMBER 1978

Digits out — hands in

As an exercise in turning a necessity
into a fashion, the digital watch
(meaning the kind with a row of
numbers instead of hands) is perhaps
the most successful since the Cornish
pasty. A set of binary information is not
the most convenient possible drive
signal for a pair of hands, and the size of
a watch and the energy available in a
small battery makes moving parts un-
attractive. The easiest way to display
the states of a collection of digital
circuits is in numerical form, so this is
what is usually done. Now, speaking
personally, I can’t get on at all well with
a watch which brutally tells me that it is
09.43:51. It makes me perform mental
arithmetic and at just before quarter to
ten in the morning a friendly old clock
face is much more reassuring. I freely
admit that I'm at fault here — lots of
people get a deal of pleasure in telling
me the time to the nearest second, even
though most of these watches exhibit
spurious second displays which can be
60 seconds or more in error. No, [ know
I'm the odd one out: I still keep thinking
that a two-bob piece is 20 pence.

I'm evidently not the only one,
though, because Texas have just
brought out an electronic watch whic\h
has the usual type of digital works but a
liquid-crystal pair of hands and a set of
hour points for dyed-in-the-wool reac-
tionaries like me. Rich d.-i.-t.-w. reac-
tionaries, mind you, since it costs
around £200. Until the customary drop
in price that we have come to expect
takes place, I'll press on with my
mechanical marvel, which is only about
an order less accurate and a lot more
comfortable than a row of numbers.

!

Music of humanity

A lot of clever people — scientists,
engineers, religious leaders and people
said to be world thinkers, whatever they
are — are going to hold a symposium on
Humanity. I know this because a hand-
out on the subject settled briefly on my
desk the other day, in between an an-
nouncement of another £5M turke ...
turnkey contract and a claim that the

- latest ultimate amplifier is soon to be
with us. Apart from its subject, the
feature of the symposium which renders
it out of the ordinary is that the dele-
gates will be in London, Los Angeles
and Toronto, all at the same time. They
intend to talk to each other by way of
satellite television link, and can refer to
a computer in New York which
possesses the data relevant to the sym-
posium.

Now, this is all very well and no one
has a greater respect for technical
wizardry than I have, but isn’t this
carrying a fascination with gadgetry a
bit far? If the langugage of this handout
is any guide, and I do hope it isn’t, the
whole thing is going to be somewhat
less than “transparent”, if I can make

s

-

use of one of the newer communica-
tions expressions. The mediunr, in fact,
could well become the message, to bor-
row further. (Or “massage”, as McLu-
han said later — Ed.)

We are assured, for example, that the
delegates will be able to “communicate
via satellite video link with each of the
other centres as well as accessing a

“‘computer conferencing system and

database held in New York”. It goes on
to refer to “media co-ordination” and to
offer the delegates ‘‘experiential
events”. It could be that I'm just an out
of date reactionary, but it doesn’t sound
a lot like humanity to me. Bit too Or-
wellian for my taste.

I am, however, greatly encouraged to
discover that the calibre of the people
involved in the symposium is such that
they will be able to offer their views on
“the future of mankind as it is now”.
With tricks like that up their sleeves,
who needs the gadgetry?

Out of the ivory tower

You need a strong stomach for this job.
Particularly if you’ve led a sheltered life,
as I have. Electronic engineers have
traditionally held the view that life
beyond the output socket was a nasty
business, properly left to those who
professed an affinity with the seedier
kinds of endeavour, such as heavy en-
gineering. ‘Industrial electronics’, it
used to be felt, was all right for those of
us who didn’t mind hob-nobbing with

vulgar, spanner-brandishing
mechanical people, but not really to be
recommended.

Then, of course, we were discovered.
The world and his wife decided that
electronics was the ‘in’ subject and we
all had to accustom ourselves to de-
signing equipment for foundries,
weighing machines, farms, rolling mills
and all manner of extremely unscien-
tific undertakings, from docking super-
tankers to measuring the thickness of
pig fat. The people at Bell and Howell
have now, it appears, reached their
lowest point. They can surely progress
no further in this matter of vulgariza-
tion. They have announced, with every
appearance of being proud of them-
selves, that they are involved in mea-
suring the depth of sludge in a water
authority sludge digester. I do not feel
impelled to dwell on the more unsa-
voury aspects of this exercise, but I do
ask myself where it will all end.

So who's perfect?

As the man who once shrieked ‘Don’t
touch that! a fraction of a second after
the bonnet lid had fallen on my head,
my timing would appear to be as imma-
culate as ever. Purely in an effort to be
helpful, I offered my views on the spell-
ing of the word program{me) recently,
pointing out that the Concise Oxford
preferred programme. Well, not only
has the above dictionary turned its coat,
but the new edition of “Hart’s Rules”
also shows clear evidence of having
been got at. Computers, from now on,
will work with programs ugh!) accord-
ing to these two respected works,
though one will still buy a programme
at the Festival Hall. Wireless World will
not rock the boat: although the single-m
spelling seems a wilful perversity, which
cannot be recognized in speech unless it.
is pronounced in the American way, it
will now be used in the context 6Fcom-
puters.

Professional arguers need not worry,
though. There are still lots of words to
haggle over. Perhaps the next one could
be connexion, which is spelt both ways
in Wireless World, but only because the
rest of them here don’t know any better
and think that connection is the way to
do it. Quite wrong, of course . .

The game of the name

The Post Office seem to be having hard
luck in choosing a name for their view-
data system. First of all “Viewdata”
couldn’t be registered as a trade name
because it described pretty accurately
what the system did (what a crazy
world we live in!) so they chose Pres-
tel. It now turns out that Prestel is also
the name of a firm in Milan which
specializes in field strength measure-
ments and of a book publisher in
Munich — both, as you’ll note, con-
cerned with the game of communica-
tion.
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Select a standard
POTENTIOMETER

from ITT

-of course

We make an extremely wide range of standard types, all To meet your special requirements, we havea
available at low cost and on fast delivery. Based on years of custom-design facility. Find out more about
experience in manufacturing potentiometers of all types, each ITT potentiometers for yourself — just

of the units meets | TT's high standards of design and contact:

manufacture.

For performance and quality atlow costwe havea wide

selection of hot-moulded-carbon units available in three styles T Components G roup EuroPe

— panel mounted, preset and edge controlled. RESISTOR DIVISION,

For greater stability, lower TCR, better power handling and South Denes, Great Yarmouth, Norfolk NR30 3PX
lower noise, choose our 1W cermet presets. Tel: 0493 56122 Telex: 87421.

compens L L L

oG Tay MUY ga

11,8V

B L I
| O L e M - o)

wey Y

- = . Model 178
Model 178 offers functions and ranges for

No =0 most measurement needs 100,V to 1200V
dc, 100,V to 1000V ac, 01Qto 20MQ.
the neXt Model 179 is a full-function, mult-feature model

offering the same advantages as the 178 Plus
TRMS AC; 10,V Sensitivity; Hi and Lo Ohms; AC and DC
Current Yet it's still half the price you'd expect. Only £1 99

generation of

MMs!

ben(:h D S: . Both models feajure designed-in reliability

Two New Keithley Models offer uncompromising Rugged circuits use a minimum of parts — high quabty, off-the-shelf
performance and outstanding value! parts — carefully assembled and tested by Keithley.

Outstanding overload protection and rugged mechanical design keep
both units going even after severe abuse. One-year accuracy
specifications minimise recalibration costs.

A battery option, user installable, gets you off ‘line”’ for critical
measurements or for field use.

@ Accuracy 3% 's can’'t match 0.04% + 1 digit on dc
volts and ohms

@ Large, bright, 20,000-count LED display that's quick
and easy to read.

@ Convenient bench size that won t get ‘lost " yet
doesn’t crowd. . For complete specifications on the 178 and 179, call Keithley

@ Exceptional reliability Instruments, 1 Boulton Road, Reading. Phone 0734 861287

KEITHLEY

The measurement engineers.
WW —057 FOR FURTHER DETAILS

www americanradiohistorv com


www.americanradiohistory.com

ITAM Graphic Equalizer

A fully professional graphic equalizer at a reasonable price.

Stereo, with 10 bands per channel, 19 inch rack mounting.

£280 + VAT.

OTARI
DP4050 OCF
IN CASSETTE
DUPLICATOR

Now with 3% + 7%

>
4

. j { w%
'9 B @ i
g ‘ \ ro
K -
master  capability = mzé‘ '
and Ferrite heads.

Duplicates 6 cass- ey
ettes each run at 8 =
times speed. Over
80 stereo C60 per
hour. Unguestion-
ably the finest in
cassette copier avail-
able from the
world’s largest dup-
licatormanufacturer.

Dual channel multispring reverb unit. Each channel
springs — far smoother than single spring systems.

ORBAN

from USA

features four

“Twang’’ and

“’boing” are virtually eliminated by incorporating a floating threshold
limiter. Bass, mid-range EQ and bandwidth controls. The best com-

pactreverb unit available.

ITAM 882

New Stereo Mixer, built
to a specification not a
price! Ultra low noise
—128dB. 8 inputs-+8
direct outputs, 2 outputs
with VU meters. 2
limiters. XLR mic inputs
(balanced). 3 band EQ
-+ mid sweep.
£395+ VAT

AMPEX ATR-700

Now every studio can afford
legendary Ampex perfor-
mances and relfiability. Fully
professional specification in-
cluding batanced inputs/
outputs, Cannon connectors,
variable tape speed, sel sync.
The price will fit this year’s
budget, not next year's! Sole
distribution by ITA.

| biawew  r
-

QUAD

The new 405 power amplifier is now in stock. 100 watts per channel

— simply the best, for £££’s less! iImmediate Delivery!

1-7 Harewood Avenue, Marylebone Road, London NW1.
Tel: 01-724 2497 Telex: 21879

FRANCE: Son Professionnel, 2 Rue des Tennerolles,
92210 Saint Cloud (Paris). Tel: 602 6815.

WW—106 FOR FURTHER DETAILS
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STAR

The Standard Unit offers the following teatures.

* 7 bit parallel ASCll encoded output.

* Positive and negative strobe edges.

* MOS8 - DTL - TTL compatible outputs.

# Fach output wili drive 4 TTL loads.

* Full ASCIT set -_128 characters - Upper and lower case.
* LED's to show AStIl coding of selected character.

* Audio tactile teedback with volume / tone control.

% Character input rate adjustable trom 0.1 to 1 second.
* Touch sensitivity control.

£2 Automatic character repeat.

* Moditied two key rollover and N key lockout.

“ Automatic scan facility - Will automatically scan through
and output ecach character in the Ab¢11 set, Usetul tor
testing and setting up systems.

% Requires 5 Volts at only 200 mA. See Option 'D°,

* Gold plated edge connector U.1" pitch. Mating connectdr
provided.

% (alculator type numeric cluster with expanded $ pad.

#* Expanded pads tor carriage return, horizontal tab,
line teed and space.

% Low prolile cases Non-slip teet.,

% (omptehensive handbook and keyboard cleaning device
supplied.

* Une year guarantee.

= Assembled, burnt in and tully tested.,

* Desipned and manutactured in the United Kingdom.

£37-50

Inclusive of VAT, post & packing.

STAR |

DEVICES

Dimensions 14.1 x 7.3 x 1.2 inches

358 x 185.4 x 30.5 m.m.

Weight 16 ounces.

454 grammes.

Colour Blue base with grey case and surround.
0
Operating Temperature range U - 50 C.

Star Devices (QWERTY) Limited,
P.0. Box 21,

Newbury,

Berkshire,

lmited Kingdom.

Patents Pending. Copyrigh[0 1978.

NOW
AVAILABLE

ASCII
ENCODED

TOUCH
KEYBOARD

Ly nal Extras.

A. €erial output conforming to RS 232 / V24 oo o0 1 5-00
Al. Internal Baud rate generator. State on order

Baud rate required. e e £ 4-00
A2. Internal generation of + 12 Volts for use

with Option 'A°. eroen £ 6-00
B. Parity check bit (bit 8). Both 'Odd' and

'Even' brought out to edge connector. can be

incorporated in Option 'A' or 'C*. P £ 3-00
C. 20 mA Current loop output. e s E 4-00
D. 'On-Board' 5 Volt regulator, Requiring

D.C. input of 7 to 1Z volts. vioan 1 3-00
(B Earphone socket + plug in personal earphone.

lIdeal when several units are being used in

close proximity to each other-in schools etc. «+» ». 1 2-00
[ Active Low outputs. DO oo £ 3-00
(s 30 volt open collector outputs-Active High. ST £ 3-00
H. 30 Voit open collector outputs-Active Low. N E3-00

Fow ok Aov ok k%R KK R KR KA %

tonsult factory for other reguirements.

cod % R W kK % % ok kR vk K k%

Options can be incorporated in the keyboard after purchasing by
returning the keyboard to the factory and stating which Option{s)
are required, 1Include remittance tor Option(s) at prices then
currently advertised plus I 5-00 handling charge.

R R R

Note. With uption A (RS 232) the Baud rate and + 12 Volts
can be supplied to the keyboard by the user.
deoE ok ok v % ok k% % Ak X K R KX K

The following Baud rates are preferred ;- 50, 75, 100, 110,
134.5, 150, 200, 300, 400, 600, 1200,2400, 4800, 9600.

DEVICES

Please circle Option{s) required with your keyboard.

A -

Al - A2 - B - (L - D - E - F =~ G - H

Baud rate for Option Al

Cheque / P.U. enclosed tor k

Indicate total order value.

Name

Made payable to -

Star Devices Limited.

Address

Prices inclusive of VAT,
post and packing.

Star Devices (QWERTY) Ltd.,
P.,0. Box 21,

Newbury,
Berks.

Please Print

I I understand that if I am not satisfied with my keyboard in every way,
‘ 1 may return it in good condition, within ten days for a full cash refund.

WW — 091 FOR FURTHER DETAILS

www americanradiohistornscom

89



www.americanradiohistory.com

90

WIRELESS WORLD, DECEMBER 1978

Audix Limited

Station Road, Wenden
Saffron Walden

Essex CB11 4LG

Design,
manufacture &
installation

Please send me details

public address equipment
[(] Theatre sound equipment

[J Hospital distribution
and nurse call systems

Tel: Saffron Walden
(0799) 40888
Telex: 817444

Sound & Communications systems

[7] Sound reinforcement/ ] Intercom systems,
commercial & industrial

[] Hotel entertainment systems

[] Simultaneous interpretation
and conference systems

Name

Address

L J
— = - — — —
S ] i. T.T.L. 74 1.C.s By TEXAS, NATIONAL, L.T.T,,
atronics ANE W 4 FAIRCHILD ETC.
1’ 1400 M4 1426 25p un 14121 4151 usp | 14119 140p
¢ 001 14p w1 %p | um sop w2 m 14153 | 180 100p
} 1402 14p 7428 40p 5 30p 74123 60p 74154 1209 14181 200p
1’ 7403 1dp 7430 15p 476 40p s Sop 415 Top 4182 15
,. 1 Wl om oz Mmoo R S
- o 05 i4p 437 P 485 1 74130 130p
Components and PCB for new Character Rounding “‘Board 4 1: 406 40p 743  25p | 748  30p Wil o0p | TN % | 4l 350p
will be available soon. PCB £14.60. Kit. (incl. PCB) only £25.75. 1’ oy g 40 ;2: ;:agg zssg: 3 |§§§ e :2 uisg ‘z
““Board 3" is also available as an sdditional unit 1o update the Wireless World [ 408 20p T42 65p 149) 75¢ 4136 80p 74163 90p 4191 140p
Telotext Decoder to give double height ch s. colour 1/revesl, stc., as ) 10 15p 7445 80p 7492 45p 74137 100p 4154 1259 4192 120p
described in December and January issuas of W:reless Wol/d ’ ;:CI‘Z) ggp ;n_ﬁ; %g ;:g:é x ;::gg :z: ;:}2 :g: ;:‘a :&.:
Th i lated- h hole P.C.B.. all nd i Price £33.68 P
+ \./:‘Ir‘ (.2; :‘;’)‘: P;-P (‘::‘('):‘)‘g. 2;;4520‘“.? c.p. -nulome separately at £19.30. " ‘i ;m g: ;:‘53 ‘{; ;:s:go ;g: ;::2 gg: ;::% ;z;: mgg :w;
Our main kits contain all the o o 1' 1416 30p 745) 15p 74104 90p 14143 270p 14173 150p 74197 100p
prirted crcui boards and com RN Q| |k om o oo woue Wk RO E
ponents necessary to build the ' ‘l mg 20p 7460 15p 4109 50p | TAIT 230p 74176 100p
complete decoder ' n ; 7423 25p 7470 0p | 74118 90p 4148 160p 77 100p
. PEPO D 1425 25p 1!72 25p 15128 4150 120p 74178 140p
A reprint of the series of articles ! e e —— 7 TE—L_T_T_?—S. I —
is available at £1.95 + large 3 IN4148 BY ITT/TEXA 2112.4 256 x 4 BIT 450
v R H 4 100 for £1.50. FULL SPEC NANO SEC STATIC RAM
18%p SAE (included free in Standard New version 1 c.mas
; A [ 4000 14p 4030 a GHz COUNTER KIT £€2,95 each. 4 £€11.60.
complete kit) version with Texas Post & ; oo ilRYs W esp | 8 e22.80
PRICES INCLUDE VAT using 2513 x887 Packing ‘ oz “P Wi iz2op Features include five meas- -80.
Setof 5 PCBs ” £24.00 £23.95 30p ] w" 047 100p urement ranges from 15 Hz 2513 CHARACTER
ot of s . £139 €1 50 4 P W8 55 to 250 MHz; a preset facility GENERATOR UPEER CASE
Component Kit (incl. PCBs} 126.50 28 1' & 4049 4 ; for use as a digital tunin £7.00
Add-on Unit for lower case £13.75 - 1 :l.m ﬁv il 0p & gital g d
£18.00 €1 00 P !n |_catqr. automatic range "
Cabinet. E800 - s iz 12p 4054 120p indication and flicker-free 2513 CHARACTER
PLATED THROUGH hote PCBs for TEXAS version only at sdditional cost of £26.00 1’ w3 Sop 4055 140p last digit GENERATOR. LOWER
FULL FAULT-FINDING AND REPAIR SERVICE AVAILABLE > 015 90p 0 135 S.A.E. for Pri CASE £€7.00.
COMPONENTS ALSO AVAILABLE SEPARATELY — SAE for price list ‘ s 4060  120p -A.E. for ce. E
READY BUILY & TESTED DECODERS — £241.87 + £5C ¢ 4017 90p 4066 SSp 555 Timer 10 for £2.50. | MM5204AQ PROM 4096
DE LUXE VERSION WiTH NEW FACILITIES — £292.50 + £ qf 3;8 1?.13: 23?? f:: 741 Op amp 10 fo iy (10 RIS RBITUER?
r
w2 % on 16 | £8.00.
1; Wn e | omoiep =20% 8212 8 BIT IN/OUT PORT’
‘ 424 65p 4082 16p RCA SCR TO 3 case £3.00
PROFESSIONAL ‘D ws e | g0 120 | 100V 12.5A £2.50. .
025 160p | 4511 1SDp T Y 8831 TRI-STATE QUA
. ) : A 4 we e | %6 1oy | MURATA ULTRASONIC D
DECODER ‘p W 0p | 4518 130p TR 8 NSDU coE RS LINE DRIVER £2.00.
<3 3 . 3 . 4029 110p 4528 100p MA4OWR/S £2.50 each. 8833 TRI-STATE
We are now agents tor V.G Electronics Ltd. and can oher theis model VGE 1022 (as supphied to g ‘b 24 00 pair TRANSCIEVER (TRUE)
authorities etc) at the sp price of £275 + V. AT = 2310 00 " STOAN 2L 1024 £ T BIT £2.00.
¢ 125 or 2 inch red LEDs | 250 NANO SEC STATIC | gg3sg TRI.STATE
A 'b 12p each, 10 for £1.00, gAmsiozdSQ 47 £8.40. TRANSCEIVER (INVER-
The foll ounte| s are now available N .
74C926 £5.30; MK50395 £7.55; f.cm‘;gacc‘:s 70; ICM7216C £22.70; [CM7216D £19.65; ICM7226 'p égg (;%r £7.50. 1000 for _ TING) £2.00.
£27.20. Application information also available ' U 2 102AN-4L 1024 x 1 BIT AY5-1013 UAR/T £6.00
Try us far 7 segment displays, dispiay drivers and prescaler ICs 125 or 2 inch yellow or 450 NANO SEC. STATIC d
|p green 15p each, 10 for | RAM 2102 AN-4L 1024 x LM309K/LM340K VOL-
All prices include VAT but please add min. 30p p&p  § £1.40, 100 for £12.00. 1 bit 450 Nano sec static TAGE REGULATOR £1.00
: CATRONICS LTD {Depl. 822) :. -— — 2m £1.00 sach. sach
Communications House, ] ' POWE LL ALL PRICES INCLUSIVE
" > n CS 20 WALLINGTON sauare,  § I. ) OF POSTAGE AND VAT
WALLINGTON, SURREY. q' 306 ST. PAUL'S ROAD
Tel. 01-669 6700
e AAAAAPAAAA PPN HIGHBURY CORNER, LONDON N.1

WW—822 FOR FURTHER DETAILS

Telephone: O17- 226 1489

Barclay / Access Craedit Cards accepte

THE FIRST OF THE SERIES

TYPE 702
80 MHz

£250

A NEW ADDITION TO A WELL-KNOWN RANGE OF FREQUENCY COUNTERS

UNIVERSAL COUNTER TIMERS
8 DIGITS

7 Segment 0.6 Numerical Indicators

Sensitivity 10mV R.M.S.

