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The Most Advanced Spectrum Analyser

You've never seen a faster, more accurate way
of measuring frequency response from 30Hz to110MHz

The TF 2370 Spectrum Analyser employs advanced button. All to an accuracy of £2Hz + reference frequency
technology to provide a complete system for measuring accuracy on high resolution and manual. Internal reference
response, level, frequency. signal purity, modulation and frequency provided with setting accuracy of | in 107,

much mare, with aspeed and degree of accuracy previously ¢ Internal generator supplies synchronous signal source for

unobtainable. A digital memory permits the use of astandard  measuring such items as networks and filcers,
manitor tube and internal logic selects gain ratios and sweep s For comparative measurements, unique memory storage

speeds for optimum performance. The specification speaks system will retain one display indefinitely as required, for
for itself: simultaneous display with response produced by items under
% Flicker-free 100 dB display of frequency response from test.

30Hz to 110 MHz on a high brightness c.r.t. * Automatic adjustment of amplifier gains to give optimum
sk Electronic graticufe, with a £ 159 variation of horizontal lowest-noise performance with full protection against input
divisions for pin-point positioning against waveform display. overloading.

sk Three amplitude scales: one linear and two logarithmic * Automatic selection of optimum sweep speed.

with expansion to | dB/div. with an accuracy of £0.1 dB/dB. sk With the 5 Hz filter, signals 100 Hz from a response at

% 9-digit electronic counter automatically gives centre 0 dB can be measured to ~70 dB.

frequency, reads any other frequency corresponding to

mznually-adjusted ‘bright line’ position on display, or the Please send for full information or ask for a demonstration
difference frequency between the two, at the press of a seeing is believing!

&
M. THE INNOVATORS

MARCONI INSTRUMENTS LIMITED,
Longacres, St. Albans, Hertfordshire, England, AL4 0JN. Telephcne: St. Albans 59292 Telex: 23350.

A GEC-Marconi Electronics Company

WW-—001 FOR FURTHER DETAILS
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LOW COST VOLTMETERS
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A.C. MICROVOLTMETERS

VOLTAGE & dB RANGES: 15uV, 50uV, 150uV . .
Acc. + 1% * 1% fs.d. = 1uVat 1kHz — 100, — 90
+50d8

Scale — 20dB/ + 6dB rel. to 1TmW/600%.
RESPONSE: *+ 3d8B from 1 Hz to 3MHz, = 0.3d8 from
4Hz to 1MHz above 500uV. Type TM38B can be

set 10 a restricted B.W. of 10Hz to 10kHz or 100 kHz.
INPUT IMPEDANCE: Above 50mV >4 3M()< 20pf.

On 50uV to 50mV © > 5MQ < '50pf

type
Tm3B

500V

AMPLIFIER OUTPUT: 150mV at f.5.d.
BROADBAND VOLTMETERS

type £8 5
TM3A
H.F. VOLTAGE & dB RANGES: 1mv, 3

Acc. *4%*1% fsd. at 30MHz

400MHz.

L.F.RANGES: As TM3 except for the om
150uV

AMPLIFIER OUTPUT: Square wave at

type

. B 139

type
TM6B

mV, 10mv .3V
50dB. — 40dB,

— 30dB to + 20dB. Scale — 10dB/ + 3dBrei. to ImW/50 ()
+ 0.7dB from 1MHz to 50MHz, * 3dB from 300kHz to

ission of 15uV and

20Hz on H.F. with

amplitude proportional to square of input. As TM3 on L.F

£145

LEVELL

PORTABLE INSTRUMENTS

D.C. MULTIMETERS

VOLTAGE RANGES: 3uV, 101V, 30pV 1kV
Acc. = 1% *1% f.s.d. £0.1pV. LZ & CZ scales
CURRENT RANGES: 3pA, 10pA, 30pA
TM9BP).

Acc. *2% > 1% fs.d. *0.3pA. LZ & CZ scales.
RESISTANCE RANGES: 3(), 10Q, 30(}.
F1% 1% f.s.d. up to 100MQ.

1 GQ linear Acc.

RECORDER QUTPUT: 1V atf.s.d. into > 1k§ on LZ ranges.

v £125 w. £135
TM9A TM9BP .
D.C. MICROVOLTMETERS

VOLTAGE RANGES: 30pv. 100pv, 300pV . . . 300V.

Acc. * 1%, £ 2% fsd., £ 1uV. CZ scale

CURRENT RANGES: 30pA, 100pA, 300pA . . . 300mA

Acc. £ 2%, + 2% f.s.d., = 2pA. CZscale

LOGARITHMIC RANGE:

+ 5uvat + 10%fs.d., £ 5mVat* 50% fs.d., = 500mV at
fs.d

RECORDER OUTPUT: +1V at f.s.d. into > 1kQ.

e £77

TM10

These highly accurate instruments incorporate many useful features, including tong battery life_ All A type models have 83mm scale meters, and

case sizes 185x110x130mm. B types have 127mm mirror scale meters and case sizes 260x125x180mm.

LEVELL ELECTRONICS LTD.
Moxon Street, High Barnet, Herts. EN5 5SD

Tel: 01-449 5028/440 8686

Prices are ex works with batteries. Carriage and packing extra. VAT
extra in U.K. Optional extras are leather cases and mains power units.

Send for data covering our range of portable instruments.

WW—042 FOR FURTHER DETAILS
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New portable DMM:s.

Only Fluke make them-
only ITTsell them.

New Fluke DMMs Fiuke have
introduced two new digital
multimeters. That is big news in
itself, because when you are already
producing the best selling
instruments on the market, how do
you bring off another success?

The answer has been to take an
outstanding specification and shrink
it into a truly portable instrument.

True RMS a.c. This is the most
important feature — especially when
you realise that it is incorporated
‘ina battery operated instrument that
measures lessthan 6 x 5 x 2%in. and
weighs only 2" Ib. It means that you
can take lab. guality measurement
outin the field, free from the shackles
of size, weight and power points.

Two versions — 8030 & 8040
Both models offer five ranges over

five measurement functions and
include autozero. The 80301isa 3’
digit instrument with a useful diode
test facility. The 8040 has 4 digits
and incorporates autoranging.

The only way to buy Both
these briefcase sized DMMs are
avaitable fromi{TT Instrument
Services; and from nobody else, not
even from Fluke. Which brings
together the best sellers among I
portable DMMs and the biggest
name in the instrument distribution I
business. That means no-delay I

I Fillin this coupon for your copy of_I
the data sheet on the 8030 and I
8040 and send it to:

ITT Instrument Services. I
Edinburgh Way, Harlow, Essex. I

Name ___ __ __

Company - . _© _

Address __ ___ . _ _
telephone ordering, streamlined
internal processing, and delivery
from stock.

Ask for a spec. sheet now. Or
better still, get ITT to arrange a demo.
You will be more amazed by the “—_I
performance than the price!

TelNo . __ -

ITT

The only way to buy.
Harlow (0279) 29522,

WW — 061 FOR FURTHER DETAILS
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Water s pure and clear. Still, if we look at a leaf wiich s
partially submerged in i, the leat looks distorted. 1t is su-
pristng how easy it is to tntroduce distortion, even by the
simplest tvpe of operation on the real Hiing. The bent leaf doesn 't
yeally bother s verv nuwch, bud when distortion in sound results
trone the use of equipment, s bothers us a lot!
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MX-8050-2S

Some OTARI specialists spend most of their day making sure
that the equipment that we produce has the lowest posstble
wow and flutter. and the highest possible S/N ratio. Naturally,
these are not the only features which create the top performance
of OTARI products, but thev reflect the care that results in a
totally balanced OTARI product, and better service.

MX-7308

Trust through experience — one encounter
with OTARI equipment and from then on,
You will trust the OTARI name.

0/TIAR 1]

OTARI CORPORATION: 981 Industrial Road. San Carlos, California 94070, U.S A. Phone : California 415-593-1648 Telex No. 259103764890 OTARICORP SCLS
OTARI ELECTRIC CO,, LTD 4.29-18, Minami Ogikubo, Suginami-ku, Tokyo, 167 Japan Phone: (03) 333-9631 Cable: OTARIDENKI TOKYO Telex: J26604 OTRDENKI

WW-—072 FOR FURTHER DETAILS
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Why scrap good
MONO cameras?
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EEVis still making

- image orthicons.

9EV1

Why change equipment which has many more years
of useful life ahead?

EEV is still making image orthicons in very large

. numbers. And we’re constantly developing them with
improved performance.

So you can be sure of continuity of supply of high-
quality 3" and 45" tubes.

Our prices are competitive. Our service backup
is worldwide. All the knowhow and skill of 24 years
production goes into every EEV image orthicon.

Our tubes are all you need — to keep
on getting good pictures, colour or
black and white, from older
generation cameras.

Write for data and
prices. If you have a specific ¢
requirement, contact your S

‘local EEV agent or call #&==2
Camera Tube Sales at
Chelmsford, England.

EEVand M-OV know how

Members of GEC- turnover £1902 million

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 95103. Grams: Enelectico Chelmsford. &S&C E
WW—009 FOR FURTHER DETAILS
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Just
coil KGM.

We've got extra coil winding capacity, and we'll be

delighted to put it to work for you Long run, short
run, even something special — a prototype maybe.

All in the coil of duty! Our Hivotronic Division

sets exceptionally critical standards in their own work,

and they can apply the same technology to

your needs. The high voltage area is their speciality,

with coil test facilities up to 200kV for example - but

. try us with any spec. Ring us and hear about our full

7 capability. You'll wind up using KGM.

The high
kV team

wely at everything

v ELECTRONICS specialising in high kV
—— i 'y i Hiwvotronic products,
;k-. : T P\ R LINMITED encapsulation and coil
S&? T . ,:,%ggsf? Clock Tower Road, Isleworth, Middx TW7 6DU, England winding services.
TNINRSSEEL, Tel: 015680151 Telex: 934120 Try them

WW—038 FOR FURTHER DETAILS

HIGH POWER DC COUPLED AMPLIFIER

P pras— T UP TO 500 WATTS RMS FROM ONE CHANNEL
DC-COUPLED THROUGHOUT

) . ve * OPERATES INTO LOADS AS LOW AS 1 OHM

7 i o FULLY PROTECTED AGAINST SHORT CCT,

»*

*

MISMATCH, ETC.

T * 3 YEAR WARRANTY ON PARTS AND LABOUR

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

Power Bandwidth

Power at clip point {1 chan)
Phase Response

Harmonic Distortion
Intermod. Distortion
Damping Factor

Hum & Noise (20-20kHz)

DC-20kHz « 150 watts 4+ 1db,

Odb

500 watts rms into 2.5 ohms

+0 15 DC 10 20kHz. 1 watt 802
Below 0.05% DC to 20kHz

Below 0.05% Q.01 watt to 150 watts
Greater than 200 DC to 1kHz at 8¢
At teast 110db below 150 watts

Slewing Rate
Load impedance
Input sensitivity
Input Impedance
Protection
Power supply
Dimensions

8 volts per microsecond

1 ohm to infinity

175 V'for 150 watts into 8

10K ohms to 100K ohms

Short. mismatch & open cct. protection
120-256V. 50-400Hz

19" Rackmount. 7" High, 93" Deep

Other models in the range: D60 — 60 watts per channel D150 — 150 watts per channel
Other models available from 100 watts to 3000 watts

MACINNES LABORATORIES LTD.

MACINNES FRANCE

45 Rue Fessart
Paris 75019, France
Tek 203-30-01

Macinnes House, Carlton Park Industrial Estate
Saxmundham, Suffolk IP17 2NL. Tel:-(0728) 2262 2615

WW — 019 FOR FURTHER DETAILS
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Thanks toTRW

I no longer watch
the Four Ronnies

The new TRW TP393 wide band 40-860 MHz gold
metallized transistor gives significantly improved master
TV aerial amplifier performance at no increase in cost.

The TP393 gives higher gain and higher output
and a lower noise figure. It has a similar input
impedance to ¢competitive devices and is ’

‘mechanically identical, enabling it to be

dropped into existing circuits, with
noticeably better results.
Check the parameters listed below then send

1% TIMES LIFESIZE

for full data.
, R w® Ahead of competition
w393 |BPWESRX,y 7
PARAMETER E%ﬂmmNS SYMBOL UNIT l_ o zﬁl
— — MCP ELECTRONICS LTD.,
monoy g | m fso fie foe | @D i o |
., | Please send n;.e full data en Ithe new TRW TP393 I
NOISE FIGURE Chy N 20 s B | Name |
| Company l
PR o 2omme {wo ls0 w0 Jev | Address |
DIN 45004/8 | |
5V-30mA
INEU;AMETER 205 Sy 0331182 | 034166 | 1 S,,1 4 l |
SPAR 5V-30mA ‘ Tel
Ny | sn Joseissfosdizs]isiig | _

WW—053 FOR FURTHER DETAILS
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transformers

mains, audio, microphone, ferrite core
and other wound components

A wide range of transformers TRANSFORMER
manufactured in production E"’\‘V[')T;‘R‘i’;‘v"\égf*:ﬁé
quantities to customers TURRET LUG CONNECTIONS
individual requirements

Prompt Prototype
Service available

MICROPHONE . TRANSFORMER WITH
TRANSFORMER IN TWO HOLE CLAMP AND
MUMETAL CAN SOLDER TAG CONNECTIONS

Drake Transformers Limited

Telephone: Kennel Lane,
K Billericay 51155 Billericay, Essex. )

WW — 027 FOR FURTHER DETAILS

New low cost microcomputer for learning
the how’ of microprocessors ....

Now, there is a new Microcomputer to
provide "hands on" experience to master and
apply microprocessors - the Limrose MPT8080.

[t comes ready to use. Nothing else to buy,
debug or assemble. Just plug it in and you
have a powerful microcomputer ready to use.
No need for a Teletype, but if you have one,
it can be hooked on using a plug-in card.

The comprehensive instruction manual is so
straight-forward that even a person with
limited technical knowledge can rapidly
learn how microprocessors work .

The Microtutor MPT 8080 is not just a
tearning module - it's a full 8-bit, parallel,
microcomputer with an 8080 CPU, 1K RAM,
and various input and output ports. |t can
be single-stepped or run continuously to
facilitate a thoiough understanding of
hardware/software interaction and program-
ming of microprocessors.

The MPT 8080 can also be used as a
prototyping computer and expanded with

For instant information, please contact : additional memory and ports.

limrose electronics limited  Prices pogq

241-243 Manchester Road, Northwich, CW9 7NE Tel. 0606 41696/7 from

WW—044 FOR FURTHER DETAILS
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FILL IN AND POST COUPON NOW!
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Catalogue includes a very wide range of l._f;"
components hundreds of different capacitors; v? !
resistors; transistors; |.C's; diodes; wires and
cables: discatheque equipment; organ components;
musical effects units; microphones; turntables; "
cartridges; styl'; test equipment; boxes and L
instrument cases; knobs, plugs and sockets; ‘
audio leads; switches; loudspeakers; books; tools — A
AND MANY VIANY MORE. e
&
&
N
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Our bi-monthly newsletter keeps youup to date with latest
guaranteed prices — our latest special ofiers (they save you £
pounds) — details of new projects and new lines. Send 30p

for the next six issues (5p discount voucher with each copy).

NARPLIN

ELECTRONIC SUPPLIES

P.O.BOX 3, RAYLEIGH, ESSEX SS6 BLR

Shop: 284 Lcndon Road, Westcliff-on-Sea, Essex ¢
{Closed on Mancay) Telephone: Southend (0702) 47379 £

fim
b
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INTRODUCING A NEW
~ TAPE DECK FROM A

COMPANY THAT NEEDS
NO INTRODUCTION.

Besides the standard 1 inch 8 track you see here,
there's a %2 inch 8 track and a8 2 inch 16 and a 24 track.

Their features include fully solenoid transport
functions. Full sync facilities, Full modular electronics.
Silent drop-ins. Instant start cue. N.A.B. and C.C.I.R.
equalisation.

} See and hear it at our demo studio. Pembroke

House, Campsbourne Road, Hornsey, London, N8.

Where you can also take the opportunity to look
over the Allen & Heath Mod 1l mixer. It's offered with
the tape deck in a uniquely priced package deal

Or for more information call Andrew Stirling 340 3291

brenell]

WW-—054 FOR FURTHER DETAILS

Offers exceptional value; e.g. the 2 channel CR552
Yt Recorder has a comprehensive specification (5
sensitives, 9 chart speeds, electric pen lift, event
marker, etc.) at an inclusive ex works price of £396
(excluding V.A.T.). Improved PL100 XY/t Plotter
now with increased Y axis writing speed. New PL200
XY/t Plotter plus electric pen lift and vertical or
horizontal mounting.

LR71

MAX REEL SIZE 112"

MAX REEL SIZE 8 V1"’

l
l
LR70 '
I
1

i it's personal we can only advise a diet or joining weightwatchers
If it's to do with tape, then why not consider the LR70/71 bulk
t sers. They are simple to operate and will erase cassettes
cartnidges and reels of tape up to a maximum reel size of 11"’
and tape width of 1", quickly and efficiently within the time it
takes to read this advertisement

T 70/71 bulk erasers are currently used fn Broadcast
Companies, Recording Studios, Government Departments
Educational Establishments and the Computer Industry
Moderately priced and available from

| LEEVERS-RICH EQUIPMENT LIMITED

INCORP. BIAS ELECTRONICS

319 Trinity Road, Wandsworth, London SW18 3SL
Telephone 01-874 9054

Cables: Leemag London SW18. Telex 923455 Wembley

WW — 031 FOR FURTHER DETAILS

For industry, research and education, JJ offer rapid delivery
of electrical reference, measuring and recording equipment
in a wide range of prices and specifications.

Resistance Bridges; Galvonometers: Potentiometers;
Decade Boxes; Dynamometers: Machine Sets;
Tensile Testers; Pen Recorders.

Send for our illustrated catalogues:

J.J. LLOYD INSTRUMENTS LTD.
Brook Avenue, Warsash, Southampton
SO3 6HP, England.

Tel: Locks Heath 4221 {STD 048 95}
Telex: 477042 - JAY JAY - SOTON

INSTRUMENTS

WW — 011 FOR FURTHER DETAIL
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Our Radio/TV Programme

If you service radio or television receivers, Avo has

Signal Generators to meet your requirements.

Pride of place goes to the new HF136 which goes one step
further than the widely used HF135 (an AM Signal Generator
which gives coverage up to 240MHz and 30%am at 1kHz).
The Avo HF136 combines an AM Geherator and FM Generator
in one case. Covering 4-120 MHz, it has a choice of outputs
cw, am,fm, or sweep + cw, or sweep+am and also 400Hz for
modulation or as an af signal for servicing audio stages.

One of these units, incorporated into your re-equipment
programme, could increase your
throughput and optimise the use of
your skilled manpower.

If you would like to know more about
our AM and AM/FM Signal Generators,
getintouch.

We will gladly put you in the

picture.

Avo Limited,

Archliffe Road,Dover, Kent. CT17 SEN.
4 Tel: 0304 202620

i Telex: 96283

WW — 059 FOR FURTHER DETAILS



Wireless World, February 1977

MULTIMETER F43 13 (Made in USSR)

TR 2 2 g
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SENSITIVITY:

1200V DC range: 10,000 /v

Other DC ranges: 20,000 Q/V

1200 AC range: 6,000 Q/V

600V AC range: 15,000 Q/V

300V AC range: 15,000 Q/V

Other AC ranges: 20,000 Q/V

AC/DC current ranges: 60-120-500uA-3-12-300mA-1.2-6A

AC/DC voltage ranges: 60-300mV-1.2-6-30-120-300-600-1200V

Resistance ranges: 300Q-10-100-1000K

Accuracy: 1.5% DC; 2.5% AC (of full scale deflection)

Mirror scale and knife edge pointer. Taut suspension of movement. Transistor
amplfier is used for all AC ranges thus achieving a common linear scale for both AC
and DC ranges.

Range selection is

Meter is protected by a transistorised cut-out relay circuit.
1.5V dry cells.

achieved by clearly marked piano keys. Power source: 5
Dimensions: 95 x 225 x 120mm.
PRICE £37.50 plus VAT
Packaging and postage £1.10

OSCILLOSCOPE CI-5
Made in USSR

Extemely simple and easy 10 use single beam
oscilloscope. Well proved design based on standard
octal valves makes servicing and maintenance
straightforward and ‘inexpensive. Because of its
bandwidth of 10 MHz the instrument is suitable for
general electronic applications and educational
purposes where a sophisticated instrument would be
both too expensive and delicate. 3in. tube giving a 50
x 50mm clear display. Amplitude and time base
calibrations. Sensitivity 30mm/v max. Triggered and
free-running time base, suitable for displaying pulses
from 0.1 u sec. to 3 m sec. A.C. mains operation.
Price £55.00 ex. works, plus VAT -
Packing and carriage (U.K. only £2.50)

Z & | AERO SERVICES LTD.

- Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF

Tel.: 727 5641 Telex: 261306

" FULLY GUARANTEED -
0A2 045 GSNTET 055 ’ K66 340 ‘m5o3 0.90
0A3 055 12417 0.45 KT88 365 PLBO2 140
082 045 12807 0.38 PL6 065 PY31 .50
o3 0.45 12Ax7 0.38 PCas 0.65 PYR 0.63
003 045 12844 0.80 PCO00 055 PY8l 0.43
5R46Y 1.00 12846 0.60 ® PCCB4 045 P82 - 048
5046 0.55 128E6 0.60 - POC8S 045 PYSS8. 0.50
-5146 0.55 12BHT 0.60 PCCB8 065 PYS00A 1.10
51367 065 12x4 050 = VALVES PCCSO 055 PYs00 050
6AB4 0.50 19AQ5 075 - . PCCI89  0.65 TT21 5.90
6AJ5 0.65 3085 0.70 ECCB3  0.38' EFB6 040 pcFR0 0.40 [TTZ2 5.90
6AKS 043 353 0.70  ECCH4 035 EFIR 0.35 PCFB2 0.40 UARRRD Il.sg1
BALS 0.30 3585 0.80 ECC85 0.48 EFI84 0.40 PCFSE 0.65 UAF42 0.70
6AQ5 0.50 3585 0.70  ECC86 1.25 EA200 075 pPCF200 0.80 UBCAT 0.504
6ATG 0.60 3505 0.70  ECC88 060 EL3A 070  pcF201  0.85  UBCS! 0.50
BAVE (050 3545 0.80 ECCBY 060 ELIB 0.60 PCFBOI 055 UBF80 0.50
BAWBA  0.75 35WA 060 FECCIBY 0.80 ELAI 0.80 PCFBO2 055 UBFBS 0.50
BAUG 040 50AS 1.00  ECFB0 045 EL8I 0.60 PCH200 0.75 UCCB4 075
6846 0.38 5085 0.85 ECFB2 0.45 EZ 060 pPuBI 055 UCcss 0.50
BBES 0.45 50C5 0.70 ECFB6 0.75 €83 0.60 PeL82 0.40 UCFBO 0.75
6BHE 0.75 5763 1.50 ECFB01  0.75 ELB4 0.35 PCLA3 0.70 UCH42 0.50
68J6 0.75 EABCB0 0.40 ECF802 0.75 EL90 0.50 PCLB4 0.50 UCHa! 0.50
6BN6 080 EACO! 055 ECHA2 085 £195 0.70  pe(is5 0.60 UCLA2 040
668 0.65 EAF42 0.70  ECHBI 0.50 EL500 0.30 PCL8S 0.60 UCLE3 0.70
6B26 055 EAF801  0.65 ECHS3 0.50 EMB0 055 pe200 075 UF4) 0.75
6827 0.70 EBCHY 0.75  ECHB4 050 EM81 060  po500 1.70 UF42 0.75
6CA 0.40 €BCBI 050 ECLB0 040 EMB4 0.40 PA200 0.70 UF80 0.40
6086 0.50 EBFB0 050 ECL! 0.75 EY51 045  pL35 0.40 UFBS 0.50
GEAB 0.75 EBF83 0.50 ECL82 042 EY5) 045 3 0.60 UF89 050 |
66KS 0.70 EBFBY 040 ECLBI 0.75 EY87 050 P38 0.65 U4t 0.70
6K6 0.65 EC86 0.75 ECL84 060 Y88 050 P8t 055 ULss 0.50
644 0.75 EC88 0.75 ECL8S 0.65 E240 060 PLA2 0.50 Uv41 0.55
6J56T 055 Ecot 260 ECLB6 055 €241 075 Ps3 050 UY42 0.55
646 0.35 ECC40 0.80 ECUBO0 4.50 Ez80 030 P4 0.50 UYB2 0.60
BL66T 0.60 -ECC8t 0.45  EFB0 035 g781 035 P95 0.70 .UY85 0.50
6SLT6T .55 'ECC82 0.38 85 045 614 073
All prices exclusive of VAT
HIGH GAIN DARLINGTON PAIRS TRANSISTORS FOR T.V.
Plasuc 3-lead Case Darlington Pairs Typical
current gain 30.000 Max collector voltage R20088 0.95
VcBo 40v -« Max collector current 400mA ‘'R20108B 1.68
ICBO-107
BU126 1.55 g
BC516 PNP 0.60
Boohe ois0 BU133 155
8U208 2.00
Plus VAT Plus VAT
T
‘Retail Branch:
85 Tottenham Court Road
London W1. Tel: 580 8403

WW--047 FOR FURTHER DETAILS

METER PROBLEMS?

variety of
sizes and stylings available for 10-14

137 Standard Ranges in a

days delivery. Other Ranges and
special scales can be made to order.

Full Information from:

HARRES ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW — 020 FOR FURTHER DETAILS
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D YOU KNOW ?

That the British rifle team won 5 gold, 5 silver and 16 bronze medals at last
year's International Matches. Probably ‘not! The media has a habit of
overlooking our achievements. Therefore, 1t is unlikely you will know that a
member of the team, Mr. D. A. Hodson, a keen amateur sound recordist,
loaned his Coles 4119 twin ribbon microphone to a member of the Canadian
Broadcasting Corporation who was televising the events. He was very
pleased with its performance.

We at Coles are pleased with both performances and would like you to try the
4119 for yourself.

DETAILS AVAILABLE FRO;VI:

COLES ELECTROACOUSTICS

PINDAR ROAD
HODDESDDN, HERTS.

‘ TEL. HODDESDON 66685

¥

AND

adkn

HAMPSTEAD HI-FI
HIGH STREET, HAMPSTEAD

LONDON. NW3
TEL. 01-435 6377
4 THE
o,
4119 FOR
THE KEENER
SOUND Our thanks to the Adjutant,
RECORDIST C. S. O'Brien, and Mr. D. A. Hodson

for the use of the above information

WW—040—FOR FU RTHER DETAILS
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ESP Mini-C-Dekade ESP Mini-T-Dekade

gestaey
e
genenet

gegenty
( 5 ini -T-Dekade
RO U G HIBE P Mini eka
Range 100pF to 11 uF i B
Accuracy 2% Price £74 .

Rating 100V DC
Size 10 X 15 X 4cm

Fits neatly in to the palm of the hand

EX VAT

Universal Timer
1 usec to 1 000 000 secs

Esp M'nl DVM hluo#;[:ig:z?;eL The Mini-T-Dekade has unique features
Miri DVM Type 3201 offering engineers a new fast. accurate means of
Functions designing and building electronic circuits
EEY HE i Time range—1. 1us to 9.999999 secs Il.

1000 v O1.us to 999999 9 secs Ranges are
200 mv switched in 7 decades using BCD code.
ACV 2000 mV Output — 25mA, 30V and 10W, 0.5A. 200V
20, 200V DC
500 V -
DCA 200 2000uA Quartz crystal—2 MHz. Stability ; 50 ppm
20 200 mA Power supply—N. Cd cell 12V 225m Ah
200uA
AC A 20004 Price £195 cxvar
20 200 mV

ESP Mini-R-Dekade

lhm‘é-? Dokadas TIWA }

29 wox we 'u we w1

IIIIIJ_ ]

A

Mini-R-Dekade Type 236A°

Range 1 ohm to 11 Mohm
Accuracy 1%

Max Dissipation 0.5 W

Size 10 X 15 X 3cm

Fits neatly into the palm of the hand.

Price £64 exvar

ESP Mini C-Meter

Mini C-Meter 100a
1pF to 10uF.
Portable

Linear Scale

Direct reading
Measures any type of
capacitor including
electrolytics

'\\ Price £49 cxvar

2, 20K

. OHM
Price £84 exvar 200. 2000 K1)

Auto ranging Automatic Capacitance Bridge
Model ESP 300A 1pF to 2000 «F

A complete range of British-made

instruments designed to
simplify capacitance measuring

Now
@ Accurate and sensitive capacitance

is easier to

@ Requires no manual balancing
@ Takes less than a second to

automatically
® Wide range of applications

Efectronic Services and Products Limited
Cross Lane, Braunston, Near Daventry,
Northamptonshire NN11 7HH
Telephone: Rugby (0788) 890672

Autoranging

measure a capacitor measure than capacitar ce bridge
e Updates changes in capacitance resistance £225.00 + V.AT

3end for technical literature and free

booklet: "’Modern methods of capacitance
measuring’’

Suppliers to: Ministry of Defence, Post Office.
B B.C., Government departments and
Electronic Laboratories world-wide.

WW — 057 FOR FURTHER DETAILS

N Hm ‘yons ' nstruménté

The T~ ¥ range, Japan's premier electronic instruments for
laboratory and prmjuLtluﬂ test apphcatmns now
available and hacked in UK by &1 Setvice,
% Wave Memories (Transient Recorders)
#% Function Generators # Low Distortion

Oscillators % Auto-Ranging AC Voltmeters
% Variable Filters % Automatic AF
Distortion Meters

Exclusve UK Representdtives:

WW—010 FOR FURTHER DETAILS

LYONS INSTHUMENTS :

Hogdesdon Herts !.‘:”1 19
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These modules are fully assembled, tested and guaranteed
units, as featured in our tuner. Designed by experts in
integrated circuit technology and applications, they
represent the finest available modules, ideal for
incorporation into top quality home built systems.

F. M. TUNER MODULES ij
Cor2 gg&z' 72

M1 MAIN TUNER MODULE

including ten turh manual tuning pot

M2 STEREO DECODER
including LLED. mdicator

M3 PUSH BUTTON PRE-SELECT UNIT

six channel & provision for manual tune

M4 REGULATED POWER SUPPLY

20v, 100mA output, 240v input

M5 TOUCH TUNE PRE-SELECT UNIT

A touch switched replagement for M3

available for the asking

12.5% VAT

A booklet is available for 50p (post free U.K.) Fully
describing the completely updated tuner. Prices subject to 33 Restrop View

. s Fully illustrated leaflets describing the above modules are f
' g JW
——

The Electronic Design Specialists

£28.50
£7.60
All items (except M5) are available in kit
form, or as individual I.C.s, P.C.B.s, etc.
£15.95 Full metalwork and teak cabinet is also
available to complete the finest tuner on
the market today.
£6.30
WATCH FOR FURTHER
ADDITIONS TO QUR RANGE
£17.54

Write for full lists today

Purton, WILTS
SN5 9DG

NORTH EAST AUDIO LIMITED
5 Charlotte Square, Newcastle upon Tyne NE1 4XE Telephone (0632) 26660

NEAL" STERE0

NEAL 3 CHANNEL AUDIO VISUAL
NE AL 4 CHANNEL RECORDERS

140 Series
, 4 Channel

CASSETTE
RECORDERS
FOR THE
PROFESSIONAL
USER

Special models
to order

NEAL Range includes: 102AV, 103AV STEREQ AV DOLBY

102,103 STEREO DOLBY 140SERIES 4 CHANNEL

110 MONQO AV DOLBY 104 HEAVY DUTY REPLAY

TRANSGRIPTION GASSETTE RECORDERS

WW-—007 FOR FURTHER DETAILS

FREQUENCY COUNTERS

1710 Hz to 1.2GHz
High performance instruments measuring frequency, period, time,
freq./ratio and calibrated output facility. Fast delivery. Specials by
arrangement.

@ e T

3[3425

125% w"“‘“

TYPE 1001M

('R)Y.\ rat OV\I’,NN l 2

TWO TONE BLUE Cas £670 § «& GHz

Sensitivity 10mV. Stability 5 parts 10."
Resolution + 1 Count

30iM 32MHz 5 Digit £95 | 401A 32MHz 6 Digit £132
501 32MHz 8 Digit £188 | 701A 80MHz 8 Digit £205
801A/M 400MHz 8 Digit £305 | 901iM 520MHz 8 Digit £375
801B/M 250MHz 8 Digit £274 | 100IM 1.26Hz 8 Digit £670
Start/Stop versions plus £12 | Memory versions available if not
suffixed M £25 extra

Type 101 1MHz 100KHz 10 KHz Crystal Standard £85
Type 103 Off/Air Standard £85

SUPPLIERS TO: Ministry of Defence, G.P.0., B.B.C., Government Depts., Crystal
Manufacturers and Electronic Laboratories world-wide

R.C.S. ELECTRONICS
6 WOLSEY ROAD, ASHFORU
MIDDX. TW15 2RB
Telephone: Ashford (Code 69)
53661/2

WW — 058 FOR FURTHER DETAILS
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Gardners)

Where performance
is paramount, professionals prefer Gardners...

We, at Gardners, have been in the communications busi-
ness for many more years than we care to remember — SO
have our Audio Transformers. Used throughout the world by
leading broadcasting and recording companies or wherever
only the highest technical standards and levels of reliability
are good enough our products are still preferred by profes-
sionais who know . . .

From microphone to tape (or film), speakers or head-
phones, studio consoles, manpacks, amplifiers, modems, we
at Gardners have tried to anticipate your needs. Miniaturisa-
tion (yes!) plus good performance (yes!) through to excep
tional performance (of course!). Impedance changing,
coupling, isolation, bridging, low and high power, with or
without D.C. Choose from our standard range of 95 models!
Every one an example of sheer professionalism.

All have low 10ss, low distortion, low phase-shift, low
pick-up, BUT wide frequency ranye.

Cat Impedancs (OHMS Turns Aati Operating Level Frequency
No nput Qutput Sec/Pr 18m at 50Hz RAesponse
My 7501 0315 100k 83/188 1

MU 7503 ©200-600 100k 13723 t + 148

My 7514 600 600/2.4k 1 1.1 8 50Hz- 10k Hz
My 7518 10k CT 10k 11CT

MU 7525 600CT 300/1.2k
MU 7530 10k CT 10k J.OHI 20k Hz
My 7534 50/200 100k 10B at 20k Hz}

MU 7566 600CT 10k/2.5k

o™

1
il
2
4
MU 7567 600/150 50k 9
MU 7582 200/50 600 CT 1 + 0508 10Hz--100kHz
VM 7461 15/3.75 600 6.
VM 7464 600/150 600 1
VM 7466 600 4
VM 7468 50/12.5 50k 3

MU 7521 3.75/15 600CT 6.32/12.64 1

MU 7522 3.75/15 100k * 82/164:1

MU 7524 150/600 600CT 1721 16.5 . 0.5d8
; + 1a8 30Hz - 22kHz

+ 1dB 30Hz - 12kHz

We would emphasisa that the above
is a representative selection only
Send for Brochure GT5 for
complete listings.

All units described are normally
AVAILABLE FROM STOCK.

SPECIAL DESIGN SEAVICE
11 your requirements cannat
be met by our standard
range, then we will gladly
design far your
production needs

Z (era-rd ners)

Gardners Transformers Ltd.
Christchurch Dorset BH23 3PN

'- ‘ Telephone 02015-2284
‘ L\ Telex 41276 Gardners XCH
Approved manufacturers of

electronic transformers, modular power supplies, inverters and
converters to Defence Standard 05-21

WWwW 2/77
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Introducing
Quick Charge
Condioee
Soldering

iron

e Solder heat in five
seconds

o No wires to
restrict use

e Completely
recharges in only
4 hours!

o No need for
earthing

e Capacity to solder
up to 125 joints

This new rechargzable
soldering iron from Greenwood
brings added freedom to
professional soldering. The
Cuick Charge recharges so fast
that completely dead battery
c3lls can be brought to fuil
cnarge in about 4 hours — three
times faster than before. In its
stand the Quick Charge is, of
course, being continually
charged. A wide range of tips
and now also a P C. Drrill
-attachment make this she most
‘versatile’ professional
spldering iron available

\

Iitustration actual size.

Greenwood Electronics

Greenwood Electronics, Portman Road. Reading. RG3 INE
Telephione: 0734-595844. Telex 848659

WW — 062 FOR FURTHER DETAILS




The world’s most famous company in communication, the Nippon
Electric Company Ltd., Tokyo, has developed the famous NED CQ
radio amateur gears, being with regard to design, quality, reliability
and price real pace-setters for today’s communicators.

Firstin history of amateur radio, such a big and famous company with
more than 80 years of experience in construction of communication
facilities, made its experience available to radio amateurs around the
world.

The NEC, which has declared microwave space communication to its
speciality, knows perfectly which attributes equipments must have for
becoming bestsellers.

Today we present:

NEC ca 110 E DIGITAL

BUARY PGS
",,--7; ~

allband, HF, 300wattstransceiver, 160 / 80 7 40 /7 20 / 15 / 11 /
10A /108 / 10C / 10D / WWV, modes FSK, USB, LSB, CW, AM,
with separate 8 pole X-tal lattice filters for each mode fitted.
Further features: Side tone at CW, VOX (automatic transmit-receive.
by talking into microphone), 11 meter CB band, all channels easily
selectable through digital counter, excellent receiver sensitivity at
extreme crossmodulation security by application for the 7360 low
-noise beam, deflection mixer tube.

This feature alone makes of the NEC CQ 110 E a toprider. Fixed
channel communication on 22 channels is possible. A 60 page
manual and a high quality dynamic microphone are supplied with the
transceiver. Speaker, AC 100-235 volts and DC 13.5 volts power
supplies are built in of course.