Stability 3 parts in 10

Average Period Facility

Two Tone Blue Case

WE'VE COUNTED FOR YEARS

ELECTRONICS, 6 WOLSEY ROAD, ASHFORD, MIDDX. ASHFORD 53661

WW — 072 FOR FURTHER DETAILS

www americanradiohistorv com
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“One Stap Technology Shopping’

now fram AIM

bit international

®

Ambit stoppress....

news on items available
911223 ultra low THD/IMD mpx decoder module £9.95

(OUNTER ATTRALTIONS:

New this month trom Intersil, the ICM 7216. This is probably the most significant new IC
for frequency counter/timer applications ever devised. It drives a full 8 digit display (LED)
and operates on inputs of up to 10MHz minimum. The single 28 pin DIL also has:-

*Leading zero blanking * Frequency ratio *Period *Unit counter * Time Interval

*overrange

The IC cost is £19.82, and the 10MHz HC18U Xtal £2.50 {for timebase functions). The
circuit data is free with the IC, or £1 purchased separately. Input preamp board £7.00.
New from Ambitis the MC3357. 6v, 2mA standby NBFM IF, detector and squelch

with 10.7 - 455 kHz balanced mixer, onboard oscillator device, and 5uV sensitivity, it is
ideally suited to our CFM and LFY filter series, and costs £3.12 with full data. Xtal £2.50.

Please note that OSTS prices exclude VAT at 8¢
ambit jtems are at 12%% except those marked

throughout this side of the page. Most
‘. Please keep orders separately totalled,

although a single combined payment, and 25p postage charge, will be sufficient.

(04000 C(MOS

4000 ~
4001 -
4002

4006

4007 o~
4008
4009
4010

179
17p
17p
109

80p
58p
58p
17p

1 7p
76p
17p
180p
55p
720
| 1000
58p
250n
1006
145p
200p

4027 J
4028

4029
4030
4031
4032
4033 |
4034

4048-—--60g
4049
4050
4051
4052
4053
4054
4055

4059
4060
4063
4066
4067

563p
116p
109p

53p
400p

4522
4527
4528
4529 |
4530

il

4070

4072
4073
4075 |

(2077

4081 |
2082
4085
4086 |
4089
4093
4094
4096
4097
4098
4099
4160
4161
4162
4163
4174
4175 |
4194
4501 |
4502 |
4503 |
4506
4507
4508
4510
4511
48512
4513
4514
4515
4516
4517
4518
4519
4520

4521

¥

7

20p
20p
o,
90p
20p

20p
20p
82p
82p
150p
50p
190p
105p
372p
110p
122p
90p
90p
90p
90p
104p
95p

23p

4531
4532
4534
4536
4538
4539
4541
’4543
4549
4553
4554
4556
4557
4558
4559
4560
4561
4562
4566
4568
4569
4572
4580
4581
4582 |
4583 |
4584
4585 |

157p

900
141p
125p
614p
380p
150p

6800 series

BOBO series _

PRICES
SLASHED

2114 £10
2708 £10.55
Development
MEK&800 £220
TK80 €306
AMI, Signetics
TI, totersil,
Harris etc. OA

Micromarke

8216
8224
8228
8251
8255

MEMORIES

2102 £1.70
2112 €340
2513 €754
4027 £6.78

6800P
6820F
6850P
6810P
6852

6.50
€6
275
£4
3.65

8080
8212

6.30
230

KV1210: triple AM tuning diode with 2-9v bias onty £2.75....
944378 ‘Hyperfi' mpx decoder with post decoder muting and pilot cancel £19.95

From the Worlds leading radio
innovation souree:

Apart from the MC3357, mentioned alongside,
the BF960 from Siemens.
a noise figure of only 2,8dB at 800MHz, you will see what we mean. At 200 MHz, the
gain is 23dB, and NF only 1.6dB. Combine these figures with the famous ease of use of a
dual gate MOSFET, and you have the easiest and most effective front end device yet.

low cost UHF dual gate MOSFET

£1.60 each

Moving Coil Meters

Ambit offers a very wide range of low cost
meters, together with the unique ‘Meter
Made’ scale system for professional grade
scale customizing:

Series  Scale Area
900 14x3tmm
920 30x50mm
930 36x63mm
940 twin 35x45mm from behind  350p

950 55x45mm from behind  300p

Stock movement 200uA/7505L The 930 series

15 5% hinear, others are 77uA at 50% FSD. These
and many others available in quantity for OEMs
SAE for full scale details please. (Not in cat.)

cost*
250p
275p
375p

illumination
internal 12v
from behind
internat 12v

Radio; Audio;Comms ICs:

110p
141p
174p
399p
440p
163p

77p
386p
17p
388p
218p

65p
530p
159p
281p
303p

25p
600p
319p
164p

84p

63p

Unltuge Regs

EW LOW PRICES
7800 series UC TO220 package 1A all 95p
7900 series UC TO220 package 1A all £1
78MUC series TO220 package %:A all 90p
78LCP series TO92 100mA all 35p
L200 up to 3A/adjustable V&A 195p
78MGT2C Y:amp adjustable volts 175p
78MGT2C Y2amp adjustable volts 175p
723C precision controller 65p
MAINS FILTERS FOR NOISE/RFI etc
1 amp in 1EC connector £4.83
5 amp in ‘wire in’ case

£3.87

100p

Only the very best quality - and only types
we have used in our own laboratory tests
Radio frequency + mixers + oscillator(s)
TDA1062 DC to VHF front end system
TDA1083/ULN2204 am/{m/audio in one IC
TDA1090/ULN2242 am/im hili tuner system
HA1197 LF/30MHz am receiver system
CA3123E/uA720 LF/30MHz linear system
TBAG51 LF/30MHz linear system
SD6000 DMOS RF/Mixer pair

IF amplifiers

CA3089E/KB4402 famous FM IF system
HA1137W/K 4420 as 3089 + deviation mute
CA3189€ update with deviation mute
TBA120a/SN76660N FM if and detector
TBA120S hi ga:n version TBA120
MC1350P age |F amp

MC1330P  synch AM demodulator
MC1495L precision 4 quad multiplier
MC1496P popular double balanced mixer
Communications Cireuits

KBa406 differennial amplifier

195
1.96
3.35

GoOOOdAnas

8IMOS

Op amps

LM301A
LM308H
LM308N
LM318H
LM318N

CA3130E

| CAzLior
“A3140E

[HC gt 4T

CA3160E
Ca3i60T

lln En n snonr:onsumer

TM30TAH 67p
30p
121p
97p
279p
224p

N

84p

=8Qp
359"
=757 709HC 105
90p
99p

NES50 A 73p
op'o 7 seg displays

0.43" High Efficiency
5082 7650 red CA
5082- 7653 red CC
5082- 7660 yellow CA
6082 7663 yetiow CC
5082- 7670 green CA
5082 7673 green CC
0.3 Standard HP
5082- 7730 rec CA
5082- 7740 red CC
0.5” Fairchild
FNDS00 red CC
FND507 red CA

LM32an
LM339n
LM348N
LM3900n

Ttp
66n
186p
60p
64p
36p
65p
59p
65p
660
27
70p

709rC dil
710HC tob5
710PC dit
723CN
741CH 105
741CN 8dil
747CN
748CN
NES31T
NES3IN

}ra7p

150p
150p

36p
12Cp
105p

TLL:Standard AND LP SthottkY

N

7400
7401

7402
7403
7404
7405
7406
7407
7408
7409
7410
7411

7412
7413
7414
7415
7416
7417
7420
7a21

7422
7423
7425
7426
7427
7428
7430
7432
7433
7437
7438
7440
7441

7442
7443
7444
7445
7446
7447
7448
7449
7450
7451

7453
7454

‘N’

7455
7460
7463
7470
7472
7473
7474
7475
7476
7478
7480
7481
7482
7483A
7484
7485
7486
7489
7490
7491
7492
7493
7494
74954
7496
7497
74100
74104
74105
74107
74109
74110
74111
74112
74113
74114
74116
74118
74119
74120
74121
74122
74123
74124
74125

‘LSN’

35 24

74126
74128
74132
74133
74136
74138
74139
74141
74142
74143
74144
74145
74147
74148
74150
74151
74153
74154
74155
74156
74157
74158
74159
74160

4161
74162
74163
74164
74165
74166
74167
74168
74169
74170
74172
74173
74174
74175
74176
74177
74180
74181
74182
74183
74184

All prices listed in
pence ¥

‘LSN’ ‘LSN’
44

‘N
74185 1
74188 1
74190
74191
74192
74193
74194
74185
74196
74197
74198
74199
74248
74251
74253
74257
74279
74283
74290
74295
74298
74258
74260
74365
74266
74367
74368
14375
74379
74399
74445
74447

57

74 ICM7217 - count

& display £9.50
ICM7207 - clock
pulse IC  £4.95
1ICM7208 - count
& disptay £14.95
1CL7106CP - LCD
DVMIC £955
KIT .. £24.80
LED DVM with
ICL7107 {20 65
Ambit overspill
the remainder of thel
{eolumn is not OSTS
Varicap diodes

AT 12.59

78 92
29
40
60
60

180
187
137
10

BB

5xBB104B 200p
MVAM2 148p
MVAMI15 105p
MVAM125 105p
matching 1o @ max
of 6 diodes  25p
per diode 1%}
Kvi1210 275p
PIN & swirching
VAT 1259
B8A479pin  35p
tda 1061 pr-network

KB4412 2 bal_mixers/age/gain/doub. conv
KB4413 am/tm/ssb det. AGC, ANL, mute
KB4417 3mV mic processor preamp
KB4423 FM noise bianker system

Audio preamps

Lm381 stereo high pain/tow THD
LM1303 stereo audio optimized OA
TDA1054 high quality with alc aption
KBa417 see above

Audio Power amps

TBABI0AS 7W RMS overload protected
TDA2002  8W/252in pentawatt package
TDA2020 15W RMS hifi power dc coupled
TCA940 10W higher voltage 810
uLn2283 1W 2.5 10 12 v supply capability
LM380N8  1W power

LM380N14 2.5W power

HA1370 HiFi 15w in easy heatsink pack
Stereo Decoder Devices —
MC1310/K 84400 onginal pll decoder
CA3090AQ RCA's pll decoder

uA758 Buftered version of 1310
LM1307/uA707 non pll type

HA1196 advanced adj.sep pil low thd
HA11223 newpilot cancel low thd/imd

Ail ambit decoders are supplied with the LED
beacon of your choice. Please state colour.
Discrete semiconductors

Some of the biggest stocks of speuahsl MOS and
FET transistars for radio in the .

BF900 80p* 40673 55p 410822 43p*
40823 51p* MEME80 75p° BF256S 34p*
Most types for most RF cireuttry, inc. new
UHF T package types eic. See price List

Hitachi VMOS 100W power devices:

Hitachi 2SK 134 /25J48 100W comp.
VMOS. Data and circuit info £1, and the
devices themselves for £14.00 a pair °
DISCRETE LEDs from Telefunken, square

Telefunken,
sided and round, AMBIT has the best value
LED size imm) 2.5x5 5 dia 2.5dia
RED 17p 14p 14p
20p 15p 15p
20p 16p 16p
Orange 24p /he  29p/hel 17p
he= high efficiency L= lens end

Switch Systems: Check our combinations !

Yellaw
Green

10% disc for 10
25% per 100 mix

.DT1200 Digital frequency readout module

VMOS

Ambit has the first easy-to-use low noise,
With a gain of 18dB, and

Coils & Filters by TOKO

After a period of relative price stability,
please note that some prices are increased-
as a direct result of the failure of £ versus
stronger trading currencies. (Mainly Yen}

7 & 10mm IFTs for AM/FM - 1000s es
455/4 70k Hz most 1ypes of appens 30p
10 7MHz 33¢
Short Wave Coils sets

Now two ranges of impedance/coupling ea 33p

TV video and sound |Fs/detectors
Another new range 1n 10mm
6MH2z ceramic IF sound filter

Molded VHF coils tull catalogue 15p

Ultra stable coits for 30 - 200MHz from 20p
Chokes - biggest range/biggest stocks
Most E12 values ex stock. any 10 order
78A series  1uH to TmH

8RB series  100uH to 33mH 19p
10RB series 33mH to 120mH 33p

FM IF FILTERS ceramic and linear phase
CFSE/SFE10.7 stereo ceramic {F 10 7MH2
filters in 5 groups 50p
CF$810.7 mono/roofing IF hitter 50p
BBR3125N 4pole linear pahe 10 7MH2 150p
BBR3132A 6pole linear phase 10 7TMHz  250p

MPX pilot tone filters for 19 & 38kHz

BLR3107N Siereo 4k7 umpedance 215¢
BLR2007 Stereo 3k3 impedance 220F
BLR3152 Mono 4k7 impedance 100
BLR3157 Mono 4k7/3k0 1mp 100p

AM/FM/SSB IF FILTERS

MFL series 2.4kH2 ssh /455k H2 carrier
MFH series 4/5/7kHz BW on 455kHr
MFK series 7/9k Hz BW on 455kHz
LFY455D 12kHz 4 ele ladder on 455kH¢
CFM2455 6kHz micro mechancal
SFD455/470kHz murata IF fiiter
CFT455B/C 6/8kHz min + 21FTs
CFU470C 6kHz on 470kH:z

Ratio Detectors for FM/NBFM

1A651/7 455kHz ratio det

KAN1508/9 10.7MHz ratio detector
94ACS15106/7 10.7MHz ratio detector
Quadrature detectors for CA3089E etc

K ACSKS86HM single 33p
KAC534342’3 double 66p

Polyvancon tunlng capacitors + trimmers
2A20ST7 2x266pF AM 95p
CY222172 2x335p AM
2x20pF FM
Cv23217pX 2x335pF AM
3x20pF FM

16p

1195p

175p

(2 trimmers)  245p

A very wide salection of BOTH Alps SUB
series units, (Schadow/AB/Oreor compatibie) &
the miniature Diabistat umits Available in DIY
systems for maximum flexibility and low cost.

74490 140
74668 110
MISCELLENY
NE555 30p
NE556 78p
NES558 180p
LM3909 72
11C90DC  1400p

attenuator  95p
B8A182 bandswitch
diode 21p
1 150p
Requests for the
next issue of the
catalogue now being
“boaked’ for des-
patch immediately

And Finally

Further details of these, and many more af
the wonders of the world of wireless in th
new Ambit catalogue - with magazine supp
lement. 45p inc pp etc.

Phone (0277} 216029/227050, 9am7pm
callers welcome anytime

Tuner Modules

From the biggest and best range
TUNERHEADS for 88-108MHz band 2 fearicap)
EF5803 6 cct. 3 MOSFETs, amp. osg. 19.75
EF5801 6 cct. 2 MOSFETs, osc op 17.45
EF5600 5cct. MOSFET RF, by TOKO
EF5400 4cct balanced mixer/pin agc

EC3302 3cct FET input miniature 8.2
TUNERSETS ny LARSHOLT [head+IF]
7252 Dual MOS head/low dist 1F 26.50
7253 FET head. mpx decoder inc 26.50
1F AMPLIFIERS ali with deviation mute. age.
afc, meter drives etc

7620 HiGain dual ceramic friter

7030 Mos preamp, linear phase filter
7130 2 mos preamps. 3 Ipfilters
NBFM1  455/470kHz NBFM module
MPX decoders, all with piiot tone filters an
buffer amplitiers for min 300mv RMS
92310 1310 based system

93096 3090AQ based system

91196 HA1196 based + birdy filter
911968 HA1196 based + birdy filter +

2 x LM380 audio monitor amps 16.45
HA11223 based system 12.50

6.95
10.95
16.25
9.95

6.95
8.85
1299

911223

"AM RADIO

91197 The onginal MW/LW varicap

tuner with etectronic switch

9122 The uniband tuner module

AM FM RAD O UN(TS

71083 Using TDA1083, provides a complete
MW/LW/FM portable radio chassis
for clock radio ete

71083D Drive/dial system for 71083

SPECIALS  TUNERHEADs in the range
40-200MHz to special order

The EF5803 and EF5400 are availahle to

cover bands in the region described. The costs
depend on quantity and actual mods required to
cover the desired band. Max coverage approx
20% of centre frequency selected Also, pleass
allow 3-5 weeks delivery for these items

11.85
13.22

8629 divide by 100
to 150MHz  4.20p
95HI90DC 320MH2

it is ready {about
INovember). Please
send 45p to reserve

divide by ten 7.80p [a copy

www americanradiohistorv com

2 GreshomRoad, Brentwood, Essex.
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MODEL 756

lllllllllllll- FULL ASCIll ‘towcosT

l’fllll.-'..-.. KEYBOARD Assli;n“gled

ODEL 756

KEVROARD

Alpha lock .
Extra loose keys available.

This one Keyboard will meet most Supplied complete with tull
present and future requirements. technical data.

* Full 128.character ASCII 8-bit code £49_90 + VAT . m?‘ges'atmeg.tshpricu.ghG;l?esF.’CB

Tri-mode MQS encoding. Also available * 2.key rollover

Intended for professional micro- "
processor applications.

* Applications notes for auto repeat, Numeric keypad — interfaces with 756 £7 50 .
i ; DC 10 DC converter to give — 12V £5.00 * DC level and pulse strobe signal
numeric pad, serial output. i i
U (Mounts directon 756 P.C ) for easy interface to any 8-bit
pper and lower case characters Plastic enclosure type 701 £10.75 . t . ocessor system
generated by keyboard with latching | Gold plated edge connector type 756/con €195 input port microprocessor sy .
shift-lock. Postage & Packing 75p per order video display or terminal board.
* Selectable polarity u. Kk orders add 8% VAT on order total including postage & Strobe pulse width 1 ms.
' y [ InE It ord o
(81'22%,43)(()55?; )1(4?‘Xinf)32mm c".ri'S?iapé’Béﬁé"ngﬁS. * User selection of positive or negative
i 2 /4 50 High St., Edgware. Middx. HAB 7EP logic d and strobe output.
MOS/DTL/TTL compatible outputs. ' Tel: 01-951 1848 gic data B
* New guaranteed OEM grade com
on .
Noeds £5 and —12V s ppl HEN R4 B2 RS RS B B )J \‘ * | =1%1= T
= upply - ==
t 2 3 4 5 6 7 8 9 "] : gy
Board has space for small low @ FS
cost DC/DC converter so escf Q W E R T " U ] 0] P \ \ || RETURN
that entire unit operates off = =
single 5V rail. crfl A S D F G H J K I + DEL ( )
; C ]
. . SHIFT T < > ? WSNIFT
Carter Associates [Locx - l ZgxpclviBjNEMETHT N,
P.O. Box 11262 VLAEBERG ) = — == ==
South Africa postal code 8018
e — S

"WW—071 FOR FRUTHER DETAILS

ooard =
get == ——— FTRADFORD]

%

| AUDIO MEASURING
INSTRUMENTS

YourCircuits |
l Oscillators
Just Once \ | LDO3. Low Distortion Oscillator . . . . £300.00
LDO3B. Low Distortion Oscillator, balanced output o
[ S Y . .. - o I I £400. 00
InMinutes... : - ; o .
— ——— - - Distortion Measuring Sets
It's crazy 1o build, unbuild, construct and destruct your CirCuits on expensive DMS3 . Distortion Measuring Set, manual nulling£250.00
“Breadboards’. Now very economicaily on WONDERBOARD, you plug your DMS4 . Distortion Measuring Set autO»nuIIing £350.00
components into one side of the board, the wires into the other, and you ' ‘ ' °
install the finished circuit in your equipment. They're like PC boards, but
no soldering fwhich is enemy No. 1 of prototypes. Change any wire or Voltmeters
component any time without disturbing others. Up to six interconnecting HSV 1. Audio Microvoltmeter, average responding .
wires and one component lead into one multicontact. WONDERBOARDS £175.00

accept all 1C's from 4 10 60 pins and discrete components t00.

HSV2. Audio Microvoltmeter, true r.m.s. reading£225.00

Reliable? They conform to applicable sections of USA Military Standard

MIL-A-46 146 and are used by the US Navy. You can't ask for hetter Noisem
WONDERBQOARDS the universal board for equivatents of single-sided, AN Me1 eAte(;,s (‘l,\lso,phometers) .
double-sided, plated-thro’ hole, and multitayer printed circuits. udio oisemeter and Mlcrovoltmeter average
Small Wond o responding . ... £200.00
‘Smal onder 1g Wonder
12 1C DIL—-14 capacity, 48 1C DIL 14 capacity ANM?2. Audio Nonsemeter and Mncrovoltmeter truerm.s
{Equiv. No. tie-points 1302) (Equiv. No. tie-points 5208} reading 2 © © 0 EN9 8 0000 2000 Jo RO 00 go oo £250.00
ANM3. Audio Noisemeter and Microvoltmeter, true r.m.s.
£280 £1120 and quasi-peak responding . . > o . £300.00

All prices include VAT and P&P. Send chegue or postal order to
CHARCROFT ELECTRONICS LIMITED

Charcroft House, Sturmer, Haverhill. Suffolk C83 7XR

Descriptive leaflets available on request.

Tetephone Haverni (0440} 5700  Telex 817574 RADFORD LABORATORY INSTRUMENTS LTD.
See us at BREADBOARD '78 215t 25th November 78 4 High Street, Nailsea, Bristol BS19 1BW
Seymour Hall, London W1. Stand F 10 Tel. 02755-6637

WW—026 FOR FURTHER DETAILS
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FOR POWER
SEMICONDUCTORS

A
IS

N | 4
INTE RNATIONAL
RECTIFIER

Diodes Thyristors
Fuses for protecting Semiconductors
Power Transistors Potted Bridges
Solid State Relays
Silicon Stacks Surge Suppressors

IN A HURRY!
070 - 681 2601

HARMSWORTH, TOWNLEY & CO. LTD.
HAREHILL TODMORDEN LANCS OL14 5JY
Phone: 070 681 2601 and 070 681 5246
Telex 635 091 Albion G Attn: HARMSWORTH

sEnsab

THRULINE"WATTMETER

0.45-2300 MHz / 0.1-10000 watts

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

Exclusive UK representative

aspen electronics limited

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

WW—053 FOR FURTHER DETAILS

a3

FREQUENCY COUNTING BREAKTHROUGH

Introducing the World’s smallest UHF counter

featuring state-of-the-art LS| circuitry at an amazingly low price

7 DIGITS 600 MHz
ONLY £109.95

(ONLY 14" H x 4%"W x 5%"” D)

- -

DE LUXE METAL CASE

FEATURES AND SPECIFICATIONS

Typical sensitivity: < 10 mV to 50 MHz
<25 mV @ 250 MHz
Deluxe black and gold anodized alumimium case — combination
handle/tilt-up bail
Automatic decimal placement
No direct-connect required for RF pickup
Stable crystal time base
State-of-the-art LS| circuitry
Built-in amplifiers in both direct and prescale input circuits
Signal inputs diode/overload protected
DC power plug and chord included
NiCad rechargable battery pack and charger—fits in cabinet
£15.05
Display : 7 large LED digits
Frequency range 10 Hz to 600 MHz (700 MHz) Typical
Crystal time base stability = 1 PPM (room temperature)
Gate times : 1 second and 1/10 second
Input impedance : 1 Megaohm and 50 ohms
Power requirements : 12 VDC at approx 200 mA
Size : 1%" H x 4%"W x 5%" D

USE THE COUPON BELOW TO ORDER NOW

To: MACLIN ELECTRONICS WW12

38 MOUNT PLEASANT
LONDON WC1X OAP Complete with
NICAD PAK plus

Pleasesend me . .. ............ OPTO 7000 33855 .

<3p &p

VAT @ 8% (£10.24 each) £.. ... ... ... ... .
TOTAL Enclosed S ‘

NAME _ ‘
ADDRESS |

MACLIN
ELECTRONICS

38 MOUNT PLEASANT
LONDON, wWC1X OAP
TEL 01-837 1165 01-404 5737

WW—087 FOR FURTHER DETAILS
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New from Labgear

U.H.F. ‘second-set’
INDOOR AMPLIFIER
CM7043

Now that the needforasecond TV~ N\

has gained widespread acceptance many '
viewers are experiencing poor ‘second-set’ reception
because of inadequate signal strength. This is often due to
the use of room aerials in screened situations.

Where the main TV is operating from a properly installed
U.H.F.aerial the CM.7043 can provide a ready D.LY.
answer to ‘second-set’ reception difficulties.

Supplied complete with installation _
diagram and easy ‘do-it-yourself instructions.

WIRELESS WORLD. DECEMBER 1978

Our new 1978 catalogue lists a card frame system
that's ideal for all your module projects they
used it in the ETI System 68 Computer. And
we've got circuit boards, accessories, cases and
boxes — everything you need to give your equip-
ment the quality you demand. Send 25p to cover
post and packing, and the catalogue’s yours

VERO ELECTRONICS LTD. RETAIL DEPT.
Iindustrial Estate, Chandlers Ford, Hants. SO5 3ZR
Telephone Chandlers Ford (04215} 2956 J

WW -— 093 FOR FURTHER DETAILS

Available from Radio & Television Retailers

LABGEAR LIMITED, CAMBRIDGE, ENGLAND

WW — 049 FOR FURTHER DETAILS

The AVO DA116 is a muitimeter that
offersmanybenefitstothosemeasuring
amps, volts >nd ohms For astart, it's a
digital instrument that gives you large
easy-to-read results in any hght. Powered
by four ordinary zinc carbon 15V batteries (that last for more than 500 hours),
it offers 30 ranges tup to 1000V and 10A on both a.c. and d ¢ ranges with six
resistance ranges measuring up to 20 M. a hugh speed ohms facility {around
10 times faster than normal resistance ranges), and a special Junction Test
range (for testing of diodes and semiconductors in Circuit)

The AVO DA116 is housed in a tough case that takes a sihple snap-on
protective cover (which aiso doubles as a support stand and test Iead holder)
And to cap it all it's made by AVO, which in itself 1s your guarantee of quality
You might expect to pay a small fortune for all this Not so The AVO DA116is
really competitively priced

Get in touch with us today for the full facts

We'll telt you ali about our Iatest number

AVO Ltd, Archcliffe Road, Dover, Kent CT17 9EN.
Tel: (0304) 202620 Telex: 96283

* Thorn Measurement & Components Divr:
You'll never meet
better meter ‘

AVO D,

WW—082 FOR FURTHER DETAILS
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THINK OF A SHAPE

SR

S 500D —dual channel
up to 500W/RMS per
channel DE-20 KHZ

Whatever it is, the HIIH ‘S’ range

electronic

of power amplifiers will handle it

The HIIH ‘S’ range is designed to handle heavy industrial usage in the fields of vibrator
driving, variable frequency power supplies and servo motor systems.

S 500D S 250D

Dual Channel Single Channel

19" rack mount 3% high 19" rack mount 32" high

900w R.M.S. into 2.5 ohms per channel 500w R.M.S. into 2.5 ohms

900w R.M.S. in bridge mode Retro-convertible to dual channel

0C—20 KHZ at full power DC—20 KHZ at full power

0.005% harmonic distortion (typical) Full short and open circuit

At 300 W.R.M.S. into 4 ohms at 1 KHZ Protection drives totally reactive loads with
JKW dissipation from in-built force cooled no adverse effects

fans

A complete range of matching transformers and peripheral equipment for closed loop,
constant current and voltage use are available.
Alternative input and output termination to order. Pack case for bench use built to
specifications. For complete data write or call.

Kirkham Electronics

MILL HALL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL
DIVISION OF K.R.S. LIMITED
TELEPHONE (037 976) 639-594

FRANCHISED COMMERCIAL AND INDUSTRIAL AGENTS FOR H"H ELECTRONIC

WW—080 FOR FURTHER DETAILS
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TE'§?TKJS'%"F'$GT\'/'|EK1TS

For all branches of the
AUDIO, TV & ELECTRONIC INDUSTRIES

Audio Generators -Attenuators -Audio systems
Analysers:Colour bar pattern generators
Curve tracers-Cable checkers: CRT Tester or
Rejuvenators:Distortion meters-Digital
counters- Electronic switches-Frequency
response recorders-HV Probes-LCR Bridges
Millivoltmeters- Multimeters-Oscilloscopes
Probes: Signal generators:Sweep generators

Tape speed checkers TV Field checkers
Wow and Flutter meters etc.

write now for catalogue and price list from UK Distributors

CE HAMMOND &COLTD 105-109 OYSTER LANE
BYFLEET SURREY KT14 7JH ring Byfleet 51051

L 2
5 SEE US AT
THE DESIGN
4' “li! ' i ‘ - ' ENGINEERING SHOW
‘ National Exhibition

Centre Birmingham
4-8 Dec.

N /L

WW — 102 FOR FURTHER DETAILS

carbon film RESISTORS ——
) ATNO—EXTRACOST '. UUA”II : .

EEEREELE
]
&

z ' AERO SERVICES LTD. = —
' & l '42.44A-46 Westbourne Grove ——————

London W2 5SF Gatwick House, Horley, S England RH6 9SU
atwick House, Horley, Surrey, Englan:
Tel. 01-727 5641 Telex 261306 Telephone. Horley (02934) 5363 Telex 87116 (Aerocon Horlay)
Cables: Aerocon Telex Horley

WW—076 FOR FURTHER DETAILS N j WW—084 FOR FURTHER DETAILS

The long experience of Larsholt Electronics is reflected

'(arsllalfﬁ 88-108MHz in : AF out U“F Fm 'I'un ERSE'I‘

- in this superbly engineered VHF Band I varicap FM

tunermodule. (As used in the Signalmaster Mk8).
The four stage frontend employs dual gate MOSFET
transistors for both RF and Mixer stages, providing
the 7252 with a 1uV sensitivity for 30dB S/N (m).
The |F uses a dual ceramic |F filter, and provides
all usual HiFi functions, of tuning meter drives,
muting, AFC and AGC. THD is only 0.1%

Special frequency options are available for OEM

al i - use, where the high standard of Larsholt construction

. N . . is frequently employed in sound distribution systems

ﬁéi*’ 2 1.9: £26.50 + 12.5% VAT (£29.81) PP 25p
72 52 Further details of this and other Larsholt products in Catalogue (40p)

ex-stoch. from:  Ambit international, 2 Gresham Road, Brentwood. Essex. telt0277) 216029

WW—081 FOR FURTHER DETAILS
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| When you see'what these new CSC logic probes can do, in such a small size, and at such small
| prices, there's only one word for it:—

Amazing!

LP-1 Unit Price £31.00- Post & Package £1 50 VAT £2 60 Total £35.10.
—l Clip the leads to the power supply of the circuit under test, touch the probe tip to any pin. pad
or component and you're in business, The 'HIGH" and "LOW' LEDs show logic states 1 or O, f
neither come on you've got open circurt, tri-state, signal out of tolerance (or no power')
The "PULSE" LED flashes once for any pulse 50nsec or longer, and flashes regularly"at
3Hz for high frequency trans Then, while'PULSE s flash'ng, ‘HIGH' will come on aione to
show duty-cycles over 85%, LOW alone to show less than 15%. and with both on together
duty-cycles can be estimated between 15% and 85% by re'ative brightness.
In the MEMORY mode, the leading edge (positive- or negative-going) of any pulse will fatch a
fip-flop on and keep the PULSE LED It as long as power 1s zpphed to the probe You can
Catchevents that are hard to see even with a high quairty scope!
LP-11s switch-selectable for DTL TTL and HTL/CMOS circurts

-

LP-2 Unit Price £18 00+ Post & Package £1 25-VAT £1 54 - Total £20.79.
Economy version of LP-1, with the same HTL/CMOS and DTL/TTL capabiity ‘HIGH or 'L OW'
LEDs function as in LP-1,"PULSE catches pulses as short as 300nsec and shows pulse trans
as 10Hz blink. When pulsing,"HIGH comes on to show duty-cycles above 70%. LOW shows
beiow 30%. both on together show between 30% and 70°% 300.000 Ohm inputimpedx ce
protects your circutt under test. and the low price brings the advantages of our quick, easy
| LOGIC PROBE technique to anyorie nterested in logic circuttry,

LP-3 Unit Price £49 00- Post & Package £1 50- VAT £4 04 - Total £54.54.
Super high speed version, captures pulses as short as 10nsec. ana moritors pulse tramns as
rapid as 50MHz. Thats better performance than many oscilloscopes' And ne bulky
Instruments. no set-up ime. At frequencies up to 1. 5MHz you can estimate duty-cycles by the
High, Low refative intensity. as with LP-1 DTL/TTL and HTL/CMOS are switch-selectable. of
course. plus ‘MEM memory mode to latch on to any pulse. pu'se train or passing transient.
LP 315 the ideal trouble shooter for your fastest logic circuts, and like all CSC probes is well-
designed. handy and easy to use. robust. reliable and individually tested before 1t leaves the
factory

And the new pulser DP-1 Unit Price £51.00- Post & Package £1 50 VAT £4 20- Total £56.70.
The Digital Pulser another new idea from CSC The DP-1registers the polanity of any pin, pad or

1 component and then, when youtouch the ' PULSE button, defivers & single no-bounce puise
— + loswingthe logiC state the other way Or if you hold the button down for more than a second.
the DP 1shoots out pulse after pulse at I00Hz The single LED biinks for each single pulse, or
glows duringa pulse train. If your c ircuitis avery fastone, you can open the clock ine and take it
through 1ts function step by step. at single puise rate or at 100 per second. Clever! And a very
reasonable price

How to order. Telephone 0799-21682 and gve us your Access. Barclaycard or Amerncan
Express number. and your order will be in the post that night Or, write your order. en.iosing

cheque or postal order, or stating credit card number and expiry date {Den't post the card’)
Alternatively, ask for our latest catalogue. showing all CSC products for the engineer and the

home hobbyist
(Prices ore for UK only For Europe add 10%. outside Europe add 12V°6 {6 total prices)
Specification LP-1 LP-2 LP-3 DP-1
Input Impedance 100.0004 300.0004} 500.00002 Output Tn State
Minimum Detectable Pulse 50ns 300ns 10ns Autopolarity Pulse Sensing
Max Input Signal (Freq ) 10MHz 1 5MH7 50MHz Sink and Source T00ma
Puise Detector (LE D) High Speed Train or High Speed Tram or High Speed Tran or Pulse Train 100pps
Single Event Single Event Single Event
Pulse Memory Pulse or Level Transition None Pulse or Level Transition LED ndicator flashes in Singte Pulse
Detected and Stored Detec ted and Stored Stays hton Pulse Train
CONTINENTAL SPECIALITIES CORPORATION (UK) LTD., CONTINENTAL SPECIALTIES CORPORATION REGISTERED IN LONDON 1303780 VAT No 224807471
UNIT 1, SHIRE HILL INDUSTRIAL ESTATE, DEPT 74, DEALER ENQUIRIES WELCOME

SAFFRON WALDEN, ESSEX CB11 3AQ TEL" 0799-21682.
TRADE MARK APPLIED FOR ¢ CSC (UK) LTD 1977
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ANALYSERS

AIRMEC 248 5-300HMz 1/ P SuV-15mV
AIRMEC 853 30KHz-30MHz 1/P 1 V-4V
HEWLETT-PACKARD 851B 10 1MHz-12GHZ
MUIRHEAD D 669A 30H2-30KHz

COUNTERS

ADVANCE TC17A 6 Digit 80MHz

MARCON: TF 2401A 8 digit 2.5GHz

DIGITAL VOLTMETERS

DYNAMCO 2006 /D3 4 Digit 10sV-1000V 0.02%
DYNAMCO 2022 5 Digit 0-2000V 0 002%
HEWLETT-PACKARD 3439A 4 Digit AC/DC 0 05%

S.E LABS SM 212 4 Digit 0-1KV 01%

METERS

AVO Precision Avomater

DYMAR 705/745 + M/Frame y V/meter & A F Signal Gen
B & K 2409 Electronic Voltmeter 2H2-200KH2

MARCONI TF 6593 Mk IIl VSWR Meter & Amplitier
TELONIC 901 1A Frequency Meter 1-18GHz
HEWLETT-PACKARD 430C + THERMISTOR 10MH2-10GHz 10mW

MARTIN ASSOCIATES

34 Crown Street

Reading

Berks. RG1 2SE

Tel. Reading (0734) 51074

WIRELESS WORLD, DECEMBER 1978

You'll do better at Martin Associates

(ﬁ:‘g

OSCILLOSCOPES

HEWLETT-PACKARD 140A 20MHz Duai Beam Sens. 5mV/cm
SOLARTRON €D 1400 DC-15MHz Dual Beam Sens. 100mV/cm
TEKTRONIX 585A DC-80MHz Dual Beam Sens 10mV/cm
TELEQUIPMENT S.43 DC-15MH7 Single Beam

TEKTRONIX Plug Ins DK H 1A1 LM.B
TEKTRONIX PROBES P.6012 P 6062A P 6076A P.6011
P 60638 P 60538 P 6108 P.6105

POWER SUPPLY UNITS

ADVANCE P M A 19 0-7V 10 Amps

ADVANCE P.M A.20 0-7V 20 Amps

ADVANCE P.P.6 Twin 0-30V 3 Amps

ROBAND T 104 Twin 0-30V 1Ajkchanne!

ROBAND T 172 0-30V 10 Amps

1SOTOPE DEV. 532/ A 0-3KV

SOLARTRON 757.2 0-50V 1 Amp

AP.T SCV3IIEY 50 100V 1 SAmps

SIGNAL SOURCES

ADVANCE H 1 15HZ-50KHz Sine/ Square O/ P 20V
ADVANCE SG 88 V.L.F 0.005Hz-5DHz

AIRMEC 304 High Power 50KHz-100MHz O /P 10V
AIRMEC 204 AM /FM 1MH2.320MHz

AIRMEC 201 30KHz-30MHz O/P TpV-1 1V
ADVANCE J1A 15Hz-50KH2 O /P 25V

ADVANCE J1B 15Hz-50KHz O /P 1 Watt

ADVANCE J.4 10KHz-600KH2z

E-H LABS 132L Pulsa Genr. 3 5MHz O/P 50V
FEEDBACK WG.300 Function Genr O 00 1Hz 1KHz O/P 40V

GENERAL RADIO 1362 Oscilator + P S.U 220MH2

920MHz £600.00

HEWLETT-PACKARD 200CD 5H2-600KHz O/F 10V
£200.00

£125.00
£85.00
£1800.00
£85.00
MARCON! TF 144/4 10KHz-72MHz £350.00
MUIRHEAD D-880-A 2 Phase 0.1Hz O/P 10V £350.00
NAGARD 5002C Range 0 14 S-1Sec O/FP 50V Pulses
£75.00

£225.00
£600.00
MAXSON M 1241 200-2500MHz O/P 10-40 Watts

. £800.00
£175.00

£125.00
£250.00
£250.00
£220.00

AVO 378 2MH2-250MHz

RECORDERS

HEWLETT-PACKARD 70358 X-Y Plotter 1mV-10V/inch
£650.00

HONEYWELL 520 X-Y Plotter 0 05mV-25V/cm  £450.00

HONEYWELL 1706 U/V Recorder 6 Channel 4 Gaivos
£350.00

£165.00
£150.00

£75.00
£275.00
£400.00

£115.00  TELSEC 700 FiatBed 2 pen 50 V-1V

S E LABS 2006 U/V Recorder 6 chaniel No Galvos
RUSTRAK E 2103 2 Channel 0-400A 0-400 /C/A
OXFORO 3000 2 Pen Flat Bed 1Tmv-100V