NEC ca 301
)" b £ :ﬁ“_‘ I -~ i _ﬁ«ﬁ!’
f’g‘%’ “ ’:{g: oI BEECALN c‘xsu- ’.;'.?‘,:. -\i?!-

‘ggﬂ.‘“'_',"";f_«..‘ . s X

allband HF, 3KW, linear amplifier, 160/80/40/20/15/11/
10 meter, for modern amateur communication. Two EIMAC 3-500 Z
triodes, in zero bias grounded grid application guarantee long trouble
free communication. The NEC CQ 301 can be driven by our CQ 110E
or other exciters capable of about 50-T00 watts of drive. AC power
supply 100-235 volts is built in of course.

RETAILERS: Do not hesitate to accept our offer. Join us in selling
these bestsellers!

Sole distributor in Europe:

CEC Corp., Via Valdani 1— CH 6830 CHIASSO—SWITZERLAND
Phone: (091) 44 26 51. Telex: 79959 CH
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BIVIBOARD

Stop Ruining Your I.C.’s And Wasting Time Soldering
Plug Into The Revolutionary New

BIVIBOARD

The Only Professional Quality Breadboard That
Accepts All DIL Packages With 6 To 40 Pins

Incorporates Bus Strips For Vcc And Ground
Includes A Component Support Bracket
Has Over 500 Individual Sockets
And Allows You To Use And Re-Use

IC’s, Transistors, LED’s, 7 Segment Displays,
Diodes, Resistors, Capacitors

Only £9.72 (cheque with order) Including VAT and P.P.
Special Quantity Discounts Available For
Radio Clubs, Retail Outlets, Distributors

BOSS WUSTRIAL HOULDINGS [T0

Higgs Industrial Estate, 2 Herng Hill Road, London, SE24 0AU, England

Telephone 01-737 2383 Telex 919693

= e S
WW 043—FOR FURTHER DETAILS

STEREO POWER AMPLIFIERS
(from 100 watts to 500 watts)

Professional Stereo Power Amplifiers designed and
manufactured to the very highest standard.

TURNER POWER is setting a new standard in the studios
for ultra-clean monitoring, and with bands on the road for
ruggedness and reliability.

Customers include: Air Studios, Wessex Studios,
Gooseberry Studios, Lansdowne Studios, Decibel Studios,
Queen and leading hire companies.

TURNER ELECTRONIC INDUSTRIES LTD.
175 Uxbridge Road, London W7 3TH
Tel. 01-567 8472

~ WW — 032 FOR FURTHER DETAILS
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TUTEUEUT

Lookmg for value
in Timer Counters?

The TC311, 312 and 314 make up a whole
new family of instruments, offering a very
wide range of applications with the
bandwidth DC to 100 MHz. And to tell you
all about them, we’ve just issued a brand
new full-colour data sheet that’s yours
for the asking.

Look at the pictures first, and you'ii
see that all the functions and controls are
grouped clearly and sensibly on the front
panels for ease of use. Look a little
closer, and you'll notice that the TC300
series offer the kind of facilities for
which you'd expect to pay a lot more.

Tryour
specs.

Browse through the specification.
You'll find all the normal requirements
plus extras not normally found at this
price. There's a wide range of functions
including frequency, time, period, count,
totalise and ratio. And of course, every
instrument is fully guaranteed for 2 years,
another cost saving. But don't just take
our word for it, read all about it for yourself ~
—and see how the advantages stack up.

Gould Advance Limited,
Instrument Division, Roebuck Road,
Hainault, Essex 1G6 3UE.
Telephone: 01-500 1000 Telex: 263785

-)»‘ G 0 U LD ADVANCE

WW-080 FOR FURTHER DETAILS
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Jointhe Digital
Revolution

Understand the latest
developments in calculators,
computers, watches, telephones,
television, automotive instrumentation . . .

Each of the 6 volumes of this self-instruction course measures
113%" x 8%’ and contains 60 pages 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 circuits, and on to a complete

.understanding of the design and operation of calculators and

computers
Design of Digital Systems.

£6.20

plus 80p packing and
surtace post anywhere in
the world. |

Payments may be made in
foreign currencies.

Quantity discounts
available on request.

VAT zero rated.

Also available -— a more €lementary course assuming no prior
knowledge except simple arithmetic.
Digital Computer Logic and Electronics.

In 4 volumes- £4.20

plus 80p P. & P.

1 Basic Computer Logic

2. Logical Circuit Elemerts

3 Designing Circuits to
Carry Out Logical Func- Offer Order both courses
tions ) for the bargain price £9.70,

4 Flipflops and Registers plus 80p P. & P.

Designer These caurses were written so that you could
teach yourself the theory and application of
Manager digital logic. Learning by self instruction has the

Enthusiast advantages of being quicker and more thorough
than- classroom learning. You work at your own

Sme_nust speed and must respond by answering questions
Eng|neer on each new piece of information before
Student proceeding to the next.

Guarantee—no risk to you

If you are not entirely satisfied with Design of Digital
Systems or Digital Cemputer Logic and Electronics,
you may return them to us and your money will be
refunded in full, no questions asked.

——————— e ————

To Cambridge Learning Enterprises, Dept COM FREEPOST
Riversmill House St lves, Huntingdon. Camts- PE17 4BR

*Please send me . . set(s) of Design of Digital Systems at £7.00 each,
p & p included

‘or ... set(s) of Digital Computer Logic and Electronics at £5 00 each.
p & p included

Tor . ....combined set(s) at £10.50 each. p & p included
Name (

Address

delete as applicable
No need 1o use a stamp -- just print FREEPOST on the envelope.

o1

e e . — —— e ———

(¥ |RADFORD}

HIGH PERFORMANCE AMPLIFIERS

for the enthusiast and professional

ZD22 Stereo Pre-amplifier Control Unit

A stereo pre-amplifier of virtually zero distortion. Inputs for disc. tuner, and
two tape machines, providing comprehensive recording and reproducing
facilities. Sensitivities: Disc 1mV, and Auxilliaries 50mV., for 1V output.
Exceptional signal/noise ratio. Output at clip level 18V r.m.s.

ZD50 Power Amplifier
A stereo power amplifier of all aluminium construction. Qutput of 110
watts per channel into 4 chms and 70 watts into 4 ohms at typically less
than 0.002% distortion.

ZD 100 Power Amplifier
A stereo power amplifier of all alumlmum construction with high thermal
mass and designed for continuous operanon at high output level. Provides
150 watts per channel into 4 ohms and 90 watts per channel into 8 chms
at virtually zero distortion.

ZD200 Power Amplifier
Characteristics as ZD 100 amplifier but provides an output of 250 watts per
channel into 4 ohms and 150 watts per channel into 8 ohms.

HD250 Stereo Integrated Amplifier

Uses ZD22 pre-amplifier with a power amplifier having a power output in
excess of 50W per channel into 4-8 ohms. Distortion: fess than 0.02% at
rated power, typically less than 0.01%. True complementary symmetry
output. Headphone output. Inputs: Disc. tuner, and two tape machines.
Sensitivities: Disc 1mV. Auxilliaries 50mV for 20W output.

Full descriptive leaflets available from:
RADFORD ELECTRONICS LTD.
Audio Division
Ashton Vale Road, Bristol, Avon BS3 2HZ. Tel: 0272-662301

WW — 018 FOR FURTHER DETAILS

INSTANT CIRCUIT DESIGN
WITH THE BUG SYSTEM

THE PROFESSIONAL BREADBOARDS FOR STUDENTS & HOBBYISTS!
NO SOLDERING! USE ICs AGAIN & AGAIN!

SK10. Takes up to eight 14 pin
DiLs. Alt components insert
drrectly. Insertion life of

10.000 cycles. Contact
resistance 5 milllohm average.
Housing 1s acetal copolymer. £13.38

SK50. Half size version of SK10 for tight places
and student use. Takes 4 DILs. £7.80.

LABEL THOSE ICs. [2+ TR
Self adhesive ‘Bug IJ -y T§4 !
Backs' for many 7400 series TTL ICs. Ll YTy
Identify pins and device. Saves time and —
temper! Pack of 500 £6.40. U

!

i

G | LEARN DIGITAL ELECTRONICS

- - - Bug Books Part | & Il 750 page learning system
including 90 expernments on 50 different 7400

senes TTL ICs. £13.50 each. -

o
LR25. A useful control '-E',,i"‘*"’
package for digital he =
circuits on SK10/SK50 sockets. Generates  \_==
pulses. Monitors outputs. 8 LED indicators. 4 logic switches. 2
pulsers. Variable frequency clock. £41.75.

Alf prices include VAT and P. & P.

Send for the Bug System leaflet and order form or cheque with order.

HEPWORTH ELECTRONICS

Hepworth House, Worcester Road, Kidderminster DY10 1BG
Telephone Kidderminster 2212/3

VWW I
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NINGIRIA

complete th
picture...

...Withtheirnew NAGRA E

A dilemma Nagra were suffering for some time, was how to produce a self-
contained Professional Tape Recorder which incorporated all the qualities of
their highly acclaimed Nagra 4.2, but could be marketed in the lower price
range. AImost anyone can manufacture a cheaper version of a successful
product but Nagra were determined not to sacrifice standards for economy.
Well, we are happy to announce they have achieved the perfect solution with
the new Nagra €.

The astounding saving of around 50% has been principally achieved by the
simplification of the speed stabiliser—a single operating speed of 7vz ips is
provided. The tape deck and transport mechanism are closely similar to that

TECHNICAL DATA

Dimensions: 13.8 x 9.3 x 4in (351 x 336 x 104 mm)

Weight: 12.6 Ibs (5.75 kg) with tape and batteries

Wow and flutter: + 0.1%

Reels: 7 in cover open, 5 in cover closed.

Loudspeaker:1.0W o1, syitchable Tape/Direct

Headphones output

Frequency response recorded at —20 dB: 30— 15.000 Hz + 2dB
SIN ratio, ASA"A" better than 66dB

Temperature range: 4°—158°F(—30to + 70°C)

used on the Nagra 4 Series, which has become renowned worldwide for its
reliability and performance.

Good news, for the operator in the field, is that the new mode! is slimmer and
lighter than the 4.2 and comes complete with a measuring probe, circuit dia-
gram and some essential spares. This means that bias adjustment resulting
from tape type change can be easily carried out away from base. A single
microphone input is provided which can be switched to accept dynamic or
condenser types.

A sound level meter may be diractly connected if required.

r-------------------

Please send me further details of the new NAGRA E and other models
in the range.

|

Name l

Address |

. 1

HAYDEN | 2A0BINEN | contomisipoir. T
— Bucks, SLI 9EW Tel: Gerrards Cross 88447 ' |

WW — 079 FOR FURTHER DETAILS




Electronic

Edicro

For Quality
and Reliability

Edicron Limited

Redan House 1 Redan Place
London W24SA

Tel:01-727 0101

Telex: 265531
Cables:Edicron London W2

TV Picture
Tubes

Transistors

Valves/Tubes

Wireless World, February 1977

Resistors and
Capacitors

CR Gun
Assemblies

Upson Ball Ended Drivers —
for use on recessed socket head hex
~ screws, the ball end allowing for the removal of
-ews from awkward positions,i.e.up to apptoxi-
mately 30° from any angle —as illustrated.
Upson Held-E-Zee Screwdrivers have a spring clip which fits over the screw
head holcing the screw in p2sition on the driver so that it can be positioned
without difficulty in awkwardly placed positions.When the screw is started, the
blade can be slipped off the screwhead, the spring holder retracted and the
screw tightened in the usual way.
These screwdrivers have a patented Lok-Block
Handle which makes it virtuatly impossible,
in any circumstances, for the blade to
turn independently within
the-handle

UPSON

"'_ & For All Those Nasty 4717 Screws
In Awkward Places. ..

SPECIAL PRODIJCT DISTRIBUTOFc LTD 81 Plccadllly London W1V OHL.Tel: 01-626 9556
WW—039 FOR FURTHER DETAILS

AELCRYSTALS UIMITED
Gatwick House, Horley, Surrey, Eagland RH6 95U
Telephone: Horley {02934) 6353 Telax: B7116 (Aerocon Horley)
Cabies: Asrocon Telex Horley
—e

WW — 025 FOR FU RTHER DETAILS

ELECTRONORGTECHNICA

carbon film Res|sT0RS

Vs and Yaw 70°C 5% tol. E.12
EX-STOCK

£4'90 glE:ROINoEo?/ALUE CL:S & POSTAGE

Minimum export order £ 100
Contact John Gingell
London W2 5SF

- AERO SERVICES LTD.
Z:
TEL 01-727 5641 TELEX 261306

44A Westbourne Grove
WW — 037 FOR FURTHER DETAILS
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MORE POWER=
MORE TORQUE

with the

oNEW MK.IIDRILL e

SPEED
10,000 r.p.m.

TORQUE -
120 cmg

VOLTAGE
9-14vd.c.

DRILL ONLY £8.79
(p&p 35p)
STAND £4.40
(p&p 35p)

Inc. VAT
(Together 50p p&p)

Senda 9" x 4"
SAE for illustrated
leaflet and order form

PRECISION PETITE LTD.

119A HIGH STREET, TEDDINGTON, MIDDX.
TEL.01-977 0878

{24-hour answering service)

21

DATA AND
GOMMUNIGCATIONS
TERMINALS

Teletype 28, 32, 33, 35, 40
TermiNet 30, 300 & 1200 (30 and 120 cps)
Teleterm 1132 and 1200 series (portable / fixed 30 cps)
with integral coupler and RS 232C)
Other page printers (by Siemens, ITT Creed, etc.)

* Spares, repairs, overhauls and maintenance
* Other types and models available
* Refurbished units also available
* Short and long period rentals
* Minicomputer interfaces
* Quantity discounts
* Immediate delivery

TELEPRINTER EQUIPMENT LTD.
70-80 AKEMAN STREET
TRING, HERTS., U.K.

Telephone 0442-82-4011
Cables RAHNO Tring
Telex 82362

A/B Bateicom Tring
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Hi-Fi Systems
that GROW
with you

At last someone has come up with a flexible approach to quality
hi-fi that doesn't become obsolete as you become more discerning.
Take an initial standard 20W r.m.s. + 20W r.m.s. stereo
and with simple modifications this can be expanded to give a powertui
40W 4 40W stereo system together with additional multi frequency
rumble, hiss and stereo image width controls.

Currently available from stock:-
Stereo Pre-Amp Module CP-P1

* 2 channel pre-amplitier

* |deal for use with record player, tape. microphone, tuner inputs etc

* No external comgponents required other than potentiometers tor bass, treble,
balance, volume controls and input selector switch

* The CP-P1 1s internally protected aganst accidental reverse power connection

PRICE £13.30Q specification

+£166 VAT Input Sensitivity SignaliNoise Impedance
Magnetic 3mv -70dB 47k
Tuner 100mv =70dB 10k
v =70dB 10k9

Tape 100m
Auxiliary  1-100mV  60dB-70dB  200kg

Magnetic i/p overload: 33dB;

Distortion: 0-04% at 1kHz

Output: 1V r.m.s. into 10k$2:

Supply voltage: + 18V nominal;
ooxtroas Bass +12dB at 100Hz,

T'eble 12dB at 10kHz

Stereo Amplifier Module CP2-15-20

* The CP2 -15-20 1 designed to give either a 20W + 20W stereo amplifier or
alternatively a 40W single channel amphtier

* No external compcnents required

* Safety features include built-in protection against accidental reverse power
connection and thermal shut down tacility to prevent over dissipation

Specification: PRICE £12.85 +£161VAT

Power output:

40W r.m.s. into 89, 1 channel; or

30W r.m.s. into 159, 1 chanfel; or

20W r.m.s. + 20W r.m.s. into 402 2
channel; or

15W-r.ms. + 15W r.m.s. into 80, 2
channel

Input sensitivity: 1V r.m.s.; Frequency
response: 20Hz-20kHz, at —3dB; Dts
tortion: 0-04% at 15W; Supply Volt

1 18V nominal; Size: 5-1 x 4 x 125
(130 x 102 x 32mm).

Also available:—
Audio Function Module CP-FG1

For those requiring a wider range of tacilities this modute provides —
* Bass and treble tiiter controls including switchable cut-off frequencies for

rumble and hiss reduction PR'CE £11.75

* Stereo separation control
* Complete except for switches and potentiometers +£147 VAT

Power supply: Module CP-PS 18/2D

Suitable for one 20W 4 20W complete system. A 40W + 40W system can be pro-
duced using 2 power supplies
’ PRICE £5.75 +72p VAT
These productscarrya 2 year guarantee ”

Liifipalm Ltd 25
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Build up the network you need
with Barr & Stroud

Active Filter Modules -

For maximum flexibility, the EF Series Active Filter Modules* are
well worth your consideration. They give Bessel, Butterworth or
Chebyshev responses, high-pass, low-pass, band-pass or band-stop
filtering, are solid-state, compact and fully encapsulated.
They are equally suitable for general laboratory functions
or incorporation into standard equipment.

Your own external components are used for tuning and
response selectian. Complete details are in pamphlets
1700 and 1732 ; ask for your copies today.

BARR & STROUD LIMITED
London Office: 1 Pall Mall East,
London SW1Y 5AU

Tel: 01-930 1541 Telex: 261877

/ BARR AND
STROUD

Glasgow and London

-

p{nm’ ANy

EF40 and EF41 Universal
band-pass and

band-stop with centre

frequencies 0-1 Hz to

il 10kHz — band-pass Q up

*EF10 Series — low pass, EF20 Series — high pass, to 200 — band-stop Q

response down to d.c. response up to 1MHz, up to 10. Suppiementary
1Hz-30kHz cut-off. THz-30kHz cut-off, operation in low-pass,
12-36dB/octave 12-13dB/octave high-pass and all-pass
stop-band attenuation. stop-band attenuation. delay modes.

'WW—076 FOR FURTHER DETAILS

(¥ |RADFORD)
AUDIO LABORATORY INSTRUMENTS

or the professional

LDO3 Low Distortion Oscillator
A continuously variable-frequency laboratory oscillator with a range
10Hz-1 00kHz, having viitually zero distortion over the audio frequency
band with a fast settling time

LDO3.B Low Distortion Oscillator, balanced output.

A LDOR but fitted with an output amplifier and screened balanced
transformer providing a 600 ohm floating / balanced output, and 150
ohms unbalanced output

DMS3 Distortion Measuring Set (//lustrated)

Measures total harmonic distortion down to 0.001% speedily and
accurately . Direct reading from calibrated meter

HSV1 High Sensitivity Voltmeter

An accurate voltmeter with 16 ranges, 10uV-300V fs.d. Average

e responding
® HSV2 High Sensitivity Voltmeter.
THRULINE'WATTMETER
I ANM1 Audio Noisemeter
0.45-2300 MHZ/O1 10000 watts An accurate voltmeter and noisemeter with 16 ranges. 10uV-300V f.s.d.
Fitted weighting characteristics: Wide band. DIN Audio Band, IEC/DIN
The Standard Of the lndUStry Curve ‘A’, and CCIR. Average responding
What more need we say. .. ANM2 Audio Noisemeter
As ANM1 but true r.-m s. reading
Exclusive UK representative ANF1 Audio Noisefilter

An active filter to CCIR weighting characteristic for use with external
as en . . voltmeter. (Ref. Dolby Laboratories Inc.. Bulletin No. 43, Mar. 76)
eIeCtron’cs ,’m’ted Full descriptive leaflets available from

RADFORD ELECTRONICS LTD.

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 9UwW Laborato i
- ry Instruments Division
TELEPHONE: 01.868 1188 — TELEX 8812727 Ashton Vale Road, Bristol, Avon BS3 2HZ Tel. 0272 662301
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We guarantee
730 bright days ahead.

23

~ Take a look at the Alpha II

Multimeter, and the first thing

you'll notice, apart from the
surprisingly low price, is the
display. Big, bright and clear,
—even in high ambient light
conditions.,

Use the instrument for a
little while, and something
else will impress you: its

-accuracy. The Alpha Il is

WW-081 FOR FURTHER DETAILS

accurate to within 0.2% — better
than many a more expensive
Instrument.

Keep on using it, and you'll
begin to notice that it is also
outstandingly reliable.

Mains or battery operated, it
Is fully protected against

-overload, and so confident are
- we of the Alpha II's reliability

that we offer a full 2-year
guarantee with every one.
Now doesn’t that make the
outlook seem brighter?

Contact us now for further
details.

Gould Advance Limited,

Instrument Division, "
Roebuck Road, /‘;EQ\Z%
Hainault, Essex 1G6 3UE. & )
Tel: 01-500 1000 S
Telex: 263785 |

-) G 0 U LD ADVANCGE
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TELETEXT DEGODER Qoteonics

PLATED- REP:HNT ‘ V H F
M ecos mnees | FREQUENCY
AVAILABLE

4 £1.50
; ; . COUNTER
Build the W.W. Teletext Decoder

as described in ‘Wireless World’
(Navember 1975 to June 1976)

Our kit contans all the printed circuit boards and components
necessary to build the complete decoder. The power supply and video
switching circuitry are normally installed within the television cabinet

and the main decoding control and memory circuitry in a separate 200MHz D.F.M. for direct readings up to
cabinet positioned on top of the television. PRICES ARE AS FOLLOWS: the mobile radio VHF ‘High Band’
Standard version New version with Post & * Full 7 digit 0 35" amber display
using 2513 Texas X887 Packing * | C memory giving a "'non-blinking™ display

Set of 5 PCBs * Automatc suppressed zeros on 3 leading. digits to reduce

. i . ower ConsumMption
{incl. PSU & Video Switching) £17 204+VAT= £19 35 £17 164+VAT=£18.30 25p * 1")TL and ECL |.cps used 1o give a high degree of reliability
Component Kit (incl. PCBs) £105 31 +VAT=£114.45 £117. 11+VAT=£12710 £1.00 * 10MHz master osciltator tor high accuracy
Add-on Umit for lower case #* 12V (--ve earth) d¢c iput and 210-260V mains psu hitted
"PCB only £225+VAT= £2.53 = PRICE ONLY £:255:).oo + VAT {8%)
Component Kit (inc! PCB) £12.63+VAT= £1375 - + £ carr
Cabinet £13204VAT= £1485  £1320+VAT=£1485  75p TCXO VERSION aso avaianie
Plated-through hole PCBs are available for TEXAS A reprint of the series of articles 1s available a1+ 1 50 + For laboratory use and others requinng a precision reference
veision only at additional cost of £24.00 + VAT large 14p SAE (included free in complete kit) oscillator a special high stability version is available osing a
£27 00 temperature controlled crystal oven ascillator
Frequency stability 1s better than 0 1ppm aver the temperature
READY BUILT & TESTED DECODERS also available td order from £205.00 + VAT & Carr. range 0 to +60 C after a 5 minute warm up period

COMPONENTS ALSO AVAILABLE SEPARATELV — SAE for price list

Model DFM/S £160 00 + VAT (8 )+U 50 carr

CATRONICS LTD. (Dept. 722), COMMUNICATIONS HOUSE,
" 20 WALLINGTON SQUARE, WALLINGTON,
atroniCS sy gpey sMe 8RE. Telephone 01-669 6700

WW.—722 FOR FURTHFR DETANS

J E S AUDIO INSTRUMENTATION

lllustrated the Si452

Distortion Measuring
' Unit—Ilow cost distor
O O O O tion measurement down
BB Ty to.01% £48.00
) (-]
Si451 £60.00 51453 £60.00
Comprehensive Millivoltmeter  Low distortion Oscillator -
350u Volts 20 ranges sine square RIAA woas =47 Aé i
prices plus VAT \ Ca“ndg?sb\e
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton [0274) 872501 FITCH TAPE MECHANISMS e:j\‘src:eca:?;;m
CARR STREET, CLECKHEATON. W. YORKSHIRE B19 SLA 7a Balham Grove, London, SW12. 01-673 1362 us.

WW — 026 FOR FURTHER DETAILS WW—051 FOR FURTHFR DETAILS

sorus m for a technical advisory service and
e ~ off the shelf delivery, contact

steppers
d.c. motors
control systems

MClennan

gearboxes
friction telephone 03446 5757/8
clutches IMPEX, PORTESCAP £ )
i“strument PRINTED MOTORS

) McLENNAN SERVO SUPPLIES LTD.
couplings

KINGS ROAD, CROWTHORNE, BERKS.

WW—056 — FOR FURTHER DETAILS
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THV Iy UJHERE
E}E ACTION

Britain’s biggest and best-known
exhibition of home entertainment,
audio and hi-fi.

@ UNIQUE - for reputation and scope. This is our 23rd year, and no other
fair offers such a comprehensive showcase for home electronic entertainment,
plus the traditional appeal to audio and hi-fi specialists.

@ LONDON’S OLYMPIA — the industry’s favoured location, where the
people and the money are . . . and the only venue with the size, scope and
facilities for this great trade and public festival.

@ SEPTEMBER 12 to 18, 1977 - the preferred pre-
Christmas selling-time period . . . and opening with
a day and a half for the trade only.

& BACKED by major IPC specialist, trade and
consumer publications. commanding a
combined readership of 1,750,000.

@ ORGANISED by the IPC Business
Press specialist exhibition company, with
a remarkable record and reputation for
handling specialist fairs.

To: Audio Fair,

Iliffe Promotions Ltd,
Dorset House,
Stamford Street,
London SE139LU

YES, | MUST find out more
aboutthe 1977 International
Audio Festival and Fair.
Please send me an exhibitor’s
brochure right away.

. Name

l Position in firm
. Address

Products we want to exhibit

L---

L------------
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AMBIT international (dept 85)

The Dynamic Twosome: Signalmaster/ Audiomaster
After long and thorough deliberation, we are proud to
announce a new unit from Larsholt - the Audiomaster.
As ever, the instructions are designed to lead the unwary-
and the inexperienced- through point-to-point steps that
culminate in a professionally styled and finished amplifier
to complement the Signalmaster FM tuner. Price £79.00
Power: 25+25W RMS
THD: Less than 0.3%
Dynamic range: an
exceptional 80dB

(Signalmaster shown on top
of the Audiomaster)

The Signalmaster Mk.8 is equally simple ro assemble, and
results reflect the superb Scandinavian styling and careful
electronic engineering. £85.00.

i i = . International Mk.2:
- o
_...,...Mm %" A choice of tuners
o ;
IO P T, gﬁ ©  for the more exper-
P A - : inced constructors.
2. Bl ot S =

A chassis, cabinet and front panel designed to be used with
a variety of electronics inside. The standard set, with the
Larshelt 7253 varicap FM tunerset, plus all necessary parts
to complete costs £65.00. Alternative modules for the signal
processing stages are available for the more advanced F.M.
radio enthusiast/constructor. (EF5800/7030/91196)

EF5800

From left to right, the EF5800 6 circuit varicap FM tunerhead. Two
MOS REF stages, both with AGC control, and an ultra stable oscillator.
Next the 7030 Linear Phase 10.7MHz IF. Distortion 0.08%, muting,
AGC, meter, auto stereo switch outputs. Finally the new 91196 mpx
decoder and combined birdy filter. Mono THD 0.05%, stereo sep.
55dB at 1kHz, 42dB at 10kHz - the best decoder module yet.
EF5800.....£14.50 7030.....£10.95 91196.....£12.99 (Builv).
Overall performance of the three modules when correctly assembled:-
30dB S/N at 0.85uV input. 60dB at 5uV. THD 0.09%. AFC holds
THD below 0.2% over 400kHz if required. AGC effective over a
90dB range. Image rejection -90dB. Noise floor -73dB.

- Components: Coils, ICs Filters, etc.

Radio |Cs: {and modules} Coils and filters:-
CA3089E/HA1137W FM 1.94 AMIFTs TOKO
CA3090AQ mpx 3.75 YRCS/YHCS types(10mm)O0. go

MC1310/KB4400 mpx 2.20 7MCS types (7mm)

HA1196 mpx 4.20 FM IFTs:-

HA1197 AM radio 1.40 KACS/KALS types(10mm)0.33
TBA120AS FM IF 1.00 94A types (10mm) 0.30
TBA651 AM radio 1.81 AM filters:-

uA720/CA3123E AM rad 1.40 CFT typesceramic (455) 0.55
LM380N 2W Audio 1.00 CFU type ceramic (470) 0.60
TBAB10AS 7W Audio 1.09 SFDA470 types {(470) 0.75
TCA940 10W Audio 1.80 FM filters:-

TDA2020 20W Audio 2.99 CFS/SFE ceramic (10.7) 0.50
LM381N stereo preamp 1.81 SFE6MA (TV sound) 0.80
LM3900 Quad amp 0.68 3132 linear phase 2.25
78M12-20-24 volt reg ea:1.20* MPX 19&38kHz notch
NE550A variable reg 0.80* BLR3107 (4k7 imp) 1.75
TAAS5508B varicap reg 32v0.50* BLR2007 (3k3 imp) 1.75
NES560/28 PLL IC ez:2.50 23 or 36mH chokes 0.33
NE5618 PLL IC 3.50 Tunerheads: (& tunersets)
NES565A/567Vv PLL ea:2.50 EF5600 5 gang varicap 12.80
810k kit for TBA810 amp2.75 EC3302 3 gang varicap 5.50
2020k kit for 2020 amp  9.35 8319 (Larsholt) 12.00
92310 kit for mpx decoder5.35 7252 tunerset complete 26.00
7020 kit for 3089 FM IF  6.65 7253 stereo tunerset 26.00

971197 kit for varicap AM 03 Standard transistors also kept in

radio tuner 5 stock - see lists for further detail
7700 built TV sound tuner 27.00 and price information.

Terms: Vat extra, 12.5% unless marked *, which is 8%, all
complete tuners require £3.00 for packing and carriage. The

standard P&P rate remains at 22p per order. Catalogue 40p.
Phone (0277) 216029 (After 3pm please}. SAE for free price lists.

Write to: 37a High Street
Brentwood, Essex : CM14 4RH

Switching problems?
Rely on Zettler.

(Producing 30 basic types

of relay and 15.000 variants
with regard to contact
stacks, terminals, energizing
current and contact
material, Zettler is among
the largest manufacturers
of electro-mechanical
components.

Our product range \
comprises:

Low profile (flatform) -
Timing - Miniature - Low
contact capacity - Herme-
tically sealed - Stepping -
Mains switching - Latching -
Contact stacks - Solenoids

-

Miniature Extra

Heavy Duty Relay AZ 230
Capable of Switching High Power

in spite of small physical size.
Contact: 1 Changeover.

Contact Material :

Silver Cadmium Oxide.

Rating: 3.5kVA. 16 A. 250 V AC max.
Dielectric Strength: 2.5 kV rms.
Coiis: 5V DC - N0V DC.

Size: 35.5x19x 30.2mm.

Printed Circuit Mounting.

J

We resolve your switching problems rapidly and expertly. Please

contact us for further details.

ZETTLE

Brember Road

Zettler
UK Division

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

A member of the worldwide ZETTLER electrical engineering group, est 1877

WW —006 FOR FURTHER DETAILS

ELECTRONIC
INDUSTRIAL TRERMOMETER

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 open
scale meter. Supplied with carrying case, Probe and internal 1%

volt standard size battery.

Model “Mini-Z 1" measures from—40° C to + 70° C Price £25.00

Model “Mini-Z 2" measures from—5° C to + 105° C Price £25.00

Model “Mini-on Hi”" measures from + 100° C to + 500° C £20.00.
(VAT 8% EXTRA)

Write for turther details to

HARRIS ELECTRONICS (LONDON)
138 GRAY'S INN ROAD, LONDON. WC1X 8AX
("Phone 01-837 7937)

SRS ]
WW — 021 FOR FURTHER BETAI:S
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Unique full-function

8-digit wrist calculator...

available onlyas akit.

A wrist calculator is the ultimate in common-sense portable
calculating power. Even a pocketcalculator goes where your
pocket goes — take your jacket off, and you're lost!

Buta wrist-calculator is only worth having if it offers a
genuinely comprehensive range of functions, with a full-size
8-digit display.

Thisone does. What's more, because itisakit, supplied direct
from the manufacturer, itcostsonly averyreasonable £9.95
(plus 8% VAT, P&P). And for that, you get notonlyahigh-
calibre calculator, butthe fascination of building it yourself.

How to make 10 keys do the work of 27

The Sinclair Instrument wrist calculator offers the full range of
arithmetic functions. It uses normal algebraiclogic (‘enter it as
you write it’). Butin addition, it offers a % key; plus the
convenience functionsv/'x, 1/x, x2; plus a full 5-function memaory.

All this, from just 10 keys! The secret? An ingenious, simple
three-position switch. It works like this.

1. The switch in its normal, central
position. With the switch gentred,
numbers — which make up the vast
majority of key-strokes - are
tapped in the normal way

2. Hold the switch to the

left to use the functions to
the left above the keys. ..

3. and hold itto the right to

use the functions to the
right above the keys.

The display uses 8 full-size
red LED digits, and the
calculatorruns on readily-
available hearing-aid
batteries to give weeks
of normal use.

Sinclair fnstrument Ltd,
6 Kings Parade, Cambridge,
Cambs., CB2 1SN.

Tel: Cambridge (0223) 311488

Assembling the Sinclair Instrument
wrist calculator

The wrist calculator kit comes to you
complete and ready for assembly. All
you need is a reasonable degree of
skill with a fine-point soldering iron
It takes about three hours to
assemble. If anything goes
wrong, Sinclair Instrument
will replace any damaged
components free: we
want you to enjoy
assembling the kit,
andtoendupwith a
valuable and useful
calculator.

Contents
Case and display
window,
Strap.
Printed circuit board.
Switches.
Special direct-drive chip
{(no interface chip needed).
Display.
Batteries.

Everything is packaged in a neat plastic
box, and is accompanied by full instructions.
The only thing you need is a fine-point soldering iron.

All components are fully guaranteed, and any which are
damaged during assembly will be replaced free.

The wrist-calculator kitis available only direct from
Sinclair Instrument. Take advantage of this 10-day money-
back undertaking.

Send the coupon today.

To: Sinclair Instrument Ltd,
6 Kings Parade, Cambridge, Cambs., CB2 1SN.

* Please send me. .. {gty) Sinclair instrument wrist-calculator
kits at £9.95 clus 80p VAT plus 25p P&P (Total £11).

"l enclose cheque/PO/moneyorderforf. ................ .

* Complete as applicable.

Name
Address

(Please print)
l understand that vou will refund my money in full if | return the
kit undamaged within 10 days of receipt WW/2

WW — 015 FOR FURTHER DETAILS
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this25MHz dual trace,

dualsweep ,clear
display, highly versatile
roval performance

TheD67A s
aWORLD PREMIERE

Capable~that’s our scope

WW—075 FOR FURTHER DETAILS

It you use oscilloscopes, you should know
about the D67A, one of the newest in a strong
cast of star performers from T'elequipment.

Superbly enginecred, elegantly styled, this
robust and compact oscilloscope captures the
spotlight with its 25MHz bandwidth, its dual
trace dual time base versatility and an extensive
repertoire which includes delayed and mixed
sweep routines. Sensitive, (up to 1mV/div) yet
without a trace of temperament, due to F.E.T.
input circuitry. High speced presentation, (up to
jons/div) with excellent timing (43%, to 459%,)

a blending of talent and technical expertise
that could come only from a Telequipment
production.

You will applaud it on performance and encore
it on price. Secure your front row seat today, ask
us for a brochure and a demonstration.

Tektronix U.K. Limited,
P.O. Box 69, Beaverton House, I larpenden, Herts.
Tel: Harpenden 63141 Telex: 25559

TELEQUIPMENT RGi)g
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PHILIPS .

The Generation Gap

Fill your Generation Gap with these 5 generators. You will then ensure that your workshop is the
most efficiently equipped and that your service engineers’ home visits are the fastest and most
effective. Good service means more sales so make yourself the most successful TV businessman
and get these Philips instruments now. You'won't find better value for money.

Pye Unicam Ltd

Philips Electronic Instruments Dept.
York Street Cambridge England CB1 2PX
Tel: Cambridge {0223) 58866 Telex: 817331
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1 PM5501 PAL TV Pattern
Generator

Extremely light portable instru-
ment for service in customer’s
home. Five different test patterns
for,colour and black/white in-
stallation and service. RF output
switchable : VHF Band Il or UHF
Band IV. 1 kHz tone for sound
performance checks.

2 PM5509 PAL TV Pattern
Generator

The ultimate in pattern genera-
tors. Full IF coverage ; band I, 1,
IV and V. Electronic tuning with
preset channels. 10 test patterns
(colourand black/white). Adjust-
able chroma burst and HF-
amphtude. Special sync, video
and VCR outputs.

3 PM6456 FM Stereo
Generator

Has stereo transmission started in
your area? The PM6456 gives a
complete stereo signal, L&R
signal. Internal L. F. modulation:
1 and 5 kHz. External stereo
modulation possibility. X-tal con-
trolled pilot. Adjustable multiplex
signal. ’

4 PM5324 HF Generator

Frequency range 100 kHz - 110
MHz. X-tal calibration. Special
band spread ranges. High fre-
quency stability. Electronically
stabilised output max. 50 mVrms
in 750. Facilities for internal and
external AM and FM modulation.

5 PM5334 TV Sweep
Generator

Ideal for overhauling rental sets.
8 frequency ranges, 3 MHz — 860
MHz. Sweep with continuously
adjustable, 8 — 50 Hz. One
variable and 3 fixed markers.
Signal frequency is accurate and
thermally stable. Stabilised output
into 750 load.

6 Write today for a 16 page fully
illustrated brochure and price list
on the whole range of Philips
instruments for radio and TV
service. And remember. All the
instruments in the Philips range
are endowed with the 'Philips
Plus’, the quality of design. speci-
fication and appearance — parti-
cularly in terms of human
engineering — of every instrument.
A total test and measuring range
capabilitywhichincludes’scopes,
meters. counters. pulse genera-
tors, power supplies, recorders
and generators. The ability to
supply all your needs from a
single source.
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Attitudes to mobile radio

If the government has done nothing to promote public discussion on frequency
reallocations in preparation for the 1979 World Administrative Radio
Conference, at least a start has been made by one British. manufacturer, Pye
Telecommunications, in the important field of private mobile 'radio (p.m.r.).
While the Home Office’s “Warden report” on this subject remains secret, Pye has
issued a 71-page study on “The future frequency spectrum requirements for
private mobile radio in the United Kingdom” which is notable for being well
researched, thorough and honest. This is in fact the “Pannell report” (named
after W. M. Pannell, its principal author) referred to in last month’s article on
citizens’ band radio. .