B&K 2305 Leve! Recorder

MISCELLANEOUS

NGN Horizontal Vaccum Tube Oven

CALMIC Pilot Dryer

L.H. ENG. MkV Orbital Shaker 100 clips

WW—050 FOR FURTHER DETAILS

MALDEN 728 Pulse Genr 1Hz-10MH20/P 0 5V £195.00

we guarantee it/

£325.00
£145.00
£550.00
£110.00
FROM £50.00

FROM £15.00

£30.00
£65.00
£60.00
£75.00
£125.00
£60.00
£35.00
£22.50

£60.00
£100.00
£135.00
£95.00
£125.00
£50.00
£65.00
£50.00
£150.00
£150.00

£350.00

£1200.00
£2250.00
£100.00

B nam —
[}
(J‘l ('lu MHZ Electronics Kits :
electronicsy xic 4 1
Motorola MC14410CP CMOS Tone Generator.
CMOS Tone Generator uses | MHZ crystal to produce standard dual frequency dialing signal.
2111 WEST CAMELBACK SUITE B PHOENIX . ARIZONA USA (602) 242-3037 Directly compatible with 12 key Chomeric Touch Tone Pads. Kit (ncludes the following.
Motorola MCl4410CP Chip
R F Tranaistors -- e e - - —————- MHZ Crystal
PC Board
Type Price Type Type Price And all other parts for assembly. NOoW ONLY §15.70
2N1561 $15.00 2N5637 HEPS 3006 $19.90
2N1562 15.00 2N5641 HEPS 3007 24.95 = = = =
281692 15.00 2N5643 HEPS3010 .34
2N1693 15.00 2N5764 HEPS5026 2.56 kit # 2
2N28571AN 2.4 2N5B62 MMCM918 1.00 Fairchild 9SH9ODC Prescaler 350MHZ.
2N2876 12.3 NS913 MMT72 .61 95490DC Prescaler divides by 10 to 350 MHZ. This kit will take any 35MHZ
2N2880 25.0¢ 2N5922 MMT74 .94 MHZ. Kit {ncludes the following.
282927 7.00 2N5942 MMT2857 .43 1 Fairchild 9SH9ODC Chip
282947 17.25 2N5943 MMT3960A 6.25 2N5179 Transistor
282948 15.50 2N5944 PT4)}B6B 3.00 2 UG-88/U BNC Connecto
2N2949 2N5945 PT4571A 1.50 1 PC Roard
282950 2N5946 PTB659 And all other parts for assembly Now
3287 2N6080 PT9784
283300 286081 PT9790 --
283302 2N6082 PT9847
2N3307 . 2N6083 304030 Kit # 3
2N3309 3.90 2N6084 40281 Fairchild 11C90DC Prescaler 650MHZ.
2N3375 7.00 2N6094 40282 11C90DC Prescaler divides by 10/100 to 650 MHZ. This counter will take any 65 MHZ Counter
2N3553 1.80 609 40290 to 650MHZ. or with a 82590 it will take a 6.5 MHZ Counter to 650MHZ. Kit includes the
2N3B18 6.00 2N6096 TAT994 following.
2N3824 3.20 6097  28.00  --eve Falrchild 11€90DC Chip
2N3866 1.09 2N6136 FET.s 1 2N5179 Transistor
INIBO6IAN 4.14 286166 40673 .39 or 10/10.00 2 UG-88/U BNC Connectors
2NIB66IANTX 4.85 2N64139 IN128 1.35 or t0/10.00 1 LM/MC7805 Voltage Regulator
2N3924 4.00 MM1500 2N5248 60 or 10/ 4.50 SOvolt iamp Bridge
2N3925 6.00 MH1550 MPF102 .45 or 10/ 3.50 LED Indicator
283927 11.50 MM1552 MEM631 .63 or 10/ 5.30 1 PC Koard
2N3950 26.25 MM1553 [ — . and all other parts for assembly. ow
283961 6.60 MM1601 TERMS
2N4072 1.70 MM1602 ALl CHECKS and MONEY ORDERS ARE = = = - -
284073 2.00 41607 IN US FUNDS '!
24135 2.0 1620 ALL ORDERS SENT AIRMAIL DAY AIRCHILD VHF and UNF Prescaler Chips
2N4427 .24 MM1661 Pleasa loclude $2.50 Minimun for
2N4430 20.00 MM1669 postage. 95H9ODC 350MHZ Prescaler Divide by 10
2N4640 8.60 MM1943 ALL PRICES (N US DOLLARS. 95H91DC 350MHZ Prescaler Divide By 5/6
2N4957 6.30 MM260 ALL PARTS PRIME/GUARANTEED. r1c9onc 650MHZ ide By 10/
2N4958 435 MM2608 R 11coinc 650MHZ Prescaler Divide
2N4959 2.12 MMB002 BANK AMERICARD/VISA/MASTERCHARGE 11c83c IGHZ Divide by 248/256 Prescaler
284976 19.00 MMBOOb Your Number; 11C70DC 600MHZ Flip/Flop with reset
2 g 13.80 MRF245 -- - 11C58DC ECL VCM
2N5090 6.90 MRF30 Exp. Date 11C44DC Phase Freque ctor (MC4DG4P/L) 8
2N5108 3.9 MRFS01 ————ee - - 11C240C bual TTL VCM (MC4O24F/L)
2N5109 .55 MRF504 Your Signature 1€06DC IHE P ler 750MHZ D Ty /
2N5 160 .34 MRF509 11¢050C 1GnZ Counter Divide by &
285177 20.00 MRFS11 _ 11COIFC {igh Speed Dual 5-4 Input NU/NOR Gate
25179 63 MRF646 c.s R -- — — -
285184 2. MR¥ ¥C1550G b Crystal Filters. Tyco 001-19880 same a 94F
2N5216 47.50 MRF8004 00 6 50 10.7MHZ Narrow Band Crvstal Filter
2N5589 4.60 HEP76/53014 MC4024P .27 3 db bandwidth 15kh Lmum indwid imum 40 th 0 15
2N5590 6.30 HEPS 3002 TMS4024 10.00 Ultimate 50 db : Insertfon loss 1.0db Max. Ripple Ma
2N5591 10.15 HEPS3003 ow
HEPS 3005
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FAST AND EASY FAST ANDEASY FASTANDEASY FAST AND EASY

Complete the Circuit
at Breadboard’78

99

Lektrokit have made sure that, no matter how often
you go'round the exhibits at Breadboard '78, you'll keep
coming back to Stands D8 and D9. “Completing the

range of breadbogrding and testing devices on earth.
Nowhere else at Breadboard '78 will you see
everything you're likely to need all in one place, allin one

circuit” every time.

Because Lektrokit—as only Lektrokit could—have
combined their vast array of components with those of
AP Products Inc to bring you the most comprehensive

go, and at the right price.

you can't get to Breadboard’ ntact us for more
details and the name of your nearest Lektrokit dealer
and take a look at how much you can get for how little.

Lektrokit Breadboards .
FROM £3.25, inc p & p and VAT
Hole for hole, top value! Lektrokit
Breadboards are modular, so they can be
linked together to form any size. With a
itch of 0.1”, even the smallest
readboard—217L—canaccept 8, 14, 16
or 18 pin Dil devices. You just take a
component, choose a hole, and pushiitin.

Lektrokit IC Test Clips
FROM £3.08 inc p & p and VAT

Eleven models, from TC-8 to TC-40 to
fit all DIP sizes. Prices from £3.08 for the
TC-14, £3.25 forthe TC-186, etc.

Test clip grips IC's without slipping or
shorting between pins—makes testing
IC’s on boards easier, aids removing and
inserting DIP's without damage. Each IC

Model No.  Contacts  Price, each pin can be brought up to a convenient
217L 170 £3.25 contact post for test leads or probe
2341 340 £5.75 connections.
248L 480 £6.65 .
264R 512 £6.65
264L 640 £8.32

(All prices include packing, postage and VAT) f

Lektrokit Super Strip SS2
ONLY £11.05incp & p and VAT
Super Strip accepts ALL DIP's— as
many as nine 14-pin at a time— and/or
TO-5's and discrete components. With  #4
interconnections of any solid wire 2
up to 20 AWG.
Super Strip has 840 contact points,
combining a power/signal distribution |
system with a matrix of 640 contacts in
. groups of 5. Distribution system has eight
bus-bars, each with 25 contact points.

EASY FAST AND EASY FAST AND EASY FAST AND EASY

Lektrokit All-Circuit Evaluator FROM £12.53 inc p & p and VAT

“ACE" in the hole for home constructors and project builders who do things faster and easier! No laying out circuit diagrams, printed
circuit boards, soldering everything together, trouble-shooting, making mods, then chucking it and starting the whole time-consuming
business all over again'

With ACE, you just plug in components and make connections with ordinary 22-gauge solid wire. No soldering. You can build any
working project complete, as fast as you could lay out a circuit diagram before.

Seven ACE models altogether—with from 728 to 3,648 contacts. IC capacity (all
14-pin DIP’s) from 9 to 36. Buses from 2 to 36. Posts from 2 1o 4. Prices from £12.53
including packing and postage and VAT.

Lektrokit's policy is the right product, whatever the project, at the right price. And
it's backed by a nationwide network of retailers.

Send for the name of the dealer nearest you—plus a FREE full-colour catalogue.

And, if you can, see and try out the great Lektrokit range at Breadboard ‘78—from
Nov. 21 to Nov. 25 at Seymour Hall, Seymour Place, London.

ASY FAST AND

[-- ACE 236

R 7 G G N G G OGN 6B G 6D G5 G0 5 G o G s G0 G0 @n 5 G Y @GN O &t 8
To Lektrokit Limited, London Road. Reading, Berks, RG6 1AZ. Tel Reading (0734) 669116/7. |
Please send me the name of my nearest Lektrokit dealer—plus FREE catalogue.

' Please supply the following (list items required)

l (Allow 28 days for delivery. All prices above include packing, postage and VAT).
- Name ... ..

] Address : . ‘ _%’ C:Q%'{)e
| —
COMPLETES THE CIRCUIT AT
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QUALITY COMPONENTS BY RETURN

Linear Circuits by RCA, Nationel etc. | TTL from National. Texas. ITT stc. Transistors Carbon Film Resist
o ors
709 DILY4  25p  LM382N 109p 7400 7496  60p | AC125 18p BC558 12p 25p 2N3704 8p
o bis 25 1303 1100 7401 7497 1a0p AC126 18 BC550 o o IN3705 pd Hng%s;;:bnmry‘ lOwAHOISe 0.25W 5% E12 series from 4.7 ohms
741DIL14  35p  LM3900 50p 7402 74100 90p [AC127  17p BCYIO  14p 14p 2N3706  sp | © legohms. Any selection
747CDILI4  S0p  LM3909 60p 7403 74104 S0p | ACI28 18p BCY71 14p 22p  2N3707 o9p h
748C 0IL8  30p MCI310P 150 7404 74105 40p |AC176  18p BCY72  14p 21p° 2N3708  8p | ©3C 100+ 1000+ 5000
CA3011 #0p MC1312P  160p 7405 74107 25p |AC186  24p BDIIS  52p 16p 2N3709  8p 1p 0.9p 0.8p 0.75p
CA3014 130p  MC1312P  300p 7406  28p 74109 30p 38p BD131 35p 18p 2N3710 8p
CA3018 80p MC1315P  520p 7407 74110 35p 38p 80132 3850 20p 2N3711 8p Special development pack of 10 of each value 4.7 ohms to 1
CA3020 160p MC1330 100p 7408 74111 4Sp 27p B0133 a4p 20p 2N3715  10p Megohm, a total of 650 resistors £5.70
CA3D28 125p Mgusan 35¢ ;:?g e ;: : :g 325: Z" BD135 18p 259 2N3819  22p Potentiometers
CA3035 140p MCI496N  60p p BDI36  36p 30p 2N3823 85
CA3036  170p  NE556 26p 7411 74119 140p 27p 80137 38p 24p 2N3823 75 g?('b”z;‘azc" L°|9 and Linear values
CA3042 170p NES56 60p 7412 74121 25p 36p BO138  38p 32p 2N3866  55p - sing'e gang 26p
CA3043  180p NESE0  300p 74123 40p 40p B0139 35 12 2n3%03  8p | 9K — 2M2single gang switched 60p
CA3046 55p NES61B  350p a8p 74125 35p 8p BD140  35p 28p 2N3904  8p - 2M2 dual gang stereo 75p
CA3052  150p NES628  350p 28p 74126 35p 10p BF244B  36p s0p 2N3905 89 | preget Potentiometers -
CA3054 116p  NESBSA 120p 28p 74132 S0p 8p BFX29 25¢p 13p 2N3906 8p ST Ia Labl h -
CA3075 180p  NESG6V 150p 12p 74147  S6p 8p BFX84 23p 13 2NA037  30p iniature type available in horizontal or vertical mounting
CA3080 70p NES67V  170p 22p 74142 200p 10p BFX87 20p 20p 2N4058 12p | QO 1Wrating. 100 ohms to 2M 6p each
CA3081 125p SN76003N  200p 18p 74145 58p 8p BFX88 20p 22p 2N4059  10p Special development of 5 of each value from 100 ohms to 2M.
CA3089 160p SN76013N  140p 22p 74147 110p 10p BFYS0 15p 30p 2N4060 12 a total of 70 presets (please state vertical or horizontal) £3.95
CA3090 400p SN76023N  140p 22p 74148 90p 7o BFY5) 15p 50p 2N4061  12p c c
CA3123 150p SN76033N  200p 2ap 74150  70p 7o BFYS2 15p s4p 2N6179  50p eramic Capacitors
CA313D 90p TAAG21A  215p 24p 74151 S0p 8 BUI0S 170p 260 2N5457 32 Miniature plate type. 50V PC mounting. Availabie from 22pF to
CA3140E 70p  TBA120S 850 28p 74153 50p 8p BU205  140p 20p 2NS458  30p 1000pF in E12 series and 1500pF 10.0.04 7uF in EB series
(M300H  130p TBAS40  200p 12p 74154 8% % BU208  160p 23p° 2N6459 32 2p each
LM301AN 28p TBABAY 240p 23p 74155 52 9 MJ2955 88p 23p 2N5777  50p Polyester Capacitors
(M304H 70p TBABOO 70p azp 74156 52p 8p MPF102  38p 38p Mullard C280 series 250V PC mount
LM308N 65p TBA920 320p 22p 74157 53p 8p MPSAO6  30p 540 Diodes ol I ounting
DM318N 1250 TCA270SQ  200p l 22p 74160 60p B MPSASG  30p Sap OA47 10p 01. 0.015, 0.022. 0.033, 0.047. 0.068. 0.1, §p; 0.15,
LM324N sop TDAI002  450p 13p 74161 65p 9% TIP29 a0p 22p 0A91 Sp 0.22.7p;033,0.47. 10p; 0.68.14p; 1.0.17p; 2.2uF 28p
LM339 s0p TDA1022  S70p 452 ;::gg g: : TIP29A  4dp gmzsp 130p o;agm &p each.
LM380N 7 TDA2020  320p TIP29B  40p 2N2160 100p 1N914 ap
e 10:: P Aa B e 74164 70m 70 Tip2oc 0, N2243 285 1N9I6 = Special development pack of 5 of each value £6.20
= 750 74165 70p Te30"  amb 2N2297 aby IN4001  dp | Tantalum Capacitors
CMOS from RCA, — 70p 74166 80p 135 TIP30n 48 2N2368 15p 1N4002 a4 | 0.1.015,022.0.33047 06810 22@3sv 9p
4000 150\ _4040 68p 55p 74167 180p 14p  TIP30B 55p 2N2369  18p 1N4006 8p 4.7 @25v.6.8and 10 @ 25V 13p
4001 150 3 s6p 74170 126p 1 TIP30C 70p 2N2484  22p 1N4148 3p 22@16V. 47 @ 6V. 68 @ 3v. 100 @ 3V 16p
4002 15p 58p 74172 400p 10p TIP31 50p 2N2846  70p Development pack 5 of each value £8.30
4007 1 100p\ 1ap 74173 95p 10p TIP31A  S0p 2N2904  22p Regulstors Optosl . .
4008 4049.-——*23.:) 18p 74174 68p 0p TIP318  60p 2N2094A 23p 7885 op | Optostectronics
4009 35p 4050 13p 74175 65p 10p TIPIIC 65p 2N2905 22p 7812 60p LEDs Red Green Yellow
4010 5Sp 14p 74176 58p 58 7815 80p 0.125in 9p 15p 18p
4011 1ap 74177 S8p 60p 7818 60p 02in 9p 13p 18p
4012 89 74178  80p 75 7824 60p A
4013 24p 7413; 1459 80p 78L05 30p Dispiays DL707 90p DL704 90p
25p 741 60p 7
4016 25p 74183 110p 33: ;gt:g :: DIL Sockets
4017 e 74190 7 . .
4018 g 74191 72 :?:: ;g?g g 8pin11p  14pin12p 16 pin13p 24 pin 30p
:ggg % ;::gg :: %8p ;g:g 80p Quantity discounts on any mix. TTL, CMOS and Linear Circuits
4023 24p 74193 60p o :o’:; 25+ 10%. 100+ 15%. All orders despatched by return
4024, a5p 74195 56p 79106 700 Prices VAT inclusive Please add 30p for carriage. All
025 32p ;::gg g: 79112 70p components guaranteed brand new and full specification from
432: 498 1100 79L315 70p leading manufaciurers. Callers most welcome at our préemises
3y 74199 110p ma?gﬁ ;g‘; 8.30am to 6pm Monday to Saturday Ail prices valid to April
80p IN3702 [M323K  530p 30, 1979 Send 12p stamp for our new illustrated catalogue
52p 2N3703 . LM723 AOp Omc‘al Orders welcome VrOm col|eges unnversmes etc

illustrated the Si452
Distortion Measuring
Unit—Ilow cost distor-
tion measurement down

NOW/

to .01% £56.00

. . . Si451 £70.00 Si453 £70.00
(International Semiconductor Device Data) Comprehensive Millivoltmeter  Low distortion Oscillator
350u Volts 20 ranges sine square RIAA

announce o ot

J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501
CARR STREET. CLECKHEATON, W. YORKSHIRE B19 5LA
THE NEW VOLUME 3 WW—015 FOR FURTHER DETAILS

I1C INDEX

NOISE SUPPRESSION POLYPROPYLENE ‘
. a Cylindr P ic C
This new volume follows the now well established COAPACITORS 250v AC I;EIIM cg|m1n’|?)a(:( czg% .
. . 1 . ran t
format of the International Transistor Index and 0o 3 NEW 33001 27001 830V LT J
the Diode/SCR Index but in loose-leaf binder easily D@ o0 PRODUCT e L T —
updatable form. There are over 25,000 entries of oo6s a8 OLYPROPYLEN 160V e 7x12 5mm [ U
1ai 1 1 i 1 015 .24
analogue and digital devices of international origin 015 24 o T
73 10 10V .18
G B
SEND FOR DETAILS TO-DAY = N G 0 ¢ 16V 18
THISOMONCTSH ONLY TAG ENDED 16V 10 2Y '}3
ELECTROLYTI 3 10V 10 32
o] 6V .7% 40 . .
SEMICON INDEXES LIMITED 170083 " 80 o R eonuoymng
4700 70V .90 P & P 20p — Overseas eatca
. . : GREENWAY ELECTRONIC COMPONENTS
7 KING'S PARADE, KING'S ROAD, FLEET. Hants. GU13 9AB (EAST GRINSTEAD) LTD.

. 62 Maypole Road, Ashurst Wood, East G tead, Sx. RH19.3RB.
Tel: 025 14 28526 Telex: 858193 (Barmer G) 2 SEAlws Sl i i

WW—059FOR FURTHER DETAILS

www americanradiohistorv com


www.americanradiohistory.com

WIRELESS WORLD, DECEMBER 1378

e  WIRE WRAPPING CENTRE

HOBBY WRAP
Model BW 630

.//a}
(

o

Baitery
Wire-
Wrapping
Too!
Complete
with Bit
and Sleeve.

WIRE-WRAPPING TOOL
For 025" (0,63mm) sq.
post "MODIFIED" wrap,
positive indexing, anti-
overwrapping device.

For AWG 30 [BW-630 |
For AWG 26-28] Bw-2628 |

Bit for AWG 30[BT 30 |
Bit for AWG | __ ]
26.28 BT-2628

A£26.75.B£31.95.C£2.82. D £7.44

DIP/IC EXTRACTOR
TOOL . |
The Ex-1 Extractor |s
ideally suited for hobby
enthusiast or 1ab engineer
Featuring one piece spring
steel construction. it will
extract all LS|, M5) and
S$S1 devices of from 8 to
24 pins.

Extracior Tool EX-1.

DIP/IC INSERTION
TOOL WITHPIN
STRAIGHTENER

New wire dispenser cuts
and strips three differen
cotours of wire. Quick a
easy to use pocket size.

Wire Size: 30 AWG
50 ft Red, Blue, White
Kynar insulated.

3 IN 1 WIRE DISPENSER

£4.07

\\\%

t
nd

;.
/ ‘:\\\\

/

OK PLIERS AND
CUTTERS

UNIVERSAL CUTTER
Cuts everything. Leather,
wire, plastic, tin-plate,
cardboard. Stainless steel
blades.

Just one of the range of
high quality pliers, cutters,
tweezers and screwdrivers.

101

14 DIP's, (2) 16 D

Wire-Wrapping
Kit

FROM 80p
TERMINAL AND
DISTRIBUTION STRIPS
Bread boarding building
blocks with universal
matrices Of solderless
plug-in tiepoints,
e Facllitate quick,
solderless circuit build-up
and check-out on

universal (1" x .1 matrix.

DISTRIBUTORS OKMachine&Tool

Are offered in ten
configurations

Accept all components
with (eads up t0 032"
diamaeter.

Requlre no special patch
cords.

includes integral non-
sharting instant mounting
backing.

WANTED ok

WIRE-WRAPPING KIT
Contalns: Hobby Wrap
Tool W5U-30 M, Wire

Dispenser WD-30-8, (2)

Hobby Board H-PCB-1,
DIP/IC Insertion Tool
INS-14186 and DIP,

Extractor Toot EX-1.

iP's,

/1C ® Solve probe attachment
probiems,

® Simplity protolype and
production testing, field

WK-48B
8
service work, and quallty

lue,

IC TEST CLIPS

FOR DUAL-IN-LINE

PACKAGES

® Provide full access to
integrated clrcuit DIP
Isads.