Of course it would be naive to expect a report emanating from a manufacturer
not to be sympathetic to that firm’s cominercial interests, and in fact the Pannell
report is openly expansionist (not to say slightly predatory, about other people’s
frequencies) in its general approach to the development of p.m.r. By contrast the
secret Warden report, we are informed, tends to be conservative and restrictive.
For example, while both reports agree there will certainly be a shortage of
frequency spectrum for p.m.r., Pannell says the UK will need at least 190MHz by
the year 2000 but Warden reckons no additional spectrum will be needed till 1985
and after that only an extra 33MHz beyond the 36MHz at present available.
Pannell thinks the present p.m.r. growth rate of 10% per annum could accelerate .
to 15-20%, resulting in about 2m mobile radios by the year 2000, while Warden
says 15% growth is unrealistic and estimates 1.3m mobiles by that date. Pannell
considers the present channel loading (in mobiles per channel) to be
“uncomfortably high” while Warden says that even higher channel loadings will
be necessary and the use of exclusive channels will rarely be sanctioned. To
permit working with this greater congestion Warden emphasizes the necessity
for technical aids such as signalling systems using sub-audio tone squelch and
sequential tone and digital signals, while Pannell plays these down in relation to
the need for more channels and speaks of avoiding “expensive development of
new types of equipment.” As for their attitudes towards the user, while Pannell
stresses in general terms the economic benefits, such as vehicle fuel saving, to be
expected from wider use of mobile radio, Warden, starting from a
conservationist position, concludes that each demand for frequency space will
have to be supported by a particular proof of real need and a resulting benefit to
the public — and also that comparisons will have to be made between different
users on this basis.

Clearly there is a strong subjective element in forecasting the future. Both
reports are biased by the priorities of the organizations that produced them. The
truth may lie somewhere between. What we need now is a public conference,
perhaps run by one of the engineering institutions, that would allow free
comment from as many people as possible concerned with p.m.r. and would
formulate clear and specific recommendations to be put to those who will
represent the UK at the forthcoming WARC 1979.




VIEWDATA

The Post Office’'s textual information and communications

system:

by S. Fedida, B.Sc.(Eng.), M.Sc.,

Viewdata is a system for disseminat-
ing and retrieving computer based
information, using the domestic
telephone line for communication and
the domestic television set for dis-
play. It differs from teletext which is a
specific system of broadcasting tex-
tual information interleaved with
pictorial information: the two systems
are complementary rather than com-
petitive. This article looks at earlier
systems of accessing computer data
banks from remote points using
telephone lines and then introduces
the Viewdata system now on pilot
trial in the UK. '

Essentially the concept of accessing a
computer data bank from a remote
point using telephone lines is not new.
The technique was demonstrated in the
mid-60s by Dr Suthertand of the
Massachusetts Institute of Technology,
and has been used increasingly ever
since, but mainly by the professional
computer user. Indeed networks of
computers have been installed in
various parts of the world for this
purpose and for the purpose of
computation. In the US an ambitious
computer network ARPANET has been
in operation for some years and has
been extended to provide world wide
coverage. In Europe a new system
EURONET' is in process of being
implemented to provide a computer
network for scientific and technical
information in the European Commun-
ity.

Many private computer networks
have also been installed world wide to
provide business and scientific com-
puter facilities on in-house bases.
Viewdata on the other hand belongs to
a family of computer-based information
systems which are intended for the
general public, i.e. users who have no
computer training whatever and indeed
who do not intend to undergo such
training.

Systems of these kinds have to be
specifically tailored to this class of users
who may well have, and indeed will
have, considerable expertise and intel-
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Viewdata index displayed on a com-
mercial teletext/Viewdata receiver.

lectual ability but not necessarily in the
intricacies and minutiae of computer
programming. In general they are
anxious to use the capabilities of
computers both for the purpose of

information retrieval and other pur- -

poses, but have neither time nor indeed
the inclination to submit to the usually
tiresome computer protocol. (The pro-
tocol is the set of rules and instructions
which govern access to computers and
the use of their programmes.)

Several attempts have been made in
the recent past to bring computer-based
information to the people.

The Reston experiment. A well docu-
mented attempt is the Reston
experiment? in Virginia USA, using the
Mitre Corporation interactive television
system TICCIT which stands for
“time-shared, interactive, computer-
controlled information television” uti-
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Post Office Research Centre

lising a standard television receiver as a
display.

Essentially the system requires that
the user be connected to a cable
television network, over which are
transmitted a number of still tv frames,
60 different frames per second. Thus
assuming an information cycle time of
10 seconds, i.e. each user accesses a
different frame every 10 seconds, the
system can support 600 users simultan-
eously on a dedicated tv channel, each
user receiving his own selection of
information.

Associated with the user television
receiver is a video tape recorder, which
takes a recording of the frame intended
for the user and plays it back to the tv at
the rate of 60 times a second.

The individual selection of informa-
tion frames is carried out using a
telephone connection from the user to
the computer centre, together with the
push-button set on the telephone with
which the user may key the number of
the frame required. When this is done
the computer transmits this frame
followed by a user address, which is
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coded on line 480 or 481 (for even and
odd frames) of the tv scan. A coupler/
decoder at the user end examines this
address and connects the video recorder
to cable for the duration of the follow-
ing frame, thus capturing the frame
selected.

The home equipment needed in this
system is not only a tv set but also a
video tape recorder and a special
adapter, while the communications
medium consists of a wideband cable
and a telephone connection.

In-Touch. This computer information
service® was launched in Seattle,
Washington in 1973 with the backing of
the Seattle First National Bank for the
purpose of providing a number of
financial and budgeting service to the
home user and the small business. It
uses the push-button telephone, to send
instructions to the computer, which
then provides a voice response. Thus
the terminal equipment is minimal. The

main problem of course is to so organise -

the service that the obvious limitations
of the terminal equipment both in
transmitting and receiving information
are effectively overcome. The other
problem noted by the originators of the
scheme, and somewhat related to the
above but clearly much more complex,
is to so arrange the dialogue between
computer and user that the latter needs
no special computer training whatever.
It is believed that this system closed
down after an intial one-year experi-
mental period.

DIALS (calculation by telephone). This
system* was developed by NTT (Nippon
Telegraph and Telephone Co.), the
public telephone administration in
Japan, to provide a calculation service
to telephone subscribers, on an on-line,
real-time basis. The public service was
initiated in 1970/71. In this case also the
push-button telephone is used as a
transmit and receive terminal, outgoing
instructions being keyed on the push-
button keypad and transmitted to the
computer as a sequence of audio tones.

The computer response is a voice signal

which gives the result of the computa-
tion. -

The calculation facilities offered by
DIALS are fairly complex. They include
the simple arithmetic operations +,
—, X, =, \ and also basic facilities
such as trigonometric functions,
logarithms and so forth. It is also
possible to input an algebraic expres-
sion with dummy arguments which is
memorised by the computer. This is
then followed by sets of arguments
supplied by the user on which the
computer operates. Finally it is possible

to call some library programmes, for

example for statistical work, compound
interest and the like.

Clearly the standard 12-button tele-
phone keyboards cannot be used with-
out substantial modifications to trans-
mit the required instructions. This is

[)o]2] :F '3I
=[]
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e

Fig. L
push-button telephone used in DIALS
calculation service

Overlay template attached to

overcome by superimposing a remova-
ble template on to the dial and using
groups of numbers and symbols for
each of the required calculation sym-
bols. A diagram of the overlay is shown
in Fig. 1. For example, an expression
such as

“4x(3+5)-6.2"
is transmitted as

4*7*13*05*2*86*52**=
The end group of symbols **Z signifies
the “go” instruction (instructing the
computer to go ahead with the compu-
tation).

Trigonometric and logarithmic func-
tions are transmitted as a number
preceded by F and followed by the
argument in brackets, e.g. log(X) is
transmitted as F2(X), while library
programmes are given a number pre-
ceded by L, e.g. the integrating function
is 1.36.

The use of the template has been
explained at some length to indicate the
complexity introduced in a system of
this kind, if one is limited to using just
the 12 buttons of the telephone push-
button set. This complication is avoided
in Viewdata in a number of ways to be
described later.

The use of a voice response system for
imparting the kind of information
mentioned aboveé is obviously fraught
with pitfalls, and the complexity of the
coding needed to pass instructions no
doubt added to the difficulties.

Bell Picturephone computer access
system. As part of the development of
Picturephone in the USA, means were
developed to display computer generat-
ed ntormation on the Picturephone
station set’®. Picturephone is a Bell
Telephone development which provides
face to face communication between
telephone subscribers — a two way
video telephone. Special lines (video
access lines) must be installed to
transmit Picturephone information to
the subscribers. These consist of two
pairs of lines equalized to transmit
satisfactorily, at least in the initial
stages, a bit rate of 6.312 Mbit per
second. In addition the normal tele-
phone connection is also required. A
typical local arrangement is shown in
Fig. 2.

Given an environment which has
already been designed and established
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to support Picturephone, it is clearly.
possible to enhance the video facility by
providing the option of displaying
computer-based ‘information as an
alternative to the normal pictorial
information. To do this a display data
set (equivalent to a modem in UK
terminology) was developed to provide
computer access to Picturephone users.
Essentially this data set, which is sited
at the -exchange, acts as an interface
between the computer and the Picture:
phone station at the user’s premises.

Instructions to the computer are sent
by the customer to the exchange using
the push-button telephone (m.f. sig-
nalling) as in the previous systems. This
is converted by the display data set to
ASCII* characters and transmitted to
the computer along a narrow-band data
line, which could be a standard voice
circuit. The computer response, which
is a string of ASCIl characters, is
received by the display data set and
stored therein. It is converted in the
data set to a video signal which is then
transmitted to the Picturephone station
as if it were a standard Picturephone
signal. Since there is no storage at the
subscriber’s end this information needs
to be sent repeatedly, television fashion,
to keep the display refreshed, at 30
times per second.

Clearly this technical solution to the
retrieval and display of computer based,
information is satisfactory in an envir-
onment where the Picturephone is’
already established as a viable com-
munication service, and its develop-
ment might then have followed the lines
of Viewdata in terms of protocol, extra
facilities etc., had it been persevered
with.

Viewed however, as a means of
providing simply a new information and
communications service to the general
public, its association with Picture-
phone delayed and indeed hindered its
proper development and timely intro-
duction, since it depended on the
establishment of a wideband Picture-
phone capability across the country to
achieve Lhe penetration needed to make
the service economically viable and
truly available to the general public. ,

'

Development of Viewdata

The Viewdata concept began in the Post
Office Research Department in 1970/71,
more or less concurrently with the
systems mentioned earlier. As with
these systems there was the notion that
there was an important potential for
applying computer-based information
systems to the public service area, but
that, while technologically there were
no insuperable hurdles to overcome,
nevertheless there were fundamerital
problems that had to be resolved before
practical and economically viable sys-
tems could be designed and engineered
to be usable by the general public.

“ American Standard Code for Information
Interchange. o
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In common with all these systems,
Viewdata set out to solve these prob-
lems. As was to be expected, each
solution turned out to be somewhat
different, partly to adapt to a different
environment, but also because of dif-
ferent design philosophies. These prob-
lems are in the following areas:

@ the terminal

@ the transmission system

@ the computer relationship

@ the system potential

The terminal. The terminal used to
communicate with the computer clearly
‘has to be a low-priced, attractively
styled and reliable piece of electronics.
to ensure a wide market penetration
with the general public.

The push-button telephone is clearly
such a terminal. Indeed in the standar-
disation of m.f. telephone systems, this
possibility has been kept firmly in view,
and has resulted in proposals for
enhanced push-button sets containing
16 keys. !

While the push-button telephone is a
suitable transmission terminal, for
many users it has obvious limitations
for the more advanced applications.
Indeed attempts at squeezing a large
alphabet from the limited number of
keys only leads to confusion and
irritation on the part of the user. As a
receiving terminal it requires that the
computer response be a voice response!
Here also this could well be acceptable
some time, but it suffers from very
serious limitations. Where the amount
of information is fairly limited, e.g. one
or two items of information, voice
response is probably acceptable to
many users. Even then, the fleeting
nature of the voice response hinders
comprehension very seriously and
messages need to be repeated several
times to allow full understanding, the
taking of notes etc.

Two of the systems described above
used the pushbutton telephone, but the
extent and versatility of the service
planned for Viewdata made the push-

button telephone associated with voice
response quite unsuitable for a good
general purpose information system
capable of growing to meet the needs of
the users.

The alternative to a voice response
system is the visual display. This is
easier to implement and vastly cheaper
as far as the computer is concerned and
to the user it offers unparalleled scope
in comprehension and in the range of
information that can be put over. It can
lend itself to multilingual and graphical
information fairly readily. One of the
important aspects of Viewdata is the
possibility of implementing a wide
range of information services across
multi-national boundaries.

Visual displays have been in wides-
pread use in the computer field for some
years, but their cost is still well above
that considered acceptable to the mass
market. It is therefore not surprising
that many information systems have
sought to capitalise on the domestic
television display, which, with suitable
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modifications, may be adapted to
become the ideal information terminal
for home use. It also has considerable
attractions in the form of a dedicated
communication station for office use —
what we have called the Viewdata-
phone (see below).

Ideally an unmodified tv set, with an
adapter box capable of transforming it
into a computer terminal, is the best
approach, and while this is technically

“quite: feasible for Viewdata, where
transmission data rates are low, and
colour is not an essential facility, it is
much less suitable for teletext. In the
last-mentioned case and where a colour
display is required in Viewdata (and
there is no doubt that the addition of
colour gives considerable visual
appeal), a built-in adapter is preferable.

It is hoped that tv sets with integral
adapters, and external adapters for
existing tv sets, will be available on the
market quite soon.

The transmission system. Initially the
major impetus to the development of
information systems for-the home was
provided by the availability of spare
bandwidth in cable tv systems. Clearly
this makes sense, since the spare
bandwidth is available at marginal cost,
the main use being to convey television
programmes. Hence in countries where
cable tv networks are fairly extensive,
such as the USA and Canada, the
emphasis has been on using this
medium for the transmission of infor-
mation.

The Reston experiment mentioned
above is an example of such a system
and clearly provides a great deal of
information, e.g. pictures, which cannot
be easily accommodated with narrow
band systems such as those depending
on telephone lines. This system, how-
ever, requires the use of the telephone

Fig. 3. (below). Displayed index from
which the user selects the topic he
requires. Fig. 4 (right). Index to maga-
zine 3 as listed on the Fig. 3 display,
showing the progressive nature of the
Viewdata index.
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network as well, to provide the selection
means and thus lose the advantage of
marginal costing of unused bandwidth
of the tv cable installation.

Alternative systems based on the
“frame grabbing” principle and trans-
mitting the whole data base contin-
uously over a tv broadcast channel on
cable or off air are also possible and
indeed could become very attractive. [n
these systems the page selection is
carried out at the receiving point and
hence they do not require a return
communications channel. Properly
designed they are capable of transmit-
ting a great deal more information than
the Reston system, provided pictorial
information is not required. A single tv
channel, for example, could provide the
equivalent of 30,000 pages of
alphanumeric information®.

The absence of a return channel to
the information source obviously
implies that the system is not interac-
tive, i.e. the user cannot respond to the
information provided, or generate
information himself. Thus the system is
completely passive and cannot provide
services requiring user interaction.

Where spare tv channels are not
available, either off-air or in a cable tv
environment, or when interactive oper-
ation is required to support a broad
range of additional services as provided
by Viewdata, then the telephone trans-
mission medium is the best available.

This is why Viewdata has been
implemented as an “intelligent” com-
munications medium using the tele-
phone system. In order to impose the
minimum of constraints on the rapid
build up of the service and ensure
rugged and reliable operation, only the
current well-proven transmission per-
formance of the telephone network is
postulated; as indeed is the existing
telephone switching environment. Thus
the current experimental Viewdata
system on pilot trial uses 1200 bits per
second for computer to terminal and 75
bits in the reverse direction. As deve-
lopments and enhancements take place
in this area, they will be gradually
introduced in Viewdata with the aim of
improving performance and reducing
costs.

Classified
Efntertalnment ard Shopp
Bugsiness and Financial
e feremce
Educat ion
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The computer relationship. In Viewdata
asin the other systems noted earlier, the
problem of how to enable users with no
special computer training to access and
instruct a computer loomed large,
mainly because computer programming
had developed from the very beginning,
and with very few exceptions, into an
increasingly complex set of routines.
These demanded a great deal of con-
centration, attention to detail and
constant and continuous practice to be
mastered effectively.

In a sense the computer programmer
is a designer of a logic system, who uses
logical instructions instead of using
logical circuit interconnections like his
colleague who designs hardware logic
systems. But whereas we do not expect
the user of a piece of logic hardware to
be able to design it, in the computer field
there is not a great deal of distinction
between the design programmer and
the user programmer. This is in part due
to the extraordinary flexibility of the
computer. Dedicated and trained users
are able to modify a programme or if
necessary write new ones to suit their
specific applications.

To quote from the originators of
In-Touch, “There is the problem of how
to communicate with someone who
only had a high school education or
less”. “How do you get them to operate
a computer error free?”’ “Having done
that you must program the computer to
respond satisfactorily to the communi-
cation by that custfomer. You also have
to configure the hardware (and the
software) consistent with customers
who are not sophisticated and therefore
do not expect anything to break.”

These comments are particularly
relevant to the situation prevailing in
Viewdata and some of the above
systems, where the range of services
extend far beyond the provision of a
simple set of information. But in
Viewdata the designers of the system
have taken a substantially more
enlightened view. They do not look
down on the user as being “naive”,
“ unsophisticated” or slightly below par
as regards educational standards. It is
rather a question of specialised training,
which few people outside the ranks of
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those who do computer programming
as a full time occupation have the
opportunity or even the willingness to
acquire.

A clear distinction is drawn between
computer programmers who design
programmes and computer users who
use them and are thus enabled to
instruct the machine (computer) to do
all that the designers intended them to
do.

The first objective is to get the
machine to the people, and when this
has achieved a high degree of penetra-
tion, then is the time to refine it to
attempt to meet the needs of those who
may want to do more with the machine
than most people.

The computer dialogue. How then is it
possible to overcome the very consider-
able problem of ensuring adequate
communications between user and
computer? The key is in the dialogue
between the two.

The computer must first of all “un-
derstand” what the user wants. The
usual method of communicating with
computers is to design a special pro-
gramming language which the user has
to learn and which the computer is
programmed to ‘“‘understand.” This
works adequately in conventional com-
puter programming but is clearly far too
complicated in this application. Another
approach is to use a prompting system:
the computer offers a number of choices
from which the user selects the one
most appropriate to his requirements.
This clearly limits the user’s freedom
but nevertheless avoids many of the
problems connected with formal com-
puter languages.

The simplest of these dialogues is an
index from which the user selects the
topic he requires (see Figure 3). This of
course is the technique used in teletext.
But the index in Viewdata is progressive
(see Fig. 4), unlike that in teletext,
where since the total amount of infor-
mation on offer is very limited, the
whole index may be displayed on one
frame only.

In Viewdata the information is sub-
divided in a tree structure. The top of
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Fig. 5. Information in Viewdata is
sub-divided in a tree structure. This
gives an example of main topics (at the
top) being sub-divided down to sub-
topics (at the bottom).

the tree is a list of main topics, each of
which is then subdivided into sub-topics
all the way down to the piece of
information required. (See Fig. 5.) Some
of thebranchesin Viewdata may extend
down to perhaps 8 to 10 levels, thus
implying a choice from several hundred
million pages.

The reason for the difference is to do
with the scope and depth of treatment
of the information supplied. Whereas in
teletext the content of a magazine of
which only one is transmitted at present
is 100 pages, in the proposed Viewdata
system a small local system might
contain as many as 50,000 to 100,000
pages of information. Clearly it is
therefore necessary to subdivide this
into a number of sub-sections, accord-

Fig. 6. Some
information is
presented in
considerable detail,
with page numbers
being a
correspondingly large
number of digits
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ing to an easily understood classifica-
tion which enables the user to find the
bit he wants quickly and simply.

Some of the information is given in
great detail and the corresponding page
number could have 6, 7 or even 8 digits
(see Fig. 6). It would clearly be imprac-
ticable to offer such a complex index in
one lump. Hence the selection system
chosen.

At every selection step the user only
needs to key a single digit to move to the
next level down, thus considerably
simplfying and speeding up the whole
operation.

Other selection or retrieval systems
are, of course, possible. For example, it
would be possible to print the total
computer index and have it available
like a directory to all users. This entails
the additional expense in printing and
distribution, presents serious updating
problems and may confuse many users.
By incorporating the index in the
system this is made self-contained and
flexible.

A fundamentally different approach
to the step by step index is that used in
many information retrieval systems.
This is the use of “key-words.” An
example of the use of keywords would
be to key “football results”. There are
several problems associated with a
selection by keywords. These are fairly
easy to resolve in computer data bases
intended for the professional, but not so
easy for a public service.

First the keyword approach requires
a “thesaurus,” a dictionary of terms
used together with their synonyms
which are meaningful to the computer.
Secondly, the user would require a
much more complex keyboard than the
basic keyboard normally provided.
Thirdly the use of keywords involves
the computer in what could be a
considerable search, and hence would
cause the computer costs to escalate
probably beyond the means of the
general public.

It is for all these reasons that the
index selection was chosen. With this
arrangement the whole system is kept'
basically simple and easy to understand.

(To be continued)
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Transient intermodulation in

amplifiers

Simpler design procedure for t.i.m.-free amplifiers

by Bert Sundqvist

The usual way to avoid transient
intermodulation distortion in an audio
power amplifier is to use a very large
open-loop bandwith and a high-fre-
quency preamplifier roll-off.

In this article it is shown that this is
not necessarily the only way; it is
possible to reach the same goal by
making the first stage inside the
feedback loop determine the open-
loop bandwith. This bandwidth can
then be arbitrarily low, permitting the
use of standard lag compensation
stabilization.

During the last few years it has become
more and more obvious that the
traditional steady-state measurements
of harmonic and intermodulation
distortion in an audio system do not
give the whole truth about the qualities
of the system when handling complex
signals like music. As a result, much

work has been done in studying the

dynamic behaviour of different links of
the audio reproducing chain.

The most interesting work in this
field in recent years is probably
Professor M. Otala’s identification of
the mechanisms producing transient
intermodulation distortion. Work by
Otala and others'® show that negative
feedback, when incorrectly used in an
amplifier design, may make the ampli-
fier sound worse than it did without
feedback, while measurements of
steady-state harmonic and intermodu-
lation distortion show an improvement
in amplifier quality (Jan., pp. 41-3).

Transient, intermodulation arises
when heavy negative feedback is
applied to an amplifier with low open-
loop bandwith. It is basically an over-
load phenomenon, giving an audible
result that resembles crossover distor-
tion. Transient intermodulation can be
avoided by careful design'* and proba-
bly the best known of the design rules
that have evolved is that the amplifier
open-loop bandwidth should be greater

than the bandwidth of the preceding -

preamplifier or transducer, which must
therefore not be unnecessarily large. A
preamplifier bandwidth of several
hundred kilohertz might give power

amplifier troubles and should be rolled
off using a passive RC filter.

In a power amplifier, a large open-
loop bandwidth is not easy to obtain.
Firstly, fast power transistors are
neither easily obtained nor cheap.
Secondly, the simplest way to stabilize
an amplifier is to use lag compensation.
which requires a dominant low-fre-
quency pole to be inserted in the
open-loop frequency response of the
amplifier. Whe pushing this pole above
20 or even 50kHz, the rest of the
amplifier must be designed for a band-
width of perhaps several megahertz.
This method can, of course, be used and
has been very successful* ®. The first
difficulty can be overcome by using the
output transistors in the emitter-fol-
lower configuration, thus increasing
their cut-off frequency. The second can
be evaded by using lead compen-
sation®® instead.

There are other drawbacks with
extremely wide-band amplifiers; for
example, such an amplifier must be very
well shielded, as it is prone to pick up
radio transmissions inside (and outside)
its passband, High frequency noise
could also be a problem, from the
intermodulation point of view. How-
ever, there is no doubt that designing a
t.i.m.-free amplifier is a rewarding task
for the serious listener, as it is particu-
larly annoying*®; a t.i.m.-free amplifier
sounds better than most traditional
designs, especially on transient-rich
musical material.

Is there, then, a way to design a
t.im.-free amplifier without having to
rely on a very high open-loop

Vi O—
vout
v, O—¢—
i
beo—— B Vout

Fig.1. Single stage ampilifier.

bandwidth? To answer this question we
take a close look at the mechanisms
producing t.i.m.

Feedback in an amplifier

Suppose that we have a one-stage
amplifier as in Fig. 1. The gain of this
stage can be approximated by V,, =
G(V,—V,) where G = Aa/(a+s), with
s=jw; we have a low frequency gain of
G= A and an upper cut-off frequency
21f, = a. If we now apply the input signal
Vi, toinput 1 and a feedback signal BV,
toinput 2we get V_, = V,,G/(1+G)=
VinAa/(s + a(l +BA)).

From this equation the low-frequency
gain with feedback is A/(1 + BA) =~ B,
and the upper cut-off frequency is now
2af, = a(l1+BA). Further analysis
shows that low frequency distortion,
rise time and output impedance have
been reduced and input impedance has
been increased by a large factor. Thus,
on this single stage, negative feedback
has nothing but beneficial effects. :

If the two similar single-stage arpli-
fiers of Fig. 2, with gains G, = Aa/(a+5s)
and G,=Bb/(b+s), are cascaded, total
gain is G=G,G, = ABab/(a+5) (b+s),
see Fig. 3. If we now apply feedback in
the same way as before we obtain

ABab

out =

n ABab
ABab

=V g (avb)+ab(1+ PAB)

The non-inverting configuration has

Vin

Vout

Bvout

Fig.2. Two-stage amplifier with overall
negative feedback.
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Fig.3. Gain vs frequency plot for the
amplifier in Fig.2; both axes
logarithmic.

been chosen to avoid confusion in signs.
The open-loop gain for this cascaded
amplifier has two poles, at a and b. To
obtain a stable amplifier it is necessary
that the open-loop gain diminishes by
less than 12dB/octave at the intersec-
tion of the open-loop gain curve and the
desired closed-loop gain line (broken
line in Fig. 3). Supposing A and B to be
large we thus have, with feedback, a
stable amplifier in which we probably
have reduced harmonic and intermo-
dulation distortion to very low values
and which has a very large closed-loop
bandwidth.

Dynamic considerations

To see how transient intermodulation
arises and thus how it can be avoided
consider the voltage at point P (Fig. 2).
The voltage V), at this point is

Vp=vou(/G2 = Gl(vin_Bvoul)
v Aa(b+5)
~'nZys(a+b)+ab(l+BAB)

As a suitable transient-signal we can
apply a unit step voltage to the input,

that is
0,t<0
VD=1, t>0

The voltages V, and V,,,, can easily be
found as functions of time by using
standard Laplace transform techniques.
First we solve the equation s* +s(a+ b)
+ ab(1+BAB)=0to find the roots p, , =
—0.5(a+ b)+ 0.5 (a—bY—4abBAB]". We
then find, for p, and p, both real and
t=0:

ey

Voul) =20 e pe” ]
out 1+BA§| pPi—pP: Pi—P;
t
Vtye A [ (b+py)pse
P 1+BAB (p1—p,)b

t

_(b+p1)plep2

(p,—p2)b

By taking the time derivative of these
two equations we find that V., is
‘always monotonically rising with no
overshoot, and that the derivative of V,
with respect to time is zero for

t=t,=(p—p2)'log . (b+py)/(b+py))
2)

This means that for t;=0 we must have
a maximum in V, at time t=t, This

maximum value of V, might be very
large, and here is the mechanism that
produces t.i.m. If the maximum value
(Vpmax) Of V,, is larger than the maxi-
mum voltage capability of the amplifier
at point P, we get an overload situation
in which the amplifier may be blocked
for several milliseconds, thus causing
severe intermodulation. Fig. 4 shows a
plot of V. /V,(t—>%°) versus a for
b=10" and b=10" and for different
values of [BAB. The value of
Vomax/ Vp(t—0) is approximately equal

¢
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to BABIf a is large. To see why, let a—»%°
in equation 1:

A(b+5s)
P g4 b(1+BAB) =

With V,, a unit step voltage as before
this gives .

V()= 1+BAB ™11 +44B)

A
(1+PBAB)

and V., =(1 +BAB)V, (t—>9),
in agreement with Fig. 4 (cf also Fig.5,

Fig. 4. Plots of V.,/V,
(t—>) vs f,=a/2xn (in Hz)
for BAB= 10, 20, 30, 100,

) and 300. Broken lines:

Fig. 5. Gain vs frequency
plot for the amplifiers in
the example (logarithmic
axes).

Fig. 6. Plot of Vi, (1), V,(t),
and V. (t) for two
amplifiers with a step
voltage input signal. V,,
and V,, are the same in
both cases; for V, we
have: solid line: case 1,
broken line: case 2 (see

text).
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ref.1, for y=0). Thus for a>b we always
get, for a step input, a maximum voltage
V, that is approximately (1 + BAB) times
the steady state voltage at infinite time.

To eliminate t.i.m. we want to mini-
mize or, still better, avoid this over-
shoot. One way to do this is to use a low
value of AB. By limiting the bandwidth
of the pre-amplifier we can then
decrease the overshoot still further or
even eliminate it by slowing down the
rise of the input voltage', and in this
way it is thus possible to design an
amplifier with very low t.i.m.

There is, however, another way. If
t,<.0 we see that V, rises monotonically
towards its final value and no overvol-
tage blocking is possible. From equation
2 we see that t,<0 is equivalent to
(b+p,)/(b+p))<1, which is equivalent
to a-b<.((a-b*—4abBAB)*. Thus, ifa<.b
no blocking can occur and no t.im. is
generated, however small a is! This
possibility seems to have been over-
looked earlier.

Look at a simple example. Suppose
that a two-stage amplifier has open-
loop stage bandwidths a and b. We
study two cases: case 1 a=10", b=10}
(this resembles those studied in refs 1
and 4; it is shown as point Q in Fig. 4)
and case 2 a= 10", b=10". In both cases
1+BAB=21. The gain vs frequency plot
in Fig. 5 describes both amplifiers
equally well, and shows two things. The
amplifier is probably stable and has a
closed-loop bandwidth of approximately
30kHz. And secondly, as the amplifier
open-loop bandwidth is only
10°/2n~1.6kHz this amplifier might
give rise to appreciable values of t.i.m,,
even if preceded by a pre-amplifier with
20kHz bandwidth'.

Fig.6 plots what happens if we apply a
unit step voltage V,, to the amplifier
input. (All voltages have been norma-
lized to give V;, =V, =V, =1 at infinite
time). In both case 1 and case 2 we have
the same V, (t) and V,,(t), if the
amplifiers have infinite voltage capabi-
lities. V (1), however, differs strongly
between the two cases, and we see that
while the amplifier in case 1 might
produce severe t.im. with a transient
input, this is not possible in case 2. It
should be pointed out that if the
amplifier in case 1 was designed with
this situation in mind and the gain A
before the “slow’” stage 2 was kept low,
an overshoot of this magnitude might
be within the voltage capabilities of
stage 1 and thus no harm, that is, t.i.m..
would be done in either case. However,
from Fig. 6 and the preceding discussion
it seems wise to let the first stage in the
feedback loop determine the overall
open-loop bandwidth.

Conclusions

A good debign procedure to obtain a
t.i.m.-free amplifier is given in rets 1-3,6.
From the preceding discussion in this
article, however, it seems that this
procedure could be simplified. Simply
stated: instead of designing the power

amplifier for.an open-loop bandwidth
greater than that of the pre-amplifier.
all that is needed to avoid t.i.m. is to let
the first stage in the power amplifier
determine the open-loop bandwidth
This bandwidth could then, theoretical-
ly, have any value; even with an
open-loop bandwidth of 1Hz we would
still have no t.i.m.! On the other hand.
what should always be avoided is to let
the last stage be the slowest, especially
if this has a low gain.

Low first stage bandwidth could be
obtained in several ways, for instance
by input lag compensation?, by using a
very-high-impedance current source as
collector or by using a very low
collector current in the input stage. The
low current technique has the advan-
tage of giving at the same time very low
input noise. One drawback is that the
second stage in this case must have high
input impedance and low input capaci-
tance so as not to exceed the first stage
output current capability and thus
cause t.i.m. in this way instead?.

The stages following the first can be
designed using accepted ‘rules’?36
Transistors should be run at high
collector currents and voltages to give
large overload margins and local feed-
back used to obtain a high bandwidth.
Distortion can be reduced by using a
symmetrical design. If the input stage
bandwidth is not low enough to give a
stable amplifier at the desired feedback
lead compensation can be used to
enhance stability.

By designing the power amplifier in
this way it would also be possible to use
larger amounts of feedback than in an
amplifier relying only on a wide band-
width to eliminate t.i.m., and thus very
low harmonic and intermodulation
distortion could easily be obtained.
However, this possibility should be used
with caution, as there is always a
possibility of current or voltage limiting
at some stage in a real amplifier with
heavy enough feedback.

No experimental work has been done
on this subject yet because of lack of
available time, but it would certainly be
very interesting to see or listen to the
result of some experiments along these
lines!
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(HF predictions)

Recurrent type magnetic disturbance is due
on the last few days of both January and
February. This series of disturbances started
in August 1973, replacing a pattern of two
disturbed periods per month which had
lasted for two years. The new pan’ern started
to break up in April 1976 but revived and is
now the only series present.

The disturbances referred to are abnormal
variations in the strength and direction of the
earth’s magnetic field which are usually
accompanied by poor ionospheric conditions
in temperate latitudes.
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Satellite broadcasting
conference

A conference opened on January 10 to
attempt to establish a worldwide plan
for satellite broadcasting in the 12 GHz
band, now shared with fixed and mobile
radio. “In certain parts of the world,”
said an ITU communiqué, “there is an
urgent need to use frequencies in this
band for terrestrial purposes. This
reason was evoked in Resolution
number 27 of the ITU plenipotentiary
conference (Malaga-Torremolinos
1973) which led to the conference being
held at the beginning of 1977 . . . By
holding the conference at an early date,
countries wishing to use this frequency
band for terrestrial services will be able
to to do so without causing excessive
interference to, or suffering excessive
interference from, stations in the
broadcasting-satellite service which
‘may be introduced later. Countries that
do not intend to use broadcasting
satellites for many years to come may
be confident that suitable frequency
channels and orbital positions will be
avilable when required in the future.”
The conference, held in Geneva and
expected to last five weeks, will be
administering more than the 11.7 to
12.2GHz frequency band. Another
“limited natural resource” besides radio
frequencies is the geostationary satel-
lite orbit. A previous ITU conference in
Geneva in 1971 resolved that ‘all
countries have equal rights in the use of
both the radio frequencies allocated to
various space radiocommunications
services and the geostationary satellite
orbit for these services and that the
radio frequency spectrum orbit are
limited natural resources and should be
effectively and economically used.”
Because the 12GHz band is already
-shared the ITU administrative council
asked all telecommunications adminis-
trations to submit their requirements
for a broadcasting satellite service,
including the area to be served, the
number of channels, the television

standard to be used and the hours of
operation, to the International Fre-
quency Registration Board. As a result
the IFRB has prepared means of deter-
mining: the minimum required techni-
cal criteria for sharing; a frequency and
orbital position assignment plan; and
the interference likely to result from the
use of such a plan. Characteristically,
preparation for the conference has
involved more committees than you
could shake a stick at. Two CCIR study
groups met in February and March,
1976 and four more in May and June.
They in turn formed a “Joint Working
Group” to prepare a report for the
conference. Yet another working group,
set up by yet another conference in New
Delhi in 1970, is preparing yet another
“comprehensive report” to help the
present conference reach a decision. All
this is necessary to ensure that the
result is a series of decisions which have
the widest possible’ approval; behind
each study group and working party is a
plethora of yet more committees which,
in the democratic countries at any rate,

have been formed to see that each .

country gets its view, arrived at by wide
consultation, across to the conference.
In such matters, of course, that does not
apply to the United Kingdom.

Unique optical link

Given the right pricing, optical fibres
will play a substantial part in the
Rediffusion radio and television cable
distribution network. This was one of
the consequences of the Rediffusion
trial link at Hastings, described by A. E.
Cutler of Rediffusion Engineering Ltd
at a recent IEE lecture.

Low-loss step-index optical fibres are
now available with a transmission
capability of the order of tens of
MHz-km, making possible television

"links over a kilometre long without the

need for equalization. Whilst they have
been demonstrated in the laboratory,
the Hastings link was the first to be
installed in a normal operational envir-
onment and was undertaken to obtain
experience of the problems in this field.
Rediffusion believe it to be the first
optical link to serve the public.

The cable, drawn into ducts contain-
ing existing network cables, replaced a
section of a vision trunk route feeding
34,000 homes.

Although optical fibres have been
made with attenuations of only a few
dB/km, the only cabled fibres available
in mid-1975 produced an overall link
loss of 18dB, which was almost on the
upper limit of acceptable loss for an
89MHz carrier system using then
current components. Because micro-
bending of the fibres causes increased
attenuation, BICC put the fibres in a
hollow cavity between steel strength
members, within a polyethylene tube.
The fibre, a Corning germanium-doped
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silica .type, has an 85um core with
125pum silica cladding of refractive index
0.8% different.

The terminal equipment used a Ples-
sey infra-red led. radiating several
milliwatts, but coupling only .50uW of
this into the fibre. Because of the
non-linear current-light characteristic
of the diode the drive waveform is
predistorted by a feedback loop con-
taining a non-linear element. Receiver
used a H-P p-i-n diode and cascode
preamplifier circuit with the low noise
level of 0.9pA/~\/Hz. Improved devices
have become available and been
installed — the RCA avalanche photo-
diode with its a.g.c. characteristic — but
Dr Cutter felt that the p-i-n would
eventually supplant the a.p.ds on
account of their inherently higher noise
level. (A p-i-n diode and bipolar preamp
can give 5dB lower noise with 2uW of
input power.)

Tv “sound”’ for the deaf

Anyone who doubts whether sound
conveys most of the information in a
television programme should try
watching without the sound, then
listening without the picture. For most
programmes the deaf gain much less
from television than the blind, who can,
if registered, get £1.25 off the price of a
television licence. The deaf are also
deprived of the use of the telephone.
Deaf-fax is a research and development
group mainly specialising in the making
and distribution of teletext decoders to
enable the deaf and hard of hearing to
receive visual subtitles, which they are
pressing the broadcasting authorities to
transmit. Although the electronics
industry hopes that the cost of teletext
decoders will fall as volume increases,
just as the costs of calculators and
digital watches have done, Deaf-fax
note that increased labour costs and
taxation have driven costs up. “So it
seems the greatest possible help can be
given to the deaf either by self-employ-
ment or by volunteer skilled labour.
Another alternative is to use deaf or
disabled persons in either the skilled or
semi-skilled aspect of the manufacture
of the decoders or recruit skilled
volunteer labour to complete the
decoders.” All the units will be for hire.

Deaf-fax have decided to use the
decoder design published in Wireless
World beginning in November 1975.
They have approached many manu-
facturers and suppliers to see if they can
get components at a discount, though
so far the only positive reaction has
come from Orchard Electronics. Or-
chard, who are based at Wallingford in
Oxfordshire, hold an electronics club
every Friday night. According to Mr D.
M. Trueman of Orchard, “It is fascinat-
ing to hear the enthusiasm. Members
include plumbers, bus drivers, farmers,
video engineers, computer engineers,
accountants and schoolboys. They
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come 15 miles and more.” They have
already built one Wireless World tele-
text decoder. Another Deaf-fax project
is a video-writer, which enables the deaf
to “talk” to one another over a PO line
by using a keyboard and the television
set.

So far the interest of the BBC has
been very discreet, but it is understood
that the editor of the Ceefax service,
Colin Mcintyre, is very interested in the
project, and the Royal National Insti-
tute for the Deaf and the National Deaf
Children’s Society may put their weight
behind efforts to persuade the govern-
ment to support a captioning service.
The NRDC has put the organisers in
touch with the inventor of CHIT, a
method of conveying freehand draw-
ings over telephone lines now commer-
cially available as Datapad from Ques.t
Automation.

Similar pressure is being put on the
German government by the German
Society to support the hearing and
speech impaired.

Domestic ‘‘post fade’’

Somewhat belatedly, perhaps, Philips
are promoting a special feature of their
N2219 cassette and N4506 reel to reel
tape decks. A press release describing
the introduction of what they have
called “post fade” was issued at the
beginning of December even though the
machines have been available, accord-
ing to Philips’s spokesman, since the
middle of 1976. This was a result of
pressure from the trade, he said. Dealers
had suggested that the “post fade”
feature was unique to the Philips
machines and ought to be more strongly
promoted. It allows users to operate the
erase head during playback so that
unwanted noises can be removed from

previously recorded material. The

amount of erasure can be controlled by
a slider which fades both channels at
once.

® The term “post fade” is normally used
in professional recording circles to
describe the monitoring of a signal on
the speakers after it has been faded. The
alternative, “pre-fade” listen, indicates
that the signal heard will not be affected
by the fader, even though the signal
going on to tape may be faded. Post fade
has nothing to do with erasure, and
were it not for Philips’s explanation that
their facility allowed one to fade “post”
the recording process, one might be
driven to conclude that they had picked
up a half-understood recording studio
term with which to overawe prospec-
tive purchasers.

What the Philips press release did
not say, although the spokesman said
the subject had been discussed, was
that to use what might better be called
“controlled erasure” effectively may be
difficult. The only way to know if an

unwanted signal is on the tape is to hear
it. It can only be heard if it passes over
the replay head, by which time it will
have travelled, on the N4506, two inches
on from the erase head which is
supposed to remove it. To remove the
signal the user would have to operate
the erase head some time before the
signal reached the playback head. At
the highest speed, 15in/s, this would
mean 2/15s before the mistake and at
the lowest speed 4/7s. The only accur-
ate way to do this is to mark the tape,
when the mistake reaches the playback
head, at a point exactly as far ahead of
the playback head as the erase head is
behind it. When this mark passes over
the playback head on the next pass the
mistake will then be over the erase head
and the erase head can be operated.

In recording studios the nearest
approximation to such a process is the
“drop-in”, where a section of freshly-
recorded material is slotted into a
previously-recorded passage during
playback. The junior member of the
recording team, the assistant sound
engineer or tape operator, pushes the
record button at exactly the right
moment to allow the tape to travel from
the erase head to the record head off
which the music is being played back. It
is a skilled operation, one that takes a
great deal of practice to do consistently
well. The facility on the Philips machine
seems a useful one, but whether it will
enable “the most amateur enthusiast”
to obtain the *“‘professional results” they
claim for it may be open to argument.

More public US prepar-
ation for WARC

The FCC have announced the appoint-
ment of -a programme manager, a full
time staff of three engineers, three
economists and secretarial staff to a

The British North Pole expedition is due to take place in 1977, and an exercise
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special task force reviewing u.h.f.
frequency allocations. Pressure for
space in the 470 to 890 MHz band has
increased, since what was once a mainly
broadcast slot for high quality tele-
vision has now become increasingly
used for non-tv applications. According
to a report in the American trade paper
Electronic News, land mobile commun-
ications (470-512 MHz and 806-890 MHz,
the so-called 900 MHz region); offshore
telecommunications and industrial
(488-499MHz, shared with u.h.f. channel
17); radio astronomy (608-614MHz) and
“government nuclear preparedness”
(470-546MHz) have all been allocated to
the band in the last few years, and now
the Office of Telecommunications
Policy has suggested that some of the
900MHz band should be allocated to an
expansion of the citizen’s band radio
service.

The task force will consider the tv
service to be provided; the needs of
those non-tv services seeking to use
part of the band; and an analysis of the
best means of reconciling the two. The
increasing use of the band has made it
necessary to study how satisfied the
public are with present u.h.f. tv services
and whether there would be a market
for a high quality set with higher
tolerance of the increased interference
that has resuited.

The support for the task force is
drawn from the FCC's broadcast, cable
television, safety and special radio
services, the chief engineer’s and plans
and policies offices and bureaux, and
the FCC has also approved research
funds to help support the force’s work.

On the c.b. front the FCC has found
that some of the 40 channel c.b. sets
submitted to it perform so impressively
that they may tighten the specification
further. The minimum allowable har-
monic suppression may be increased
from 60dB to 100dB. Television inter-
ference had led the Association of
Maximum Service Telecasters to ask

& L

was recently carried out in Greenland preparatory to the expedition. Here a
member of the expedition carries u personal survival radio, Sarbe 5, made by
Burndept. It provides distress beacon and speech transmissions on an aviation
distress frequency and speech on a second frequency selected by the user.

,
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the FCC to delay the introduction of the
40 channel service for further studies,
and the AMST and the ABC to ask for
suppression regulations to be tightened
to exclude television interference com-
pletely. But no amount of filtering on
the receivers will block out the inter-
ference from the second harmonic on
American television’s channel two, and
the FCC has maintained that a lot of the
interference complaints stem rather
from poor receiver design than noisy
c.b. equipment.

E—

Band Il ferrite rod
aerials

One reason why so few people in Britain
listen to sound radio on v.h.f/fm.—I18%
of the population say the BBC — is
thought to be the inconvenience of the
telescopic aerial on portable sets. It has
to be pulled out and re-adjusted for each
new position of the set in the house. An
answer to this problem was demon-
strated by the BBC’s director of engin-
eering, James Redmond, in his Appleton
Lecture to the IEE on January 6. This
was an internal ferrite rod aerial for
v.h.f. developed by the BBC Research
Department. The aerial coil is tuned by
a varactor diode. At least one set
manufacturer will be introducing a
receiver incorporating this type of v.h.f.
aerial at the spring trade shows this
year. Mr Redmond also said, “we now
impatiently await the push-button
portable v.h.f. radio.”

@®In the evening only about 7 per cent of
the population settles to listen to a fixed
installation stereo receiver which may
do justice to the quality of the v.h.f./f.m.
transmission, said Mr Redmond.

@ Another BBC Research Department
development mentioned by. Mr Red-
mond was a technique to improve the
BBC’s proposed “dedicated” motoring
information service that uses a network
of m.f. transmitters in a single-fre-
quency t.d.m. system (see News, May
1976, p.41). For the motorist to get the
most effective briefing it is necessary to
ensure that only the transmission of the
nearest station which will be carrying
the relevant information is reproduced.
In the new technique “the control
signals to activate the car receiver to
reproduce a message (and then return it
to standby when the message is com-
pleted) are conveyed by frequency
modulating the medium-wave trans-
mitter carrier. The message itself may
be by conventional amplitude modula-
tion of the same carrier, or it could
employ any one of the alternative
systems of modulation. The well-known
capture effect of f.m. transmissions,
applied here to the control signals,
enhances the discrimination between
wanted and unwanted messages by
some ten to twenty times.”

—

Electronic systems

. syllabus approved

The proposed ‘A’ level syllabus in
electronic systems, which has formed
the basis of the Wireless World series,
has now received approval from the
Schools Council to be run as a full Mode
1 syllabus. This means that it is now
available to run in any school under the
auspices of the Associated Examination
Board (A.E.B.). The syllabus was
compiled at the University of Essex by a
team under the chairmanship of Pro-
fessor G. B. B. Chaplin and comprises
three main sections: processing, feed-
back and communication systems, and
a section on systems components (see
News, June and December 1975). Copies
of the new syllabus can be obtained
from the A.E.B. at Wellington House,
Aldershot, Hampshire GU11 1BQ.
Teaching texts and experiment notes
intended to support courses using the
syllabus can be obtained from Mr R. A,
Smith, Department of Electrical Engin-
eering Science, University of Essex,
Wivenhoe Park, Colchester, Essex CO4
3SQ. The teaching texts also provide
further reading for the Wireless World

- electronic systems articles. Equipment

recommended for a group of eight
students carrying out the course experi-
ments includes four oscilloscopes, six
multimeters, eight stabilized power
supplies, a television set and earphones.
The course also suggests the use of a set
of experimental boards and Locktronics
equipment. The last-mentioned items
may be obtained from Feedback Instru-
ments Ltd, Park Road, Crowborough,
Sussex TN6 2QR at prices ranging from
£550 to £1000 depending on individual
requirements.

A course being run by the University
of Essex for teachers intending to teach
electronic systems using the ‘A’ level
syllabus will be held this year June
18-20. It will concentrate equally on the
subject matter of the syllabus and on
practical sessions, when teachers will
have-the opportunity to gain experience
in doing the experiments. This course
costs £26, including meals and accom-
modation, and applications should
again be made to Mr R. A. Smith of the
University of Essex.

Audio Fair optimism

The organizers of the London Audio
Fair, lliffe Promotions, are much more
hopeful that the event will go ahead
this year (Olympia, September 12-18)
than they were at the corresponding
time in 1976. Last year the Fair had to
be cancelled because of lack of support
from potential exhibitors. In late
December over 5000 metres® of floor
space had been earmarked by 32
prospective exhibitors. For demonstra-
tion of audio equipment a 5m X 6m
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studio has been designed and demon-
strated. It is claimed to have acoustic
characteristics equivalent to those of
the average domestic sitting-room in
which audio equipment is used, with a
minimum of sound reaching the
exhibition area.

Community television
arrives

Channel 40, the independent non-
commercial television station set up by
the Post Office and the Milton Keynes
Development Corporation, began a
three year experimental period on
December 19 with a message from Lord
Harris, minister in charge of broadcast-
ing at the Home Office. There has been
increasing pressure in recent years to
make technical facilities available to
local groups or individuals for produc-
ing their own programmes: Perhaps the
best case was made in Anthony Smith’s
book The Shadow In the Cave, now just
reissued in a new paperback edition
The philosophy behind the development
is that the large broadcasting organisa-
tions are either not attuned to or
incapable of providing for the needs of
ordinary people in a community. Sta-
tions such as Channel 40 could provide a
means of by-passing the broadcasters,
enabling the television audience to
communicate among themselves rather
than be merely passive receivers of
what is produced by those who think
broadcasting should be used as a
megaphone.

In Milton Keynes 10,000 homes are
connected to the cable system, roughly
one-third. By the end of the experiment
it is hoped that that number will double,
covering about half the population.

.Channel 40 has three producers, an

assistant producer, a technical manager
and a secretary. Many groups have
borrowed the station's equipment to
record their own programmes. At the
moment the station will broadcast for
an hour on Sunday evening, starting at
1800h, repeating the programme at the
same time on Monday night, broad-
casting a new programme on Tuesday
and repeating that on Wednesday.

The Cable Television Association
commented sourly on the experiment in
their annual report, published in No-
vember: “It is understood that plans
continue to be developed for a local
community service on the cable tele:
vision network at Milton Keynes, with
funding from Development Corpora-
tion funds. It should be noted that this
service wil' have the support of public
funds, something expressly forbidden
by the Home Office to private
companies for the community services
pioneered by [our] members.”

The report also notes that in the
United States 15% of homes are con-
nected to cable, a total of 10.8 million. In
Canada the proportion is two-thirds, in
Belgium 49%, in Luxembourg 30%, in
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Holland more than half, and in Switzer-
land 14% “In Great Britain, the country
which pioneered cable television, cable
systems operating on a speculative
basis are now declining and are likely to
do so whilst they are not allowed to do
more than relay the broadcasters’
programmes, and are subject to licens-
ing by the Post Office.”

Surround sound
progress

In an engineering press statement
issued last August, the BBC said that

. little doubt remains that the BBC
experimental matrix system, which is
known as matrix - H, is superior for
broadcasting to other systems tested.”
And more recently, a BBC engineering
information sheet says that the matrix
H gives “stereo and mono compatibility
much superior to that of any of the
systems previously examined.” The
choice of words in both cases appears to
have been deliberately picked to
exclude systems not tested. Natural
scientific caution, one might think. But
witness also the recent BBC article in
EBU Review which says that the
decoded result can be made to match
more closely that from a four-channel
discrete system than is possible with
any current commercial system . . .”
The word “commercial” here quxte
clearly excludes the one major system
which has not quite reached the market
place, but which its inventors believe
offers advantages over matrix H.

The reason why the Ambisonic cod-
ing wasn’t included in the BBC’s most
recent tests appears to be in part due to
some disagreement over how it should
be tested and partly due to the equip-
ment not being ready in time. The
developers would have liked it to be
tested to its best effect but the BBC are
more interested in how it performs
under normal operational conditions. It
is like testing five television systems in
black and white, with four black and
white sets and one colour, says Michael
Gerzon. It may be that the colour set
could come off worse had it been
optimized for colour.

Though the BBC have no plans to
start a regular surround-sound service,
the recent statement says “. . . it would,
in the light of its present knowledge,
choose matrix H to encode the trans-
missions,” clearly leaving itself the
option of changing. The Corporation
plan to make pilot transmissions in the
second half of 1977 (at which time
decoder details will be published) but C.
B. B. Wood, head of engineering infor-
mation, made it plain that when it
causes the public to buy new equipment
in significant quantities they will be
unable to change.

A recent demonstration of matrix H
at Broadcasting House gave an elevated
unstable centre front sound with
precious little sound from the sides, and

generally- unconvincing reverberation
was reported, due possibly to
the non-linear circuitry. There were
mixed views about the overall effect,
ranging from very good to fatiguing.
One listener after a Monteverdi piece
‘remarked “I must be odd, quad doesn’t
do anything for me.” (We were delight-
ed to find that the nearest loudspeaker
was not the most prominent, as often
seems the case.)

The BBC matrix arose out of work by
T. W. J. Crompton and P. A. Ratliff —
details were given in Research Depart-

*ment report 29 in 1974 — in an effort to

get a better mix of mono-stereo-
surround performance than existing
codings offered at the time. But since
their earlier work Peter Fellgett’s
NRDC-backed Ambisonic scheme has
been modified and developed with the
help of Michael Gerzon to the point
where Ambisonics must now represent
the most advanced thinking in surround
sound technology.

Matrix H is reported in the EBU
Review article to give “very accurate
directional information for a central
stationary listener” but the sound
sensation on normal programme
material, although “extremely plea-
sant,” is reported to be very close to the
listener, i.e. sound images seem much
closer than the loudspeakers. This,
together with a loss of directional
information away from the central
listening position, no doubt prompted
work on the peculiarly-named “logic-
enhanced” decoder, which really means
a programme-dependent decoding, to
try and improve matters. Early experi-
ments had used commercial decoders
modified for the H matrix (Sansui’s
decoders could be used with around 60°
phase shift in one channel), but the
recent statement says superior results
have been obtained with a specially
designed decoder but using Sansui’s
non-linear Variomatrix technique.

The Ambisonic 45J coding, as it is
called, uses a circle locus and can be
improved by linear means — in particu-
lar by addition of a band-limited third
channel, which nowadays is well within
the capability of the disc record
industry. It is argued that matrix H
cannot be satisfactorily augmented in
this way because its locus on the
phase-amplitude sphere is a bent circle
(Electronics Letters, 11 Dec 1975).

Although perfect mono and stereo
playback compatibility are conflicting
requirements, both H and 45J fall within
fairly well-defined limits of acceptabili-
ty. In the trade between back attenua-
tion in mono playback and phase
difference in stereo, there is room for a
range of balances. In mono, matrix H
gives a total gain variation of 3.6dB over
the'360° range of source angles and 2dB
in stereo. The Ambisonic 45] gives
slightly more variation in mono and
slightly less in stereo. In stereo, H is
slightly less wide than 45J. Phase
difference for a centre front signal is 48°
for H and 45° for 45J (hence its name),
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though it is claimed that H gives
significantly more blurred images.
(These figures are for optimal or kernel
encodings; they are different for pair-
wise mixed material).

But the differences between Am-
bisonics 45]J and other codes doesn’t
just centre on the 2-2%—3 channel
augmentation (2% means two channels
at h.f. and three channels at 1.f.) — the
Cooper-Shiga UMX series also has this
property and in theory the Sansui code
could be similarly augmented. The
technology built up over the last few
years by the Ambisonic team has
allowed major advances in microphone
design for natural, surround use. In
addition novel signal processing tech-
niques for surround information have
been developed, and criteria have been
established for a family of frequency
dependent ‘“psychoacoustic” decoder
designs that take account of listener-
to-speaker distance and can be adapted
to different loudspeaker layouts. And
theoretical studies have provided and
adapted the analytical tools needed to
handle kernel systems as well as matrix
systems (the distinction is one of a
continuum of directions as opposed to a
selection of a few of those directions).

A visit to Peter Fellgett’s experimen-
tal three-channel set up at his home a
short time ago produced just about the
most natural reproduced sound exper-
ience we have yet heard. At its best it
was totally involving, much more so
than any commercial surround-sound-
demonstration (so much so that the
writer had twice to be gently reminded
it was time to leave; all too often one is
glad to leave surround demonstrations).

The job they now have is to put down

all they have developed and discovered
over the years on paper — if only to
make it available to its licensees.
Already an agreement with one well-
known manufacturer is about to have
its 's dotted and t’s crossed and interest
is being shown by other broadcast
organisations.
@® The 4-4-4 and 4-3-4 configurations
studied by the BBC are ‘“‘of no interest
since they could not be broadcast
satisfactorily through the three nation-
wide v.hf. networks operated by the
BBC.” The BBC would naturally wish to
avoid curtailment of its existing cover-
age by introducing a third channel of
information, but Michael Gerzon feels
the possibility of adopting a 2/3-channel
system ought not to be ruled out until
more thorough investigations have
been made. By using a reduced level and
band-limited third channel they believe
it possible that the mono and stereo
signal levels need only be reduced by
half a dB. Of course, as David Mears
pointed out, the service area of three-
channel reception would then be consi-
derably reduced. But the elegance of the
hierarchical approach, as in the Am-
bisonic proposal, is that the extra
channel can be deleted anyway and still
maintain a surround performance,
arguably better than matrix H.
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Circuit
Ideas

Low-frequency generator
This waveform generator is based on
the 8038 i.c. and provides sine, square,
and triangular waveforms at spot
frequencies of 0.1, 1, 10, 100 and 1000Hz.
A steady bias may be added to the
waveform so that the output is always
one side of zero. The output will deliver
up to 100mA and is short circuit proof.
The Motorola 1438 is used together
with a 741 operational amplifier so that
most laboratory loads may be driven.
Resistors Ry, 3 ,nq 5 are adjusted so that
the peak-to-peak amplitude of the three
output waveforms are equal. Resistor
R, is adjusted to give a symmetrical
waveform and R, is adjusted to give
minimum distortion of the sine wave
output. Output amplitude is set by Rg,
and ad.c. level of between * 14V may be
added to'the output by R,. Frequency of
the waveform is switched in decades by
S,. The power supply should be rated at
150maA. '
Graham R. Wilson,
Gwent College of Technology,
Newport.
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Three coupled astables

This circuit produces three symmetrical
square waves at 120° to each other. By
inverting these, outputs at 60° can be
produced. Three comparators from the
MC3302P are used, and the device can

be operated from 4 to 12 volts. With the
component values shown, output fre-
quency is approximately 17Hz.

L. J. Bell,

Evesham,

Worcs.

Binary state indicator

A simple circuit for displaying the four
possible states on two binary lines uses
four l.e.ds and one inverter which may
be a spare gate or transistor. When x =
y, A and B will have both sides at the
same level and will therefore be off.
Because y is inverted, C and D will have
both sides at different levels, so one
l.e.d. will be turned on. When x is
opposed to y the reverse situation
occurs.

David Straker,

Dwyran,

Gwynedd.
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Peak and trough detector

In data-logging systems it is often
necessary to measure the peak and
trough of a waveform superimposed on
ad.c. level. This circuit uses twoi.cs and
offers acceptable performance down to
about 10Hz. Measurements are made
with a conventional d.c. voltmeter.
Input signals are fed to a precision
peak detector, which outputs the peak
voltage “max”. The input signal is also

passed through an active low pass filter
and inversion amplifier, whose output
at TP2 is the mean value. A differential
amplifier subtracts the maximum value
from the mean, to give the minimum
value of the input. A compromise is
necessary between response time and
lowest operating frequency but the
100uF capacitor can be reduced for
higher speed operation. The circuit is

R4 Rs
10k

82k

4k7
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set up by shorting the input and
adjusting R, until 0V = 1mV appears at
TP1. Resistor R, is then adjusted so that
OV also appears at TP2. With +5V
=ImV applied to the input, R; is
adjusted until TPI measures + 5V
*1mV, and R, is adjusted until TP2
measures -5V +1mV. Finally, R; is
adjusted until +5V *1mV appears at
the “max” output.

K. R. Brooks,

University of Bristol.

) Max.
100k 220k 15k*
—E—n

Min,

% Match to 1%

Aqand As lc. type LM747CN (dual 741)

Small signal amplifier
There are two basic types of small signal
amplifier, the virtual earth type as
shown in Fig.1 (Linsley Hood’s Liniac),
and the high input impedance type as
shown in Fig.2. In certain applications,
such as a record amplifier, these two
configurations can be economically
combined as shown in Fig.3. This circuit
provides several times as much gain as
the Liniac.

D. Rawson-Harris,

Ferranti Ltd,
Manchester.
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Grounded gate thyristor
A conventional p-gate thyristor can be
triggered by a negative-going pulse as
shown in the circuit. When a contact to
earth is made via the switch, C, applies a
negative pulse to the thyristor cathode
which reverse biases the diode.. When
the thyristor conducts, the diode is
forward biased and only adds about a
0.7V drop. The diode must be rated for
the full load current but need only be a
low voltage device. In the author’s
design, opening of the relay contacts
causes the circuit to switch off.

R. V. Hartopp,

Saffron Walden,

Essex.
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Sync-pulse delay

In t.v. broadcasting it is sometimes
necessary to delay a composite signal.
Passive elements can be used but these
only offer delays of a few hundred ns. If

a longer delay is required, several of
these elements are used. This circuit
replaces these passive networks and
allows a variable delay up to 7.0us.

'T' 1+ 5V

27476

delayed sync
output

u

C. M. Wong,
Kowloon,
Hong Kong.

““Telecomms industry needs reorganisation’” — ASTMS

The erratic investment record of the
Post Office, coupled with the reliance
of the celecommunications compani®s
on Post Office contracts, has led the
Association of Scientific, Technical and
Managerial Staffs to recommend, in a
policy document on the telecommuni-
cations industry, the setting-up of a
new publicly-owned company to
manufacture telecommunications
equipment. ASTMS is against either
splitting the Post Office into a postal
and a telecommunications corporation,
or involving it in the manufacture of
equipment now supplied by firms such
as Plessey, GEC and STC. “Even
though the postal side is more prone to
make a loss than is telecommunica-
tions, there is no evidence that the
overall financial performance of the
two divisions operating as separate
corporations would be better than their
overall performance within one cor-
poration. If there is any question of
postal losses acting as a drain on the
financial resources of Post Office
telecommunications this would argue
for more rational housekeeping tech-
niques rather than a divorce.” In any
case, ASTMS argue, future technology
will increasingly blurr the distinction
between the two forms of communica-
tion: “For example the growth of data
transmission traffic will bridge the two

operations.”
As to the widening of the Post
Office’s remit to embrace

manufacturing, “The Post Office’s poor

record stems both from problems
within its own organisation, particu-
larly at senior management level, and
from its relationship with the supplying
companies. These problems cannot be
solved by extending the Post Office’s
remit. ASTMS would rather see a
complete overhaul of the way in which
decisions are taken within the Post
Office.”

The telecommunications industry
could only survive if it adopted “more
dynamic strategies’’ towards its
employees, the Post Office, research
and development, investment, and
marketing. “ASTMS believe that the
only way that the industry can work
successfully is for the government to
take over the telecommunications
sections of the supplying companies
and form a new company.” The
government, through the National
Enterprise Board, should have a
majority shareholding in the new
company, to be called British Telecom-
munications Ltd, which would carry
out a plan agreed with the Post Office,
the trade unions and the Government.
“The idea of a company where the
public sector has a majority share-
holding, but which then operates
sufficiently independently not to be
come a victim of excessive bureau-
cracy and drbitrary state intervention,
is not in itself new. Cable and Wireless
Ltd is such a company, operating on
the whole successfully.”” The new
company would carry out research and

development, design, manufacturing,
and installation work, pooling the
expertise of the various suppliers into
one company. Money from the NEB
could be used to manufacture and
design components, a capital injection
the need for which grows as telecom-
munications technology concentrates
increasingly on large scale integration.
ASTMS argue that, in the past, the Post
Office has insisted on specifications
which the suppliers know are unneces-
sarily detailed, which impede produc-
tion, and which reduce the chance to
export. For this reason BTL should be
in a position to insist that the Post
Office either orders equipment meeting
international standards or pays a
premium reflecting the true cost of
making special equipment.

Throughout the document ASTMS
emphasises the need to modernise and
re-equip the telecommunications
industry, and to speed up the progress
towards all-electronic telephone
exchanges even though this will mean,
they estimate, a reduction of 80% in the
number of skilled and semi-skilled
engineers in the industry in the next
ten to 20 years.

® Towards the end of November. the
managing director of posts, Mr Alex
Currall, told a Coventry meeting of the
Institute of Administrative Manage-
ment that his personal view was that
posts and telecommunications should
be separated. '
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Nickel-cadmium cells
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Experiments in reviving cells you would otherwise discard

by K. C. Johnson, M.A.

The use of nickel-cadmium cells in
tape-recorders, pocket calculators and
other “cordless” appliances is increas-
ing rapidly. They owe their popularity
to the fact that they are both rechar-
geable and sealed. This is possible
because they contain a built-in chemical
constant-voltage action, like a sort of
zener diode, which enables them to
continue to carry current after they
have reached full charge with only a
small rise in voltage and without any
net internal effects. Thus they can
operate satisfactorily when connected
in series in a battery, no gases are
evolved, no water need be added and,
according to the manufacturers, they
last more or less for ever.

Unfortunately, though, many users
tell a different story and this type of cell
has acquired a reputation for being
unreliable and rather short lived. Since
the cells are far from cheap this seems to
be an unsatisfactory state of affairs, and
the author wondered whether there was
any simple explanation. It seems possi-
ble that there is, and that cells are being
thrown away unnecessarily. Readers
may like to help prove or disprove my
theories. The secret seems to be to
“treat’ 'em rough”. The manufacturers
get good life results when they test
under severe conditions, while it is the
cells that have an easy time that die.

In this type of cell the negative plate
is cadmium. As the cell is discharged
this material is oxidised from the
metallic form to an insoluble hydroxide.
The positive plate is nickel, but this is
never in the metallic form at any stage.
As the cell is discharged it changes from
one hydroxide to another, both being
insoluble. When the cell is charged both
these reactions are reversed and metal-
lic cadmium is reformed. This reversible
process is associated with the normal
voltage, of about 1.25V, between the
plates.

If the charging process is continued
after this reaction has gone to comple-
tion, the makers arrange that it is the
nickel side which is exhausted first.
Thus oxygen ions arrive but can find no
material left to oxidise. They therefore
form into oxygen molecules and go into
solution in the electrolyte where they

diffuse around the cell. In due course
they reach the cadmium and are able to
oxidise the metal. Thus current is
carried across the cell by the recircula-
tion of oxygen, which flows as negative
ions in one direction and as neutral
molecules in the other. Because of the
pressure required to keep sufficient gas
in solution the current in this over-
charge state must be limited to about
0.1C, the ten hour rate.* A voltage of
about 1.30V is associated with the
recirculation process, so that it provides
a very convenient limiting mechanism.

Over-discharge

If a cell is over-discharged, as can
happen if it is the first to go flat in a
multi-cell battery, then damage may be
done. If the nickel side is ‘again
exhausted first, then damage may be
done. If the nickel side is again
exhausted first, as it normally will be,
then hydrogen gas will be formed at a
voltage a little below zero. Once formed
into gas the hydrogen can never be
recovered and represents a permanent
loss of electrolyte. In some cells the
makers put a bit of cadmium hydroxide
in the positive plate alongside the
nickel, and if this is done the cell will
pass current at a voltage of almost
exactly zero until this material isin turn
exhausted and the generation of hydro-
gen starts. Clearly if all the cells in a
battery are balanced within the appro-
priate margin the chance of damage will
be much reduced. It would seem likely
that a semiconductor diode connected
across each cell could offer similar
protection even if the cells were not
carefully balanced.

What then is the mysterious
mechanism that makes cells fail prema-
turely when they are given gentle
treatment? It seems that the trouble is
that cadmium, like zinc, is a metal that
has a “hexagonal”, rather than a
“cubic”, crystal structure. Thus, if it is
allowed the choice, it will prefer to form
crystalline whiskers rather than a
smooth surface, and the atoms in these
whiskers will be just a tiny bit, a few
tens of millivolts perhaps, less chemi-

* See Appendix

cally active than those in more ran-
domly built metal. Although the elec-
trolyte is alkaline, cadmium ions will
still have some slight solubility and will
be able to move about the cell in small
numbers. Thus the metal will slowly
form itself into crystals even if the cell is
left idle, while gentle cycles of charging
and discharging are likely to accelerate
the process. g

If these whiskers build up until they
actually penetrate the inter-plate bar-
rier they can obviously cause internal
short-circuiting. But as soon as the
current rises high enough to give a
voltage drop down a whisker equal to
the few tens of millivolts energy
difference growth will cease. Each
whisker thus provides a steady leak of a
very small current only. When the cell is
discharged, though, the growth can be
resumed and a solid short-circuit
becomes possible.

Normally the whiskers will grow as
the cell is being charged, so that a cell in
the early stages of the disease may
behave perfectly well until it is perhaps
half charged. The whiskers will reach
across and bypass the current so that
little further charging takes place. After
the full charge time the cell is put into
service and goes flat much too soon. It is
said to have “lost capacity”. Only later
does it become obviously impossible to
get any charge in at all and only then is
the cell said to be “short-circuit”. It will
probably be thrown away as worthless.

Reviving process
If readers have any cells of this type’
that they are about to discard after this
sort of trouble they might like to try to
revive them by a process that I have
used with some success. Make sure that
each cell has the customary safety vent,
or beware of explosions if a high gas
pressure is generated inside. If a cell is
open-circuit then it has probably lost
electrolyte, que to leakage or excessive
current in either direction, and there is
no point in giving it this treatment.
Take each reject cell and apply the
usual 0.1C (ten hour rate) charge
current to it. Watch the voltage with a
meter, but there is no need to worry if
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no significant amount appears at this
stage. Arrange to be able to add a very
much larger charge current, 10C (six
minute rate) perhaps, to just one cell at
a time. A connection across the
headlamp switch of a car might be
suitable, or two charged healthy cells in
series with an appropriate resistance.
Arrange also a dummy load that will
discharge a normal voltage cell at
about the 10C rate. This may well be a
metre or so of quite thick copper wire
and will get fairly warm in use. Use this
dummy load to make sure that the cell
under treatment is in fact flat before
starting to charge it.

Now add the heavy charge current to
the low one for bursts of about five
séconds, allowing intervals of perhaps
fifteen seconds between the bursts to
avoid undue heating. Don’t worry too
much about the voltmeter reading while
the heavy current is flowing —
remember that'you were going to throw
the cell away — but notice the voltage
to which the cell settles between bursts.
This may start at zero, but even the
most obstinage_b_ell will “come unstuck”
after a few bursts and will reach a value
of around 1.25 volts. After perhaps
twenty bursts the cell ought to be a little
more than a quarter full and it is unwise
to go much further at the heavy current
as the cell will lose electrolyte and be
permanently damaged if it reaches full
charge. Use the dummy load then to
discharge the cell completely, again
working in bursts to avoid undue
heating.

The theory behind this rough treat-
ment is that the heavy charge current
will melt any whiskers causing short-
circuits, thus destroying their crystal
structure or fusing them altogether,
while depositing cadmium metal back
on the plate to give a useable amount of
charge. The heavy discharge will then
oxidize the metal in any remaining
whiskers first, despite the lower activity
of the crystalline material, simply
because the metal offers a much lower
electrical resistance path than the
electrolyte.

Now recharge the cell to the quarter
full state with a further twenty bursts of
the heavy current. Then leave it on just
the low current for ten hours or more,
and if the treatment has been successful
it will go through to the oxygen
regeneration state. It is difficult to
establish for sure when this has been
achieved, but measure the voltage
carefully and then, without disturbing
the ~harge current, discharge the cell
with the dummy load for about 30
seconds and compare the voltage to
which it recovers in a minute or so. If
this is significantly lower, say 50mV,
then the cell was probably fully charged
and will be so again after a further hour
on charge. In any case it seems that this
sort of discharge will probably do the
cell good, and it is certainly a good thing
to leave a cell which has had short-cir-
cuit trouble on low current overcharge
for at least another 24 hours.

This is because the most effective
whisker removal action comes only
when the oxygen recirculation process
is established. The dissolved oxygen
diffusing across from the nickel plate
finds the troublesome whiskers first and
will attack the cadmium in them. Any
metal ions which may be formed are
then driven back towards their proper
electrode by the electric field. Even
detached pieces of metal will be oxi-
dized and so returned for further
service. Only during overcharge is the
field in the right direction to pack the
cadmium down on its plate while the
metal is being oxidized and may go into
solution as ions.

More drastic

When a cell that was on the point of
being rejected reaches the overcharge
state, as several of mine have done, it
can be considered to have been suc-
cessfully rehabilitated. If a cell fails to
respond to the treatment described,
then, before you throw it away, try
more drastic treatment. If it never made
volts at all, try a larger initial current to
“unstick” it. If it charged but never
reached overcharge, continue the
bursts of heavy charge current until it is
half full or even more before discharg-
ing it: The author has only been able to
experiment on a very few cells of a
single type. The experience of readers
may help to improve the process and
make it more successful.

In any case, if only a small fraction of
the cells treated recover sufficiently to
be of further service it will still be well
worth trying, as the cells are expensive
and the treatment is comparatively
simple. The results may not be quite as
good as new cells, but they may be very
much better than scrap.

Appendix
Typical capacities and charging cur-
rents are as follows:

Cell size Capacity  0.1C current
AA,R6 or U7 500 mAH 50 mA
C,Rl4 or Ull 1500 mAH 150 mA
D,R20 or U2 3500 mAH 350 mA

@nounlcfmenis)

Ritro Electronics (UK) Ltd has been formed as a
fifty-fifty partnership between Ritro Electronics bv.
component suppliers of Holland and Belgium. and
Tahold Investments Ltd to distribute electronic
componeénts in the UK. Tahold is a company
formed by Peter Tagg (a founder and former
managing director of GDS Sales Ltd) andhe is the
major shareholder. Ritro is at Grenfell Place
Maidenhead, Berks.

Syston-Donner have appointed Electroplan of
Royston UK distributor for four of thejr range of
pulse generators, the model 99, the 100A, the 110B
and 110C.

NRK, Oslo, the Norwegian broadcasting authority,
have ordered a £100,000 non-computerised routing
control system from Prowest. The system provides
switching for forward and reverse vision, forward
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and reverse programme sound, forward andreverse
communications, vision and sound cueing and
synchronising pulses. The system used 60kbits of
poro.m. and 5kbits of c.m.os. store which
memorises the routing if the power fails.

An unnamed Arabian country has placed a
£7million order for a microprocessor-based system
to enable computer data to be transmitted over h.f.
links. 1t will be used in a data retrieval system
consisting of a central base and 13 h.f. and v.h.f.
out-stations, offering data or voice communica-
tions between them and the central base. The order
was awarded by a company called Scicon
(Scientific Control Systems Ltd) to Racal
Communications. Scicon was formed at the
beginning of the year “to export and manage the
skills of our resource companies in England and
Germany in the Arabian Middle East.”