®* Remove DIP's damage
free.

® Availabie in sizes to
accommodate ali DIP's;
T(C-lll fits 14-pin DIP's
etc.

HOBBY WRAP TOOL
Wire-wrapping, stripping,
unwrapplng tool for

AWG 30 on .025 (0,63mm)
Square Post.

[Reguiar , [
wrap A

s

i
,J.l"Ll‘j..

W

FROM
29p

DIP SOCKET
Dual-in-line package, 3
level wirs-wrappling,
ehosphor bronze contact,
old ptated pins . 025
0,63mm) sq., .100
(2,54mm) centre spacing,
|14 Pin Dip

}SOCKGK
16 Pin Dip
| Socket

14 Dip

RIBBON CABLE ASSEMB
(With 14 Pin Dip Plug 2~ Long

LY
DE 14-2

With 14 Pin Dip Plug 4" Lang

DE 144

With 14 Fin Ovp Plug 8" Long

DE 1

WS5U-30

A £4.74 B£5.07

Modified
Wrap B [

[with T6 Pin Oip Plug 2 Long|DE 16
With 16 Pin Op Plug -4 Long [DF_16.4

WS5U-30M

{With 16 Pin Oip Plug -8 Long [OE 1

Limited

48aThe Avenue-Southampton SO1

UK| DISTRI

2SsY

Telephone Southampton(0703) 38966 7 Telex477222 Cablegram OKMAC

ENCASE QD CONTIL Jl JC) FRONT FURNITURE B (JC) CUTTING TOOLS
p [" Bradrad drilts and
7 deburrs, thin or thick,
N4 \ ThESl? ) | plastic or steel.
-m‘-1 = | drawings £17.80
r show some i
\ @ .
| typical Adel nibblng tool cuts
¢ ||O ED modules ety sy shaed
. 3 -
| o ~] actual size, ‘r £9.16
A truly 4 ’ . " Conecut powerad
. ; s ¥ West Hyde's hest LTI
environmental housin . S N - reamer.
. d i w selling case, strong, rigid and smart . J ™. 6-20mm £5.15
iz e " S L 7 16-30mm $8.37
and b 8 est seling range of ck. 5
process industres The * ENCA 199 190 130 9.48 N 1777 BEB Texiured blue acryic ste ® . f g;r»;gmm ggg
polycarbonate 1s virtually  ENC B 190 11.56 N 1030 eyebrow c front l wirewound —emm L.
unbreakable Covers N( H 15.40 N 10.30 panels white or PVC . !
clear PC Case - glass iN t 3 16.03 N 3 1186 al L wil Roamers for plastic or
fied PC Gaskersiscrews N i W 2081 IN 161 406 305 176 16.36 up 1o —— - metal.
wc), gland plates N 2851 N 191 4 25 Azl BT 3-12mm £8.25
| ihinges avala'ie f 3929 N 1910 4 28.36 @ ) 8- 25mm £9.65
o satP b Sl 1 3929 ) |
L]
Send
QD PRINCESS S o PANAVICE
The Panavice
Miniature PVC/steel @ Eatate has a 180° tin
cases with hundreds i . s, 20100 and tums
M of uses @ y / i = a full circle
This is logical miniaturisation. focking 1n any
W - posSIon Has a
w It all fits together on a 0.1" = unique system
# i module, look at the front panel of interchange:
\ g > work this saves. | able components
\XMA Moulded in two ady T g § V< In world VRVJ’Sd:
parts in ABS; in 1
e " 1See catalogue)
1. The largest for keyboards risplays efc 03 £8.32
2 Presnige display of dara inputs, large celculators 304 csisa
3 Sull ample reom for keyboard and visual display or mete R 366 £8.78
. switt exacl work Al
4 tlegant hand held keyboards 1ake a Eurocar s
. ; B0 £15.5
Colour: black case base and either a black or 136 AT o ; T N P A
tan top 1156 263 N J00NE10.53
PR1 £16.50 PR2 £12.90 1.74 292 b 8 300 Standard hase 10.53 osgion2
PR3 £7.00 PR4  £3.90 e : 311 Bench clamp 8.78 Jaws Irom £2.02 1o £2.30

WW—025 FOR FURTHER DETAILS

BUTORS

WANTED ok

West Hyde have more than 600 different instrument cases in siock_+ accessories

if collected on first two price breaks on cases only Send for catalogue. Prices correct at press date

WW—027 FOR FURTHER DETAILS

www americanradiohistorv.com

“gﬂ All West Hyde cases are available with substantial discounts for quantities. Most cases have discounts at 5. 10 and 25 off with discounts up to 33% at 100 off.
Prices inciude P&P and are less 10%

WEST HYDE DEVELOPMENTS LIMITED. Unit 9, Park Street Industrial Esfate. AYLESBURY. BUCKS. HP20 1ET. Phone: Ayieshury (0296) 20441. Telex: 83570
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Yoo Come and geta great deal
Call imand see us 9-5.30 Mon.-Fri, 9-5.00 Sat
Tel ard T
Trade and art 8 irie

A. Marshall (London) Ltd., Dept: WW Head Office mail order: Kingsgate House, Kingsgate Place, NW6 4TA. Tel. 01-624 0805 Retail Sales
London: 40-42 Cricklewood Bdwy., NW2 3ET. Tel. 01-452 0161/2. Telex: 21492 London: 325 Edgware Rd., W2. Tel. 01-723 4242.
Glasgow: 85 West Regent St., G2 2QD. Tel. 041-332 4133. Bristol: 1 Straits Pde., Fishponds Rd., BS16 2 LX. Tel. 0272 654201.

POPULAR INTEGRATED CIRCUITS. (A very small selection | Qur range covers over 8,000 items. The largest selection in

from our vast stocks, please engquire about devices not | Britain. Top 200 ICs, TTL, CMOS & LINEARS -
|isted;l ____—' MICROPROCESSOR SUPPORT CHIPS — * MAIL ORDER *»

TBA550Q 3.80 | 7405N Quick service on all

CA3018 0.75 | LM341P5 0.80 | LM1303N 1.15 | SAS570 2.70 0.22 oe
CA3018A 1.10 | TM341P12 LM7304N 152 | SA2110  2.10 | TBAS600Q 7a06N 058 | BAM gom TRISTATE BUFFER 8080 Gl = ".:;":o":ﬁ
CA3020 2.20 0.0 | LM13058 182 | S041P  1.38 00 | 74078 055 [ 37072 €3.63 1702AQ €810 0OMB1L595 £1.36 SUPPORT <P LD o @ O
CA3020A 2.50 [ 1M341P15 LM1307N 1.22 | SOa2p 1.35 | TBA570 2.10 | 7408N 022 [ 21022 £1.84 52040 £€11.00 DM81L59  £1.36 8771 t458 orders on credit cards
CA3028A 0.90 . LM1310N 2.10 [ SN76001N TBA570Q 2.20 | 7409N  0.22 [ 21112 €3.63 27080 €13.00 DM81L597 €1.36 8228 £5.85 U imimam
CA3028B 1.25 | LM341P24 LM1351N 1.30 1.30 | TBA700Q 2.20 | 7410N  0.20 21(1)3 2 g:-:; 2716 €40.00 DM81L598  €1.36 gg:é gg-;g St :
CA3030 1.50 .80 | LM1458N 0.45 [ SN76003N TBA720AQ 741IN 026 | 2} ! .
CA30304 220 | M348N 008 | LM1456N 0.97 2.38 206 [ 7412v 020| 2116 355 VAT INCLUSIVE PRICES T She
CA3038 2.90 | LM358N 0.60 | LM18BOBN 2.10 | SN76013N TBA750 236 | 7413N  0.36 | 4,04 RAM ! Ochip £8.83 8253 n;.go
CA3038A 4110 | LM360N 3.00 | (M1812N 6.20 1.50 [ TBA7500 2.45 | 7414N  0.80 - 8254 £2-39 DIL SKTS
CA3045 1.55] (M370N 3.30 | LM1820N 1.16 | SN76023N TBABOO 1.30 | 7416N  0.36 MICKO CHIP! 8255 ‘3'” Low profile IC skts
CA3046 0.77 | tM371H 235 | Lm1828N 1.90 1.50 | TBABIOS 1.30 | 7417N  0.36 | 5 RAPY n!i.ss 8250  £8. - —- o
CA3048 . 2.45 | LM350K 6.45 | LM1830N 1.90 | SN76033N TBAB20 0.80 | 7420N  0.22 | SC MPI1  £10.80 8251 €818 pin 1%p 22 pin 309
CA3052 1.78 | LM373N 3.35 | LM1841N 1.90 2.35 | TBA920 2.99 | 7423N  0.32 { 5500P £16.99 “‘6‘ o LD gg pin :zl’
CA3080 0.85| IM374N 3.36 | LM1845N 1.50 | TAA263 1.35 | TCA160C 2.36 | 7425N  0.32 | gogoa £7.42; 5%%%& '8 o o B0 el
CA3080A 2.10 [ [(M377N 1.80 | (M1848N 1.98 | TAA300 3.70 | TCA160B 2.55 | 7427N  0.32 | 5,109 £12.75 : A £6.85 Em e &Y Em B
CA3086 0.50 | (mM378N 2.40 | LM1B50N 1.90 | TAA320A 1.15 | TCA270 2.99 | 7430N  0.22 | 57180 £10.25 MMS307 £13.68  F(LL RANGE OF
CA30888 187 | [M3795 4.25 | [M1889N 4.90 | TAA350A 3.00 | TCA730 4.50 | 7432N  0.30 [ 57161 £10.25 ' OM8678  €15.40 . nociors  Diodes
CA3089B 2.90 | LM38ONS 0.96 | LM3301N 0.60 | TAA521 1.10 | TCA720 450 | 7437N 035 AY32513_ €875 gogsions Cables
CA30900 4.40 | LM3IBON14 (MI30oN oee | Tans22 2010 | TCA750 300 | 7a38n 032 | CONVERT TV SET TO AY3 1013 TNIS601 1NC/ £€6.35 'piugs skis  Cases
CA3130 1.06 1.08 | LM340IN 0,65 | TAAS50 0.48 | TCA760 2.00 | 7440N  0.20 | VDU Meters {n our new
CA3140 1.04 | LM381AN 2.70 | LM3900N 0.68 | TAAS60 2.10 | TCA105 1.49 | 7441AN 0.84 | Clocks catalogue
LM301 0.30 | LM381N 1.69 | LM3905N 1.15 | TAA570 2.20 | TCA440 1.65 | 7442N  0.76 |The new CRT control chip trom Thomson CSF
LM307N 0.50 | |M382N 1.32 | LM3909N 0.78 | TAA370A 545 | TDA1022 7.50 | 7445N  1.40 | SFF96364 Convert your TV setinto an electronic VDU TRIACS plasuc pack 400v T0220
LM308N 0. LM384N 1.55 LM3911N 1.1 | TAAB30 2.40 TDA1024 1.24 | 7446AN 0.90 | — 16 lines x 64 characters — requires RAM. character T
LM309KC 1.95 | [M386N 0.88 | LM7805Kk 1.75 | TAA960 3.90 | TDA1034 4.75 | 7447AN  0.80 |generator and kittle else for a basic vou damp  72p 16 amp  93p
[M317K 3.35 | (M387N 1.0 | imM7812K 1,75 | TAA970 4.20 | TDA2020AD 7438N 0.80 | Avallable as chip or full display card. INJ [EYAS 6amp 77p  20amp E1.87 -
LM318N 245 LM3I8BN 1.00 | LM7824K 1.75 | TAAG11B 250 4.50 | 7450N  0.22 | Full cursor control & volts TTL com- 8amp 82p 25amp  £2.20 ©
LM320TS 2.15 | LM38SN 1.00 | (M78L05C2 TAAB21 2.50 | UAAT70 2,15 | 745IN  0.22 | patible. line erase. full card includes CHIP £17 20 12amp  93p
LM320T122.15 | LM702C 0.81 0.30 | TAAGB1A 1,65 | UAATB0 2015 | 7453N  0.22 | UART Modem, Char. gen etc Comp FULL CARD THYRISTORS plastic power
LM320715 tM709  0.70 | | m78u12c7 TAAB61B 1.45 | TLOBOCP 1.25 ;:54:: 0.22 | wideo out from encoded keybd n £151 damps  Bamps 12 amps

2.15 | LM7098 0.50 0.30 | TAA700 4.50 | TLOBICP 0.90 | 7460N  0.22 100vo 38 100V 47 100v0 63 A
LM320T24 LM70914 0.49 | iM78L15C7 TAA930A 1.45 | TLOB2CP 1.10 | 7470N  0.46 v 44 2008 054 J00v 0 70

215 | LM710 067 0.30 | TAA9308 1.45 | TLOBICN 1.40 | 7472N  0.30 , oo ed 200y 963 300y 0 30
LM320P5 1.15 | LtM71014 064 | Mm5314 al6o | TADIOO 2.00 | TLOBACN 1.45 | 7473N  0.44 Toaen e
LM320P12 LM711CN 0.72 MM5316 4.6¢ | TBA120 0.80 LF355N  0.80 | 7474N 032 |[LEDS + OPTO :‘ Branded Texas guality produc

1.45 | LM723C 0.75 | NE555 .33 | TBASOG 2.24 | LF356N 0.80 | 7475N  0.80 |
LM320P15 LM723C14 NESSE  0.85 | TBAS00Q 2.384 | LF357N 0.80 | 7476N  0.45 Oisplays 7 54 LEDS ~ Red Gr  Yell 'NEW 1979

1.9 0.45 NES58N  1.98 TBA510 2.35 LF13201N3.00 | 7480N 0.60 Com anode 0f  Small Imm CATALOGUE
LM320P24 LM741C ©0.70 | NES60 4.50 [ TBAS510Q 2.48 | (F13331N3.00 | 7481N  1.00 ety 18 .18 9

115 | Lm741C8 030 | NES61 4850 | TBAS20 2.60 | LF13741H080 [ 7482N  0.90 ’- Red targe 5mm 40 page catalogue ~ new enlarged
LM323K  6.95 [ (M741C14 NESE2 450 | TBA520Q 2.70 | LF13741N0.55 | 7483N  1.05 | B 8mm HT_€1.50 20 20 .20 micro section — largest range of quakity
LM339N 0.60 0.30 | NES6S 1,39 | TBAS30 23S 7400N " 0.17 | 7484N  1.20 ’ 10mm HT €155 .15 components from franchised supphers
(M330T5 0.88 | \m747CN 0.09 | NES66  1.75 | TBA5300 2.45 | 7401N  0.47 [ 7485N  1.36 1amm HT €157 - Bugne 40 40 .40 available in UK ANl VAT inclusive
[M340T15 Mrass oeo | nEss7  1iee | TBaS20 2.60 [ vaoon 017 7486N 036 18mm HT €185 ed LD271 £€0.55 prices Over 8,000 line tems plus lots

0.88 | (M7gts 0ag | NESTIN al95 | TBAS200 2.70 [ 7403N .17 | 7489N - 2.45 IR recever £1.45 Tmove 50p post paid or 40p 1o callers at
LM340T24 . SAS560 2.70 | TBASS0 3.60 | 7404N  0.17 | 7450AN 0.45 Opto coupler €155 any of our four branches

0.88 | ALL PRICES NOW INCLUDE VAT CORRECT AT 12.11.78 7491AN  0.85 Full range + datainour /G ¢ staiogu g

[ e em g e e—— —_—
. . All prices include VA T Add 25p for
q As A K P&P (Exira for overseas) Discounts
a Io a c - over £10 less 5% over £20 less 5%.
over £20 less 10%, over £50 less
; 0 159%. over £100 less 20%
: 92 GODSTONE ROAD Send SAE for complete hst of com
WHYTELEAFE SURREY CR3 OEB ponents
7400 0.12 | 7495 0.54 [ 74190  1.05 | 7415113 0.36| 4007 0.16 | 4085 0.72
: 5401 0.12 | 7496 0.60) 74191 099 | 74L5114 0.36| 4008 0.92 | 4086 0.76
i 7407 0.12 | 7497 2.33| 74192 0.99 | 7415123 0.82] 4009 0.45| 4089 1.55
403 012 | 74100 0.94 | 74193  1.05 | 7415124 2.48] 4010 0.48 | 4093 0.85
7404 0.13 | 74104 0.40 | 74194 0.80 | 74LS125 0.44) 4011 0.15 | 4094 1.80
7405 0.13 | 74105 0.40 | 74195 0.84 | 7415126 0.44| 4012 0.18 | 4095 1.10
7408 0.28 | 74107 0.28| 74196  0.90 | 74LS132 0.68| 4013 0.42 4096 110
7407 0.28 | 74109  045| 74197  0.90 | 74L5136 0.40| 4014 0.80 | 4097 3.50
7408 0.14 | 74110 0.46 { 74198 1.48 | 74L5138 0.53| 4015 0.771 4098 1.12
7409 0.14 | 79111 0.70 | 73199 1.48 | 74LS139% 0.53| 4016 0.42 | 4099 1.90
5110 013 | 74116 1.60| 74221 1.50 | 7415151 1.05| 4017 0.77 | 4404 1.00
7411 0.18 | /4118 0.82| 74273 2.15( 7415153 0.50| 4018 0.87 | 4412 0.30
7412 021 | 74119 130 4279 1.25 | 7415154 1.20] 4019 0.42 | 4428 0.30
7413 025 | 74120  0.82| 7a283 1.70 | 7415155 0.86] 4020 0.92 | 4445 1.50
7414 084 | 74121 0.25 | 74284 6.85 | 7415156 0.86] 4021 0.82 | 4449 0.30
7416 0.2 | 74122 0.40| 74293 1.35 | 74L5157 0.47| 4022 0.82 | 4501 0.7
7417 0.27 | 74123 053 74208 1.92 | 7415158 0.53| 4023 0.15 | 4502 0.88
1420 013 | 74125 044 74330 1.2 | 74LS160 1.22| 4024 0.88 | 4507 0.50
7421 0.28 | 74126 045 74393 2.12 | 7415161 0.69 | 4025 0.15 | 4508 2.25
7422 017 | 74128 0.62| sa1500 0.9 | 7415162 1.22| 4026 1.28 | 4510 1.05
7423 0.25 | 74132 0.88) 74501 0.19] 7415163 0.69( 4027 0.50 | 4511 0.98
7425 020 | 74135 0.868( 7alS02 019 | 7415164 1.20| 4028 0.87 | 4512 0.92
7426 0.25 | 74136 0.75| 741503 o0.19 | 74L5168 2.00| 4029 0.86 | 4514 2.85
7427 0.25 | 74137 0.94| 741504 0.20 | 74LS169 2.00( 4D30 0.48 | 4515 2.80
7428 034 | 74141  o0.58| 741505 020 74LS170 1.76| 4031 2.34 14516 1.02
7430 0.13 | 74.42 2.00] 741508 ©0.19 | 7415173 1.05( 4033 1.25 | 4518 0.99
1432 0.24 (74143 2.00| 741S09 0.19 | 74LS174 1.12{ 4034 2.00 | 4519 0.50
7433 0.32 | 74144  2.00| 74(S10 0.9 | 74(5175 1.05| 4035 1.00 | 4520 1.05
DRAKE SSR-1 7437 0.24 | 74145 0.64| 741511 0.19 | 74LS189 2.85| 4036 2.40 | 4521 2.00
7438 0.24 | 74147 1.30| 741512 0.19 | 74LS190 0.81| 4037 0.99 | 4522 1.35
GENERAL COVERAGE RECE“’ER 7440 0.13 | 74148  1.18| 74(S13 0.46 | 74L5191 0.81 | 4038 1.00 | 4527 1.60
7441 0.52 | 74150 0.98| 741514 1.90| 74L5192 1.80| 4039 2.80 | 4528 0.92
0.5-30MHZ 30 BANDS 7442 055 (74157  0.80| 741515 0.1 | 74LS193 1.80 | 4040 0.88 | 4529 1.10
. 7443 0.90 | 74153 0.60| 741520 .19 | 74LS195 1.12]| 404] 0.77 | 4536 3.56
10KHZ READOUT 7444 0.90 | /74154  1.05| 741521 0.19 | 7415196 1.20 | 4042 0.72 | 4553 4.20
7445 0.70 | 74155 o.eg 741522 018 | 7415197 1.20 4343 0.82 | 4555 0.85
A 7446 0.70 | 74156  0.83| 741526 0.24 | 7415221 1.12| 4044 0.82 | 4556 0.85
£ 1 49 8 o CCESS OR BARCLAYCARD 74474  0.64 | 74157 0.63{ 741527 0.40| 7415247 0.97 | 4045 1.40 | 4558 1.28
- etails 15p stamps or 4 | R C Foreign 7448 0.60 | 74159  1.70| 731830 0.19 | 7415248 0.87 | 4046 1.32 | 4566 1.40
AS WELL AS DRAKE EQUIPMENT. WE ARE THE DIRECT IMPORTERS OF HAL pto Ol oo el O BTl ofl| B G| B
RTTY AND MICROPROCESSORS ATLAS. NYE MORSE KEYS PRESTEL VHF/UHF 7453 013{ 74162 080| 740538 0,27 7415253 1.08 | 4043 0.42 ’
PROFESSIONAL FIELD STRENGTH METERS HAM RADIO CIR ASTRO 200 7454 0.13| 74163  0.80| 741540 0.19 | 7415257 1.05| 4050 0.42
HY-GAIN CDR ROTORS HUSTLER OMEGA.T SYSTEMS MFJ FILTERS AND 460 g.;: ;:}gg .89 7a1542 053 mgggg 1.03 oS! g::
SPEECH PROCESSORS, SUPEREX WE ALSO STOCK SHURE MICROPHONES. - : 741547 0.97 | 74U 0.3 .
YAESU MICROWAVE MODULES SOLID STATE MODULES ICOM COPAL wn Rl D GiEl Ol aneel gl g G
CLOCKS G-WHIPS BANTEX MOSLEY DAIWA ASAHI JAYBEAM DECCA AND 7474 0.26| 74170 1.68 | 4551 019 | 74L5283 1.00 | 4055 1.00
THE USUAL ACCESSORIES-—-COAX CONNECTORS INSULATORS VALVES Etc 7475 030 m;g :-?g 741554 0.19 | 7415289 2.86| 4060  0.98
We are situated Just around the corner from West Hampstead Undergrouna tation s 0as| 73171 ome s 0% ;itgggg 950 | 4087 g:;g
(Bakerloo line) A few minutes walk away 1s West Hampstead Mdland Region statior 7481 0.80| 74175 0.88 | 740574 0.34 | 74LS352 0.92 | 4068 0.24
and West End Lane on the Broad Street Line We are on the following Bus Routes 7482 o0.80| 74176 0.88 | 731575 0.45| 74LS353 1.05| 4069 0.17
28. 59, 159 Hours of opening are 9-5 Monday 1o Friday Closed for Lunch 12 7483 g.;‘z) ;::77; 2.23 741576 0.32 Z«;nggg g,:g 4870 g_n
7484 . E 7 K L X 4071 17
Saturday we are open 9-12 30 only World wide exports 7385 088| 74173 10| jaraas o33 | 7als367 os0| 4072 047
DRAKE * SALES * SERVICE 7486 0.26| 74180  0.90 | ;4585 0.90 | 74LS368 0.50 | 4073 0.17
7489 2.00| 74181 1.92 | ;4586 0.35| 7415386 0.37 | 4075 0.17
RAD'O SHACK LTD 7490 0.35| 74182 0.75 | 740593 0.95| 74LS670 2.00| 4076 1.05
. 7491 0.65| /4184  1.20 1 74(595 1.10 | 4000 0.14 | 4077 0.48
188 BROADHURST GARDENS, LONDON NW6 3AY R oo DeR Bob ||k R A SRR 8
Giro Account No. 588 7151, Telephone: 01-624 7174. Cables: RadioShack, 7a9a ool 7ai88 270 {7a(s112 038 | 4006 092 4082 o0.20
London, N.W.6. Telex: 23718
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
TeI 01 -677 2 24 Telex* 946708

SEMICONDUCTORS : Ciss0 090 | OAZ20l 1| ; 35 | aNa77l
AAll9 010 | As71s 125 gg };g g-:g: . 32 » k 8:%:83 ) 50 . . g:;;l;;
AAY30 027 | ASZI6 125 - 16*
Wi Ae iE e i = il in | R
AAZI3 0.18 | ASZ20 1.50 | BCI78 0.14 2N2148 165 2N3823  0.55°
AAZI5 034 | ASZ21 200 [ BCI79 018 i IN2218 025 | IN3666  0.72
AAZ1T 0.27 AUN3  170¢ BC182 0N Y 2N2219 024 2N3904 003"
ACI07 060 | AUYlD 170* | BCIS3 o y IN2220 018 | 2N3%05  0.13°
ACIZ5 020 | AViIO 170+ | BCI84 i 2N2221 018 | 2IN3906 013
ACI26 020 | BAl5 013+ | BC212 X 2N2222 018 | 2N4058  0.14°
ACI127 020 | BAl4s o013 | BC213 i 2N2223 275 | 2N4059  olloe
ACI8 020 | BAId 09 BE213 X 2N2368 0.7 | IN4060  0.12%
AC14) 0.2 A155 0.10
ACI4IK 035 | BAIS%6 009 | BC238 i INage 020 | Inaoer onae
AClz 010 | BAWE 005 gggg; Y IN2646 055 | 2NAIZ4  015%
AC142K 0. 1 0. -
ACI76 020 | BAXI6 o009 | BC307 I b s o | NG exe
AC187 0.20 BC107 0.12 BC308 5 Y 2N2906 021 IN4288  022°
ACI8% 020 | BCI08 012 | BC327 . . Y 2N2907 021 | 2N4289 o024
ACY7 085 | BCIOS 013 BCazs BHIz ROl . i 2Nz924  021° | 2Ns457 035
ACY!1 0 BC1I13  0.12¢ - BSXI9 0.1 .
ACYI9 075 BCl14  013° | BC338 BF160 0.18 BSX20 0.20 }-: gggg g'_g; ggssg; :'gg 2,2‘%52 glli- %::?g ogg:
ACY20 070 [ BCl15 o014 | BCY30 BF167 0.20 BSX21 0.20 TIS43 045 2G306 110 IN053 025 25017 o'u 50
ACY21 075 | BCite  015* | BCY31 BF173 0.20 BT106 1 ZS140  0.25° IN404 100 2N3054 050 zgols 650
ACY3s 150 | BCL7  017° ‘;S‘y’i‘é g?};g g-g: BTY79/400R 75170 0.21° 2N696 025 2N3055 070 250;6 12 g
ADI49 070 | BClI8  a.l0° : p
ADI6I 045 | BCl25 o016 | BCY34 BFI78 025 | ‘Bu2os 175 ZZSZI;I? o3 | N oo N oae 7o o5
ADI62 045 | BCi26 020° | BCY39 BF180 ! BU206  2.25° 75278 057 i INWa2  Llo | 25303 0.75
AF106 0.45 BCI135 0.4 | BCY4 BF181 . BU208  2.00" ZTX107  0.11* 2N3525  0.80 22322 0.80
AF114 035 | BCI36  0.5° | BCY42 BF182 - BY100 0.45 ZTX108  0.10* IN3614 150 25324 125
AF115 035 | BCI137  o0.15° | BCY43 BF183 . BY126 0.14 ZTX109  0.12* 2N3702 0.11* 25701 1.50
AF116 035 | BC1a7  o00s* | BCY58 BF184 . BY127 0.15 ZTX300 0.12* 2N3703  013° 25703 1.50
AF117 035 | BC148  o0.08° | BCY70 BF185 . BZX6! 0.18 ZTX301  0.13* 2N3704  0.43*° | 25721 3.00
AF139 0.40 | BC149 009+ | BCY7l BF 134 . Series ZTX302 0.15° 2N3705 013 257454 035
AF186 120 | BC157 009 | BCYT2 BFIS5S  0.09% BZYBS 013 ZTX303  0.17* IN3706  0.13° 25746A 035
AF239 045 | BCI5¢ 0.08* | BCZII BFIO6  0.10* Series ZTX304 0.19° 2N3707  0.13°
AFZI1 275 | BCi58  0.10* | BDil5 BFi97  e.12* CRS1/05 0.45 ZTX311  0.12¢ 2N3708  0.10%
AFZ12 275 | BCi67  oa2e | BDI21 BF200 0.27 CRS1/40  0.60 ZTX314  0.20* 2N3709  0.13*
ASY26 040 | BC170 o1+ | BDI23 B 220,20, CRS3/05 0.45 ZTX500 0.13° 2N3710  0.10°
ASY27 0.40 BCI71  0.10* ( BDI24 BF244 028 CRS3/40  0.75 ZTX501  9.14* 2N3711  o.10*
S
VALVES|TE " (T8 % (0w 1B | Ae 1= N T e | gnobw
. 2 . B - | .46*
Alsse . EF86t GXU3 2357 PCCBAt  0.50% 4400’:‘ 37.00 1l %fg(;f : ;g- 5551A :; Sl.g
A2087 “ 5' EF89 GXU4 2850 PCC85  0.60% 4B32 2536 12AY7t 085 5552A  94.30
A2134 6.75 EF9it GY501  160* PCC88  0.65¢ 4C35 40.00 12B4At  1.00° 5553A  225.30
A2293 7.50 EF921 GZ32 0.75* PCCRIt  1.05° 4CX250B 17.50 12BA6  0.65° 5642 5.26°
A2426 119 EF93t GZ33 4.00* PCC189t 1.00* 4CX350A 31.35 12BE6 1.60° 5654 3.61°
A2521 1011 EF94t GZ34t  1.52% PCC805t 0.95" 4CX150A 21.00 12BH7t  0.65° 5651 180
A2900 7.58 EF95¢ GZ37 4.00 PCCBOBY 0.95% 4X150D  25.00 128Y7t  0.80° 5676 2.86*
A3M3 2223 E£F98 KT6l  3.50¢ | PCES2t 1720 5B-254M 1398 12E1 700, | 5675  9.08°
AZ3! L.1o* EF 1831 KT66 5.00° PCF80  0.96 5B-255M  13.98 12E14 2459 5687 4.30°
AZal 1.15* EF184t KT88 625 PCF82t  0.50* 5C22 40.00 12EITT 5696 1.94°
BK448  62.70 EF8045 KTW61  1.75* PCF86t  0.75* 5J-180E  614.79 54.09 5718 6.40°
BK484  84.70 EF805S KTW62  1.75% PCF87  L10* SR4GYT 1.10* 13E1 4155 5725 3400
BS9O 2725 EH90 KTW63  175* | PCF200f 1.15° 504G 152° 13H4 2096 | 5726 352
BS8lo  27.75 EK90t M8079 9.04 PCF201% 1.10* SU4GB  2.26* 19H5 22.50 5727 4.80
BTS 34.30 EL32 M 6.37 PCF801t 0.60% 5V4Gt 065" 24Bg 3050 5749 1.90°
BT!7 61.95 EL33 M8081 878 PCFRO2t 0.88* RR3-250  34.77 10454 | 5Y3GT  0.85* 30C15  1.56* 5751 4.66°
BTi¥ 2115 EL36 M8082 5.58 3 RR3-1250 62.37 XR1-3200A 523 1.50° 30C17  1.56* 5763 3.12¢
BT29  188.90 EL4l M8083 5.86 SIIEIZ 2236 5725 | 524G 1.12¢ 30C18  1.44* 5814A  2.60°
BTé9 19325 EL42 M8091 7.85 $130 2.00 XR1-6400 6580 | 5Z4GT  1.00* 30F5 1.80° 5840 1.40°
BT75 79.65 EL8} M8096 3.75 S130P 2.50 XR1-6400A 6-30L2  1.56* 30FLI/2 112e 5842 £.90¢
BT95 74.35 EL83 M8097 3.56 STVB0-40 10.00 122.34 | 6AB4 0.75* 30FLI2  L72* 5876A  9.38°
CBL3l  1.50* EL84 Mg098 3.40 STV280-80 YD1120 206.00 | 6AB? 0.75* 30FLI4  1.44° 5879 4.84°
CL33 2.00* EL86t M8099 5.20 . 20.00 YDI240 206.00 | GACT 0.75° 30L1 0.54° 5886 10.50
cy3l 1.00° EL90t ‘M8100 6.39 186t 0.85° SU4l 250 2759 9.60 30L15  L72* 5963 1.87°
ClK 10.00 EC90t 0.55% EL9] M8136 6.60° PCL805/851' su42 9.00 ZMI000  4.60 30L17 1.72* 5965 2.38*
C3A 10.00 EC91t 2.80° ELY5¢ MB8137 6.80 0.96* TDO03-10  21.50 ZM1001 5.38 30P4 092* 6005 3.65*
ClA 2020 | £C92 1.25° EL156 M8140 4.50 PD500  3.60% TDO03-10E 22.75 ZM1020 855 30P19 1120 6021 4.48
DA4l 1870 | ECI57 218.50 EL360 Msal4] 4.85 PE06-40N 27.30 TD03 10F 24.00 ZM1021  7.98 30PLI 1.32¢ 6057 6.23
DA42 1070 | ECC33  3.50° EL500/504 MB8I142 4.75 PFL200  Ll2* TTI5 22.00 ZMI1022 823 30PLI3  L72* 6058 9.04
DAIO0 = 4600 | ECC35 350* | EL509 M8144 375 PL3ST L1 TT2! 9.63 ZM1023  7.66 30PLI4  1.68° 6059 4.00
DAF9It  0.40% | ECC40 1250 EL82I M8149 5.10 PLBI L1 TT22 9.63 ZM1040 1157 30PL15  1.72° 6061 125
DAF96 100 ECC81t  0.50* ELB22 MB161 6.12 PL8IAt  Ll2° ITI00  80.00 ZM1041  9.67 35W4 0.60" 6062 3.75
DET22  20.00 | £CCB2t 0.47+ EMS0 M8162 5.87 PL82 0.60° TY2125 49.50 ZM1042  11.08 50C5 0.70* 6063 365,
DET24  46.00 | FCC83t 0.55 EMS8! M8163 450 Pl 83t  0.55% TY4-400 59.30 ZX1051  87.00 75B1 3.30 6064 5.86
DF9I¥ 040" | ECCeat 0.60°,] EMS4 MB190 4.60 L84t 0.75% TY4.500 76.82 IB3GTt  0.65 75C1 1.70 6067 6.60
DF9 100+ ECCs5t 055 -| EMSS M8195 3.70 PLS{M; 5051 TY5-500 160.00 1B24 10.00 : 85A1 7.50 6072 5.62
DK9It  0.55 ECC86  2.00* EM87 MB196 6.50 1.20* TY6-800 145.00 IB35A 17.00 85A2 1.65 6080 685
DK92 $.25% | ECC88t 0.75% EN32 M8204 5.72 PLS08T  1.60° TY6-5000A 1B63 45.00 0AG 7.26 6097TAXBxC
DK 96 . ECC8Y  0.80* EN9IT M8212 2.16 PL509T  2.72* 217.85 IR5t 0.55* AV 7.16 40.00
DL82 411;': ECCY91t  0.55¢ ENS2 MB8223 2.30 PL519t  3.60° TY6-50008 185t 0.40" 90C1 1.70 6146A  5.12*
e e P | BEl M8224 280 T4t 040 90CG 1368 | 6146B 558
Disto 825 | beceor 175 | EYEL ME225 2 6O 24815 10.00 90CV 1330 | 6159 6.00
S ECCB08  2.25° EY83 M8248 7.95 2C9A1  9.00 92AG 7.26 6189 6.08
DLS15 :g ?12' ECF80t  0.60* EY84 MU14 1.00° 2C43 18.00 9R2AV 7.18 6201 5.12
gg}g lo16" | ECrs2t 070 | Evaet MX119 2475 2D2t+ 0.80 95A1 4.60 6442 15.00
DI 0.76: | ECF86  Oxo- EY88 MX123  45.00 2E26 5.00 150B2 2.15 68838 5.92
WL 2 | ECmss 200 EY500A MX145 3375 2042 60.00 15083 3.90 6973 3.52¢
D 1 ECH42  115% EY802 MXI51 1350 2455 175.00 150C2 1.50 7025¢ 1 zo-
gz‘l 51;071 olsge ECH8It  035: EZ35 MX152  80.00 2J70A 23500 150C 4 2.30 7551
Dxs " | ECHB3 085 EZ40 MX16]  80.00 . 2J70B  250.00 211 5.00 7586 1. w
Y802 88’ ECHB84t  0.85° EZ41 MX163  14.55 QQV02-6 9.90 U25 1.16* 2K25t 10.00 723ABt  8.00 7587 19.60°
E55L 21.89 { ECL80t 0.60° EZ80t MX164 1445 QQV03-10t 2.00 | U26 1.44* 34002 35.00 803 10.00 7609 31.80
ESOCC 500 | ECL81  0.75° EZ8It MX166  110.00 QQV03-20At u3? 11.00 3-50Z  35.00 805 20.00 7868 3.94%
EROCF 721 | £CL82  0.60° EZ901 MX168  30.00 10.50 UABCB80 0.58* 3A5 1.35 807t 1.20 7895 12.90°
E801 578 | ECL&3  150° FW4.500 N78 9.00+ QQV06-40At UAF42  0.75* 3824 5.00 811At 1.80 8005 30.00
FROL 5.53 ECL84  0.90* FW4-800 QA2+ 0.55 13.00 UB4l 1.25% 3B28% 4.50 BI2A 8.35 8068 5.50
E8ICC 576 | ECL85 112* | GI-371K 0A3 .10 QQV07-50 UBC41  1.00* 3829 10.00 8131 10.00 8122 42,00
(E8IL 620 | ECL86T 0.85° G55-1K OA4 1.16 .37 | UBF89  0.60° 3B-240M  15.00 833A 30.00 8136 244%
EB2CC 612 | EF37At 2.50° G180-2M OB2t 0.60 QQZ03-20A UCCB4  0.75% 3B24IM  15.00 B66A 8.85 8417 5.34
E8ICC 623 | EF39+  1.60° G240-2D OB3 0.75 27.50 | UCC85t 0.55° 3C23 10.00 872A 13.75 14042 5.43
E86C 931 | EF40 1.15* G400-1K oc2 2.55 QQZ06-40A UCF80  0.75* 3C45¢ 8.50 922 4.36 18045 617
543 | EF4l 1.20° GN4 oc3 0.75 4520 | UCH42  1.20* 3CKH00AS 931A 12.24
E88CCt 100 | FF42 2.00° GN4A oD3t 0.75 Qua7 11.06 | UCHS8It 0.65° 20.00 1624 1.25
E9QOCC 546 | EF50t  0.60* GS16 0Z4 0.75° QVe3.12 300 | UCLS2t 0.75* 3E29% 850 1625 100
E9OF 5.06 | rrs4 500° | GTIC PC86t  0.85° QVe4-7 250 | UCLS3  L44a® 354+ 0.75* 2050 2.50
EgIH 4.65 | Er55 2.50* GU50 PC881  0.83% QV08 100 89.30 UF4l 1.00* 3vat 1.00* 4212E 11895
E92CC 498 | EF80t  0.50° GU51 £C5 0.70° QY3-65 4450 & UF42 1.25° 465A 23.35 12AU7¢ o_47' 4212H  147.74
INTEGRATED CIR C U ITS 7490 07z | 7432 o0 | 74173 1.40 TAASTO  2.300
7400 0.16 7423 032 018 7496 0.30 74136 0.55 74174 1.50 TAAB30S 13.50*
BASES CRTs 4EP) 25.00 | VCRI38* 10.00 | 7401 016 | 7425 830 | 747 035 | 7497 300 | 74141 080 | 74175 0.80 A T00Rus 81
B e ols | amet VD ggo | 4EPT 2500 | VCRIZBA'I250 | 7402 016 | 7427 030 | 7472 033 | 74100 150 | 74142 230 | 74176 - 1ORRINTIE A 1800JL 843
e S i) e 5og | 4EP11 2500 | VCRI39A® 800 | 7403 0.16 | 7428 0.43 7473 036 | 74107 0.45 74143 250 | 74178 1.25 TBAS20Q 2.30%
et 0 On || B8 800 | 5ADPL 3500 | vCR5I7A10.00 | 7404 017 | 7430 017 | 7474 040 | 74109 070 | 74144 250 | 74179 1.25 TBAS30 ~ 1.98+
Bonunskiried 05 | 3P 800 | Sppis 1000 [VCRsITH® 600 [ 7405 016 | 7432 030 | 7475 054 | 74110 050 | 74145 090 | 74180 LLsR |} | BIBASA0082 302
loes) 020 | 3061 veq | 3Cr1 500 [VCRSIIC 600 | 7406 040 | 7433 038 | 7476 040 | 74111 0.70 | 74147 200 | 74190 1300 TBASS0Q, 3.22¢
oS o geECh 700 | scpia 4000 7407 040 | 7437 032 7480 055 74116 175 74148 1.75 74181 1.50 TBAS60CQ
]‘}u\' N 55 3GP1 G'm 5FP15A 5.00 | Tube Bases 0.75 7408 0.20 7438 0.32 7482 0.75 74118 1.00 74150 1.60 74192 1.35 3.22*
istor base 0. k) 5og | suer 500 | - —Surplus 7409 020 | 7440 018 7483 0.0 | 74119 1.50 74151 0.85 74193 135 TBA673  2.19*
8 pin DIL 0.15 g . DG7-5 2500 | vAT B% 7410 o6 | 7141 085 | 7484 1.00 74120 0.83 74154 1.75 74194 125 TBA700  152*
14 pin DIL 015 | P2 800 | DG7-32  36.00 7412 026 | 7142 072 7486 0.35 74121 0.40 74155 0.85 74195 1.00 TBA720Q 2.30°
16 pin DIL o017 | ApIY 109 | DH3®I 3100 7413 032 | 7447AN 090 | 74w 052 | 74122 060 | 74156 085 | 7419 1.20 TBA750Q 2.07*
Valve screening KPi 1500 | Dy7.11 6800 7416 032 | 7450 0.8 7491 0.80 74123 1.00 74157 0.75 74197 110 TBABOO  1.20
cansail sizes 030 | 3RPL 3500 | yCR97*  5.00 7417 032 | 7451 018 7492 0.60 74125 0.55 74159 2.10 74198 2.25 TBA920  2.90
7420 017 | 7453 0.18 7493 0.60 741208 0.55 74170 2.30 74199 2.25 TBA920Q 2.9
7422 020 | 7454 0.18 . | 7494 0.80 74128 0.60 74172 4.40 7B0I3N  1.75% TBA990Q 2.99*
= TCA270Q 2.99*
Terms of busi Cwo. ge and packing valves and semiconductors 25p per order. CRTs 75p. 1tems marked " add 12 2% TCAT60A 1.38*
VAT. Others 8%. P&P at 8r Telephone 01- 1
t Indicates cheap quality version or surplus, but also available by leading UK and USA manufacturers. Price ruling at time of Tslep 945733 S Y
dospa(ch x
A ili ilable to approved panies with mini order charge £10. Carriage and packing £1 on credit orders. E&O.E.
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A E.
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= NEW STYLING
NRDC-AMBISONlC UHJ

NRDC AMBISONIC

l@/ Surround Sound Decoder oa . ]
ol ' e -cip s
oo st vt
& mm e i et - L »
”W’lw"k % "’a ‘L X

SURROUND SOUND DECODER

The first ever kit specialy produced by Integrex for this British NRDC backed surround sound system which is the result of 7 years' research
by the Ambisonic team. W.W. July, Aug., 77

The unit is designed to decode not only UHJ but virtually all other ‘quadrophonic’ systems (Not CD4), including the new BBC HJ 10 input
selections

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techmques  Both 2 or 3 input signals and 40r6
output signals are provided in this most versatile unit. Complete with mains power supply, wooden cabinet, panel, knobs, etc

Complete kit, including licence fee £45.00 + VAT
or ready built and tested £61.50 + VAT

INTRUDER 1 RADAR ALARM

With Home Office Type approval
As in “‘Wireless World "', designed by Mike Hosking, 240V ac mains operated and disguised as a hardbacked book. Detection range up to 30

feet. >
Complete exclusive designer approved kit £46.00 + VAT
or ready built and tested, £54.00 + VAT

Wireless World Dolby noise reducer

Trademark of Dolby Laboratories Inc.