The international Short-Wave Club is conducting
its tenth poll to find the most popular short wave
broadcasting station. The poll has been held once
every three years since 1950. The present one began
on November 1 and will finish on February 28, 1977.
Any listener may participate, though eligible
stations are confined to those recognised by the-
ITU. A list of five stations in order of preference
should be sent to Mr G C Gibbs, 118 Bournemouth
Park Road, Southend-on-Sea, Essex, SS2 5LS. The
1974 winner was Radio Nederland, followed by the
BBC.

A series of lectures on radio navigational aids
begins January 19. Lecturers will be from Decca
Navigator, Marconi-Elliott Avionic Systems,
Redifon, and the School of Engineering, Merton
Technical College, where the course will be held.
Further details from Mr R. B. C. Copsey, Merton
Technical College. Morden Park, London Road.
Morden. Surrey.

Automatic Control Engineering Ltd say details of
courses at their training centre in Sidcup are
available from Mr R. W. Leach, Training Manager,
ACE Training Centre, Roxby Houses, Station Road,
Sidcup, Kent. The only qualification needed to
enter courses is conversational ability in English.
The centre specialises “in the practical training and
theoretical tuition of instrumentation and control
engineering.”

Largely because of the desire to receive British
television, Irish viewers tend to be at the receiving
end of cable relay systems. The Minister of Posts
and Telegraphs, Mr Conor Cruise O’Brien, has now
said that for those areas of Ireland unable to receive
pictures so far by this method, the South and West
of the country, there will be no difficulty in
arranging for the signals to be relayed to them.
The co-operative relay companies beaming the
signals from Dublin will be charged £200,000 for the
privilege — in direct contravention of the Berne
Copyright convention.

Zaire has contracted with a French company for a
national space communications network to
broadcast radio and tv programmes over its

- territory and to supplement its telephone and
telegraph links. The country already has radio and
tv stations, microwave links and a satellite earth
station linking it with the rest of the world. The
work will be undertaken by Thomson-CSF, and will
consist of 12 satellite earth stations with 14.5m
aerials, 16 tv transmitting stations, and additional
complementary telephone, telegraph and television
equipment. A repeater on one of the Intelsat
satellites will be leased to Zaire.

African developing countries are to be provided
with education and information through the
French and German “Symphonie” communications
satellite. The first earth station was installed in
Kigali, Rwanda, late in 1976, where it is relaying
programmes from Cologne.

Awards

Derek Tilsley, marketing director of Rupert Neve &
Co. the Energy Services and Electronics Ltd
subsidiary. has been elected vice president,
International, of the Audio Engineering Society.

Sir Kar! Popper has been elected a Fellow of the
Royal Society.
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Logic design — 2

Combinational logic

by B. Holdsworth™ and L. Zissos¥

tDepartment of Computing Science, University of Calgary, Canada.
*Chelsea College, University of London

Two of the most essential features
that must be met in the design of logic
circuits are the imposed gate fan-in
restrictions and hazard-free opera-
tion. Gate fan-in is the number of
imput terminals provided in a gate, i.e.
the maximum number of input signals
to a gate. Race-hazards are unwanted
transient signals (signal spikes),
which under certain changes of an
input signal and with certain relation-
ships of circuit delays appear in a
logic circuit,

Combinational circuits can be con-
structed using AND, OR and IN-
VERTER gates, NOR gates or NAND
gates. It is possible to construct curcuits
using all of the above elements but such
circuit configurations are not, at pre-
sent, common. Circuits composed
entirely of NAND or entirely of NOR
gates are generally more economical
and convenient to use than circuits
using AND, OR and INVERTER gates.
The truth table for a two-input NAND
gate is shown in Fig. 1(a) and that of a
two-input NOR gate in Fig. 1(b). A
NAND gate can be used as an IN-
VERTER if all except one of the inputs
are tied to logic 1, a practice which,
though not always necessary, is
strongly advised. For example, if the
input A of the gate shown in Fig. 1(a) is
tied to logic 1, then the output of the
gate is B as indicated by the entries in
the bottom two rows of the truth table.
Similarly a NOR gate can be used as
an INVERTER if all except one of the
inputs are tied to logic 0. The remaining
input then appears inverted at the
output of the gate. In the case of the
gate shown in Fig. I(b), if input A is
connected to logic 0 the output of the
gate is B, as indicated by the entries in
the top two rows of the truth table.
NAND and NOR gates can also be
used to generate the OR and AND
functions. For example, the output of a
NAND gate driven by signals A and Bis
A B. which may be writtenas A + B, as
shown in Fig. 2(a). The AND function
can be generated by connecting two
NAND gates in cascade, the first one
generating the NAND function of the
two input variables A and B, whilst the
second gate acts as an INVERTER, as

shown in Fig. 2(b). It follows that a NOR
gate fed with inverted variables gener-
ates the AND function of the true values
of the input variables, whilst two NOR
gates in cascade generate the OR
function of the variables fed to the
inputs of the first gate.

Two levels of NAND gates generate a
two-level sum-of-products expression,
as shown in Fig. 3(a), which indicates
the one-to-one relationship that exists
between a sum-of-products expression
and its NAND implementation. The
reader’s attention is drawn to the fact
that the realisation of a minimal
sum-of-products expression does not
necessarily result in a minimal circuit.
For example, the 1mplementat10n of the
“Exclusive OR” function f = AB + AB,
which is a minimal expression, requires
five gates, if inverted variables are not
available as shown in Fig. 3(b), whereas
the NAND circuit satisfying its non-
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minimal formf = A(A + B) + B(A + B)

.requires one gate less, as. shown in Fig.

3(c).

In order to implement a function,
such as f = (A + BC)E + (G + H)F
using NAND gates, it is simpler to work
backwards from the output gate. The
equation is of the form PQ + RS, where

P = (A + BC) R=F
Q=E S=(G + H)

. This type of two-level sum-of-products

has already been realised in Fig. 3 (a)
and is repeated with the relevant input
signals in Fig. 4(a). The input line G + H
to gate 3 is the output line of a two-input
NAND gate, whose inputs are found by
inverting the variables G & H. Similarly,
the input line A + BC to gate 2 is the
output line of a two-input NAND gate,
whose inputs are found by inverting the

variable A and the product BC, as

A —D f=AB
(a)
B —

NAND

(b)

o >
i||
>

+

m

. Fig. 1. Symbols and truth tables for

NAND (a) and NOR (b).
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Fig. 2. The OR function using a NAND
gate at (a) and the AND using NANDs

at (b).

(b)




f=AB+CD

(b)

f=A(A+B)+B(A+B)
= AB+AB

(c)

Fig. 3. The use of NAND gates to obtain a sum-of-products function (a). The
minimal form of expression need not give a minimal circuit; minimal
expressionf = A B + Z Bin (b) needs one more gate than non-minimal
expressionf = A (A4 + B) +B(A + B)at (c).
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Fig. 4. Building up the expression
f=A+ BC)E + (G + H)F from the

Q

}f:(/_\+BC) E+(G+H)F
: .

(a)

} t=(A+BC)E+(G+H)F
1

(b)

t=(A+BC)E+(G+H)E

(c)

output end in three levels.

A

= (A+B)(C+D)

‘D
Fig. 5. Dualizing f = A B + C D with
NOR gates.

shown in Fig. 4(b). For the final stage in
the implementation it is only necessary
to precede gate 5 with a two-input
NAND gate whose input variables are B
and C as shown in Fig. 4(c).

If the NAND gate in Fig. 3(a) were
replaced by NOR gates as shown in Fig.
5 the output function, which the reader
can check for himself, will be

fo=(A + B)(C + D)
which is the dual of the output function
of the circuit shown in Fig. 3(a). Hence

to implement the NOR circuit of a
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Boolean function first derive the
NAND-circuit of the dual function and
replace the NAND gates by NOR gates.

Example. Implement the function
f = ABC + ABC.

Dualise:

fo = (A+B+C)(A+B+C)
Express in Sum-of-Products form:
fD—AB+Kc+AB+Bc+AC+BC
minimising using the method of Part I:

fo = AB + BC + AC.

The NAND circuit of this function is
shown in Fig. 6(a) and the NOR function
f = ABC + ABC is given by replacing
the NAND gates by NOR gates, as
shown in Fig. 6(b). :

Hazard-free operation

Race-hazards are unwanted transient
signals (signal spikes) which, under
certain changes of an input signal and
with certain relationships of circuit,
delays, appear in a logic circuit. The
NAND circuit of Fig. 7-shows a com-
binational logic circuit in which
“spikes” are generated during a change
of input signal A from 1toOwhen B = C
= 1. The cause of the race-hazard is that
immediately following a change in the
signal A, A = A = either 0 or 1. Hence if
a Boolean expression of a signal in a
circuit reduces to either A + A or AA, a
race-hazard exists at the output of the
corresponding gate, otherwise the sig-
nal is hazard-free.

In the example shown in Fig. 7, f =
AB + AC reducesto A + AwhenB = C
= 1, revealing the existence of a
race-hazard at the output of gate 4.
Race-hazards in a circuit can be sup-
pressed by preventing its Boolean expres-
sion from reducing to either A + A or
AA. This is achieved by.the application
of the theorem of race-hazards in Part 1.
Hence

‘AB + AC = AB + AC + BC
or, alternatively, expressing the same
function as a product-of-sums
A+B)(A+C)=(A+B)(A+C)(B

+ C).

The introduction of the third term
prevents the first expression from being
reduced to A + A, sincewhen B = C =
1,AB + AC + BC nowreducesto A + A-
+ 1 = 1. Similarly, the second expres-
sion, when B = C = 0, reduces to (A'+0)
(A +0)(© +0)=AA0=0.

Fan-in restrictions
The implication of a fan-in restriction
(the number of gate inputs) on the
realisation of a Boolean function is
equivalent to imposing a restriction on
the maximum size of the products and
sums in the expression of the function
to be satisfied. For example the direct
realisation of the function f = AB +
AC+AD shown in Fig. 8 requires one
three-input NAND gate, three two-in-
put NAND gates and two single-input
NAND gates, six gates in all.

If the fan-in restriction is two,
implying the use of two-input NAND
gates, there are two possible methods of
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(a)

B

2
A
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f=AB+AC+AD
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Fig. 6. Generating a function using NOR gates. Functionf = ABC + AB Cis first dualized, minimized and
implemented in NAND logic, as at (a). This circuit is then converted to NOR gates to provide the required output.
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_D@f =ABC + ABC

output of
gate 4

Fig. 7. Mechanism of “‘spike’ generation.
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Fig. 8. “Direct” generation of f = AB + A C + A D when 3-input gates

rearranging the given function to
satisfy this restriction.

Method 1: bracket two of the three

products.
The functionis f= AB+AC+AD
bracketing: f=(AB+AC)+AD.

The implementation of this function is
shown in Fig. 9(a). It meets the fan-in
restriction of two but it requires eight
gates, two more than in Fig. 8,

Method 2: remove a common factor;

The function can then be written
f = AB + A(G + D).
The realisation of this function is shown
in Fig. 9(b). It meets the fan-in restric-
tion of two and requires only four gates,
two less than in Fig. 8. Alternatively the
function may be written =~ _
f=A(B + C) + AD.
The implementation of this function is
shown in Fig. 9(c). Again it meets the

fan-in restriction of two and it requires’

the same number of gates as realised in
Fig. 8. There is one further factorization
of interest and that is_ a

f=A(B + D) + AC
but this function has the same form as
f=AB+C)+AD and can be imple-
mented with six NAND gates, the same
number as in Fig. 8. Obviously the
optimal implementation is given when
the function is written in the form f =
AB+A(C +D) even if a fan-in restric-
tion of two had not been imposed.

A systematic method can be used to
arriveat an optimal expression foralogic
function which to be realised using
gates with a specified fan-in. The
method described is based on the use of
the merging table -2,

For the case of NAND circuits the
starting point is the irredundant sum-
of-products expression of the function
to be implemented. _ _

f=AB + AC + AD
The function is dualised and the brack-
ets numbered:

fo=(A + BY(A + C)*(A + Dy
Next the change in the gate count AN,
which occurs when pairs of brackets are
merged is determined with the aid of the
merging table shown in Fig. 10, which
has been developed for the case when,
there is no increase in the size of the
sum (AZ = 0) upon merging brackets.
Merging is the process described in
the Fan-in theorem in the first article of
this series, where two brackets are
replaced by a single bracket i.e.
H+T) H +Ty) =
H, T,+H,T,
It is essential to note that merging does
not affect terms which are present in
both brackets i.e.
(T+X)A+Y) =1+XY
To determine the value of AN the
components of the two brackets are
counted in the following manner.
x= the number of terms in the
smaller bracket, excluding common
terms.
y= the number of terms in the larger
bracket, excluding common terms.
r= the number of terms in the head
section of the smaller bracket.
n=1 if a group of terms in one
bracket, calted the head, is theé comple-
ment of a group of terms in the other,
otherwise n=0,
I= the number of variables true or
inverted counted in x and y.
t= the number of true variables in x
and y such that for each
(1) its complement does not occur
as a variable in any of the other
brackets. ’
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A = (AB+AC) Fig. 9. Bracketing two products in
c }—'— f=AB+ AC + AD enables use of
= - ) 2-input gates but requires eight insteaa
c é—J of six, as in (a). Removing a common
D l} D factor again meets fan-in restriction to
2 inputs, with varying savings in
(a) number of gates, as seen in (b) and (c).

_ A

E— > B B — >
— >B+(_Z o
) f=AB+A(C+D) C. > f=A(B+C)+AD

(b) (c)

gives areduction in the gate count by 2, -

does not result in a change in the gate
m count but that merging brackets 2 and 3
which is the same result obtained

= > x=2 r=1 >2 working directly with the circuits in Fig.
[ x=1 y21 41 Ii y | 9 '
Merging 1/2 gives f, = (A+BC) (A+D)
redualising: f=A(B+C)+AD
AN see Fig. 9 (c) _
-3 Merging 1/3 gives f, = (A+BD)(A+C)
redualising: f=AB+D) + AC
Merging 2/3 gives f, = (A+CD) (A +B)
=t redualising: f=AC+D)+AB
see Fig. 9(b).

i

This part will be concluded with two
examples, the first one demonstrating
the process of minimal design using the
merging table and the second one
demonstrating the development of a
minimal, hazard-free design.

Example 1 Design a minimal two-input

NAND circuit to realise the following

Fig. 10. Merging table for AZ = 0. Boolean function. ~ _ _
f=AB+AC+CD

This equation is already in its minimal

+1

+2

(2) it does not occur in its true form the dual function, AN being obtained form. ’
' in a product within the expression. from the table of Fig. 10. N _ ) o _
i= the number of inverted variables fo = (A+B)'(A+Cy(A+Dy Dualise: . /p= (A+B)/(A+Cy(C+D)
such that for each A
(1) it is not repeated in the expres- : : Attempt merging:
sion as an inverted variable b/p n x y r ot 1l i Ii AN .
(2) it does not occur in its true form b/p n x y r t I-i AN
in a product within the expression. 72 0 1 1 - 1 2 1 1 0 X
N is the gate count and AN is the 173 o1 1 -12 11 0 1/2 1 2 2 1 2 4-2=2 +1
change in the value of N caused by 2/3 011 -0 2 2 0 -2 1/3  cannot be merged '
merging two brackets. . 2/3 1 2 2 1 1 4-3=1 -1
The quantities detailed above are The above tabulation shows that merg-

tabulated below for each bracket pair of ing brackets 1 and 2 or brackets 1 and 3 Merging 2 and 3 will result in a
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(@1

A+C

operation.

A——D)—A
C

A
c— A+C

I,

hazard-free formof = AC + BC.

Ai
B

Fig. 11. Minimal circuit for f = A B (A + C(T + D), using the merging

Fig. 12. Two-input NANDS used to realise f = B(A+ C) + AC, which is

f=AB+(A+C)(C+D)

f=B(A+C)+AC

reduction of the gate countby 1
Merge 2, and 3. f;, = (A +B) (AC +CD).
Redualise: f=AB + (A+C)(C+D)
Implement as in Fig. 11.

Example 2. Under what circumstances
will a spike be generated at the output
gate if a direct NAND implementation
of the function f=AC+BC is made?
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Derive an equivalent hazard-free
expression that can be implemented
minimally using two-input NAND
gates.

If A=0 and B=1 the function
f=AC+BC reducesto f=A + A which s
the condition for generating a spike
when C changes from 1 to 0.

The hazard-free ex- _
pression is f = AC+BC+AB
Dualise:  f, = (A+C)'(B+C)*(A +By

Attempt merging:

b/p n x y r t l-i AN
1/2 1 1 2 4-1=3 +2
1/3 01 1 — 1 2-0=2 +1
2/3 01 1 — 0 2-1=1 -1

Merge 2 and 3: fo = B+AC) (A+C)
Redualise: f=B(A+C) + AC
Implement, as in Fig. 12.
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Mystery Soviet over-the-horizon tests

It is now common knowledge that a
large portion of the h.f. band of the radio
frequency spectrum has been suffering
over the past few months from interfer-
ence caused by a very powerful trans-
mitter, or transmitters, located some-
where in Russia or the Ukraine. The
interference became so bad that most of
the communication services within the
band have complained, through their
respective organisations, to the Home
Office and to the Frequency Registra-
tion Board of the International Tele-
communication Union (ITU). Other
countries (including the USA) who have
been similarly affected by the
transmissions, have also forwarded
complaints to the ITU and the Russian
authorities,

A Home Office representative recent-
ly informed Wireless World that they
have made a complaint direct to the
Russian authorities and have been told
that they are conducting tests and are
taking steps to reduce the interference.

What we, the public still do not know,
and are not likely to be told, either by
the Russians or our defence organisa-
tions and industries, if they know, is
what these tests are for. We can only
speculate, and perhaps the best way to
do this is to study the information at
hand and then compare it with systems
which we know are within the realms of
our present technology, or could be
feasible.

Reports indicate that the transmitter
is located in the area of Gomel, an
industrial town in Byelo-Russia (see Pat
Hawker’s comments, November issue),
and this, according to a recent Daily
Mail report, has now been confirmed by
NATO direction-finders. Monitoring
station engineers agree that the actual
powers involved are in the tens of
megawatts and Mr Dafydd Williams,
chief engineer of the BBC External
Broadcasting is reported to have esti-
mated them as 20 or 40MW or more, and
audible in every part of the globe.

Some American publications have
claimed that the interference was first
brought to the attention of the Federal
Communications Commission (FCC) in
July, principally by radio amateurs. Mr
S. A. Cook G5XB of Intruder Watch!
told Wireless World that the transmis-
sions, which have a pulse configuration
with a basic pulse-repetition frequency
(prf) of ten per second, occur between
about 5 and 22MHz, are widely scattered
and appear to depend on the
maximum-usable-frequency (m.u.f.) for
propagation. For example, at dawn they
can be expected between 14 and 22MHz
and by 3 p.m. they may be at 14MHz or
lower. When the interference first
started it persisted for 10to 12 hours at a
time and, at one stage, completely
obliterated the 14MHz amateur band.
Another report, said to have come from
the BBC, indicated that Cairo Radio had

also been obliterated. However, a
spokesman for the BBC monitoring
station said that while this was an
exaggeration the interference has been:
a considerable nuisance and has occa-
sionally made monitoring impossible.
Their experience of the interference was
that it appeared at various times, on
different frequencies and for varying
durations within the range 6 to 15MHz.
A representative of the Home Office
international monitoring station com-
pleted the picture by saying that the
signals have been affecting frequencies
from 4 to about 27MHz — almost all of
the h.f. band.

Amateurs and broadcasters have not
been the only ones to be affected by the
interference; almost every service has
been troubled — except the television
services, which are on higher fre-
quencies. Public services such as Post
Office radio communications have
experienced interference and so have
h.f. maritime communications. It would
be unrealistic to suppose that these high
power signals have not had some effect
on the h.f. military services too.

According to Mr Cook, the period of
the 10p/s signal comprises a pulse train
of up to 20 different squarewave pulses,
some less than 2ms in length — an
estimated pulse frequency of at least 800
pulses per second. Although the signals

Continued on page 68
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Letters to
\the Editor
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RE-INVENTION —
OFTEN?

HOW

—— . — ==
S

The article on re-invention by F. G. Canning’
exemplies his own thesis — that early
inventions can be overlooked. He supposes
that the Stentorphone of 1921 may have been
the first loudspeaking gramophone. But the
Hon. Charles Parsons in 1903 patented?® the
Auxetophone, which reproduced gramo-
phone records audible “over the whole
village””; and Parsons refers to an Edison
patent® of 1877 of a similar, though compli-
catedly crude, air relay amplifier.

Parsons’ instrument was well designed,
using a small movement on a 9-carat gold
comb providing 7% inches of controlled air
slit for only 80 mg mass. Linearity wa%
studied, and resonances were carefully kept
out of the pass band. Thought was given to
the self-cleaning of grit, but a later
description® remarks that the problem of
impalpably fine dust was never solved (no
electrostatic precipitator!).

The same air comb and horn were fitted by
Parsons to stringed instruments® It is
reported that an auxetophone-cello gave
orchestral quality.

J. M. Little,

Welwyn Garden City,

Herts.
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WARC 1979 AND
OFFICIAL SECRECY

— — —]
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You' are to be congratulated on a bold
editorial (December 1976) that touches on
fundamentals in our country. Put simply, in
Great Britain unlike for example the USA,
the ordinary citizen has on radio or most
other matters little or no right of access to
much government information, even if it is
not classified and he has paid to gather it.
The situation may well get worse as we
move closer into Europe with its traditions of
subservience to bureaucratic power, and as
the provisions of our own outdated secrecy

laws are revised, not necessarily for the
better. The basic principle may well become
“can you produce a reason why-you should
be allowed to know”, as opposed to “can the
civil servant produce any good reason why
you should not know”. o7

There may appear to be little difference
between the attitudes, and since some
citizens have overall doubts of the patrio-
tism of parliament and government alike, it
could seem that the difference is small
compared to this great problem. Given the
basic premise that legislature and govern-
ment are 100% for the continued wellbeing
of the country and are not prepared to
delude themselves or prepared to put party,
departmental, or personal, good above their
country’s good, then good sense and
co-operation should and often does (since
we still have some fine people in the civil
service) produce the desired result. Unfor-
tunately some of us have seen how
insidiously conditions changed in the many
countries of the pre-war world. We are now
perturbed at what is happening here.

Moreover in radio at least there are other
considerations. Any government decisions
should be made with the wellbeing of the
electronics industry in mind and this factor
has all too often, in the past, been neglected,
or even worse decisions have been neglected
or made on wrong grounds.

Those who like to indulge in research into
this aspect, could check on the late UK
development of telex, the loss of tie second
British long wave allocation, the non-use of
crossbar switching, the virtual loss, for
years, of any UK market for v.h.f. broadcast
receivers, or for disc seal triodes. They might
enquire what happened to the UK lead in h.f.
cathode-ray direction finding. Had different
decisions been made in such areas, the UK
might have gained hundreds of millions of
pounds in exports . .. But this is in the past,
the UK must make sure such opportunities
are not missed in the future. In order for this
to happen there must be, as nearly as
possible, an open forum on such matters,
especially on frequency allocations. It
should be possible, too, for decisions to be
appealed against, preferably in the courts.
When a decision is due to be made, this move
should be published openly and an invitation
cast out to all who may wish to comment.
The way not to do it is to form a clique of
“yes men”, and even worse to classify their
discussions be they good or bad.

We must also enquire into another
growing area for concern. Not only are we in
danger that the conduct of radio affairs may
come to be handled on a “need té know”
basis within the UK. Such affairs can and are
being discussed by a body “CEPT” —
“Conférence Européenne des PTTs” and
this would interpose yet another bureaucra-
tic barrier, for CEPT at present is, by its very
terms of reference, a secret body. Its original

purpose was a sort of club to discuss.

telecommunication tariffs — another res-
trictive system to which our UK delegates
with or without governmental sanction, have
to conform. Bad enough when they discuss
tariffs, but quite unacceptable when such
matters as marine single sideband receivers
are under discussion, or to make radio policy
for the UK, e.g. for the WARC. At least until
they open their discussions — at least to
users.

All this adds up to something like an FCC,
a rather unpopular idea in some European
government circles. They claim the FCC is
lawyer ridden, too liable to lobbying.
Perhaps so, but it is open. In the US the
“spooks” and defence people have to settle
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their little games elsewhere — in the office
of telecommunication policy, and what is
left is open to the people.

As regards preparation for the WARC
1979, the FCC is required by law to publish
open invitations for suggestions and has
compiled several preliminary, but freely
available, summaries of needs, given to them
by people and organisations in response to
their invitation. They also have met many
associations of specialised users and
included their demands for due considera-
tion. Eventually their considerations will
lead to a policy document open to all and
which, since it represents a compromise for
a continent, may be somewhat inflexible.
Secret formulation of a national policy
makes the life of a WARC delegate much
easier, he may not even have to ask anyone
in order to be able to change. But the results
could be catastrophic. Can the UK afford to
lose another $100,000,000 for exports?

It has been said that the UK has much to
contribute to the EEC in the way of

" administration, but unless it puts its own

house in order in the radio field it can all too
easily contribute to unnecessarily hindering
the progress to more open regulation of
telecommunications and radio in Europe
generally.

In the UK for example, no open citizens’
band is available, and so the UK has no part
in this multi-billion dollar US market. Some
say this shows a weakness of our industry,
others consider the industry has never had a
chance to get in from a home base.
Meanwhile the gear is no doubt still being
used illegally by bank robbers, and by
governmental and nationalised bodies.
Perhaps the real reason for the attitude is
that our masters know that a people who
can freely communicate are more likely to
remain free, but they may not see this as a
desirable end.

Some spectrum conservers see their task
as to restrict use, not realising that a
frequency whose range goes down from
some tens of miles to some few miles
because it is being used by people may be
better used than a frequency kept, for ex-
ample, for defence use, that is only used on
the odd exercise. Moreover, is only used in
such a case in an artificial environment that
assumes no opposition wiil have the ill grace
to use it or jam it. It is also worth
remembering, as was said only a few days
ago by Professor Gosling of Bath University,
the spectrum comes up as bright as ever
when it is abandoned by one user in order to
be taken over by another.

J. D. Parker,
Buckhurst Hill,
Essex.

AURAL SENSITIVITY
TO PHASE

Mr Driscoll’s declared reluctance to prolong
the discussion on aural phase sensitivity did
not prevent him from leading off his
December letter with a nice piece of
misrepresentation by partial quotation — in,
the September Letters | wrote that Mr Moir,
in his article “Phase and sound quality”, had
failed to define the relative phases of the
sine-wave components of a complex wave-
form, and that that was “not good enough”.
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Mr Driscoll’s subsequent strictures on my
attempt to define reference phases in terms
of a “synchronising time” suggest that he,
like Mr Moir (December letters), is not
aware that a waveform of finite duration can
bé represented through its Fourier trans-
form as the sum (strictly the integral) of a
set of sine-wave components whose phases
and amplitudes are all constants, indepen-
dent of time. The waveform may be
produced by anything from a single
harpsichord note, with its starting transient
and subsequent decay, to a performance of a
complete symphony. It is this pure fre-
quency domain description of an input
waveform which must be married with the
frequency response of an amplifier or
loudspeaker to obtain the pure frequency
domain description of the output waveform.

The mixed time and frequency description
adopted by Messrs Moir and Driscoll is the
commonsense one, which when it works is
usually simpler to follow than the pure
frequency description, for example in most
applications of frequency modulation. In
dealing with sine-wave tone bursts,
however, one must remember that the edges
of the burst can shock-excite circuit
components whose response bands are far
removed from the frequency of the carrier
sine-wave. Tone bursts which differ in the
framing or “phase” of the sine-wave with
respect to the burst envelope have spectra of
different shapes, thus invalidating Mr
Driscoll’s third paragraph interpretation of
his own observations.

The pure frequency domain description
always works, provided one is dealing with a
linear system, but is usually much more
difficult to apply. Fortunately Gabor’s
Acoustical Uncertainty Principle makes it
possible to determine when the mixed
description can safely be used, and when the
pure frequency description _ must be
employed instead.

C. F. Coleman,
Wantage,
Oxfordshire.

Only rarely, during the many years 1 have
read Wireless World, has a subject aroused
s0 much interest, correspondence and heat,
as that of phase distortion in audio signals. In
spite of your voluminous postbag there are
some relevant points that still have not been
made. May I therefore at this late stage add
further to your correspondence?

Firstly, allow me to horrify some, at least,
of your correspondents by categorically
stating that phase distortion is quite audible.
Its audibility does depend on the circum-
stances and on the degree of distortion.
Phase distortion is not normally audible in
complex continuous tones which the ear
assesses in a manner essentially similar-to
Fourier analysis, only the frequencies and
levels of any harmonics being significant.
With transient signals of less than about 200
milliseconds duration, however, the situation
is véry different. The ear seems to assess such
sounds by analysing the signal envelope
shape and the phase relationships are then
very important. Anyone who wishes to prove
my statement for himseif should tape record
a continuous complex note and also a slowly
repeated transient note (e.g. piano) and then
play the tape in reverse (admittedly a little
difficuit without a suitable recorder). The
continuous note will sound unaltered. The
transient note will sound entirely different.

The result of the reverse play is to change all
phase lags to phase leads and vice versa — a
rather gross form of phase distortion but it
does provide a starting point and the
question of the audibility of phase distortion
can then be accepted as one of degree rather
than of principle.

Another point not so far mentioned at all is
that if an input signal of varying frequency is
applied to a phase.shifting network, the
output will have a different frequency v. time
characteristic. In other words, a frequency
modulation has occurred. The extent of this
depends upon the rate of change of fre-
quency v. time of«the input signal and the
rate of change of phase v. frequency of the
network. Various elements of an audio chain
such as pick-ups, filters, cross-over
networks, loudspeakers, tape recorders and
SO on, can exhibit quite rapid rates of change
of phase v. frequency over some portions of
the pass-band. It is thus in principle possible
that input signals exhibiting rapid frequency
modulation (e.g. piano or guitar notes) might
emerge from the system with subjectively
noticeable frequency distortion.

It has been obvious for many years that the
piano is one of the most difficult instruments
to reproduce with high fidelity. [ once owned
a famous brand of hi-fi amplifier, whose
exact identity shall remain anonymous,
but whose top cut filter whilst very
effective, produced the most unpleasant side
effects especially on speech and some types
of music. Measurement of the filter perfor-
mance showed frequency response to be
about as one would expect and harmonic
distortion was very low. The only noticeable
oddity was the phase shift which, due to the
circuit design, was greater than it need have
been for the response slope achieved. Every
single note produced by a piano or guitar, as
well as by some other musical instruments, is
frequency modulated. The rate of modula-
tion is high and a number of harmonics are
involved. Under ideal conditions the human
ear can be sensitive to frequency shifts as
small as one-tenth of a semitone. If the
various harmonics of a complex transient
signal were frequency shifted to a different
but noticeable extent, then various inhar-
monic relationships might become apparent.
Further, theory tells us that frequency
cannot be modulated without producing
sidebands.

The whole situation is potentially very
complicated and before embarking on
detailed investigations we need to be quite
clear as to whether distorted phase relation-
ships are subjectively audible or not. Your
previous correspondents have largely been
concerned with the possible effect (often on
static test signals) of absolute phase shifts.
Personally I am questioning the effect of rate
of change of phase on a dynamic frequency
modulated signal.

I will leave it to the theoreticians to argue
whether the unwanted frequency modula-
tion I have postulated is synonymous with
phase shift, or adequately regarded as time
delay. They can also ponder the concept (not

original) of instantaneous frequency. I regret

that the more pragmatic pressures of my
professional life will also prevent me from
carrying out any calculations or experiments
on this interesting subject in the foreseeable
future. 1 hope therefore that readers will
accept my point as being questions as much
as statements, and not accuse me of claiming
to have heard phase distortion whilst not
being able to prove it.

A. G. Gorman,
Ruislip,
Middx.

55
ADVANCED PRE-
AMPLIFIER DESIGN

If that was an “Advanced preamplifier
design” in your November 1976 issue then I
can only hope that when it is fully developed
it will look different from the circuit
published.

First a few fundamentals:

1. Magnetic cartridges give output vol-
tages dependent on the velocity of the
needle; keeping the recorded amplitude
fairly constant with frequency, the record
makers therefore force the output of the
cartridge to rise at +6dB/octave.

2. Normal cartridges today, because of
development in magnetic materials
(stronger, smaller magnets), give outputs of
much more than 2mV, around 10mV at 1kHz
for 5cm/s velocity. '
3. If the disc is cut with an overhead of
+20dB (peaks of 50cm/s) and the
frequency is 20kHz not 1kHz, giving another
rise in output of +20dB, then you can see
the signal at 20kHz can be 1V. e

Reality is not as bad as this since the
spectral density of music is not constant
with frequency and falls off at high
frequencies. However, outputs from car-
tridges do rise to 200mV peaks and do have
fast slew rates.

Mr Self's talk of overload margins is a
little confused when he compares amplifier
performance. If the normal operating (0dB)
level of an amplifier is 10mV input then to
cope with 1V inputs there must be no
limiting of distortion anywhere before a gain
control for signals of +40dB above normal.
This is best known as an overhead of 40dB
and is required at 20kHz relative to 1kHz.

Now RIAA amplifiers have some peculiar
problems coping with the high transient
signals from magnetic cartridges just
because the output does rise with frequency:
this rise causes a high spectral density of
high frequency signals and high slew rates.
The prime requirements in the input stages
are therefore wide bandwidth (to give fast
slew rate) and low transient distortion when
handling the excess high frequency spectral
density.

Mr Self's preamplifier does little for either
of these: the open loop bandwidth is not
clearly defined. If the second stage is
guessed at 100 then the stage has a —3dB
point of 3kHz. The bandwidth of the
amplifier is further limited by the input
capacitor (In5) and by the output loading
network R,;/C, on the output: in fact what
can the amplifier drive into C, at 20kHz to,
give a respectable overhead margin?

" More problems!

The input impedance will fall rapidly to
high frequencies because the output signal is
fed back via 10nF to the emitter of Tr then by
1.5nF to the input itself. Therefore the
magnet won'’t be given a chance to generate
the correct h.f. signals, for to do so it must
have a resistive load right up to 20kHz.

More problems!

The first two transistors are connected in
a classic phase shift oscillator configuration.
[ have often had this configuration burst
into Lf. oscillations when fed from a low
impedance (which a cartridge has at Lf.).
The reason is simple: there are two phase
shift networks, first the r, of Tr, and the
decoupling capacitor 22pF
(6=90° below 10Hz), the second the resistor
220k and the input capacitor 1uF (6 =90° at
0.1Hz). Thus towards L.f. even if the circuit
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has insufficient loop gain to oscillate (it

fortunately has by a factor of about four) it .

will have a characteristic 1.f. peak of a few dB.

All amplifier designs of this type have some
sort of Lf. peak; it could be suppressed by
increasing the 22pF to 2200pF, thus reducing
the feedback by 100 times, or best of alldon't
use this configuration.

Actually the component values don’t seem
to have been chosen consistently: the input
capacitor of 1pF has a f-3dB point of about
1Hz but the decoupling capacitor has a
f—3dB point about 100Hz which is rather the
wrong way round to achieve a proper control
of the Lf. response.

Only one more eyebrow to raise on the
input amplifier! 1 quote, “insufficient cut at
frequencies above 10kHz” (to give the
correct RIAA which should be 6dB/oct. fall
from 2.1kHz to >50kHz). | shudder to think
what is happening to this amplifier’s phase
response with all the “tricky dicky” empirical
networks hung on it. This really is the last
straw . ..

Shall 1 go on t6 the Lf. amplifier? O.K,, 1
will. But first some comments on the system.

I don’t agree with the gain control where it
is, the amount of gain following it is over
65dB at maximum bass boost. No matter how
good the noise performance of Tr/Tr;some
If. hum and noise will be present at the
output all the time. By all means vary the
input preset gain to allow for high output
cartridges but the system volume control
must be later on in the chain, or does Mr Self
have another control on his power amplifier?
The Lf. boost amplifier is a nightmare: why
not use any one of the perfectly good
op-amps available (L148T1, TBA231)? Why
use a design with an obviously wide
bandwidth and enormously high gaintodo a
job that a lower bandwidth, lower gain (more
stable) amplifier can do? There isn’t, you see,
the problem in this stage of lots of If.
spectral density and fast slew rates — this
has.all been removed by the input amplifier!

The design here has the following major
problems:

1. The open loop gain depends on the
transistor hgs (very variable).

2. The open loop compensation is not
calculated to ensure good transient response
and/or stability. Is it calculated?

3. The response of the network 270k + 22k
+ (In5//12nF) does not give anything like
the correct lLf. response for RIAA. This
should start to fall at 50Hz, all 20dB at
6dB/oct. to 500Hz then go flat to
-20kHz. Mr Self’s circuit, if he wants to
know, starts to fall at 37.4Hz and falls at
6dB/oct. for 24dB.

Finally, the tone control is the usual
«“Baxandall” horror, for two reasons. The
first, the lift and cut of *15dB is too large,
giving audible phase shift problems, and
anyway whose power amplifier can handle
more than 10dB? The other reason is that
the bass lift and cut varies both amplitude
and frequency at once. On top of which there

-is the absurdity of providing selected treble
roll frequencies alongside completely un-
known and variable bass roll frequencies!

0.K. I am willing to accept the challenge, if
Wireless World is. [Yes — Editor.] I will
describe my alternative version of preampli-
fier, with details of each design decision and
performance objective.

Until then, Mr Self ... ?

A. J. Watts,

SGS-ATES (United Kingdom) Ltd,
Aylesbury,

Bucks.

Mr Self replies:
To deal with Mr Watts’ main points in the
order that he makes them:-

He is correct in stating that the outputs
from cartridges have high frequency peaks
and large slew rates, and that this represents
a potential problem in the design of RIAA-
equalized disc input stages. However, if the
treble-cut portion of the RIAA curve is
incorporated in the first stage, in the form of
frequency-dependent negative feedback, the
talling high-frequency gain means that the
signal the stage puts out is substantially
“tamed” and so enormous slew rates are
simply not required; the open-loop band-
width of the published disc input stage is
quite adequate.