Typical performance

INTEHhRER i Noise reduction better than 9dB weighted.
e reducer 4 Clipping level 16.5dB above Doiby level (measured
Wmmewen? g at 1% third harmonic content)

Harmonic distortion 0.1% at Dolby ieve! typically
0 05% over most of band. rising to a maximum of

0.12¢
Featuring Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal
. . by | Monit
@ switching for both encoding (low-level h.f compression) and decoding at Dolby level) at Monitor output
@ a switchable f. m. stereo multiptex and bas filter Dynamic Range >90db
@ provision for decoding Dolby f.m. radio transmissions (as in USA)
@ no equipment needed for alignment. 30mV sensitivity

@ suitability for both open-reel and cassette tape machines
@ check tape switch for encoded monitoring tn three-head machines

Complete kit PRICE: £39.90+ VAT

Also available ready built and tested . . . . .. SO ... Price £54.00+VAT |
Calibration tapes are available for open-reel use and for cassette (specify which) . S Price £2.20+ VAT °
Singie channel plug-in DoIby@ PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are availlable with

all components .. . .. TR . ‘ Price £8.20 + VAT
Single channel board with selected fet Y i eoFcococaccannnanans seaacaonl Price £2.50 + VAT
Gold Plated edge connector .~ . .. ... o ... Price £1. 50+VAT*
Selected FETs 60p each+ VAT, 100p + VAT for two, £1. 90+VAT for four
Please add VAT @ 12%2% unless marked thus’, when 8% applles (or current rates) M,l,.m i

W\/e guarantee full after-sales technical and servicing facilites on all our kits, have
[ you checked that these services are available from other suppiiers’

i

Please send SAFE for complete lists and specifications

Portwood Industrial Estate, Church Gresley,
I N l EG R EX L I D Burton-on-Trent, Staffs DE11 9PT
L Burton-on-Trent (0283) 215432 Telex 377106
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S-2020TA STEREO TUNER/AMPLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button 3 Tl -~ o b
FM Varicap Stereo Tuner combined - ; it o
with a 24W r.m.s. per channel Stereo S 5 4 # ; -
Amplifier. T #9299

Brief Spec. Amplifier Low field Toroidal transformer, Mag, input, Tape In/Qut tacility (tor noise reduction unit,
etc.), THD less than 0.1% at 20W into 8 ohms. Power on/off FET transient protection. All sockets, fuses, etc., are PC
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF,
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range
88—104MHz. 30dB mono S/N @ 1.24V. THD 0.3%. Pre-decoder 'birdy’ filter. PRICE: £58.95 + VAT

NELSON-JONES MK. | STEREO FM TUNER KIT

A very high performance tuner
with dual gate MOSFET RF and
Mixer front end, triple gang
varicap tuning, and dual ceramic
filter/ dual IC IF amp.

Brief Spec. Tuning range 88—104MHz. 20dB mono :
quieting @ 0.75uV. Image rejection — 70dB. IF rejection Mono £32.40 + VAT

— 85dB. THD typically 0.4%.

IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £36.67 + VAT
tuning and AFC unit. Choice of either mono or stereo with -

a choice of stereo decoders. With Portus-Haywood _Qecoder
Compare this spec. with-tuners costing twice the price. £39.20+ VAT

\ Please send for details of the Nelson-Jones Mk. [ Kit as in this month’s W.W.

STEREO MODULE TUNER KIT

A Jow-cost Stereo Tuner based on the 3302 FET RF

module requiring no alignment. The IF comprises a ceramic
filter and high-performance IC Variable INTERSTATION MUTE.
PLL stereo decoder IC. Pre-decoder ‘birdy’ filter

Push-button tuning

PR Aem

Sens. 30dB S/N mono @ 1.2V

THD typically 0.3% -
Tuning romge 88— 104MHz PRICE: Stereo £31.95+ VAT

LED sig. strength and stereo indicator

S-2020A AMPLIFIER KIT

Developed in our laboratories from the highly successful
“TEXAN’ design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Power “on/off FET transient protection.

Typ Spec. 24 +24W r.m s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N
72dB. Headphone output. Tape In/Qut facility (for noise reduction unit, etc.). Toroidal mains transformer.

PRICE: £33.95 + VAT

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT £14.28+VA} PHASE-LOCKED IC DECODER KIT .. £4.47+VAT
BASIC MODULE TUNER KIT (stereo) £16.75+ VA1 PUSH-BUTTON UNIT ... ... . .. .. £5.00 +VAT
PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODERKIT ... ... .. . ... ... .. .. £8.00+ VAl

WWw americanradiohistorv com I 00000
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-TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v wavegunde
= switch, .9 x .4cm ins. with cryslal CV.2355and spark gap VX.1046. £16.20 + £1.00
: post.

-TRANSISTORISED VIDEO INDICATOR (used with above amplifier):
-CRT £10.80 + £1.00 post.

-lNSULATlON TEST SET 0 to 10 KV, negative earth, with lonisation Amplifier,
& 100/230 Volts. AC £45.90, carr. £3.00.

1%

ERACAL RA-17 RECEIVER 500KHz—30mHz, s/hand, good condition, £365.00
:(including VAT 12%4%).

: AVO TRANSISTOR ANALYSER CT.446: £37.80, carr. £2.20.

- MARCONI FREQUENCY METER 1026/4: 2000- 4000mHz ‘as new’ condition.
= 232 40 or secondhand condition £24.30.

: 1026/2: 100-160mHz £32.40 ‘as new’ or s/hand £24.30. Carriage for all type £2.00.

= BURGLAR ALARM BELL: 6-8v. d.c. £3.24 + £1.60 post.

: TELEPRINTER TYPE 7B: Pageprinter 24v. d.c. power supply, speed 50 bauds per
= min. S/hand cond. (excellent), no parts broken £21.60, carriage £3.50.

- AUTO TRANSFORMER: 230v. 50c/s, 1000 watts. Mounted in strong steel case
=5 x 642" x 7”. Bitumen impregnated. £12.96, carr. £2.00.

-CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range

= 3.000-10,000kHz. Mains 230v 50hz. Measures crystal current under oscillatory

Econdmons and the equivalent resistance. Crystal freq. can be tested in

conjunction with a freq. meter. £27.00, carr. £2.00.

-ELECTROLYTIC CAPACITOR REFORMING UNIT NO. I. 230v a.c. input

- 0-100mfd 6 to 450 volts in 10 ranges complete with leads and plus. £15.00.

- Carriage £3.00.

- FIELD FLUID SAMPLING SET TYPE TP/SKP/10,000 with thermal control

= milliporer 6il sampling kit. £125.00. Carriage £4.00.

= RING TOROIDAL DUST CORES: Size 22" outside, 1%”

- of two £1.10 + 30p post.

- ROTARY INVERTERS TYPE PE-218E: Input 24-28v. d.c. 80 amps, 4,800rpm.

= Output 115v. a.c. 13 amp 400c/s. 1Ph. P.F .9 £21.60 + £3.00 carr.

inside. 5/16” thick. Box

£ R.F. POWER RADIATION METER CT.477. Covering X, S and L bands, £125.00. .

= Carriage £4.00.

- RECTIFIER UNIT: 200-250v. a.c. input, 24v. d.c. at 26 amps output continuous
= rating. £37.80, carr. £5.00.

= MARCONI SIGNAL GENERATOR 801/DS: 10-480mHz. £318.60.

= ROTARY CONVERTER: 24 volts d.c. input, 230 volts, 100 watts output. £27.50,
carriage £4.00.

RADIO TELETYPE TERMINAL SET SG1A 115 volts a.c. £17.50, carriage £3.00.
TELEGRAPH DISTORTION TEST SET (TYPES 5CBV and 5BV) 230v. a.c.
£25.00, carriage £3.00.

RESONATOR PERFORMANCE CT.424 8.5 to 9.0 kmc/s 3 cm. £75.00, post £2.00.
ALUMINIUM TRIPOD (extra strong) will support 50lb. Extends to 56in. £10.00,
carriage £3.00.

INVERTER 24 volts d.c. input 400 cycles 1pH 6600 r.p.m. 200 volts peak. £7.50,
£1.50 post.

OXYGEN BOTTLE 1800lb. w.p. £10.00, carriage £3.00.

NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal
noise 15.5dB 200/250 a.c. £75.00.

LOW SPEED TAPE COMPARATOR (Datronic) %" tape, £45.00, £5 carr.

ADDO 1I” TAPE REPRODUCER: £65.00, carriage £5.00.

MUIRHEAD D514 T.M.S.: 12v. d.c. or 100-250v. a.c. volts input. Range
100-40,000Hz. £15.00, carriage £4.00.

AUTOTUTOR MARK II: (Viewer Training Aid) 230v. a.c. Designed for use in
intrinsic programming method. info stored on microfilm and projected through
optical system onto viewing screen. £120.00.

AVO VALVE TESTER & CHARACTERISTIC METER: £75.00, carr. £5.00.
RANK FLUTTER METER TYPE 1740: £65.00, carr. £4.00.

MICROMETER CONDENSER TYPE C.689: 0-8.5uuF precision variable
condenser, £35.00, post £2.00.

KROHN-KITE OSCILLATOR MODEL 440A: .00icps-100kc push-button
selectors, square or sine wave output, £45.00, carriage £5.00.

MUIRHEAD DECADE OSCILLATOR TYPE 890D: £85.00, carr. £5.00.

ELLIOT COMPUTER 308 complete with all manuals, leads, etc. 4 teleprinters,
Creed model 75, and associated readers with power supply. battery charger and
standby battery, £750.00 (weight approx. 2 tons).

BARGAIN MAPS
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc.
including:—
ONC-El — U.K. in full and part N.W. Europe. Scale 1:1,000,000.
JNC-9N — N. Europe, U.K., Scandinavia. Scale 1:2,000,000.
JN-2IN — Europe (Mediterranean). Scale 1:2,000,000.
SIZE: 58" x 42", colour. Many others. Please send S.A.E. for list.
Price each 70p (inc. p +p)
25 x Maps (either same type OR assorted) £10.00 + £1.00 p +p.
10 x Maps (either same type OR assorted) £6.00 (inc. p + p).

Above prices include VAT at 8% (excepf where éfalem
Carriage quotes given are for 50-mile radius of Herts.

(old A10) opposite Church. 100s of
individual bargains for callers. |f you wish
to collect any of the above items please
telephone prior to calling to avoid
-disappointment.

W. MILLS

'rIIIIIIIIIIIIIIII

.WARE 66312 (STD 0920)
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The Bear announces its new store at - )
: Send for our new Keyboard Lists + Catalogue'
2A GATLEY ROAD, CHEADLE, CHESHIRE MEMORIES
Tel. 061-4 134 21021 ‘€1.26 4027 (250ns) ¢d.50 SY M 1
-0 910 210201 €1.35 2114 (450ns) (a2
Callers welcome, mail order to Newbur 2112 £3.04 4116 (250ns) 15.00
swe € © v 2513 £6.50 2708 (450ns) Egs.ss (FORMERLY VIM-1)
271671 2.50 Th S W
e new 6502 based Micro from Synertek. Full
PETITEVID V.D.U. KIT, £ MOTOROLA MICROCOMPUTING ICs WS B% VAT,
110 to 1200 baud V24, 64 CH x 16 line'scrolling. all on CoB00p co26  SWaTBUG 16.00 __asse.mbled and tested. £199.00 plus 8% VAT.
B x4 P.CB.NeedsTV set. UHF modulator and ASC11 MCEB20P €463 MCBBIOLT g1133 | |Carriage £1.00. Send for data sheet.
keyboard MC6850P £8.00 MCB8602P £2.88
MCE810AP £3.61 MC14536p £3.69 BEAR BAGS
MC3459 £2.00
1 77 68CPUPC B Components and Edge Connectors £45.00
ZILOG M|CR°PROCESSORS 2 77 68 LED s and Switches £14.95
BOOKS 7 80 CPU 2 SMHz 99  7-80A CPU 4MHz £20.00 .68 Power g €17.
3 77-68 Power Supply 7.95
2-80 P10 2 SMHz £9 15 ZB80A P10 4MH:z £11.05 4 776819 S5uRack and Backplane® €27.70
P&P Z-80 CTC 2 SMH2 £9.15 7 80ACTC 4AMHz £11.08 § 77 684K Ram P C 8 and Components £75.00
Computer Designs 77 68 a 6800 Microcomputer £7.50 50 MICROPROCESSORS § 7768Mon1PCB and Components £50.70
WB 1 a TTL Microcomputer £6.50 50 7 4K Ram Exorcisor P C B and Components £71.50
Zilog Z:80 Technical Manual €4.00 50 SCMBMKIURET030l650 3BT IE0ROREE00 8 BK Ram Exorcisor P C B and Components® €160.00
;-gg r;IO Manuat " 23-50 32 9 Pentevid VD U Kit £85.00
. rogramming Manual -00 10 Kansas City Cassette Interface £18.95
Motorola Understanding Microprocessors £2.76 30 FLOPPY DISC DRIVES 11 UHF Modulator £4.50
MBB00 Microprocessors Programming Manual  £4.50 50 12 77.68VOUP C B and Components £69.50
'6»4;0880 Anpl-caltms Manual 22.50 1 gg 51 SHUGART SA400 DISC DRIVE £225.00 13 77 68 Mon 2 P C B and Components tb.s
S0 ey 9 eicell0 Carrage by Securicor C rate €450 | 14 Prom Prog P C B and Componer €35.00
Z'éoe"j‘a" 09 '°"°°°L'“"“‘f)': €995 50 8 DRI SINGLE SIDED DOUBLE DENSITY £325.00 16 Promverter ~ £8.50
r(égram?ng oth ogic Design eslos 76 Carnage by Secuncor C Rate £5 00 < Fius val 8% - -
;?3;20"\";:‘; plf.s:\ey (ST gelss e 8 DRI DOUBLE SIDED DOUBLE OENSITY £365.00 50p Postage & Packing
Adam Osbourne Introduction to Microcomputers Carriage by Securicor C Rate £6 00 €1 00 Postage & Packing
Vol 0 Beginners Books €525 50 ) PRINTED CIRCUIT BOARDS
Vol 1 Basic Concepts £5.95 50 17.68CPUPCRB £10.00
vol 2 Some Real Products £11.85 100 776B4KRamPCB £10.00
8080 Programming for Logic Design £5.95 50 Dr_Dobbs Journal {Vol 1) £10.00 75 77.68Mon 1P CB £10.00
6800 Programming for Logic Design £5.95 50 Z B0 Microcomputer Handbook £7.25 S0 77.68VvDU PCB £10.00
Same Common Basic Programs £8.95 50 8080A Bugbook £6.95 75 $50 bus 4K Ram P C B £12.00
Payroll with Cost Accounting n Basic £9.95 100 TTL Cookbook €6.30 S0 Exorcisor Compatible Motherboards (8 stoth £23.50
Sybex Microprocessors £8.00 50 How to Program Microcomputers {Barden) £6.30 50 4K Ram P C 8 £10.00
Microprocessor Intertacing Techmagues €20 £8.00 50 Microprocessors Systems €5.70 50 Veroboard Backplance 8 x 17 £4.30
Scelbs 8080 Software Gourme1 Guide Cook Book  £7.85 50 Take a Chance with Your Calculator £4.95 S0 77-68 Extender card £4.10
6800 Software Gourmet Guide Cook Book £7.95 SO Home Computers Questions and Answers Vol 1 Hardware £5.95 50 ASClH Keyboard assembled and tested £86.00
The Scelbi Byte Prumer £€9.95 100 Voi 2 Software 5.95 50 Keyboard Kit £56.00
What To Do After You Hit Return £7.00 75 Data Acquisition Handbook £2.50 50 Keyboard Case £20.33
PCC Reference Book on Home Computers £4.95 50 SC WP Applications Manuat £3.00 50 UV Prom Eraser £56.00
instant Bas«c £€4.95 75 Getting lnvolved with your own Computer £4.75 50 5100 bus 9 siot Motherboard £19.50
My Computer Likes Me €1.65 30 Your Home Computer £4.95 50 Double Eurocord Matherboard £15.00
Games with a Pocket Calcuiator £1.75 30 Using the 6800 Microprocessor £6.25 S0
Games Tricks & Puzzies for a Hand Calculator £2.45 30 Basic Programming 1n Real Time £5.95 50
Bes1 of Creatve Computing Voi 1 £6.95 75 1C Timer Cookbook £6.95 75 Go
- ods are normally shipped within 24 hours
Best of Creative Computing Vol 2 £6.95 57)8 Active Filter Cookbook €10.45 15 Barclaycard & Access VA‘TDaI ev%' ro""Hayuwa:zrchnupT:::u‘: ;S:I:’aobsl(l;ge
gobbv (éompu!evs are Here 2:-3‘; o IC OP AMP Cookbook £9.05 75 and Packing unless otherwise stated Cheques 10 be made out to The
es‘wg" le N P & Kim 1 User Manual £7.00 75 Newbear Computing Store Send for an up-to-date catalogue to The
1071 Basic Computer S 3.: & The New Hobby Computers £3.95 30 Newbear Computing Store. 7 Bone Lane Newbury 0635 49223 Callers
The Homefgmvmer evolution 25-92 o0 Artist and Compurer £3.95 30 are welcome Monday to Saturday 3 00 a m -5 30 pm  but please nng to
(f:lr:;\rét:;; ull i ”:oo 50 Computer programs 1hat work £2.40 30 let us know when you are calling

www americanradiohistorv com
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IPS GM 6001

AN

Due r/large purchase !
company ‘s test departmen?d
this superb compact VVM at
Oniginal specifications fe)
1v - 300v AC

300mv — 1000v DC

1£2 - 1000M$2 resistance d
input 2

| 1v range 30M$2
All others 100MS2
Features include
Large readable meter. centre ze#6
ption, diode probe, lightweyfht

74500 20p 74830  14p
7402 8p 7437 220

7404 8 7440 11p
7408 100 7441 40p
7410 8p 7442 40p

7414 46p 7451 11p
74186 25p 7454 1p
74520  20p 7474 18p
7428 25p 7475 34p

5
3V range 10M§2 \

1978

__ SOUTHEAST ENGLAND'S ELECTRONICS [

107

l

qulme:V t, mict opr ocessors

teletyp:

te
In stock now 1es scopes, sig 98NS
VV M Whe Y T TTIT LS st |0OKIT [ 3 transistor 4, gnsformers, POWe! supplies P keyboar

JIM @ major electronics
ve are able 1o offer

particularly low pric Electionics “'stock the parts that others cannot g;n”

Sty

7480  43p

7486 22p
7490 25p
1O 7493 18p

7415164 £1-10p

74190 75p
745258 £1-00
7495 S0p
7496 58
74107 26p
74109 43p
74150  s58p
74154 95p
74161 75p

74172 £3.90
74193 90p
74198 f£1.45

Yet another fantastic buy. Give that
attractive construction with two tier
runners and edge connectors Capabl
removable front cover which can be
i air ventilation system Finished in
G P.O telephone grey, supplied com

installed on (ear panel

Hx 16% " D x 17%
W New and boxed

of 12%"

14x6 matirix for the lowe
“* thus resulting in a superb
legible display Full ASCII

and instec
This item §annot be
repeated
whe stockstast

£7.25
ELECTRONIC =

COMPONENTS
& EQUIPMENT

which enables us t0 bring you the bes

don’t have sufficient stocks of any on.
include in our ads., we are packing all
into the "BARGAIN PARCEL OF A

tor unbeatabie value!! Sold by weight

71b £ 4-75 14ib £

TO3 package

Heatsink

2N4351 N CHANNEL
2N4352 P CHANNE L
° low feedback capacitance
* 1deal enhancement mode
° 95p each £1-50 per pau

above

Due to our massive bulk purchasing programme

bargains, we have thousands of | C 's Transistors,
Relays, Cap's . P.C B 's, Sub-assemblies, Switches
etc etc surplus 1o our requirements Because we

+5vou 1 2amp Of «12voit t 2amp
TO3 package

MOTOROLA £1-00cach
Complimentary 6 for £5-00
MOS FETS Black anodised finned

for 1 TO3 65p each
iceal for use with

final touch

ot PROFESSIONALISM AND SAFETY (o
your electronic system with our brand new
desk standing equipment cases Made to the
highest spec. for the G.P O 1t features modular

s of
eof

housing up 10 40 13% " x 5'a" P CB8 s, fully
enclosed with aluminium sides and hinged

secured

by 2 screws to prevent prying fingers. Built

two tone
plete with

9 edge connectors and 30 runners plus new
25 way “‘cinch” plug 10 match socket already

ideai MP U system 75
eic. overall aimensions P P

£2.25

r descenders
and
mnput, TTL

c1ion pack,  hrand new at only

E/F%Op.

1 possible

e 1tem to
these items
LIFETIME""

Thousands of components at giveaway prices’
Guaranteed 10 be worth at least 3 imes what you
fay plus we always include something from our ads

7-50

28Ib £12-75 56Ib £21-00

112ib £34.00 PP £1-00
REGULATOR SCOOF
MC7812CK

ready drilled

4 S.B.C. Bulb Hotders All sieel cad plated panel mount easily fixed via aut and

a project leader looking for a specuahst\ﬂ\ we
will most likely be able to help you. Display

transistors, mi

OI' -n QMAQ”!"-"" static

2N3001 30 volt 350 ma SCR. 7018

20p each 6 for £1-00

LM3BON-SL60S1 14 D.I.L. 2 wart

A F amp 75p each 8 for £5-00

CA30288B DC-120 MHZ differential

cascode amp £1-00 each 3 for £2-50

TMS3114 DUAL MOS 128 bit static

shift reg. DC-2 Smhz £1.75 each 4 for

£5 00

TMS 4050 4096 x 1 dynamic ram

£4 75 each 8 for £30-00

NESSS5 10 for £2 40

HIGH VOLTAGE POWER SWITCHING B':‘l'zagf ;",(7)702:?030“‘3'8' B pi

transistors BVcbo 600v B Vceo 500v

BVebo 5v Tc 5 amps Pc 125 warts HEE GEA424 zero voitage switch. tniac SCR
relay driver TOS can £1-00 each 7 for
£5-00

All 1.C.'s and Transistors by
well known manutfacturers and fully
guaranteed. No fall outs. Compre-
hensive data on |.C.'s 12p per type

60 typ {1 2.5 mh. ideal inverrors, etc
TO3 £1-50 each 4 for £5-00

BF258 NPN 250v @ 200 ma 40p each
3 for £1 00

A.E.1 power TRIACS 10 amp 400v
ready mounted on 2% x 2% heatsink
95 each 4 tor £3 50

4 for £1-00
I.R BSBO1 2.5 amp 100v tiridge rec .
P C mount long leads. 30p each 4 for RRa372oSINENIS0 45000 al s icol

£1.00. "anmewrgc:n 14 D.I.L pack 65p each
IN4998 4 amp 100v P.C. mount diodes 2.for £1-

Long leads 12p each 10 for £1.00 TEXAS LOW PROFILE I.C. SOCKETS
I.R. 25G60 60 amp 600V silicon stud |4 DIL 14p each 9 for £1-00

diodes £ 1-80 each 8 for £10 00 22 DIL 25p each 5 for £1-00

E C.C. 1 6 amp 400v triacs 35p each 24 DIL 30p each 4 for £1-00

4 for £1.00 2NS109 R.F. power output 400ma 2.5
2N167 1B unijunction 450mw 30v watts up to 1200 mhz TO5 70p each
45p each 3 for £1.00 2 for £1-00

IN4004-5D4 1 amp 400v diodes AF279 low noiss P.N.P. germanium

6p each 20 for £1 00 up to 780 mhz 30p each 4 for £1-00
1.R. 10 AMP BRIDGE RECS. 200 volt 2N4304 WN720 F.E.T. transistor. 35p
working. £1-00 rach each 4 for £1-00

CA3011 20MHZ wideband amp
T099 case 60p each 2 for £1-00
FSA 2719 8 diodes1N4148-1N914
type in 16 D.1.L. pack all
independently connected 35p each

. C90 Audio Cassettes screw type construction 40p each 3 for £1-00
Miniature Tantatum Beads 10m! 25v and 33mf 16v 14p each 10 for £1 00
Scotch 215 Long Play Tape Brand new ' low noise on 1200 5,

sools £1 50 each 4 for £5.:00 + P P 45p

1000 Watt fully shrouded auto transtormers term block connections £13 75
«PP £2.25 -

Bulbs 24v 14 watt white frosted SB C 8 tor £1 00

round hole Ideal disco displays, scareboards etc 4 for £1.00

Xzial tilters S £ 1 QC11211/B miniature low insertion loss P C mount

CF 10 7mhz withBW of 75khz 2000 () imu inout Brand new at £7 50
Heavy Duty Flat Insutated Earth Brad 80 100 amp braided tinned copper in
tieavy clear P V.C sheath 40n per metre £5 00 for 15 metres P P 8p per metce
BULGIN minature 6 way male chassis mount socket and matching shrouded
free plug. 60p each 2 for £1-00
Red L.E.D.'s full spec 0 2" 12p vach 10 tor £1 00
Dynamic Stick Mics 600 L2 with built in on/off switch complete with lead andy
min jack plug £1 00 caetr™ =
KS$+#Thermaloy’’ black anodised

0

/ Metric, Unifie elf Tap. etc. nuts, bolts,
sfrews, washers, etc brass bronze and
steel. All steel items plated Average

contents 400-600 piecesd
sold by weight, 2-Ib bag £ 2 50

P~ 2%

4148 474 types etc mixed and untested
1000+ bag £1 50 P P 40p Buy some for a friend! \?(

Where cost of post and packing not indicated please
add 25p per order Collection saves cost of Dostage
but if collecting piease telephone to check availability

We are always interested n buvmg P CB 'ssurplus

other stock lineg
displayed below

TANDY TRs 80 MPU

9:(5 (,a: (55

equipment, 1.C.’s. rools. con\)pé) J:m s /JOUSB'“’S of

Cc10S,

f "
traction of out vas a 5/

Just a mere
100’s of bargains 100 ¢ tor caller

VAamaniry I . card GET HERE

TIL 302/MAN 7 7 segment LED readout [Complete 4Kx12 bit memory system rals compact construcTion, non
common anode direct drive (via on one PCB This ex computer volatile memory, data remains even Bridge to East or
resistors) from 7447 £1- 10eqch memory card contains all relevant when power switched off! Origina West C!oydon
TiL 119/DC72 Darlington opto decoding, read write and control cost over £800-00 each. supplied 1T minute from
isolator 3 for £1-00 logic for coupiing to your M.P.U or complete with full data and .

\SAVE THAT SPACE! THICK FILM mini computer system TTL inand circuit manual West Croydon Bus

ESISTOR NETWORK 7x100f) out make interfacing a “‘cinch at an unbeluevab' £38 and Rail Stations
’/ZSISIO( in DIL pack. Ideal for use with We understand that by reading the  price of t175 25 minutes

7 seg. displays etc. 4 for £1-00 outputs correctiy, the memory can Note memories are removed from Gatwick Airport
PHDTD TRANSISTDR be organised as 3 6Kx8! Features working equipment but suppl.ed
Fairchitd FPT-100 NPH silicon 30v, include fast 250ns max. access tme. untested, unguaranteed
25ma. 4 for £1-00 Standard +12v, - 12v+5v power

motors, pe ypheral

——HOWT10 |

Victoria o1 London

/

Undate your new or existing TRS-80 to 16K of RAM
nstall yout own chips and SAVE £80-00. Kt includes
full instructions and 8x 16K Kit und instructions

ot e s . £1490
POWER S8UPPLY NITS

5 vPLTA5 AMP TT.L.

Made A T T/L. this compact ex comput
turefa 10 amp transtormer with D
outpyts of § volts @ 2.6 amps and 7.5 volts
5 amps. Thq 5 volt output is fully regutategfand
smodkhed amhd has electronic current limiy#ng. May
be eayly moded for 5 voits @ 7.8 ampgrhelieved

work kg but untested /
Comul‘\ge with circurt £7.25 p.p. £1-50

systems

A special bulk purchase enables us to offer the above
Keyboard at a Jowest ever price. 49 coded keys encoded

into a direct TTL compatible 7 bit output. Features such

as delayed strobe, § voit D.C. single rail operation and
roliover protection make this an absolute must for the
MPU constructor! Supplied complete with connection
diagram and edge connector, at a secondhand "'no time

to test’” price of only

10 WAY MOMENTORY

Features 10 individual feather iight pushswitches
each with 1 n/o and 1 n/c gold wiping contact
Each switch has integral replaceable bu!b and
removeable lens cap which may he sphit for
engraving etc. Switch dimensions 19 x 19 x 80mm
Easily sphit for single use Undoubtably the most
attractwve switch you will ever

see. Original cost over £16-00 per£ 00
bank! Ideal M.P.U keyboards e.c PP45D

8 WAY INDEPENDENT PUSH
ON — PUSH OFF

Features 8 way switch assembly, each switch
with 2c/o gold wiping contacts and replace
able bulb, complete with orange 12 5x12 6mm
button and lens cap P.C mount 0.1" spacing
Same as R.S_ type costing over

€12 per bank!
£275pp 35p

opGradeMULLARD+PLESSYCAPS
Ultra low ripple 10 amp. smoothing

1800 mf 100v Screw Term 50p
3300 mf 63v Screw Term _ 60p*
5000 mt 30vSolder Tag 60
“ex equipment but tested

ELEGTRDNICS

All prices inclusive of VAT, Cash with order. Minimum order value
£1.00 Postage quoted tor UK only. Bona Fide account orders
minimum £10-00. Export and trade enquities welcome. Orders
despatched same day where possible. Access and Barclaycard welcome

WW — 099 FOR FURTHER DETAILS

www americanradiohistorv com

HIGH EFFICIENCY SMITHS
RADIAL BLOWERS

Are your hot parts sweitering? Then keep them cool
with our high efficiency radial snail type biowers. Made
by Smiths, designed for continudus use in expensive
electronic equipment very powerful and Quiet. gives
massive air flow 10 prolong component hie and
reliability Easity mounted, air apertur. D NE\N
2% x 3 supphed compiete
with fixing bolts [deal linears etc
Please state 240v or 110v
operation 50h7 only
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TLUELUE GOUITIES EREGTSENGS 1]

Suppliers of a wide range of electronic components around the World — electronic tubes,
radio valves, capacitors, resistors and semi-conductors.

Test instruments also a speciality. Requests for quotations dealt with promptly.

Write to:

TWELVE COUNTIES ELECTRONICS LTD.,
26A Buckingham Palace Road, London SW1. Cable: TWELVCOUNT. Telex 918865

Z & | AERO SERVICES LTD. RETAIL SHOP

Head Office: 44a WESTBOURNE GROVE, LONDON W2 5SF 85 TOTTENHAM COURT ROAD. W 1
Tel. 727 5641 Telex 261306 Tel 580-8403
SPECIAL OFFER OF BRAND NEW USSR MADE MULTIMETERS » k
~ VALID UNTIL 31st DECEMBER, 1978 ——————— /\{v\ .
e TYPE U4324 N
TYPE u4313 uU4315 D C Current 0.06-0.6-60-600mA-3A
Sensitivity DC 20,0000.pv.  20,0000.p.v e AC. Current  0.3-3-30-300mA-3A p TA
Sensitivity A C. 2.0000.pv 2.0000.pv a‘ﬁ D C. Voltage 0.6-1.2-3-12-30-60-120-600-1200V \\
D.C. Current 60pA-1.5A 50pA-2.5A A C. Voltage 3-6-15-60-150-300-600-900V
A C Current 0.6mA-1.5A 0.5mA-2.5A ’ i Resistance 5000)-5-50-500k()
D C Volts zg{/ng/o%oov 75m\(/)—(;0000V il Accuracy DC 25% AC 4% (of FSD)
A C Vol -600V 1V-1000V s : ) —
Re(;v;t:n‘cse TK-1M 300()-500k0) 3" PRICE complete with test leads and fibreboard gen
Capacity O.5pF 0.5pF c £9.50 Packing and posta 1.20 T)
Accuracy 5% D.C 25%D.C. — S — \ P
25%AC 4% A.C i =
b \ N 4 steet TYPE U434
rice complete with pressed stee
carrying case and test leads SUOED SUOED COMTBINED MULTIMETER AND
Packing and postage £1.50 £1.50 RANSISTOR TESTER
Sensitivity 16,700Q/vD.C.. 3.300Q2/VAC
— ——————— — — Current 0.06-0.6-6-60-600mAD.C,0.3-3.0-30
300mA A.C
TYPE U4323 Voitage 0.3-1.56-30-60-150-300-900v D C
COMBINED WITH SPOT FREQUENCY OSCILLATOR _ oo a0~ IO0E eSS
Resistance 2-20-200k(}-2M{}
£ Transistors Collector cut-off current 60p A max
Sensitivity 20,0000} 1V D.C. currentgain 10.350 in two ranges
\éﬁlfg‘f ::gg: é'g';_%%g\r/“ﬁ'glc[)oi',y PRICE, complete with steel carrying case, test lead, battery
Resistance 502-1M() and instruction manual £9.50
Accuracy 5% F.S D Packing and Postage £1.50
Oscillator output  1kHz 50/ 50 squarewave
465KHz sinewave WARRANTY
modulated by 1KHz squarewave ANY INSTRUMENT FOUND FAULTY OR OTHERWISE UNSATISFACTORY ON
RECEIPT WILL BE REPLACED FREE OF CHARGE OR FULLY REFUNDED PRO-
: . . VIDED 1T IS RETURNED TO US WITHIN 7 DAYS FROM THE DATE OF RECEIPT. NO
PRICE, in carrying case, complete with leads and manual FURTHER FREE REPLACEMENT OR FREE REPAIR GUARANTEE {S OFFERED. ANY
£8.00 FAULT OR MALFUNCTION DISCOVERED LATER MAY BE REPAIRED BY US
: PROVIDED THE INSTRUMENT IS SENT TO US POST PAID WITH FULL DESCRIP-
Packing and postage £1.00 TION OF THE FAULT. A CHARGE WILL BE MADE FOR SUCH REPAIRS AND
p SERVICING.
THIS OFFER IS VALID ONLY RDERS AC PANIED BY REMITT, OWR 1978 LATALOGUE/PRICE LIST OF VALVES, SEMICONDUCTORS
WHICH SHOULD INCLU DELIVERY CHARGES, AS INDICATED D B% PASSIVE-COMPONENTS AND TEST EQUIPMENT IS AVAILABLE. PLEASE
VAT ONTHE TOTAL SEND P O for £0 30 FOR YOUR COPY

“WW—077 FOR FURTHER DETAILS

600

MHz Mlnl [ 7208 COUNTER vy e |
Counter ' [SiERREEE -
R .

£145 + 60 var

MODEL ¢ 500 MHz
CTR-2A ~ & 1GHz

FREGUENCY BACTRONKS.

e MS003 7840 e (= ® Y
1Tusto - - 10 mv @

General Purpose Low Cost Counter Without the Sacrifice of Basic Performance

. L “Check the features we have that some other low-cost counters don't
TR ncmanses o
1 sec. | il 150 MHz have
I =" N L @ All Metal Cabinet @ Sensitivity 10 MV at 60 @ Completely Auto Decimal Point

The New Modei CTR-2A Series Gounters are designed and built to the highest standards to fultili the needs of @ g Digit .4 LED Dis- MHz @ Selectible Gate T:mes {1 sec & 1 sec)
commercial communications. engineenng labs and serious experimentors. With an accuracy of + 00005%. the ia 240V or 12V Operation @ Built [
CTR-2A can handla the most Critical measurements and is about half the cost of other commercial counters ° Ip \ Coble Included @ P " ® 0 "”T oy

If you need a reliabie counter at an atiordable price. the CTR-2A 1s the answer ° 1"20\‘/" 2 teJ "i ude o Gush Punon Controls Crystal Time Base 1 ppm
@ Buitin Pre-Amp 10 mv @ 150 MHz @ Peaod Measurement (Optional) nout.Jac £ Tl )
@ 8 Digit 3 LED Display : input Diode Protected Prices CTR-2A-500 £280 & VAT 8¢ CTR-2A-1000 £420 & VAT 8%
@ High Stability TCXO Time Base 12V-DC Operation (Optional) We are exclusive UK Distributors for DAVIS ELECTRONICS, NY. U S A
R e 8 onariElenie A and European Distributors for LUNAR ELECTRONICS, San Diego
® TCXO051d + 2 ppm California. U S A (Linear Amplifiers & Receive Preamplifiers)

raoe s exportenavimes . SOTA COMMUNICATION SYSTEMS LTD.

WELCOME 26 CHILDWALL LANE, BOWRING PARK, LIVERPOOL L14 6TX. Tel: 051-480 5770

WW—051 FOR FURTHER INFORMATION

www americanradiohistorv com
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Introducing the personal

computer you've waited for.
THE EXIDY SORCERER.

SORCERER . o
compuUTER sysTem Complete with Monitor

The Sorcerer Computer is a completely
assembled and tested computer system
Standard configuration includes 63-key
typewriter-style keyboard and 16-key
numeric pad, Z80 processor, dual cassette
/O with remote computer control at 300
and 1200 baud data rates, RS$232 serial 1/0
for communications, paraltel port for
direct Centronics printer attachment. 4K
ROM operating system, BK ROM

Microsott BASIC in Rom PacT™ cartridge,
composite video of 64 char/line 30 tine/
screen, 128 upper/lower case ASCII set
and 128 user defined graphic symbols,
operation manual, BASIC programming
manual and cassette/v:deo cables, connect
ton for $-100 bus expansion

only £950 Credit facilities available
+ 8% VAT

KEY BOARD

756 GEORGE RiSK

Brand new professional
ASCII keyboards (USA)

Full technical details
included. RRP £60.00

Only £49.90
+8% VAT

Ready built, tested

and guaranteed.

COMPUTER JOYSTICK

Plugs into your Nascom P.1.0. No extras. Software and full
documentation supplied. Plus free game cassette.

£14.90 each £28.90 per pair

COMP PRO Mixer

Professional audio
mixer that you can build yourself and save over £100.

LOOK!

“32K RAM on board

“RS5232 interface "BK BASIC ROM
"CUTS interface *4K MONITOR
“KANSAS CITY interface *S100 BUS
*User defined graphic symbols *Z80 cpu

6 into 2 with full equalization and
echo, cve and pan controls,

All you need for your own

recording studio is a stereo tape or

cassette recorder,

This superb mixer kit has slider
faders, level meters and
additional auxilliary inputs.

Only £99.90 plus 8% VAT for
compfete kit Plus FREE power
supply valued at £25.00

Ideal for
DISCOS STAGE MIXING HOME STUDIOS
AND MANY OTHER APPLICATIONS

COMPUTER COMPONENTS

Send for our Spring 1979 catalogue. 0.60p Full of Computer
Components, Peripherals and systems.

All prices include VAT except where shown. Orders over £5 post and packing free o