He is wrong in stating that the closed loop
bandwidth is limited by the In5 input
capacitor; this component, in conjunction
with the associated 820{ resistor, forms an
r.f. attenuation network to prevent break-
through of radio signals, and has no effect
within the audio band. This is because the
input stage is in a series feedback configura-
tion, and hence almost the same signal
voltage appears on the emitter of the first
transistor as at the base, due to the high
open-loop again; hence at audio frequencies
the capacitance is “bootstrapped” and has no
effect.

Similarly Mr Watts is incorrect in saying
that the input impedance of this stage will fall
significantly at high audio frequencies. A.c.
feedback is returned to the emitter of the first
transistor, and not the base; this series
feedback raises the input impedance of the
stage, in accordance with the elementary
laws of feedback, so that it has a negligible
effect on the impedance seen by the
cartridge, which is completely defined by the
parallel combination of the 68k and 220k
resistors. This gives a constant impedance
across the audio band.

The first two transistors are not connected
in a classic phase shift oscillator configura-
tion: this requires three RC networks, not
two. Hence the circuit cannot oscillate at low
frequencies, though it is possible for dimin-
ishing phase margins at low frequencies to
cause an L.f. hump, if the d.c. feedback time
constants are poorly chosen. This is why the
input and decoupling time constants are
markedly different. 1 would prefer not to
comment on Mr Watts’' phase-shifts and
frequencies as of course a single pole cannot
ever give a 90° lag; it can only approach it
asymptotically.

If a low gain input stage is used to allow a
very high overload margin, then there will
always be a problem in persuading the stage
to give less than unity gain at the highest
extremes of the RIAA curve. The extra treble
cut network (5602 and 6n8) does not alter the
overall phase response, as its extra phase lag
is compensated for by the falling phase lag of
the input stage due to the h.f. gain levelling
out at unity. Since we are dealing with a
minimum-phase system (in the sense of
having no all-pass filters), then the ampli-
tude/frequency response completely defines
the phase/frequency response. In other
words, if the RIAA curve is correct, then the
phase response will be indistinguishable from
that of a more conventional circuit using
only one treble-cut time constant.

And now to the next stage. ..

Mr Watts appears to have overlooked the
system volume control at the end of the
preamplifier chain; one can hardly have a
volume control later in the proceedings than
this. Since this control is used for day-to-day
volume manipulation, and hence is rarely
fully up, the residual hum and noise is
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attenuated with the signal, as Mr Watts
suggests; and the desirable “zero noise at
zero volume setting” condition is in fact
attained.

If this stage is a nightmare to Mr Watts
then I venture to suggest he will find trying
to extract the same performance from a
TBA231 even more of a bad dream. Integrat-
ed circuit operational amplifiers were not
chosen as they give an inferior noise
performance, due to the processes involved
inintegrating the input stages, and in general
only accept lower supply voltages, hence
giving less overload margin. As for the
“major problems”: 1. The open-loop gain

-certainly does depend on the transistor

current gains. However, since this is the case
for every amplifier ever built, I am unrepen-
tant. To return to the laws of feedback, one of
the prime motivations of negative feedback
is to render closed-loop gain predictable by
making the effect of open-loop gain changes
negligible.

2. If Mr Watts can calculate the phase and
gain stability margins of this stage, then I
shall be interested to see his results. I find a
flat assertion unconvincing and 1 imagine
others will too.

3. If Mr Watts rechecks his calculations, or

‘better still, measures the actual circuit

instead of theorising, he will find that the
combined response of the first two stages is
very close indeed to the RIAA curve.

As for the tone control stage, I suggest it is
probably impossible to design a tone control
without phase shift.

As explained in the text, the variable
turn-over frequency over the bass control is
advantageous rather than otherwise. I fail to
see how this makes the provision of switched
treble turn-over frequencies “absurd.”

In conclusion, I can only say that [ would
like to thank Mr Watts for the friendly and
constructive nature of his comments. 1 can
hardly wait to see his own preamplifier
design.

CITIZENS" BAND
IN THE UK?

I note with regret that R. C.-S. Withers’
organization (UK Citizens’ Band Campaign)
is advocating the use of 27MHz for a citizens’
band service in the United Kingdom (“Let-
ters” December 1976). .

Such a service is essentially short range
and therefore the selected frequency range
should not be one usable for long distance
communication when the maximum usable
frequency is high.

A uhf. band remote from broadcast
television and amateur frequencies would be
a first choice. Alternatively a v.h.f. band
could be used but there would appear to be
many demands for the use of v.h.f. for other
services.

There exists a Citizens’ Band Association
which is promoting the establishment of a
v.hf/uhf. citizens’ band service in the
United Kingdom. They have published

‘proposals for a service, including a technical

specification.
H. Turner,
Derby.
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Electronic systems — 6

More about reception and demodulation

by W. E. Anderton -

A good a.m. receiver must be both
sensitive and selective. To improve the
selectivity of the receiver it is necessary
to design sharp tuning characteristics.
This can only be achieved by using more
tuned circuits. The sensitivity can be
improved by introducing radio fre-
quency amplification prior to the
demodulation stage. The tuned radio
frequency receiver (t.r.f.) achieves these
objectives by employing tuned ampli-
fiers prior to demodulation. In general
there are two, three or more of these

tuned amplifiers in the receiver. The

frequency response of this block of
tuned amplifiers has a much steeper
slope than that of a single tuned stage.
This response is far more able to reject
adjacent stations and thus the selecti-
vity is vastly improved. The amplifica-
tion given by each stage enables the
demodulation of weak signals from very
remote transmitters.

Fig. 1 shows the block diagram of a
t.rf. receiver capable of driving a
loudspeaker. The dotted lines connect-
ing the arrowheads show that the
tuning of the stages is mechanically
linked. If all the tuned stages were
identical this mechanical linkage would
ensure that in tuning over a wide
frequency range the response curves of
each individual stage would remain in
step. This is referred to as “tracking”.

The major disadvantage with a t.r.f.
receiver is that the tracking is extreme-
ly difficult to achieve. To be successful
the tuned stages would be required to

track accurately over a large frequency
range, say from 150kHz up to 10MHz.

Superheterodyne principles

The superheterodyne (superhet)
receiver overcomes the tracking diffi-
culties of a tuned radio frequency
receiver. It employs amplification at a
constant frequency irrespective of the
carrier frequency of the received signal.
These amplifiers are termed interme-
diate frequency (i.f.) amplifiers.

The if. is produced by multiplying the
received signal with the output of an
oscillator. The oscillator frequency is
set a fixed amount away from the
received carrier frequency. Part 4 (July
1976) described how two frequencies
can be multiplied to produce sum and
difference frequencies. The sum and
difference frequencies become the input
to the if. amplifier section of the re-
ceiver. Generally the if. amplifier is
tuned to amplify the difference fre-*
quency and reject the sum frequency.

Most domestic a.m. receivers utilize
the superhet principle. The intermediate
frequency in common usage is 470kHz.
A typical block diagram as shown in
Fig. 2.

The multiplier circuit is generally
referred to as the “mixer”. The oscilla-
tor is termed the “local oscillator”. If it
is desired to listen to a programme
which is transmitted on a carrier of
2.4MHz, then the oscillator has to be set
at a frequency of 2.87MHz. The differ-
ence frequency produced by the mixer
is at 470kHz and is subsequently
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amplified by the if. amplifier. The
output of the if. amplifier is demodu-
lated using similar circuits to those used
in the crystal set.

Radio frequency amplifier

Fig. 2 shows that the input signal is
partially selected and amplified by a
tuned r.f. amplifier, prior to the mixing
process. The reason for the inclusion of
this circuit is as follows. Suppose that
we wished to receive a transmission
which has a carrier frequency of IMHz.
The local oscillator would be set at a
frequency of 1.47MHz and the sum and
difference frequencies produced by the
mixer would be 2.47MHz and 470KHz. If
there exists a transmitter with a carrier
frequency of 1.94MHz, then the outputs
of the mixer, due to the presence of this
signal, would be 3.41MHz and 470kHz.
The if. amplifier would amplify the
470kHz components from both of these
stations. The result would be an intol-
erable interference from the second
station. It can be seen that this state of
affairs will exist for each station
selected, and that the desired
transmission will be received along with
the signal from any transmitter with a
carrier frequency differing by twice the
if. value. To eliminate this source
of interference the superhet needs a
pre-mixing stage of r.f. tuning. This
stage does not have to be highly
selective and the bandwidth can gener-
ally be much wider than the transmis-
sion bandwidth. The bandwidth must be
narrow enough to reject the unwanted
signal. This technique is known as
“image rejection”. The r.f. amplifier is
usually a single tuned circuit. It is
desirable to have the r.f. amplifier and
the oscillator tracking and thus main- -
taining the image rejection when tuning
over the radio spectrum.

Intermediate frequency amplifier
In the t.rf. receiver, selectivity was
achieved by employing multiple tuned

/
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circuits all of which had to track
together over the radio spectrum. This
combination of amplifiers had a com-
bined frequency response curve which
was very sharp and centred on the
carrier frequency of the received signal.
In the superhet the i.f. amplifiers are all
tuned close to a fixed frequency which
does not change when the radio is tuned
to different transmitters.

The response of the i.f. amplifier is set
at the time of manufacture and does not
generally need to be re-adjusted. Most
domestic receivers have three i.f.
amplifiers. The resonant frequencies of
the circuits are not all coincident, but
are staggered either side of the
intermediate frequency. This staggering
produces a better response curve which
more nearly matches the ideal curve.
Fig. 3 shows the frequency response for
an intermediate frequency amplifier
along with coincident and staggered
tuned responses.

Frequency modulated receiver
In Part 4, frequency modulation
techniques were discussed briefly. Most

domestic f.m. receivers use the superhet
principle to achieve sensitivity and
selectivity. One of the basic differences
between a.m. and f.m. superhets is that
the latter has circuits which are
designed to have amuch higher band-
width. The higher bandwidths used in
f.m. transmissions require the use of a
higher intermediate frequency to
achieve adequate image rejection in the
r.f. amplifier. The i.f. is generally
10.7MHz.

Demodulation of an f.m. signal

The signal radiated by an f.m. trans-
mitter has an instantaneous frequency
deviation from a nominal carrier fre-
quency, which is directly proportional
to the instantaneous amplitude of the
modulation signal. Conseqeuently to
demodulate the received f.m. signal
requires a circuit which produces a
voltage proportional to instantaneous
frequency deviation. Fig. 4 shows the
response curve for an ideal f.m’ demo-
dulator. The nominal carrier frequency
is marked on the curve. -

This characteristic can be
approximated by operating on the flank
of a tuned circuit’s response curve. This
requires tuning the demodulator so that
the nominal carrier frequency is half-
way down the response curve. Fig. 5
shows this characteristic. [t can be seen
that for small frequency deviations the
frequency versus amplitude response
approximates to a straight line.

Unfortunately a circuit of this kind
would still be sensitive to any amplitude
variations in the input signal. This
problem is bvercome by incorporating a
limiting or clipping amplifier prior to
demodulation. This limiter will provide
a constant amplitude signal to the
demodulator for a wide variation in
input amplitude, thus ensuring that
amplitude variations caused by noise or
atmospheric attenuations do not reach
the demodulator. Fig. 6 shows a block
diagram of a typical f.m. receiver.

Announcement. See news item on p42
regarding Schools Council’s approval for the
proposed ‘A’ level syllabus to run as a full
Mode | syllabus.




Wireless World, February 1977

Further notes on the Wireless World

teletext decoder

Modifications and fault-finding

by J. F. Daniels

In September, 1976, a new broadcast
teletext specification was published
which contains extra contro! character

allocations and details of a number of

other facilities to be offered by the
service. This article describes some of
the new facilities and also looks at the
changes necessary to the Wireless
World decoder to ensure correct per-
formance under the new specification.
Also, some of the more common prob-
lems experienced by readers building
the decoder are considered, more advice

being offered on fault finding and,

installing in domestic television
receivers,

Since the earlier series of articles
finished, I have received a large number
of letters from people describing their
experiences with the decoder and 1
think it may be helpful to other readers
to mention some of the more common
problems encountered. Constructors of
the decoder can be divided into two
categories: there are the computer

" engineers who have no trouble getting
the digital side of the decoder function-
ing correctly, but have trouble interfac-
ing it into their tv receivers, and there
are the tv engineers who have problems
with the digital circuits but no trouble
installing the decoder into their tv sets!

Fault finding
Looking first at the problems associated
with the digital circuitry, there appear

" to be only three recurring problems and -

two of these are not particularly
common. By far the most frequent has
been vertical jittering of the teletext
display. This looks similar to an incor-
rect field hold adjustment on the -tv
receiver, but is, in fact, caused by
incorrect dividing in the line-divider
circuitry of the decoder. The fault is
caused by poor noise immunity on the
input to IC;, pin 3 (Jan, Fig. 1), due to
too many volts being dropped across R;.
The fault is simply cured by reducing
the value of Ry from 470 to 270 ohms.

A somewhat less frequent problem,
but one that has occurred on more than
one occasion, is caused by the clamp
pulse on the analogue board being too
wide. If this pulse stretches into ‘the

start of the clock run-in, a large spike is
generated at this point on the video
waveform, causing incorrect operation
of the automatic-slice-level circuit and
resultsin very poor data separation. The
fault seems to occur in cases where C,,
(April, Fig. 3) is too large in value due to
a poor tolerance component being used.
The fault can equally we!l be cured,
however, by reducing the value of R,
from 390 to 270 ohms.

Another somewhat infrequent prob-
lem has been due to the page header
(row zero) occasionally being written
into another row, as well as into its
designated one at the top of the page.
Thisis caused by decoding spikes on the
output of IC,, (Jan, Fig. 6) causing
incorrect loading of the row number
information into ICy (Jan, Fig. 1). The
spikes are somewhat variable and will
depend to some extent on the delay time
through IC, (Jan, Fig. 6). (It is best to
use a 7493A in this position.) A very
simple solution to the problem is to feed
IC; pin 9 (Jan, Fig. 6) from a different
output of ICy,, since not all the outputs
will contain spikes; which ones do will
depend on the various i.c. delay times. It
is best to use as low a pin number as
possible on IC,, since this will also
determine the start of the line blanking
waveform and if a later output of IC,, is
used it may not be possible to make the
blanking wide enough to encompass the
full 40-character-wide row.

A more elegant solution suggested by
one reader is to change IC, for a
synchronous counter such as a 74161.
This cures any spikes on the outputs of
ICy; but does involve some hard wiring
on the p.c. board, the connections being
rather different to the 7493. The clock
and reset inputs are also inverted with
respect to the 7493.

The above faults are the-only ones
which appear to have “recurred” on
more than one or two decoders, but a
few more notes on do’s and don’t’s and
general fault finding methods might be
useful. I make no apology for the fact
that some of these points were men-
tioned in the original series of articles.

Use fairly thick connecting wire for
the OV and +5V rails between the
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power supply and the decoder to ensure
that the i.c.s are working within their
specified voltage limits. Any reduction
in voltage to the i.c.s will cause their
delay time to increase and may cause
the decoder performance to suffer
accordingly.

If a ’scope is being used to fault find,
don’t expect all the waveforms to
appear as perfect square waves. Some
people have spent a considerable
amount of time chasing red herrings
purely due to the fact that the ’scope
they were using had insufficient band-
width to display some of the faster
waveforms correctly. In my experience,
faulty t.t.l. gates either have no output
at all, or else one of their inputs draws
excessive current, causing the previous
gate output to be reduced substantially
in level. If the waveform appears to
have “clean” transitions between about
0.5 volts and 3.5 volts the waveform can
almost certainly be assumed to be
correct. If the transitions are not clean,
that is if there appear to be three
distinct levels to the waveform rather
than just the two previously mentioned,
the reason is almost certainly that two
different gate outputs have been short-
ed together. I would estimate that about
85% of the faults people have
experienced have been due to either
incorrectly soldered, connected-
through holes, or to slivers of solder
shorting together tracks on the p.c.b.
Faulty i.c.s seem to be fairly rare, and
not nearly so difficult to locate as
shorted p.c.b. tracks.

If the decoder does not produce the
correct display when first switched on,
Le., random characters only in the
correct display area, and the settings of
the sync separator, horizontal shift and
width have all been optimized, start by
checking the line and clock dividers. It
is not worthwhile spending a lot of time
at this stage trying to see that all the
timings of the waveforms are correct; if
a waveform is present it is probably
correct.

If line and clock divider waveforms
are all present, then the fault is probably
in the output circuitry between 1C5;/54
(Mar, Fig. 4) and the decoder output.
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Once a display has been obtained, faults
can be diagnosed more easily. When
lining up the decoder in the “roll’” mode
it is essential that ICy (Jan, Fig.5) pins 13
and 14 are shorted together thus
eliminating the effect of VR, (April, Fig.
3). There is almost no chance of getting
the decoder working unless this is done.
Because of the fairly critical nature of
the timing of IC,; (Jan, Fig. 5) it is
advisable to use a polystyrene capacitor
as the timing component of this mon-
ostable to prevent drift with tempera-
ture.

Although originally I said that I
intended to describe an improved
analogue circuit, the results obtained
with the circuit already described have
been far better than I hoped, often
proving better than some commercial
designs under similar signal input
conditions. One possible improvement
which might give marginally better
results under adverse signal conditions,
however, is to provide an adjustable
delay of the clock signal relative to the
data. This can be achieved fairly easily
by connecting the gates of a 7404 in
series and inserting 2, 4 or 6 gates in
series with either the clock or data
signal to see if any improvement in error
rate can be achieved. [ stress that [ only

set and put.a 75 ohm resistor in_series
with the coaxial cable leading to the
decoder. This will reduce any chance of
interference from the decoder getting
back into the i.f. strip of the receiver,
and also enable a longer coaxial lead to
be used to feed the decoder without
impairing the video signal too much.
The actual point of connection in the
receiver should be after any 6MHz
sound traps but before any 4.43MHz
chroma filters. The signal fed to the
decoder should not be less than 1 volt
peak-to-peak, and marginally better
results will be achieved if the signal is
somewhat larger than this: up to about
4 volts peak-to-peak.

Modifications

I think the above points cover most of
the more common queries [ have
received and I will now move on to
describe a few possible modifications.
The only change in the specification
which may cause the decoder to
actually malfunction concerns the
transmission of “interleaved” maga-
zines. This allows for rows of different
magazines to be transmitted during the
same field blanking interval, i.e. maga-
zine 1 may be transmitted on lines 17
and 18, and at the same time magazine 2

Ho Mmoo O
,
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To thumbwheel switch contacts
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consider this would make an improve-
ment under adverse signal input condi-
tions. :

Interfacing

The problems of feeding the decoder
output into the tv receiver are rather
difficult to give detailed information on,
because of the large number of different
types of set on the market. One problem
wuthich has cropped up, however, occurs
if the switching board is inserted at a
fairly fow-impedance point in the video
amplifier circuits. This cam result in
“streaking” or trailing after the teletext
characters which is caused by low-fre-
quency loss in the decoder video path. If
a higher-impedance point cannot be
found at which to install the switches,
then the coupling capacitors-in the
switching circuit should be increased in
value.

Finding a suitable video signal to feed
into the decoder has been less of a
problem than [ anticipated, but there
are still a few points worth noting. Use
an emitter follower mounted in the tv

Fig. 1. Modification to cope with
transmission of interleaved magazines.

could be transmitted on lines 14 and 15,
for instance. Since the Wireless World
decoder only checks the magazine
number on the page header and not on
all the rows of a page, the displayed
page would contain some rows from the
correct page and some from those
currently being transmitted in the other
magazine. The following modification,
which does not require any extra i.c.s,
will ensure that the decoder performs
correctly if pages are actually transmit-
ted in this way."

(1) Break the tracks leading to IC,;
(March, Fig. 1) pin 10 and [Cg, pin 13,*
joining both these i.c. pins to ICy, pin 8.
(2) Break the track to IC4, pin 3 and
connect this pin to ICy,, pin 4.

(3) Break the tracks at ICq;, pins 8 and
9. Connect IC4, pin 2 to ICg;, pin 9 and
connect ICq;, pin 8 to IC;,, pin 9.

(4) Connect ICs,, pin 10 to ICy, pin 12
and IC;,, pin 8 to IC;, pin 8. (Parts 3 & 4
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of the modification are drawn out in Fig.
1.)

This modification will ensure that the

decoder is not confused when two
different magazines are “interleaved”.
The “roll” mode will also function
correctly when interleaved magazines
are transmitted, i.e. only pages of the
selected magazine number will roll
through. The page header will, how-
ever, still read out headers from both
magazines and this may be somewhat
confusing. One modification which
some readers have said they would like,
is to have the page header continually
rotating, (The page selected is indicated
on the thumbwheel switches anyway.)
This modification can be conveniently
combined with one to only allow the
page headers of selected magazines to
be displayed, as follows.
(1) Break the track leading to IC, pin 5
(March, Fig.1). ’
(2) Connect IC4, pin 5to IC,, pin 11.

The clock time displayed in the top

‘right hand corner of the page will be

continuously updated at all times
irrespective of these modifications.

Although I originally only intended

_ the “roll mode” to be an aid to lining up

the decoder, it seems that some people
find this a useful method of locating
pages, and for this reason it is
worthwhile describing a modification to
prevent the Hamming-coded characters
being written into the top, left-hand
corner of the page, and causing the
neader to turn to graphics. This modifi-
cation does not require any extra i.cs,
merely a switch with changeover
contacts rather than the push button
originally suggested. Remove the wire
from the “select time” edge-connection
and connect the wiper contact of the
new roll switch to this edge connection.
The wire originally going to this edge
connection then goes to the “roll off”
contact of the switch. .The “roll on”
contact of the switch should be con-
nected to IC,, pin 8 (March, Fig. 1).’

Before going on to describe the new
control codes and their functions there
is one more modification which has
been suggested by a reader which
although I have never found to be
necessary on any decoders is probably
worth mentioning. This concerns the
width of the write pulses fed to the
random access memories. There are two
conflicting requirements in this area,’
one being that a short write pulse is
necessary to prevent its occurring
during an address transition (due to
internal address decoding in the r.a.m.
different character locations on the
screen can have somewhat different
address set-up times) and the other is
that being an m.o.s. device, a relatively
long write pulse is desirable. I originally
tested over 200 r.a.ms and found them
all to work perfectly satisfactorily with
the write pulse specificied in the original
circuit, and I was against making it any
longer because of the possibility of it
occurring during address changes at’
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some locations on the screen. There is
also the problem of not being able to
initiate the write pulse until after the
parity checker has had a chance to
decide whether the character should be
written into the store at all. Despite
these conflicting requirements I have
never experienced any problems, as |
said earlier. However, one reader has
suggested the following modification
which he found to be necessary.

(1) Disconnect IC;g, pins 10 & 11 (March,
Fig.1).

(2) Connect the above two pins to IC,,,
pin 13 (Jan. Fig:6).

This has the effect of increasing the
write pulse length considerably, but it
may also cause some of the problems
mentioned above and I would therefore
suggest that it is only tried if some
problem with the r.a.m.s is experienced.

New control characters

The latest teletext specification con-
tains a number of new display facilities _
which enhance the appearance of the
display in the manner described below.
It should be pointed out that these
facilities will only be received on
decoders with the extra circuitry
necessary for each of the respective
features. Unmodified decoders will still
function correctly, but without the
added features.

Graphics hold

This allows for the spaces normally
occupied by control characters to be
displayed as the previously transmitted
graphics character. This allows abrupt
changes of colour to be made in the
graphics mode across a display row
with a resulting improvement in the
appearance of maps, pictures, etc.

Two characters have been allocated
for this feature, the graphics hold
character’located at position 1/14 in the
code table and the release graphics
character at position 1/15 in the code
table. Following the transmission of the
hold character subsequent control
characters are to be displayed as the
most recent character with bit 6 = 1 in
its character code. (This allows the
character to be displayed correctly even
after characters transmitted in the blast
through mode). The graphics release
character implies that control char-
acters are once more to be displayed as
spaces.

Double height

Two control characters have been
allocated to allow the display of some
characters in the double height mode.
The double height character is located
as position 0/13 in the table, and the
normal height character is at position
0/12.

Decoders which are capable of dis-
playing double height characters must
ignore any information contained in the
row following one which contains a
double height character. Characters
following a double height character

should be extended downwards into the
following display row, while those
following a normal height character
should be displayed normally, on the
first row only, of a double height pair of
rows.

The switch between double and
normal height may be made any
number of times in a given pair of
double height rows.

Separated graphics

Two more control characters allow
switching during a row between the
normal, contiguous graphics, mode and
the new, separated graphics mode.
Separated-graphics characters are dis-
played with a boundary between the six
separate graphics cells which can
enhance the appearance of portraits
and some other graphics pictures.

The separated-graphics character is
at position 1/10 in the code table, and
the contiguous-graphics character is at
position 1/9.

Background colour

This is in my opinion the most
impressive of all the new display modes.
Whereas the background of all normal
teletext displays is black, two new
control characters allow for the back-
ground colour of specified character
rectangles to be any of the normal
display colours. This is achieved as
follows. Whenever the new back-
ground control character (position 1/13
in the table) is detected, the background
of following characters is switched to be
the same as the display colour currently
in force during the detection of the new
control character. This implies, of
course, that the display colour must
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then be changed before transmitting
any new information. (Otherwise the
characters would be the same colour as
the background and therefore invisi-
ble!) This facility not only allows
alphanumeric characters of any colour
(except black) to be displayed on a
background of any colour, but also
graphics characters may be displayed
on any colour background without any
intervening black spaces even around
graphic cell boundaries. (The graphics
hold mode only allows direct colour
changes between character rectangle
boundaries.) Also, newsflashes and
subtitles may be inset into the tv picture
with a “box” colour other than black as
at present.

The “black-background” character
located at position 1/12 in the code table
allows the normal black background to
be restored during a display row.

Corrections to circuit diagrams.

Jan. Fig. 5: Pin 1 of IC,, is CLR not CLK

Feb. Fig 1: Data input B to IC,, is pin 2 fed
from (81, 9).

Feb. Fig. 4: Pin 13 of IC ., (chip enable)
should be grounded.

March Fig. 1: Connection to roll switch from
(71, 6) is omitted.

March Fig. 4: Pins 9 and 10 on IC; should be
interchanged.

March Fig. 4: IC,, pin 2 is fed from output
blanking edge connector.

April Fig. 3: IC,, pin 12 is fed from IC, pin 1.
April Fig. 2: ICys pin to +5V should be pin 24.
May Fig. 1: Inputs to CD4016 switches ac,

. and IC) reading from top of diagram are:

pins11,11,1,1,4,4,8, 8.

I would like ta thank readers for their
interest shown in the series of articles,
especially those who offered suggestions for
some of the modifications mentioned above.

; I.ifer!llure_
? Rec_elved_

Radio microphone transmitters and receivers are
the subject of a brochure sent to us by EDC. The
transmitters, operating in the band 174.1-175 MHz,
are of either the hand-held or pocket type. EDC are
at Leweston, Organford Road, Holton Heath, Poole,
Dorset BHIG6JY ............... .. .. .. WW 401

Toroidal transformers from Avel-Lindberg are
described in a new brochure. The transformers are
rated from 15 to 130 VA at up to 40V and are
contained in resin-filled plastic cases. The toroidal
construction is said to reduce the stray magnetic
field by up to eight times. Avel-Lindberg Ltd, South
Ockenden, Essex RMI55TD......... ... WW 402

New entries in the winter catalogue from Heathkit
include three speakers, a receiver with a digital
frequency meter and audio distortion meters. The
catalogue is obtainable from Heath (Gloucester)
Ltd, Gloucester GL26EE............... WW 403

Silver mica capacitors from Matthey are tabulated
in a leaflet, which provides brief mechanical and
electrical data on all capacitors available. The
leaflet can be had from Matthey Printed Products
Ltd, William Clowes St, Burslem, Stoke-on-Trent
ST63AT.......o WW 404

We have received from Advance a leaflet on the
0S83300B 50MHz, dual-trace oscilloscope, which is a
portable instrument with a full complement of
display facilities. Main and delayed sweeps can be
mixed. The leaflet is available from Gould Advance
Ltd, Roebuck Road, Hainault, Essex. . ... WW 405

A catalogue from Electronic Brokers lists and
describes a range of used test equipment,
computers and their peripherals and a new section
on multimeters, function generators, stroboscopes
and recording equipment is included. The publica-
tion is obtainable from 49-53 Pancras Road, London
NWI2QB..........oii e, WW 406

The use of s.s.b., am. and f.m. modes enables the
use of the Harris AN/URC-94(V) transceiver at
long and short range. The frequency coverageis 1.5
to 80MHz in 100Hz synthesized steps. A leaflet
describing the equipment can be obtained from the
Marketing Dept, Harris RF Communications
Division, 1680 University Avenue, Rochester, N.Y.,
14610, US.A........................... WW 407

A brochure from RCA Solid State gives basic
characteristics of six ¢.m.o.s memories. Five r.a.ms
and a r.o.m. are described, including three
silicon-on-sapphire ra.ms. RCA Solid State —
Europe are at Sunbury-on-Thames, Middx.

' WW 408

Helical aerials for u.h.f. and v.h.f. mobile trans-
ceivers and boot-mounting, whip aerials and bases
are briefly described in two leaflets from the
Panorama Radio Company Ltd, 73 Wadham Road,
London, SW142LS .................... WW 410
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Drive amplifier, motors, light source and constructional details

by G. R. Kennedy

The square wave signal from the SR line
divider is selected by S;, and amplified
in the motor-drive power amplifier to
give an approximately 220V sinewave at
288 to 48.0Hz. In Fig. 12 the input
signal is amplified by the common
emitter stage Try, and a.c.
coupled to the emitter follower Try,
‘which feeds the primary of a small
mains transformer, T,, used here as a
phase splitter. The centre-tapped
secondary paraphase feeds output
transistors Trys and Tryg. The bias is set
by RV,,, and the collectors are con-
nected in push-pull by transformer T,
which is a mains transformer reverse
connected. The d.c. supply to the output
transistors is switched by S,, the drum
motor on/off switch. To obtain a
near-sinusoidal output, the centré&
tapped winding of T, is broadly tuned to
38Hz or so by means of the non-elec-
trolytic capacitor Cy;; due to hysteresis
the value has to be found empiricaily for
the 1/4-line frequency (38.4Hz) with the
motors both running — a typical value is
12uF. A safety bleed resistor Rsg is
placed across C,;.

Clamp. In Fig. 12, if the drive into C,,
should fail for some reason while S, is

made, the output stage could be
damaged due to excessive current
flowing through T, and the output
transistors. A clamp circuit is included
to prevent this. A small portion of the
current drive from the Try, emitter is
taken via Rs;; and D;, to charge Cy.
When the potential on this rises, Tr;
turns on and shorts the base of Tr; to
ground, thus turning it off. Since the off
resistance of the silicon transistor Try, is
very high, there is no effect on the bias
to the output transistors and the motor
drive power amplifier acts normally. If
the drive to Tr;, and hence Try, fails, no
current flows from the Tr), emitter and
C,; discharges through the Tr,; base-
emitter junction. Tr;; turns off, its
collector potential rises and turns on
Tr,s. The wiper of RV, is effectively
shorted to ground, and the output
transistors Trj; and Try; are safely
biased off.

Drum motor. Several motors were tried
before a suitable one was found to turn
the drum under controlled conditions.:
After ad.c. motor and its control system
were tried, the speed/load performance
of the inexpensive brush motor was
found to be wanting, and the electronics
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became very complicated when
improvements were sought. A stepping
motor was found to be an ideal but
expensive solution, and as a more
economic compromise a small
medium-torque synchronous motor
was chosen. Philips make a moder-
ately priced range of synchronous
motors, and the model 9904-111-05-111,
is suitable. This is a two-stator,
reversible motor for use on a 220V
50Hz supply giving 250rev/min with
a 3.3W input power and a 37.7 X
10*Nm working torque (approximately
3.7gcm). The starting torque is 32.5 X
10°Nm, which was marginal for the
drum used, and therefore a little
persuasion by hand is sometimes
necessary to start it turning. A phasing
capacitor of 0.12pF at 330V a.c. working
was supplied with the motor and simple
switching gives reverse direction run-
ning. For about £15 or so the motor
performs well, the maximum equivalent
pull-out rate being more than sufficient
for facsimile machine use, With a supply
frequency of 48Hz the shaft rotation is
240 rev/min. (A suitable stepping motor
is the Philips 9904-112-05-101 which has
amaximum torque of 65 X 10°Nm. This

Fig 12. Motor-drive power amplifier
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would need a different drive system of
course. Small quantities of Philips
motors are obtainable from McLennan
Engineering Ltd., Kings Road, Crow-
thorne, Berks). In passing, various
clock-type synchronous motors
designed for a 250 rev/min shaft speed
at 50Hz were tried, but the torque
ratings were too low and the motor
either could not maintain even rotation
of the drum, or stalled when the drive
frequency changed.

Drum pulse sensor and amplifier. For
phasing the edge of the picture, it is
necessary to sense the picture drum
rotation and the instantaneous position.
In the prototype the sensing comprised
a small piece of so-called “rubber
magnet” cemented to the edge of the
drum and a 600%2 audio replay head from
an old cheap Japanese pocket tape
recorder placed nearby on a rigid
mount. The magnet is similar to the
narrow strip magnets used on refriger-
ator doors and on the backs of nursery
spelling letters which are used on steel
blackboards. Since the tape head was
small and of light construction,
cementing to a small metal bracket with
epoxy resin was found to be the most
expedient method of mounting.

The drum-sensing pulse amplifier
(Fig. 13) is a simple three stage circuit.

The gain of the two common-emitter |

stages Try; and Try; is set by RV, and
the output is takento an external socket
from the emitter follower stage Tr, via
C;; and via Rg to the light-emitting
diode Dy, to give a visible indication of
drum rotation. The unstabilized supply
is tapped from the +40V supply and
smoothed by Ry; and C,,.

Strobe pulse generator (Fig. 14). This
produces the strobing pulse which
causes the light source driver, on SR
pictures, to be off for a period, and to be

~on for a shorter period while just the
picture line of part of the VIS or IR
section is printed. The 0.8Hz signal from
the divided clock-rate signal is a.c.
coupled by C,,, shunt rectified by D,,
and applied to the trigger input of
monostable 1C,;. The on-period is
selected according to the line division in
use by Sy, Ry, Ci and one of RV,,,
RV, or RVj5. This output is taken via
Ry, to limit the output current. A simple
semi-stabilised + 5V rail is derived from
the +12V line by Ry}, Dy, and Cy.

The light source is possibly the most
specialised item of the whole machine.
Since a tungsten filament lamp cannot
be switched at the rate required for a
weather satellite picture — at least 2kHz
— due to thermal inertia, and since a
Xenon flash tube cannot be brightness
modulated at low output levels, the only
practical devices available are the laser
and the glow modulator. The laser was
not considered for reasons of cost and
availability and so the glow modulator
was chosen. This light source, also
known as a crater tube, is a cold cathode

4 —O
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Fig 13. Drum-pulse amplifier
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Fig 14. SR strobe-pulse generator

device with a narrow, hollow cathode
which gives a high ionization density.
The tube actually used by the author
was the 1B59 which has an equivalent
luminous intensity of 300 milli-candela
at 30mA cathode current from a near
point source l.4mm in diameter. The
striking voltage is approximately 128V
and the maximum cathode current is
75mA. The tube has an octal type base,
is the same size as a 6SN7/GT valve and
can be mounted in any plane. The
particular features which make it idea!
for facsimile use are that it can be
medulated at up to 1MHz, has a
blue-violet emission (2870°K colour
temperature) and has an average life at
30mA of 250h. It is also inexpensive,
being available in small quantities for
about £15. It is made, amongst others,
by English Electric in England and
Sylvania in the USA, where it carries
the equivalent type number R-1130B.

The British military type number is
CV5207. Further technical information
is given in refs 8 9 and 10, and
qualitative tests on crater tubes in
facsimile service is given in ref. 11.

The crater tube produces virtually a
point source of light and requires a lens
to focus it to a small spot. As the tube
does not become hot when running it
can be held by interference fitting in the
end of a piece of thin-walled metal
tubing of internal diameter 31 .8mm. The
lens can be mounted in a screwed
assembly at the other end of the light
tube. The inside of the tube should be’
painted matt black and an iris plate
fitted to stop off-axis light, scattered
from the glass envelope end wall, from
entering the lens. A good quality
short-focus compound lens should be
used; cheap single element glass lenses
were tried but the minimum attainable
spot size was found to be too large. For a
final picture 20cm or so square, the spot
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Fig 15. Traverse-drive scheme.

diameter should be better (smaller) than
0.3mm. For example, the ESSA-8 pic-
ture has 800 lines per picture and a
200mm picture height, which is four
lines per mm. The tube base has only
two pins, but the spigot is of the
international octal type and a normal
i.0. socket can be used, the flange holes
being used to mount an insulated safety
cap (old aerosol can cap) to protect one
from the + 165V supply. When testing a
crater tube remember that it is a
negative resistance device, like a neon
lamp, and that once struck will conduct
to destruction unless a series resistive
load is inserted in the power supply line.
A series 60mA fuse, as mentioned
earlier, is a wise precaution.

Traverse motor. It was found that the
motor which traverses the light beam
along the drum needs to be servo
controlled rather than merely driven at
a constant rate. Clock-type mains
synchronous motors are readily availa-
ble giving usable output shaft torques in
the range 1.9Kgcm (26 ounce-inches) to
10Kgem (139 ounce-inches) at 1 rev/
min. Some manufacturers are: Crouzet
in Brentford; Stirling Instruments in
Crewkerne; Urnimatic Engineering in
London NW2 and Memotrace in North-
ampton. If heavier duty motors are
required, professional synchronous
motors can be obtained, at greater cost,
from such suppliers as Philips, Evershed
and Vignoles, TI Supply (Slosyn) and
Walter Jones. In the prototype, the
motor from a surplus elapsed-time
indicator was found quite adequate.

" The power supplies required for the
electronics are +165V for the crater
tube; +40V, +12V and +5V for the
bulk of the electronics and -12V for the
expander alone. In several places in the

Cord Drive cord

attachment

prototype the +5V is derived from the
+12V rail for convenience. The + 165V
supply must have very low ripple if hum
patterning is to be avoided on the final
print. The author used an unstabilised
supply with three pi-filter networks,
each of 10H and 8 + 8F. Since the crater
tube is a current fed device, a drop in the
165V rail with modulation is tolerable
providing the mains ripple does not

become greater than about 10mV '

pk-pk, and the voltage across the tube
does not fall below the maintaining
voltage - typically 130V. 1t is also
advisable to use screened cabling to the
light source and to include high fre-
quency decoupling with feed-through
capacitors.

Mechanical construction

The physical construction of the
machine is generally straightforward
and need not be described in detail. The
parts which may present problems are
examined below.

The picture drum. The physical size of
the picture drum determines the final
picture size. If standard size bromide
paper is to be used without guillotining,
the drum diameter should be chosen
accordingly. The writer found it more
economic to buy bulk bromide paper in
rolls and to cut it to size. In spite of the
bother of cutting, this meant that the
drum diameter was not critical. When
wrapping the paper around the drum, a
few millimetres of overlap should be
allowed to avoid edge-to-edge butting
which can make it loose on the drum.
Double-sided sticky tape is used to
retain the paper. One strip of this will
usually last for about 50 prints.

To allow longer sections of SR passes
to be printed, the length of the drum
should be about 1% times it’s circum-
ference. The writer’s machine uses a
drum of 6cm diameter by 30cm long
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made from Paxolin tube cemented to
end plugs of lathe-turned aluminium on
a 6mm diameter shaft. To avoid chatter,
the drum shaft must be run in ball or
roller bearings which should be kept in
good condition and well greased. These
should be held rigidly on solid brackets
or plummer blocks, and coupled to the
motor shaft by a semi-flexible spring-
disc or metal bellows coupling. The
motor should likewise be firmly mount-
ed. Any vibration of the drum will show
up on the print as patterning. The drum
should initially be turned in a lathe
between centres and finally a lathe tool
should temporarily be clamped to the
traverse and used to dress the surface of
the drum in situ. For the motor
mentioned earlier, a drum weight of
about 300 to 400g is optimum. It is
important to see that the drum mass is
evenly distributed radially, and that it is
balanced.

Thetraverse comprises a sledge block
running on two straight rails. The .
prototype used a heavy Paxolin plate
approximately 18 X 8 X 2cm thick with
two square-section slots 1.0 X 0.7cm
milled across the width. The rails are 1.8
X 1.0cm rectangular-section brass rods,
selected for straightness and surface
planed for smooth running. The slots
were milled approximately 0.15mm over
width and the Paxolin was oil impreg-
nated, again, to improve running. The
rails were mounted with the fixing
screws in slotted holes so that they
could be adjusted to lay parallel to each
other. These were finally set and locked
when the traverse plate could be pulled
along the rails from end to end with a
pulling force (measured on a spring
balance) not exceeding 10g. Any ten-
dency to stick gives uneven line spacing
on the picture. Initially, a lead-screw
was tried for the traverse drive. A good
quality 1mm pitch (OBA) piece of steel
studding was rotated between the
rails, acting on a tapped brass bush in
the traverse plate. This gave alternate
cramping and stretching of the lines on
the picture due, it was thought, to the
thread being slightly skewed to the
axis of the studding. No doubt with
better engineering this method could be
made to work since lathes work on this
principle, usually with square-profile
Acme-type thread lead-screws. How-
ever, a much simpler solution is to use
end rollers. As shown in. Fig. 15, two
identical rollers are mounted between
ball bearings, and at the ends of the
rails. At each end of the traverse plate d
length of drive cord is attached, run to
one roller, wound round twice, run back
under the plate to the other roller,
wrapped twice and run back to the plate
and attached. One roller is driven by the
motor and the other idles. If the roller
diameter is chosen correctly for the
traverse motor shaft rotation speed, the
correct rate of picture writing can be
achieved. For example, for a picture of
height 20cm to be written in 200s (c.f.
ESSA-8 real time picture) and using a |



Wireless World, February 1977

rev/min motor, the periphery of the
drive roller must pay out 20cm in 200s,
6cm in 60s. The circumference must
therefore be 6cm and the diameter
19.Imm. The advantages of this system
are relative simplicity, equal pull on the
traverse plate at each end, obviating
skewing and jamming, and the ability to
be able to return the traverse to the
start position by hand. If a lead screw is
used the engineering requirements to
stop cocking sideways are severe and a
method of disengaging the drive has to
be found, unless the slow process of
reverse running of the drive is carried
out. With the roller system there is just
enough slip for the cord to be run over
the rollers if held and moderate hand

force used. This does, however, tend to.

stretch the cord — ordinary radio dial
drive cord. A better way to reset by
hand isto use a clutch coupling between
the driven roller shaft and the motor
shaft. A very successful and very cheap
coupling can be made from two 6mm
collet-type potentiometer spindle locks.
A short piece of hollow bushing from an
old potentiometer should be cut off and
used to lock the collets back to back.
Both locking cones should be lightly put
on and the device slid onto the end of
the motor shaft. The cone on that half is
tightened really hard and the drive
roller bearings are clamped down. The
other cone is tightened for picture
writing and loosened for running the
traverse back to the starting point.
Although limit switches should be fitted
to the traverse drive system to cut off
the motor supply, the use of drive cord
and a collet clutch will ensure that no
harm can come to the motor or rollers if
the switches should fail. For the pro-
duction of SR pictures of different
magnification by simple electrical
switching, it was found expedient, with
the dimensions given, to drive the feed
roller directly for APT/WEFAX and t~
use a 2:1 step down drive to give a drive
roller rotation speed of 0.5 rev/min. The
synchronous running of both traverse
and drum motors with this gearing
gives the correct index of co-operation
of the final pictures. A simple gearing
using somewhat coarse gears was tried,
but chatter bars showed up on the
finished picture. A finer gear train was
then used which gave satisfactory
results. (The coarse gears had a diame-
trical pitch of 48 and the fine gears had a
diametrical pitch of 100, according to
the train. Gear teeth ratios were as
follows: motor-to-shaft 60:60 and
shaft-to-roller 45:90, these numbers
indicating the number of teeth on the
gears). The light source assembly can be
mounted on the traverse plate with
large capacitor clips. It was found useful
to put jacking screws under the clip at
the lens end of the light tube so that the
light beam could be put exactly on a
radius from the axis of the drum.
Although the spot of light is very small,
adjustment of the spot height was
found to affect the clarity of the final
picture. The cable to the crater tube

should be firmly clamped at both ends
and should be flexible, to avoid ham-
pering the movement of the traverse. It
should also be screened to avoid undue
pick-up. If a threaded lens mount is not
to hand, a practical alternative is t»
cement or solder the outer shell of a
redundant round multi-way cable sock-
et to the end of the light tube. The lens
can be made to push fit into the mating
plug shell and this can be screwed in and
out of the socket. Once focussed the
thread can be locked with a set screw.
The near obsolete military series of
connectors MS/AN are suitable.

Equipment housing. For convenience
the drum, the traverse and the two
motors can be mounted on the top of an
instrument case. The space required to
produce pictures 21 X 25¢m is about 50
X 45cm or so, since room must be left
for mounting the bromide paper onto
the drum. The electronics can then be
built into the space below the mechani-
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Meteor 25
Satellite
Pictures

11 September 1976, 09.19z,
revolution 1671, printed
live using the linear
detector. Facsimile was
set for a high contrast to
show coastlines. Numbers
down edge of the picture
are transmitted by
satellite and are timing,
calibration and
housekeeping data. SR
distortion can be seen by
the elongation of Italy at
low left. Greece is lower
centre, the Black Sea is
right.

11 September 1976, 09.19z'
revolution 1671, printed
from a tape recording of
the live signal.
Logarithmic detector was
used giving a larger
dynamic range to the
picture. Cloud patterns
are more easily seen, as
are some geographical
features such as
mountains and rivers,
compared with the
picture produced using
the linear detector. Black
lines on the picture are
due to oxide drop-outs on
the recording tape. Crete
and Turkey can be seen at
the bottom of this picture.

cal items and the whole presented as
one machine. Since the lens, traverse
rails and the sticky strip on the drum
must be kept clean, and to avoid stray
light problems during printing, sides
should be built up around the mechani-
cal section and a lid should be fitted. The
whole compartment thus formed should
then be painted matt black to further
reduce reflections. For rigidity it is
recommended that the top plate of the
instrument case is surfaced with a
substantial sheet of metal — say, 5mm
thick aluminium.Mountings can then be
tapped into this, and it will allow
removal and servicing from the top. The
electronics drawer underneath should
be removable and connected to the
section above by multi-way plugs and
sockets. Screened cables are recom-
mended for the signal and motor supply
lines, and these should be kept separate
from each other.
(To be continued)
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Practical circuits using transistor arrays are given in the

latest set of Circards

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams, Pajsley College of Technology

Integrated circuit amplifiers have a
different internal structure to those
constructed from discrete components.
While the earliest i.cs simply copied or
adapted established ideas, more effi-
cient use of the i.c. “real-estate”
.demanded changes in the design
approach. Over the years many brilliant
solutions have been found that exploit
the characteristics of monolithic i.c.
technology — in contrast to the earlier
efforts that inevitably tried to get
around their apparent disadvantages.
We now have access to amplifiers,
oscillators, regulators and the like,
whose performance in many respects
exceed the discrete circuits with which
they compete. In cost terms i.cs domin-
ate over a wide front.

There remains a large number of gaps
in this front, perhaps because the
number of units needed is not large
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enough to warrant a separate i.c., but
for which existing i.cs cannot easily be
adapted. Often this is because the
operating conditions lie outside the
range for which the standard i.cs are
designed. Examples include low or high
voltages or currents, high or low
frequencies, and circuits with non-lin-
ear or power law transfer functions.
While each of these categories has been
successfully tackled using discrete
circuit designs, this article looks at a
family of devices that using borrowed
terminology might be called “naked
i.cs”.

These are the transistor arrays which
consist primarily of transistors and
diodes with at most a few additional
resistors. The configurations give a
wide choice between flexibility and
complexity. In the first category are i.cs
consisting simply of a set of identical
transistors, while the last-mentioned is
represented by circuits containing a
mixture of n-p-n, p-n-p and super beta
transistors already interconnected to
form the input stage of an operational
amplifier. In this article we discuss some
of the transistor and diode arrays,
outline their common properties and
indicate how these properties are
exploited. The set of Circards prepared

to accompany this article, covers a wide
range of practical circuits, from d.c. to
high frequencies, linear and non-linear.
It also contains a more detailed account
of the characteristics, advantages and
limitations of presently available
arrays. )

One of the earlier forms of array
contained only diodes as shown in Fig.1.
Although the code numbers given are
for RCA devices, many manufacturers
produce equivalents, particularly for
the more popular packages. Others,
notably Plessey, have changed the
process used, while retaining some of
these configurations. Using tighter
control, over diffusion depths
and doping levels, the transistor
bandwidths have been pushed beyond
1GHz. This is particularly important in
the design of wideband amplifiers
where the improved frequency response
need not be at the expense of good
matching and low drift as needed for
operation down to d.c. This combina-
tion of close matching and high speed is
equally important in diode ring modu-
lators and diode gating circuits, for
which application the device of Fig. 2- is
well-suited.

Another specialized area of operation
is that of display driving. Using seven
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segments to display any number from 0
to 9, the display devices may be filament
or lL.e.d., and the currents required might
be up to 100mA per segment. In
addition, the preceding drive circuitry
may require common emitter or com-
mon-collector configurations. These
options are indicated in Figs. 3and 4 and
it is interesting that the transistors can
be accommodated in a 16-pin standard
package leaving just one spare pin as a
separate substrate connection.

This last point is important. From
each transistor to its neighbour there is
a possible conductive path via the
substrate if the p-n junctions become
wrongly biased. To avoid this the
substrate is normally connnected to the
most negative potential in the system,
leaving all the inter-device p-n junc-
tions reverse biased. There the packing
pin-count is insufficient, the substrate
may be internally connected to one of
the emitters. If a common point
between the transistors is undesirable
then the number of transistors that can
be contained in a package is reduced by
about 30%. Thus Fig.5 shows five
independent transistors plus separate
substrate connection in a 16-pin pack-
age. Any mixture of n-p-n and p-n-p
transistors can be similarly accommo-
dated and Fig.6 shows an example with
three n-p-n and two p-n-p types. In early
forms of i.c., the p-n-p devices that
could be produced were miserable
specimens with current gains barely in
excess of unity. It took great ingenuity
on the part of designers to incorporate
the advantages of complementary
operation, without destroying the over-
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al performance. In these recent transis-
tor arrays, the p-n-p the current gains
are good (> 40) and the only serious
limitation is the low gain-bandwidth
product: < 10MHz as compared to the
200 to 600MHz range for some of the
n-p-n devices.

If more complex functions are to be
performed without recourse to larger
packages, then a number of internal
connections have to be made and Fig.7
illustrates this point with seven semi-
conductor devices plus a separate
substrate connection in a 14-pin pack-
age. The double current-mirror is useful
in amplifier circuits, as an active load
network for n-p-n transistors, to maxi-
mise their gain, possibly coupling the
output into the Darlington pair.

As the reverse-biased base emitter
junction breaks down around 7.5V with
a temperature drift of 3to4mV/K, zener
diodes based on these junctions offer
the possibility of good temperature
stability. This can be obtained by adding
two forward-biased junctions each with
a drift of around —1.9mV/K. A circuit
incorporating transistors, zeners and
diodes makes a convenient starting
point for the design of regulated power
supplies and similar power control
circuitry. Fig.8 shows an example of this
type.

One of the more complex array i.cs is
shown in Fig.9. The degree of internal
interconnection is such that it might be
fairer to describe it as a sub-circuit. It is
particularly intended for high input-
impedance amplifiers, since Tr,, Tr, are
so-called super-f transistors having
very high current gain. The processes

Fig.6
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which produce gains well in” excess of
1,000 also bring the collector-emitter
breakdown voltages to but a few volts.
The biasing network must ensure that
the p.d. - across these transistors is
severely restricted and the whole input
stage is effectively bootstraped with Trj,
Tr, withstanding the full common-mode
input swing.

The i.cs discussed so far have been
bipolar types and it is worth noting that
matched pairs of bipolar transistors are
widely available and are convenient as
low drift and/or gain-boosting input
stages for operational amplifiers. The
choice with m.o.s. devices is less wide.
Again matched pairs and triples are
available and these can be of advantage
in devising high-input-impedance
amplifiers. The best-known array in this
area (CD4007) was designed as part of
the first family of c.m.o.s. logic i.cs.
Although not characterised for linear
applications it has been pressed into
service on many occasions, with the
result that devices are now available
with the same configuration but with
specifications more suited to the ana-
logue field (CA3600). Presumably other
combinations will be produced, parti-
cularly as recent op-amp designs show
that the problems of producing m.o.s.
and bipolar transistors on a common
chip have been overcome.

Transistor arrays offer a challenge to
the designer. Though standard i.cs must
reign supreme in the areas for which
they are designed there are, and will
remain, a number of applications to
which they are not suited or for which
they would not be an economical
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solution. With care the advantages of
both i.c. and discrete techniques can be
used by tackling these problems with
transistor arrays — combining the close
tolerance and matching available from
the monolithic process, with the flexi-
bility normally associated with the use
of separate transistors.

Topics in set 32 of Circards

Device arrays

Triangular-to-sinewave converter

Low-voltage square triangle generatar

RC oscillator with automatic amplitude
control

Emitter-coupled voltage-controlled
astable

Sine/cosine to d.c. converter

Low-voltage astable

Temperature stabilized chip

Band gap level sensing circuit

A.g.c. amplifier

How to get Circards

Tested circuits on these topics are given
in set 32, obtainable for £2 post free
from:

IPC Electrical-Electronic Press Ltd

General Sales Dept, Room 11

Dorset House

Stamford Street

London SE1 9LU

Subjects covered in Circards are:
1 active filters
2 switching circuits (comparator and
Schmitt circuits)
3 waveform generators
4 a.c. measurement
5 audio circuits (equalizers, etc.)
6 constant-current circuits
7 power amplifiers (classes A, B, C, D)
8 astable multivibrator circuits
9 optoelectronics: devices and uses
10 micropower circuits
11 basic logic gates
12 wideband amplifiers
13 alarm circuits
14 digital counters
15 pulse modulators
16 current-differencing amplifiers —
signal processing
17 c.d.as — signal generation
18 c.d.as.—measurement and detection
19 monostable circuits
20 transistor pairs
21 voltage to frequency converters
22 amplitude modulators
23 reference circuits
24 voltage regulators
25 RC oscillators-1
26 RC oscillators-2
27 linear cm.o.s.-1
28 linear c.m.o.s.-2
29 analogue multipliers
30 non-linear functions
31 digital multiplers
32 transistor arrays (available shortly)
33 differential amplifiers &c.
34 analogue gate applications — 1
35 analogue gate applications — 2

Continued from page 53

are very difficult to observe, even on a
high-speed oscilloscope, he is convinced
that there are as many as four sources
all transmitting the same, or nearly the
same, information, perhaps from differ-
ent locations. What is equally interest-
ing is that the signals are no longer
remaining for periods of hours in one
frequency band but are moving up and
down the h.f. spectrum in about 100kHz
steps, remaining at the chosen fre-
quencies for 30s to 10min.

The use of pulse signals suggests
either over-the-horizon (o.t.h.) radar or
communications. In either case a com-
plicated systemn would be necessary to
compensate for propagation variations,
and this may involve the use of more
than one source. The variations in
carrier frequency could either be an
attempt at remaining at the most
propagatable frequency or they could
be a security procedure. It is
understandable that the Russians
should wish to keep h.f. communica-
tions in addition to satellite communi-
cations using microwaves because,. in
the event of a war, the satellite is very
vulnerable. However, it is not clear why
tens of megawatts would be needed,
even for communications to submar-
ines. ‘

Over-the-horizon radar seems to be
far more probable. This is not new,? the
USAF and the Defence Advanced
Research Projects Agency (DARPA)
have been actively interested in o.t.h.
radar for about 15 years and distances of
at least 1850km are possible.

It is interesting to note that the
frequencies chosen for o.t.h. radar are
normally between three and 30MHz.
The system would almost certainly use
o.t.h.-b. (backscatter) radar which
depends upon energy reflected from the
target reaching a receiver antenna
array via ionospheric reflections.? Ra-
dar of this kind is often ineffective
within a certain skip distance from
transmitter.? This may explain why an
American radio amateur visiting a
Soviet amateur organisation as a repre-
sentative of the ARRL was told that
their amateurs were unaware of any
high power transmissions from their
country.

Systems using more than one -radar
source are also in existence today.
These multiradar tracking systems® use
some of the signals received to update
others so that the best estimate can be
made of the target position. Although it
is argued that 10p/s is too slow for
tracking anything but ships, the higher
frequency components within the basic
pulse train could surely contain enough
information for faster moving, smaller
aircraft — especially using multiradar.

If the Russians are really being
adventurous they could be testing a
four-source system capable of detecting
the actual shapes of their targets.
Recent results in the study of electro-
magnetic impulse response of objects*
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have indicated that the information
required for the determination of the
approximate shape of the objects can be
contained in the low frequency range,
where the wavelength is longer than the
overall dimensions of the object. This
means that the h.f. band could be used
for targets from 120m down to 10m
length or less and this would include the
majority of aircraft and rockets. It is
also interesting to note that the most
troubled |, frequency (14MHz) corre-
sponds to 20m, about the size of an
aircraft. ) N

The study* showed that “below four
frequencies are sufficient in most cases
to provide reliable classification in the
presence of substantial amounts of
noise”. Using only four frequencies or
less, the study showed that four aircraft
models {(F-104, 18.24m long by 16.6m
wingspan, F-4, MiG 19 and MiG 21),
scaled to approximately the same size,
could be reliably identified. In compa-
rison the distinction between winged
rockets and other aircraft would be a
simple matter.

Is it feasible that the Russians are
testing a system which incorporates
both o.t.h. radar and shape recognition
by radar returns? The most likely
targets for such a radar would be the US
B-1 swing-wing bomber and the US
Navy and Airforce cruise missiles (only
4 to 6m long). Positive identification of
approaching B-1 bombers and cruise
missiles would be a valuable asset to the
Russian forces and would probably be
worth any diplomatic embarrassment
caused by interference with Western
radio services during preliminary trials.
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Digital angle modulation

2 — Comparison of methods

by R. Thompson, M.1L.LE.E. and D. R. Clouting, Ph.D., B.Sc.(Eng.\).

When selecting a modulation method
many factors have to be considered.
The most significant of these (though
not necessarily in order of importance)
are:

@ equipment complexity,

@ noise performance,

® performance sensitivity to equip-
ment design tolerances,

@ the propagation characteristics of
the transmission medium.

The equipment complexity required
to implement the chosen method is
obviously very important, since this
will have a significant effect on the cost
of the developed equipment. Similarly,
to ensure that the equipment is
“commercially viable” it is essential
that, for a given degradation in
performance, the permissible equip-
ment design tolerances are maximized.
This will result in equipment which can
be manufactured and tested by relati-
vely unskilled labour.

The noise performance, that is the
signal to noise ratio necessary at the
demodulator input to give the required
error rate (P.), is obviously very
imnortant since this is a major factor in
determining the range of the radio link.
In other words, for a given receiver
sensitivity it will determine what trans-
mitter power is required. The objective
is therefore to select a modulation
method which requires the minimum
signal-to-noise ratio at the receiver to
‘obtain the required P,.

Due to the introduction of large
numbers of new systems in recent years
the frequency spectrum is becoming
more and more congested. This means
that the spectrum available to support
‘new systems is severely restricted.
Consequently, spectrum occupancy is
likely to have a major influence on the
choice of modulation method to be used
in future systems. In general, spectrum
economy can only be achieved at the
expense of noise performance, which
means that a compromise must be
made.

The last factor, the susceptibility of
the modulation method to external
interference and the operating environ-
ment, is very difficult to quantify. This is

Part 1 of this article reviewed
various methods of generating and
detecting angle-modulated signals
carrying digital information. This part
discusses the comparative perfor-
mances of types of modulation.

.primarily due to the fact that, in general,

very little quantitative data is available
upon which this performance can be
compared. Consequently, no attempt is

'made in this paper to compare quanti-

tatively the methods considered from
the operating environment point of
view. However, in general it can be
stated that all angle modulation meth-
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ods are likely to perform in a similar
manner although four-level systems
will be less robust than the equivalent
binary systems.

Performance comparisons

During recent years considerable
attention has been paid to the perfor-
mance of digital modulation methods.
The performance figures presented in
this section are probably the most
up-to-date available, having been col-
lected from many sources, primarily by
computer simulation.

It is obviously not possible to cover all
the large number of angle modulation
methods. The results included have
been restricted to cover the following:

@® binary and four-level f.s.k. with
and without premodulation shaping,

@ binary and four-level d.p.s.k. with
and without premodulation shaping,

@ four-level d.p.e.k.

In all cases the performance figures
related to systems having the optimum
design parameters derived in the studies
published in references 1 to 4. These are
summarised in Table 1.

Noise performance. Fig. 1 shows how
the error rate varies with signal-to-
noise ratio for each of the-methods
under consideration. The tegends used
are those given in Table 1. The signal to
noise ratio (s/n) is defined as the ratio of
the peak signal power appearing at the
receiver input and the noise power

Table 1
Frequency
Receiver deviation

Modulation method Legend bandwidth ratio (H)
Binary d.p.s.k 2D 1.1 N/A
Binary d.p.s.k with premodulation

shaping 2DS 1.1 N/A
4-level d.p.s.k. 4D 0.55 N/A
4-level d.p.s k. with premodulation

shaping 4DS 0.80 N/A
4-level d.p.e. k. 4DE 0.5 N/A
Binary f.s.k. 2F 1.0 0.65
Binary f.s.k. with premodutation

shaping 2FS 1.0 0.65
4level f.sk. . . AF 0.6’ 0.4
4-ievel f.s.k. with premodulation

shaping 4FS 0.8 0.5

"Note: All parameters are normalised to the system bit rate.
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contained within a bandwidth equal to
the bit rate of the digital data being
conveyed. The results for the binary and
4-level f.s.k. system have been derived
from those published in references 1 and
2 and were obtained by computer
simulation. Similarly, the results for the
binary and 4-level d.p.s.k. and d.p.e.k.
system have been extracted from those
presented in references 3 and 4.

The results show that the noise
performance of all the binary systems
considered are likely to be within 1dB of
each other. This tends to lead to the
conclusion that, if a binary system is to
be employed, noise performance is not
an important factor in determining
which particular method to use. The
performance of the 4-level systems, on
the other hand, vary considerably. This
is due to the fact that their noise margin
is considerably less than that of the
binary system, which means that the
difference in performance of the various
methods is much more pronounced. The
results show that the noise performance
of a 4-level f.s.k. system is about 6dB
worse than that of the equivalent 4-level
d.p.s.k. or d.p.ek. system. They also
show that if premodulation shaping is
employed in the d.p.sk. and fsk.
systems to reduce spectrum occupancy
a degradation in noise performance of 1
to 2dB will result. Whether or not this
penalty is cost-effective will be depen-
dent on the relative importance of
spectrum occupancy and noise perfor-
mance. It will be observed that when
compared on a peak-power basis 4-level
d.p.e.k. and 4-level d.p.s.k. with premo-
dulation shaping give almost identical
noise performance. This is to be expect-
ed since the two methods are simply
variants of 4-level differential phase
modulation, the difference being in the
technique used to reduce spectrum
occupancy. However, in the d.p.ek.
approach spectrum control is achieved
by introducing amplitude modulation.
This means that if noise performance is
compared on a mean power basis
d.p.e.k. is superior by almost 2dB. In
some cases where mean power rather
than peak power is the constraining
factor this may be particularly
importance and make d.p.e.k. very
attractive.

Spectrum occupancy. The spectrum

occupancy of each of the methods

under consideration is compared in
Figs. 2 and 3. The figures show how
the adjacent-channel rejection factor
and the permissible signal to interfer-
ence ratio (s/i) for a given degradation
in the P, vary with the spacing between
adjacent channels. The results have
been derived from the same sources as
the noise performance curves discussed
above.

The adjacent-channel interference
factor is defined as the proportion of
transmitted power which will fall in the
paséband of a receiver operating on an
adjacent channel. As such it is only
concerned with the transmitted spec-
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trum and does not take into account the
performance of the receiving end of the .
radio link. The curves included in Fig.
2 clearly indicate the advantages to
be gained in terms of spectrum occu-
pancy by the use of premodulation
shaping, 4-level coding or f.s.k. rather
than d.p.s.k. They also clearly show that
the advantages gained increase signifi-
cantly with channel spacing. The 4-level
d.p.ek. shows that this method is
theoretically very attractive from the
spectrum usage point of view. However,
it should be pointed out that for this
method the adjacent channel rejection
factor is highly dependent on the
linearity that can be achieved in the
transmitter. This is because its ampli-
tude modulation component will cause
spectrum spreading to occur in the
transmitter, the amount being depen-

‘dent on the degree of linearity achieved.

The curve presented is the best which it
is considered can be achieved with
present day transistor r.f. power ampli-
fiers.’

As stated above, the adjacent-chan-
nel rejection factor does not take into
account the performance of the receiv-
ing end of the radio link. The «curves
presented in Fig. 3 overcome this
shortcoming by indicating how the
maximum permissible level of an inter-
fering like signal at the input to the
receiver varies with channel spacing.
The curves show the same general
trends as those of adjacent-channel
rejection.

Sensitivity to design tolerances
So far the paper has considered the
comparative performance of the var-
ious modulation methods with their
design parameters optimized. We now
attempt to quantify the performance
degradations which can be expected if
the parameters deviate from their
optimum values. This gives an indication
of how critical the various parameters
are and hence how difficult it is to
achieve near theoretical performance in
practice. The parameters considered
are:

@ filter bandwidth,

@ group delay distortion,

@ frequency stability,

® demodulator timing errors,

® f.s.k. deviation ratio.
In each case, the performance degrada-
tion is expressed in terms of the
noise-performance penalty incurred as
a function of the deviation of thé
parameter from its optimum value. In
many cases figures for all the methods
under consideration are not available.
In such cases the likely degradation is
discussed in qualitative terms by extra-
polation of the available results.

Filter bandwidth. The effect of the filter
bandwidth on the noise performance of
the binary f.s.k. and the binary and
4-level d.p.s.k. systems is illustrated in
Fig. 4. In this figure the noise penalties
are plotted as functions of the devia-
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tions in the filter bandwidths from the
optimum values given in Table 1. The
curves have been prepared from results
published in references 1 and 3. They
show that, in general, the performance
degradation is more pronounced if the
bandwidth is reduced below the opti-
mum value. The one exception is 4-level
d.p.s.k. employing premodulation shap-
ing (4DS). For this system the degrada-
tion is slightly more pronounced for
increases in bandwidth. This is due to
the fact that in a 4DS system a larger
proportion of the signal power reaches
the detector. The subject is fully
discussed in reference 3.

Extrapolating the results given in Fig.
4 to the other systems under considera-
tion (i.e. 4-level d.p.e.k. and 4-level
f.s.k.), leads to the conclusion that in a
4-level d.p.e.k. (4DE) system the
degradation is likely to be somewhat
worse than illustrated for the 4D
system. This is based on the fact that the
4D system is simply a 4DE system with
.no shaping. Since shaping is certain to
make the system more critical this must
be the case. It is not possible to estimate
how much worse this is likely to be,
however. Similar extrapolations to the
4-level f.s.k. systems (4F and 4FS)
indicate that they are likely to behave in
a similar way to the 4D and 4DS
systems.

Group-delay distortion. A parameter
which can seriously affect the perfor-
mance of any digital modulation system

is the overall group delay distortion

introduced by the transmission and
receiving equipment. To date, few
results have been published on the
effects of this parameter and, of the
results available, those most applicable
to radio systems concern binary f.s.k.
systems. These are fully discussed in
reference 5.

The curve in Fig. 5 shows the noise
performance degradation which can be
expected as a function of the peak-to-
peak group-delay variation over the
receiver 3dB bandwidth. The curve
indicates that for bihary f.s.k. systems
the degradation is not serious (~ 1dB)
provided the peak group-delay varia-
tion is kept well below a symbol period.
This is a much more satisfactory state
than was originally anticipated before
the results became available. The
results of the study described in refer-
ence 5 also indicate that there is good
correlation between the peak-to-peak
variation in group delay and noise
penalty. In other words, for a given
peak-to-peak group-delay variation, the
results show that the same noise
penalty will be incurred whatever the
group delay profile.

The effects of group delay distorition
on binary d.p.s.k. and 4-level systems
are more pronounced than for binary
f.s.k.

Frequency stability. Fig. 6 shows the
effect of system frequency stability on

the noise performance of binary f.s.k.
‘and 4-level d.p.s.k. and d.p.e.k. systems:
The horizontal axis represents the total
frequency offset from all long term
causes at both ends of the radio link.
The effect of short term stability (i.e.
synthesizer phase jitter) cannot neces-
sarily be deduced from the results
presented, although an indication of its
effect can be obtained if the r.m.s. value
of the short-term offset is considered
equivalent to a long-term frequency
error.

The results for the f.s.k. have been
extracted from those published in
reference 5, while those for the 4-level
systems have been obtained from
reference 4. They indicate that the
required frequency stability for a binary
system is approximately a fifth of that
required for a 4-level system. In parti-
cular, for systems operating at 100MHz
and conveying binary information at 20
kilobit/s, the required, overall long-
term frequency stabilities to keep the
noise performance degradation due to
this parameter alone below 1dB are 1.2
parts in 10° for binary f.s.k., and 2 parts
in 108 for 4-level d.p.s.k. and d.p.e.k.

Demodulator timing errors. It has been
apparent for a very long time that the
design of the phase-lock loop in the
demodulator is one of the most critical
aspects of any digital communications
system. For this reason a considerable
amount of theoretical and practical
work has been carried out in this area.
The results of some of this work related
to binary f.s.k. and 4-level d.p.s.k. and
d.p.e.k. systems are illustrated in Fig. 7.
These show the likely noise perfor-
mance penalties which will be
encountered as a function of the'timing
errors. They indicate that for all three
systems the performance degradation
will not exceed 1dB provided the timing
errors are kept less than a tenth of the
symbol period. This may not always be
easy to achieve with radio links
because of other factors which affect
the phase-lock loop design. However,
practical results which have recently
been achieved indicate that, provided
care is taken in the design, no major
problem exists.

F.s.k. deviation ratio. Fig. 8 shows how
the noise performance of binary f.s.k.
systems is degraded when the peak-to-
peak frequency deviation ratio varies
from the optimum. It will be observed
that the degradation is not very great.
For example, it is less than 1.5dB for a
reduction of H from 0.7 to 0.5 (i.e. a
reduction of approximately 30%). This is
an interesting fact since by reducing H
the spectrum occupancy of the system
can also be reduced. It therefore may be
possible to reduce the spectrum
occupancy-so that it is comparable with
4-level systems without degrading the
noise performance significantly beyond
that possible with 4-level systems. This
means that, in many applications,
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because of its simpler circuit configura-
tion, binary f.s.k. may be preferred to
4-level systems even though there is a
- tight spectrum occupancy requirement.

. Overall comparisons

An overall comparison of the modula-
“tion methods under consideration is
given in Table 2. In this table each
» method is given a figure of merit for
each of the aspects considered. The
right hand column gives the sum of the
individual figures of merit for each
method assuming equal weighting is
given to each parameter. In such a case

Wireless World, February 1977

TABLE 2
Parameter
Modulation Sensitivity Overa.ll
method to Propagati (A 9
quip t Noi Spectrum quip t h tot equal
complexity performance P Y toler istics weighting)
2D 1 1 3 1 1 7
2DS 2 1 3 1 1 8
4D 2 2 3~ 2 2 11
4DS 3 2 1 2 2 10
4DE 3 2 1 2 2 10
2F 1 1 3 1 1 7
2FS 2 1 2 1 1 7
4F 2 3 2 2 2 11
4FS 3 3 1 2 2 1
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Crisis in scientific and
engineering education

In the last six years the number of
teachers taking part in the Royal
Society’s Scientific Research in Schools
scheme has fallen trom 111 to 47,
according to the scheme’s 19th annual
report. “It is regretted that apparently
so few teachers throughout the country
are able to use the facilities offered.”
During the year the Royal Society
made grants totalling £2,600 to support
schools projects which included: the
use of analogue computers and other
control engineering techniques for
teaching science, especially physics, in

'\ schools (Ampleforth College); solar

noise on 150MHz (Gipsy Hill College,
Kingston-upon-Thames); field emission
microscopy of thin metallic layers
(Highdown Comprehensive School,
Reading, Berkshire); and investigation
of the velocity of light from moving
sources by an improvement of the
method of Kantor (The Queen’s School,
Chester). The scheme is supported by
the United Kingdom Atomic Energy
Authority and six companies, including
Mullard and the Imperial Group.

The scheme’s committee says in the
report that they have tried
unsuccessfully to publicise it. They are
anxious to see applications of scientific
merit which involve the pupils a great

r

deal and which teach them that
knowledge is largely gained by empiri-
cal enquiry. Less important, they say, is
that a teacher may be doing work
towards a higher degree. Projects may
be suitable even though not fully
worked out, not in pure science, and
not lengthy. Even though the quality of
the work done has been “high” the
committee finds the declining numbers
of those involved a matter of concern.

The Royal Society’s report for the
vear to August 31 notes that on that
date the number of projects was 45, a’
further reduction of two.

The publication of these reports
coincides with a critical report on the
training of engineers and scientists
from the Select Committee on Science
and Technology. The standards among
graduates were low, industry told the
committee, and they suffered from a
“lack of industrial orientation,” espe-
cially post-graduates. Yet again, indus-
trialists who, two years ago, were
calling for pay restraint, drew attention
to “lack of incentive” for the best
graduates to make a career in industry.
More important, research objectives
were considerably removed from
industry’s needs. The Select Committee
recommends that the NRDC should
become a body supporting high risk
applied research for which no commer-
cial sponsor was available, that univer-
sities should be encouraged to set up
liaison bureaux and form industrial

consultancies, being free to exploit the
results of their research wherever they
wished, and that employees in industry
wishing to co-operate with univers-
ities should be given time to do so as
part of their normal activities. At the
moment, as Wireless World pointed out
in November 1975, most consultancy
work carried out in universities is done
by individual lecturers on a freelance
basis who pocket some or all of the
proceeds even though they are using
equipment paid for from public funds.

Post Office post

Professor James Merriman, the Post
Office’s senior director of development,
who retired at the end of 1976, was
succeeded on January 1 by Mr John
Stuart Whyte, 53. Whyte was vice-
president of the Royal Institution for
two years and had been the Post Office’s
director of purchasing and supply since
June 1975. BE2fore that he was director of
operational programming and from
1968 to 1971 he planned the modernisa-
tion of local telephone exchanges which
led to the adoption of TXE4 switches for
large local exchanges. He began his
career at Dollis Hill’s Radio Branch
where he worked on data transmission
and pulse code modulation, among
other things.
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The Ferrograph RTS 2 is a
complete, single-unit gudio
analyzer Used by leading
manufacturers and dealers
throughout the world, it is the only
single equipment available that can
run exhaustive checks on hi-fi—
including ampilifiers, tape recorders,
equalisers and mixers—making it
an invaluable aid to sales and
service.

Increase your sales!

By using the RTS 2 in your hi-fi
store, your salesman can quickly
prove to customers that the hi-fi
system he is demonstrating is as
good as it sounds. In a matter of
seconds, up to ten different tests
can be carried out, using just one
pair of leads. (The push-button
operation is so simple, even

Ferrograph RTS 2

the complete, single-unit audio test set.

ry hi-fi dealer can
e-his sales

unskillect staff can make accurate
measure ments.)

Result”?’ The customer is
reassurecl, confident he is getting
value for rnoney. So you sell more,
more easily.

Improve yrour service!

But the RITS 2 is much more than
a cost-effective sales aid. Used in
your service: department, it quickly
identifies fauilts, making your
after-sales b.ack-up more efficient.
And more profitable. You don't
need a variety of incompatible test
gear-so there: are fewer
connections, 1o hum-loops, no
time-consuming frustrations. All of
which means ytou save money.

M

The RTS 2 is arr Uinbeatable demonstrator,
It's so simple! And as test equipment,
there's nothing faster

a

Photograph by courtesy of Sewards
in Reading

Wilmot Breeden Electronics
Ferrograph Rendar Wayne Kerr

Send me more information about the RTS 2 audio test set.
I'would like a demonstration. Phone me to arrange an appointirient

Name

g» Address

Company

Tel. No. WW

Wilmot Breeden Electronics Limited.
442 Bath Road, Slough, SL16BB.
England. Telephone: Burnham (06286)
62511 Telex: 847297

Ask us for a demonstration of the Ferrograph RTS 2 before y our cusfomers ask you. Send off the coupon today!
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Audio test set ® non-volatile r.a.m. ® two-chip microprocessor

This year’s biennial Munich show,
claimed to be the world’s biggest forum
of its kind, had about 1,650 exhibitors
from 31 nations housed in 16 halls. The
most impressive (or depressive for the
less athletic) aspect of the exhibition
was its size, around 8'% acres of
occupied floor space. This fact alone
indicates West Germany's disregard for
the “economic recession” scapegoat
currently in use by less successful
countries. Britain was well represented
with 55 exhibitors, which placed us
third in the league behind America and
the host country.

Instrumentation

Philips were demonstrating several new
additions to their range of test gear. The
PM3243 storage oscilloscope, an exten-
sion of the 3240 family, offers a band-
width of 50MHz, variable persistence
dual trace, and a 40MHz multiplier. The
last-mentioned feature can be used to
display transient power waveforms by
multiplying a voltage and current
waveform. Three new timer counters,
types PM6622, 24 and 25, are 80MHz,
520MHz and 1GHz instruments respec-
tively with switchable a.c. or d.c.
coupling. The 80MHz device features a
hold-off facility, variable from 10us to
100ms. This control is used to prevent
false triggering when measuring a
.signal that suffers from contact bounce
or ringing. All three of the coun-
ter/timers have several options includ-
ing four types of internal oscillator,
b.c.d. or analogue output boards, and
internal rechargeable battery supply.
Sensitivity of these counters is 20mV or
200mV and the trigger level is variable
from —2.5 to +2.5V or —25 to +25V.

Also on show was the PM5716. This is
a new pulse generator which will be
available in the UK shortly. The instru-
ment, which is suitable for both t.t.1. and
¢.m.o.s. circuitry, has a range from 1Hz
to 50MHz with a rise time variable
between 6ns and 100ms. An interesting
facility on the 5716 is an output level
clamp. Two vertical slider potentio-
meters set the upper output level to
‘within *10V and the lower level to
within +20V.

Systron Donner were exhibiting the
1702 synthesized signal generator
which offers a single frequency range
from 100Hz to 999.9999MHz with a
100Hz resolution. A three digit l.e.d.
display is used to indicate f.m. or a.m.
deviation, and modulation modes can

be operated internally or externally.

Output level is variable from 1V to
0.1uV. Also on the stand was the model

50 microprocessor analyzer. This box of
tricks is basically an address and data.
bus monitor. The manufacturers say
that it is functionally equivalent to a
32-channel logic analyzer, with most of
the features tailored for microprocessor
software/hardware debugging. _

National, part of the Matsushita
empire, have introduced a low
distortion oscillator, type VP-7220B,
and a complementary distortion meter.
type VP-7702B. The oscillator offers
spot and variable frequency signals
between 1Hz and 99.9kHz. The distor-
tion content is 0.002% between 50Hz and
50kHz, and the makers say that the
typical value at 1kHz is 0.0005%. The
7702B measures total distortion down to
0.01% f.s.d. at any frequency between
5Hz and 150kHz. The frequency range is
continuously variable up to 150kHz.

Another interesting exhibit from
National was the VP-3702A memory
monitor. This instrument looks like a
television monitor but is an oscilloscope
designed to display and record various
electrical signals. The screen can dis-
play up to four waveforms simultan-
eously with a resolution of 8 bits X 512
words for each channel. Input data is
plotted from right to left on the c.r.t.
with no fade-out in intensity. A freeze
button allows a waveform to be exa-
mined for one minute, and i.c. memories
provide a flicker-free display even with
slowly changing signals.

The recently launched 7DO1 logic
analyzer from Tektronix was publicly
demonstrated for the first time in
Germany. This unit is a plug in module

.
il )
i

i “ o . e, ol e « wi

PR RVE L S
s walami ]

Tektronix’s 7DOI logic analyzer stores
and displays data in three formats.
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for use with the 7000 series of oscillo-
scopes. Data is stored and displayed in
three formats, 16 channels X 254 bits, 8
channels X 508 bits, or 4 channels X
1016 bits. Timing and binary informa-
tion are displayed simultaneously, and
the trigger point is marked with an
intensified spot on each waveform in
the timing display. A built-in word
recognizer can also be used to trigger
the analogue portion of the oscilloscope
by producing an output when the logic
states of the input channels match the
states of the corresponding word
recognizer switches. A filter, variable
from 10ns to 300ns, inhibits the recog-
nizer output to prevent false triggering.
AEG-Telefunken have introduced a
miniature c.r.t. suitable for ‘“pocket”
television sets or test instruments. Type
D5-100 has a useful screen size of 40 X
30mm and an overall length of 116mm.
The tube is equipped with a 35mW
directly heated cathode and has a
resolution for tv pictures, of 3MHz.
Acceleration voltage is 2kV and the
deflection coefficients are 53V/cm.

Semiconductors

A particularly interesting device on
Toshiba’s stand was the TMMI142C
1024-bit non-volatile static r.a.m. This
device is organized as 256 X 4 bit
words. Each memory cell within thei.c.
is composed of a conventional static
p-channel m.os. flip flop and
a pair of metal nitride oxide
semi-conductor (m.n.0.s.) f.e.ts. This
principle of charge storage has been
known for some time and adopted in
certain r.o.ms. In conventional r.a.ms.
however, the m.n.o.s. devices suffer
severe degradation because of the
constant erasure. This problem has:
been avoided in the TMM142C by using
the m.n.o.s. f.e.ts. only when there is a
power down situation. The min.o.s.
devices are in series between the driver
and load fe.ts of the flip-flop, and in
parallel with a p-channel f.e.t. switch.
When the device is used in the read
write mode the flip-flops act as the
memory cells and the m.n.o.s. f.e.ts are
switched out. If the power supply fails,
the contents of the memory cells are
transferred to the respective pairs of
m.n.o.s. f.e.ts and this information is
stored for at least one year. When the
voltage returns the data is transferred
back to the conventional memory cells.
External circuitry is used to detect the
power on and off timing, which is
arranged to be a ramp function, and
generate pulses to operate the f.e.t.
switches. Using the NR input, data
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Philips type PMJ3243 storage oscillos-
cope has a bandwidth of 50MHz.

i
@

stored in the m.n.o.s. devices can be
read out at any time during the normal
power-on state. The chip is housed in a
16-pin d.i.l. package and we understand
from Toshiba that the device is in
volume production.

General Instrument Microelectronics
announced the PIC1640 programmable
interface controller for use with the
CP1600 system. This microcircuit can be
programmed to perform the timing,
data formating and control operations
for one of several peripherals. The
device is basically an eight-bit micro-
computer, and any number of the
devices can be interfaced to a system
bus. Internally, the 1640 is composed of
32 addressable 8-bit registers, an arith-.
metic logic unit, and a control r.o.m.

Another new device on display was
the AY-3-9800 tone decoder. This device
can be used in private PABX tone
signalling exchanges for interfacing to
Strowger external exchanges. Although
not new, the AY-5-8100 video games
chip was also shown. GIM say that they
are now the world's largest supplier of
these i.cs and about 5 million of their
devices have now been produced since
production started about one year ago.

Motorola was able to give Wireless
World preliminary details of a new
monolithic two-chip 8-bit microproces-
sor system which will be available
around June 1977. The two devices,
which are an extension of the standard
MC6800 system, will be suitable for
large volume usage. The MC6802 has an
on-chip clock circuit, and a 128 X 8-bit
ram. with the first 32 bytes being
retainable in the event of a power
failure. The MC6846 contains a pro-
grammable timer module, one input/
output port and a r.o.m. The complete
system offers 16-bit memory address-
ing, two interrupt lines, the option of
expanding to 64k words, and t.t.l
compatibility.

Also on the Motorola stand was the
new PDS “polyvalent development
system”, which has been developed in
Europe. Basically, this provides a ter-
minal and development system com-
prising a 5in v.d.u., keyboard, complete
microprocessor board, display interface
board, and connecting cables. This
package is priced at below £1000 and

allows the user to develop simple
programmes or just gain experience.

The only necessary item that is not in-
cluded is a power supply. The next step
is an optional printer which connects
directly to the system and is priced at
around £600. If the user wants to extend
the system still further, larger memories
are available, or, for the wealthy, a
complete “exorciser” can be added. In
this way the initial equipment does not
become redundant.

Siemens were showing an interesting
alternative to the ultrasonic remote
controls currently used with domestic
radio and television receivers. The
system, known as SIRSYS uses
two m.o.s. circuits, the SAB3210 and
SAB3209, to transmit and receive an’
infra-red signal via several l.e.ds and
one photodiode. Binary coded outputs
make channel identification via a seven
or nine-segment display relatively easy.

A matrix of 8 X 4 buttons is used to
select up to 31 instructions by merely
combining the lines and columns. The
receiver i.c. includes three memories
and corresponding digital to analogue
converters for variable controls like
volume, colour-saturation and bright-
ness. Supplementary features such as

’

Philips type PMG6622 timer / counter
operates up to 8OMHz.

instant sound muting, and standard-
setting are also included in the devices.
Another interesting exhibit, although
announced prior to the show, was
Siemens “T3LS” family of high-speed,
high noise immunity logic. This is
similar to conventional t.t.l. but offers
an immunity to static noise, for both
logic states of roughly 40% of the
swing. In this family the switchover
threshold is typically 2.1V. At the
moment the range comprises four
devices. FLY971 is an expander with 1
X 5,1 X 4,and 1 x 3, inputs. FLH961 is
two AND-OR/NOR gates with 1 x 2
and 1 X 3 inputs. FLH98I is two NAND
gates each with two inputs, and two
AND/NAND gates also with two
inputs. FLH951 is an AND-OR/NOR
gate with 2 X 2, 2 X 3 and expander
inputs. These devices can be used with
standard t.t.l. by inserting a 2.5kQ
resistor between the interface and
operating voltage.
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Sixty Years Ago'
s a

The recent (in February 1917) existence of
Wireless World as the Marconi Company’s
house journal was possibly the reason for the
somewhat wholehearted references to pro-
ducts from that source. A vacuum current
meter was introduced by Marconi’s in
February 1971 and an extended “New
Product” turned into a complete article on
the device.

“The demand for a small, sensitive, robust
instrument suitable for use equally on
alternating and continuous current circuits is
not new, and inventors have made many
attempts to satisfy it. It has remained,
however, for the Marconi Company to
produce just what is required, and a great
demand for the new gauge is anticipated.

“The instrument is designed primarily as a
maximum current gauge to indicate the
condition of syntony in wireless circuits, and
may be employed as a substitute for a
thermo-junction and galvanometer combin-
ation in the measurement of wavelengths
and decrement. The principle involved is that
of the bifilar suspension, one pair of the
filament ends being fixed, and the other pair
attached to,a pivoted arm, the rotation of
which is controlled by a spring acting against
the tension of the filaments. When a current
passes through the filaments, heating them
and causing them to elongate, the arm takes
up a new position and the angular displace-
ment as indicated on the scale is a measure-
ment of the current.

“The movement is enclosed in a glass bulb
exhausted of air. The sensitiveness is thus
greatly increased, and the movement pro-
tected 'against damage and preserved from
dust or corrosion.

“The variation in zero which is character-
istic of hot wire instruments in general is
negligible in this type of instrument, and the
natural damping renders the movement
especially dead-beat.

“The instrument, suitably calibrated, may
also be used as a low reading voltmeter or
ammeéter, or as a shunted ammeter. The
normal resistance of the commercial type of
vacuum instrument is approximately 12
ohms. .

“The new instrument has been greatly
admired for its neat appearance, which can
be well judged from the photograph showing
one of the gauges standing upright in its
silk-lined case.”

In contrast, a device named the “Detecto-
meter” from America, which was a crystal
detector and indicator — a “very sensitive
form of milliampere-meter” — received a
mere two-paragraph mention.

printed
circuit boards

Due to a change of address, all
correspondence concerning p.c.bs
should be sent to M. R. Sagin
(assistant editor) at 23 Keyes Road,
London N.W.2.
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Characteristics and load lines

4 — Linear load lines (continued)

by S. W. Amos, B.Sc., M.1.E.E.

For most transistors the I.—V, charac-
teristics are more crowded at low values
of collector current and thus the two
half cycles of a sinusoidal input signal
are reproduced with significantly-dif-
‘ferent peak values. As shown in Fig. 15
the peak value of the positive half cycle
of current output is greater than that of
the negative half cycle. Because of the
unequal peak values the area under the
positive half cycle is greater than that
under the negative half cycle and the
mean collector current I, in the
presence of an input signal is greater
than I, the no-signal collector current.

Fig. 15 is the form of wave obtained
from a device with a parabolic charac-
teristic and it can be analysed into a
fundamental component of peak value
1, and a second harmonic component of
peak value I, as shown in Fig. 16. This
diagram also shows that I, ,,, is greater
than the no-signal current I by I, the
peak value of the second harmonic
component. Thus the increase in col-
lector current for a transistor with a
parabolic characteristic is a direct
measure of the amplitude of the second
harmonic component.

The percentage of second harmonic
distortion can be calculated from the
values of .o Inin and I, in the
following way. The phase relationship
between I, and I, is such that they add to
form the large-amplitude half cycle
(Inax—Imean) and subtract to form the
small-amplitude half cycle (Imean—Imin)-
Thus: )

Lnax—Imean =15 +1,
Imean —Imin = I] _12
Adding
Imax—lmin=211
Subtracting .
Imax + Imin_ZImean = 212 (1)
Thus
I_2= Imax + Imin—ZImean
Il Imax—lmin
The percentage of second harmonic
distortion is thus given by
10012 - (Imax + Imin—ZImean)
I I

max—lmin

2

This is not a convenient way of calcu-
lating the second harmonic content
from load line plots because the value ofj
Inear is ot readily obtainable from such
graphs. However, the load line does give
the value of I, the no-signal or quies-
cent current, and it is a simple matter to
recast expression (2) in terms of I in
place Of Inean. We know that ILyeq, is
equal to (I,+I,) and substituting for
Lean in expression (1) above we have

Lnax + Lnin—2I =41,
from which
L _ I,,,ax+lmi,,—21_9
Il 2(Ima,v(— min)
Thus the percentage of second har-
‘'monic distortion is given by '
1005,  50(Imax + Imin—21p)

Il Ima.r—lmin

As an example we can calculate the
second harmonic distortion for the
output stage represented by Fig. 14.
Substituting the appropriate values in
the above expression we have

percentage of second harmonic

distortion ‘
_ 50(1.22+0.24-2%0.75
B 1.22-0.24
=2 per cent approximately.

I.-V, characteristics are sometimes
more crowded at high currents and low
currents than at intermediate values of
collector current. The consequent
waveform distortion tends to be sym-
metrical and this is symptomatic of the
introduction of odd-order harmonics. It
is possible, in fact, to deduce an
expression for the percentage of third-
harmonics. It is possible, in fact, to
deduce an expression for the percentage
of third-harmonic distortion analogous
to that just derived for second-harmon-

‘ic distortion.

Limiting amplifiers

In linear amplifiers the crowding of
I.—V, characteristics at low or high
currents leads to unwanted harmonic
distortion but in other applications the
non-uniform spacing of the character-
istics is exploited. For example consider,

Imax

CURRENT

Io

Imin

TIME

Fig. 15. Type of waveform distortion
given by a device -with a parabolic
characteristic

Imax

CURRENT

Iﬂ'IeEl'l

Io

Imin

TIME

Fig. 16. Fundamental and
second-harmonic components of the
waveform of Fig. 15

Fig. 17: this shows a linear load with a
slope corresponding to 6 kilohms
superimposed on a set of I.—V, curves
for a bipolar transistor. This diagram
could apply to a circuit with a direct-
connected collector load resistor of 6
kilohyns and a supply voltage of 12. It
could equally apply to a stage with a
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40pA

Ic{mA)

coalescent
characteristic

(a)

Fig.‘l 7. (a) Load line exhibiting limiting
characteristic and (b) the input-output
characteristic for the 6k2 load line of
Fig. 17 (@)

Ve (V)

Fig. 18 I.—V, characteristics and load
lines showing the action of reverse
a.g.c.

T
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P
204! 600{Ya.c
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15 i
/Ioad line
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Fig. 19. I,~V, characteristics and

typical a.c. and d.c. load lines for
forward a.g.c.
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<
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=
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5pA
12 O 10 20 30 40 50
ID(P'A)
(b)

transformer-coupled load of 6 kilohms
(effective primary resistance) and a
supply voltage of 6. As a third possibility
the diagram could apply to a transistor
with a tuned collector circuit, the
effective dynamic resistance at the
primary winding being 6 kilohms. The
quiescent collector current and collec-
tor voltage are the same for all three
circuits.

The load line enters a region at P
where the transistor characteristics are
crowded: in fact near zero collector
voltage the characteristics all merge
into a straight line OP through the
origin which is sometimes described as
the coalescent characteristic. Fig. 17
shows that any increase in base current
beyond 30pA can produce no corre-
sponding increase in collector current
or reduction in collector voltage. At this
point the transistor is saturated. If,
therefore, a sinusoidal signal is applied
to the base of the transistor and if the
amplitude is increased until the point P
is reached on positive half-cycles then
further increase in input can produce no
corresponding increase in output. The
limiting action is illustrated more effec-
tively by plotting base current against
collector current as in Fig. 17(b). The
curve levels off at a base current of 30pA
and a collector current of 2mA. This is
the form of input-output characteristic
required in a limiting amplifier, e.g. in
the if. stage of an f.m. receiver. The
limiting action helps to make the
receiver insensitive to amplitude modu-
lation of the input signal.

Reverse a.g.c.

Transistors for which the I,-V, charac-
teristics are more crowded at low
currents can be used for reverse a.g.c.
This is illustrated in Fig. 18 where PQR is
the a.c. load line when the transistor is
biased back (by a large received signal)
to a mean current of 0.4mA. P'‘QR’is the
a.c. load line for the same collector load
but with the bias adjusted (for a weaker
signal) to a mean collector current of
3.ImA. For load line PQR an input
current swing of 10pA gives an output
current swing of 0.33mA, a current gain
of 33. For load line P'Q'R’ the same input
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current swing gi\}es an output current
swing of 0.75mA, a current gain of 75.
Thus approximately 7dB of gain control
is achieved in this example by adjust-
ment of base bias current: by a suitable
choice of transistor a greater range of
control is possible.

Forward a.g.c.
An alternative method of controlling
the gain of a transistor by adjustment of
bias is by forward control. In this
system the transistor is biased forward
for reception of strong signals. The
transistor must be specially designed for
this form of control and its I.-V,
characteristics must become more
crowded as the collector current in-
creases. This may not be immediately,
obvious from Fig. 19 but the upper
characteristics are plotted for 1-mA
base-current increments compared with
0.1-mA increments for the lower char-
acteristics. In spite of this disparity in
increment the upper characteristics are
more crowded than the lower ones
particularly at low values of collector
voltage. Thus the quiescent point
should be located in the top left-hand
corner of the diagram for low gain and
in the bottom right-hand corner for high
gain. This movement of the operating
point is achieved automatically by
inclusion of the decoupled collector
resistor R in Fig. 20 which is an essential
feature of the forward-control circuit.
The d.c. load line for 1 kilohm
resistance is shown by QQ’ in Fig. 19 and
two positions of the a.c. load line (for
600 ohms resistance) are shown at PQR
and P'Q'R’. For PQR the base bias
current is 0.15mA and an input current
swing of 0.1mA yields an output current
swing of 3.2mA, a current gain of 32. For.
P’Q’R’ the base bias is 3mA and an input
current swing of 2mA yields an output
current swing of 2.5mA a current gain of -
only 1.25. This range of gain control
amounts to 28dB but 60dB can be
realised in practical circuits. )

Load lines on mutual
characteristics

The load lines so far considered have
been drawn on a graph of output

=
I E3E

_l

j:’ L -‘ OV.

+ve a.g.c bias

'Fig. 20. Essential features of Circuit for
forward a.g.c.
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current plotted against output voltage

e.g. a set of I-V, characteristics. Such a.

load line represents conditions in the
output circuit of the active device.
Resistors are, however, included in
other circuits of active devices and it is
sometimes useful to construct load lines
for these too. For example consider Fig.
21 which shows a depletion-type f.e.t.
biased by a resistor Ry in the source
circuit. Conditions in the input circuit of

- the transistor can be represented on a
diagram such as Fig. 22 which shows
the I,-V, characteristic of the transistor
and a load line OA drawn through the
origin and with a slope corresponding to
the value of R,. The intersection A gives
OC as the value of drain current and OB
as the gate bias voltage achieved in the
circuit. A smaller value of R, gives a
load line such as DE which gives a
smaller negative bias voltage and a
higher drain current: a higher value of
R, gives a load line such as DF
indicating a large negative bias voitage
.and a smaller drain current. Thus this
graphical method could be used to
determine the value of R, needed to give
a required drain current or the drain
current given by a chosen value of R,.
However there is a considerable spread
in I;-V, characteristics for f.e.ts and so
predlctnons from constructions such as
that illustrated in Fig. 22 should be
treated as approximate.

The load line concept can, however,
be used to suggest a method whereby
the effects of the spread in drain current
can be reduced. To illustrate this Fig. 23
shows the I4V, characteristics for a
particular type of depletion f.e.t. The
centre curve is the characteristic for the
average transistor and the other two
curves show the upper and lower limits
of drain current likely to be met in
manufacture. For a given gate voltage
the drain current can lie anywhere
within a range of 3:1 and this is the
spread likely to be encountered if the
transistor is biased by a simple source
resistor as in Fig. 22. Examination of
this diagram shows that the current
given by a 1-kilohm source resistor can
lie between 0.8 and 2.3mA, the average
being 1.6mA. A better performance
would be possible by increasing the
value of the source resistance, so
making the load line more horizontal.
This is possible provided the gate is
biased positively so as to keep the drain
current at the required value. The effect
of such a biasing circuit in reducing the
effect of manufacturing spreads in drain
current can be assessed in a load line
diagram in the following way.

In source biasing circuits such as that
of Fig. 21 the gate voltage is fixed (at
0V) and bias is achieved by varying the
source voltage. Thus the characteristic
in which we are interested is that of I;
plotted against V,. This is the same
shape as the I;-V, characteristic but
laterally reversed because the effect of
—2V on the gate is the same as +2V on
the source. It is, however, quite con-

Fig. 21. A depletion-type f.e.t. biased by
a resistor in the source circuit ‘

Fig. 22. Load lines on I,~V,
characteristics showing bias value
achieved

Iq
1
1
|
1
L Lt 1
+5 +4 +3 )42 +1 Hel
-V, i i
1 '
1 ]
source gate
potential

potentiat

Fig. 23. The I;—V, characteristic is the

same as the I;—V, with the voltages

reversed in sign

Id {(mA)
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wenient to retain the familiar shape of
the Id -V, characteristic and to reverse
tihe SIgns on the voltage axis as in Fig.
2.3. The intersection with the load line
gives the source and gate potentials as
inidicated. On this diagram we can now
show the effect of biasing the gate
positively and using a high-value source

‘resiistor. As an example suppose the

gat: is biased to +10V. Then the load
line should meet the voltage axis at
—10'V as shown in Fig. 24 which shows
the load line giving the same value of
drain current as for the 1- kilohm
resist:or considered earlier. The slope of
the 1ew load line shows that the
resistaince is approximately 7 kilohmsg.
Fig. 24: shows that the drain current for
limit ti-ansistors does not greatly differ
from that of the average specimen: in
fact the: total variation in drain current
'is from, 1.5 to 1.75mA, the average being
‘1.6mA as before. The penalty to be paid
for the iincreased stability of the operat-
ing point: is that a higher value of supply
voltage is required. If the gate voltage is
+10V, the source voltage is nearly
+12V as shown in Fig. 24 in the lower
voltage scale. To give a reasonable
voltage across the transistor itself and
the drain load a supply of at least 20V is
desirable.

The author would like to thank
Mullard Ltd for supplying the transistor
characteristics on which Figs. 19 and 24
were based.

The next articlein this series, Part 5, will
examine the.forms of non-linearity of
load lines that can occur and the effect
this has on circuit performance.

Fig. 24. Improvement in bias stability
by use of positive gate bias and a
high-value source resistance

(a) typical
(b) maximum
(c) minimum

load line
for 1k{} load line for 7k{l
\’/kl‘
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World of
Amateur
Radio

The new licences

Since January 1, a new compre'nensive
licence has been introduced by the
Radio Regulatory Department. of the
Home Office and replaces ths: earlier
“sound”, “mobile” and ‘“te'levision”
licences. Any holder of an Amateur
Licence “A” or “B” is now eatitled to
operate fixed; mobile; pe:destrian
mobile; r.t.t.y,; television;, slow-scan’
television; facsimile; data (on 144MHz
upwards); and d.s.b.s.c. o

Thus at one stroke many of the old
requirements to make special applica-
tions or obtain special-purpse licences
have vanished. Similarly, in logging it is
no longer necessary to enter actual
- transmission frequencies, only the band
being used.

New clauses forbid operation from
aircraft or public transport vehicles; for
high-definition tv it is now necessary
that the callsign identification is
adjusted to the centre of the video
channel.

Separate prefixes for Jersey (GJ) and
Guernsey (GU) superssede the former
joint GC prefix.

All applicants now have to sign an
undertaking that frequency-checking
equipment of sufficient accuracy will be
used to ensure that all transmissions are
within the permitted bands, together
with equipment to confirm that har-
monic and spurious emissions are
“suppressed” (to what degree is not
stated). This statement also includes a
formal recognition by the applicant that
out-of-band-working is a ‘serious
misdemeanour” that could result in
withdrawal of the licence.

Annual fee is now £5.50 and the fee for
the Post Office Morse Test has recently
been raised to £4. Radioteleprinter
operation is restricted to International
Telegraph Code No. 2 at 45.5 or 50
bauds. Most of the other conditions
remain basically the same although
some obsolete clauses (for example
specifically prohibiting the use of
“spark”) have 'seen dropped. Only for
the 24GHz band and for the use of pulse
techniques is it still necessary to obtain
prior written ‘permission. During data

transmissions (144MHz upwards) the
station callsign must be given in morse
or telephony at least once in every 15
minutes.

This is the first major revision to the
UK licence for many years and most
amateurs will warmly welcome most of
the changes.

US licence problems

The' marked differences between the
British and American way of amending
licence regulations can be detected in
some of the questions now facing the
FCC. These range from the hint that the
FCC may ban the use of separate linear
amplifiers for both the amateur service
and Citizens’ Band operation to propo-
sals that could eliminate all conven-
tional a.m., d.s.b.s.c., narrow-band f.m.
on the h.f. bands and fast-scan tv on
70cm (Docket 20777).

As Don Chester, K4KYV/1 points out
“there is still a small but substantial
minority of amateurs in the USA who
wish to continue using conventional
a.m. Many of us have built our own
transmitters” and designed them to
minimise distortion. We operate mostly
on 1.8, 3.5 and 7 MHz and receive very
few complaints of splatter and believe
that excessive bandwidths on any mode
are often due to distortion products or
overmodulation, and that natural
sidebands do not cause excessive inter-
ference on adjacent frequencies.

“We have used every available means
of influence to block the passage of this
proposal and there are rumours that the
FCC is scrapping its plan to put us off
the air.”

This is not the first attempt to
eliminate A3 on the h.f. bands and
petitions were made to the FCC on this
in 1967. At that time the Commission
stated: “While the Commission has, in
the interest of spectrum economy,
encouraged the use of s.s.b. in other
services via the rule making process, it
is not believed necessary or desirable in
the Amateur Radio Service. One of the
unique features of the Service is the
wide choice of emissions and operating
frequencies . . . continuation of this
freedom of choice is considered desira-
ble.”

New handbook edition
The RSGB has just published vol. 1 of
its new (5th) edition of its standard
book on amateur radio — “The Radio
Communication Handbook”. In its
almost 40 years of publication (origin-
ally as “The Amateur Radio Hand-
book”) over 250,000 copies have been
printed and found wide use not only by
amateurs but also by many with a
professional or Services interest in
communications. During World War 2 it
was widely used as an approved text
book by the RAF.

The new edition has for the first time
been split into two separately bound
volumes, with volume 2 due this spring.
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Vol. 1 covers: fundamental principles;
valves and semiconductors; h.f., v.h.f.
and u.h.f. receivers; h.f,, v.h.f. and u.h.f.
transmitters; keying and break-in;
modulation systems; and r.t.t.y.

A foreword by M. Mili, Secretary-
General of the ITU, states: “The role of
radio amateurs in technical training
seems to be little known for all its great
importance. The ITU is engaged on a
vast programme of technical co-opera-
tion to aid developing countries to
expand their telecommunication ser-
vices. In this programme training plays
a vital role. There is no doubt that the
development of an amateur radio
service makes a substantial contribu-
tion to the execution of this immense
task, and a contribution moreover that
costs the community so little.”

In brief

European amateurs have abandoned
hope of obtaining an allocation around
220MHz at the 1979 World Administra-
tive Radio Conference although the
RSGB and some other European
societies are continuing to press for a
small allocation at 50MHz, as currently
available to amateurs in Regions 2 and 3
... CT2BB in the Azores has heard
both British and American 144MHz
amateurs during Sporadic E openings
and may soon provide a beacon signal
on 144.1MHz, raising hopes once again .
of an eventual spanning of the Atlantic
on 144MHz . . . Durham beacon, for-
merly GB3DM, is now operational as
GB3NEE on 144.935MHz . . . “Some of
the things I hear through GB3LO make
me ashamed to be associated with it.
There have been suggestions that
GB3LO should be closed down comple-

-tely, and more specifically that it should

be closed in the evenings” states Chris
Roberts, G4EVA, chairman of the UK
FM Group (London). A meeting of the
Group has debated a motion that “the
continued 24-hour operation of GB3LO
is detrimental to the original aims and
objectives of the UK FM Group and to
the aims of Amateur Radio in general”

. A fully automatic telecommand
system for use with Oscar 6 has been
commissioned at the University of
Surrey. For the past 1% years this
station has had the responsibility of
ensuring that the amateur satellite is
switched off when thé internal batteries
are being recharged, and to switch it on
for European activity and for the news,
bulletins sent via Oscar from HG5BME
at Budapest Technical University. Os-
car 6 should complete its 20,000th orbit
during February . . . The GB2RS news
bulletins now go out on Sunday morn-
ings on 3650kHz instead of 3600kHz; the
two-metre frequency remains’
1445MHz . . . The British Amateur
Television Club has recommended to
the RSGB the use of 144.230MHz as an
sstv calling frequency, 144.750MHz as a
fast scan calling frequency, and
144.70MHz for facsimile.

PAT HAWKER, G3VA
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Programmable calculator
In addition to over 30 pre-programmed
functions and ten independent
memories, using full memory arithme-
tic, the PR100 scientific calculator can
store 72 programme steps. The instru-
ment has a ten-digit calculation accur-
acy with an eight-plus-two digit l.e.d.
display. This calculator, which also has
parenthesis, algebraic notation and
seven pre-programmed conversions, is
supplied with an adaptor/charger and
carrying case and is priced at £49.95.
Commodore (UK) Limited, 446 Bath
Road, Slough, Berks.

WW 302 for further details

Solder pot

The Litesold LSP solder pot, which is
designed for improved operator safety
and longer element life, will run on
existing 24V soldering-iron power units
or low-voltage power supply systems.
Its 130g-capacity crucible is machined
from fine-grain cast iron and has a
tinning depth of 3lmm. At normal
ambient temperatures the 48W element
gives a soldering temperature of
approximately 300°C. Light Soldering
Developments Ltd, 97-99 Gloucester
Road, Croydon, Surrey.

WW 303 for further details
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Rugged oscilloscope range claims low

cost of ownership

The Tektronix T900 series of
oscilloscopes, first announced over a
year ago but only recently available in
the UK, fills the gap between their
high-cost, high-performance R & D
oscilloscopes on the one hand and the
low-cost, low-performance Telequip-
ment instruments on the other. The
range is aimed at situations where a
specific set of measurements on one
type of product or process is needed but
without the expense of comprehensive
triggering and display facilities, such gs
arise in production and maintenance/
service applications.

But Tektronix UK admit that because
of high inflation upsetting a general
sense of values the traditional division
between low and high-cost oscillos-
copes isn’t very clear. Keith Retallick,
UK Sales Manager, says there are now
two kinds of potential customer: one is

‘the out-of-date user who still thinks

that instruments should cost little more
than five years ago, and the other is
largely unconcerned, and is prepared to
pay almost anything. He sees the T900
range as providing excellent value
where low-to-medium performance is
required by users who are not forced by
economic circumstances to buy only
the cheapest. “Most serious buyers are
looking not for the lowest price but for
value for money,” he says.

Main feature of the range is not
electrical performance so much as low
“cost of ownership”, though Tektronix
claim that cost/performance ratio is
good. Ruggedness, ease of servicing,
modular construction, unified sub
assemblies throughout the range,
negligible hand wiring, ease of opera-
tion (fewer and less critical calibration
controls), active device and other tests,

WW 301

and maintenance of accuracy are the
aims that Tektronix have set them-
selves. )

Themodels, costing from £500to £1000
(plus v.a.t.) are
e two 15MHz units, one single and one

dual trace (T921, T922)

e two dual trace 35MHz units, one with
delayed timebase (T932, T935)

e 10MHz storage oscilloscope, dual
trace (T912)

e rack-mounted version of T922.

Five of the models use an 8 X 10cm
12kV c.r.t., with post deflection acceler-
ation to keep power low in the deflec-
tion circuits, and measure only 18 x 25
X 48cm, with a weight of around 7 or
8kg. Smallest vertical deflection factor.
is 2mV/div, input impedance the stan-
dard 1M plus 30pF, and rise time 10ns.
Phase difference between x and y
amplifiers is quoted at 3° at 50 kHz. Z.
input bandwidth is 5SMHz.

WW 301 for further details

WW 302

Ferrite cross-over chokes
Research into ferrite characteristics by
Aladdin Components, in conjunction’
with a loudspeaker manufacturer, who
for commercial reasons wishes to
remain anonymous, has resulted in the
development of a range of ferrite-cored
cross-over chokes which are claimed to
give up to 40% less harmonic distortion
than is normally associated with con-
ventional ferrite cores. Actual test
figures are still to be released. The
chokes, which use a ferrite called LDC,
are available to customers specifica-
tions and, because of copper savings
achieved, can be made economically — -
i.e. from 50p, depending on quantity and
current rating required. Aladdin In-
dustries Ltd, Western Avenue, Green-
ford, Middlesex UB6 8UJ.

WW 304 for further details
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Spectrum analyser

A spectrum analyser covering the range
IMHz to 1GHz has been introduced by
Dana Electronics. The Cushman ana-
lyser has interlocked controls, to ensure
that it is always calibrated, and permits
levels from +20dBm to —115dBm to be
measured directly from a 70dB-range
display. A.m. and f.m. signals, received
on its whip aerial, may be monitored
audibly and the analyser, which also has
frequency and level calibration outputs
and a marker input, can be made
portable using an optional 12V battery
facility. Price is about £3600. Dana
Electronics Limited, Collingdon Street,
Luton, Bedfordshire.

WW 305 for further details

Pt 100 simulators

A range of platinum resistance
thermometer-element simulators, made
by Delristor Limited, is intended for use
wherever resistance thermometer
values require to be simulated. The
instruments are calibrated directly in
degrees centrigrade and cover the range
—200 to +500°C in 25, 50 or 75 discrete
steps, depending on the model selected.
Two optional accuracies of +0.5 or
+0.3°C are available and each unit
includes a facility for lead resistance
simulation. A model is also available for
Ni 100 element simulation. Delristor
Limited, 21 Windsor Street, Uxbridge,
Middlesex.

WW 306 for further details

Tape-cassette controllers
Three tape-cassette controllers,
suitable for microprocessor and other
high-quality recording systems, are
available from Tekdata Limited. Model
2, which is a variable-speed controller
for 0.4 to 10 i.p.s. recording, is t.t.l., d.t.l.
and c.m.o.s. compatible and has four
drive motors. Wow and flutter and jitter
are said to be a minimum because the
capstan motor is used to drive the
capstan only. Other main features
include remote-control facilities, less
than 30s rewind (C60), and a power
requirement of 7V at about 600mA.
Model 1 is a fixed speed unit and Model
3, the Superdeck, is a 0.4 to 20 i.ps
variable-speed unit. Tekdata (Trading)
Limited, Westport Lake, Canal Lane,
Tunstall, Stoke-on-Trent, Staffs ST6
4PA.

WW 307 for further details

Impulse noise analyser

An impulse noise analyser, the LEA
BAT-1, will count the number of
positive and negative pulses having
amplitudes which exceed a selected
threshold during a pre-determined time
interval. The analyser, which has a 60052
input and a high-impedance (over 60k{)

- input, may be adjusted for thresholds

from —50 to 0dB and dead times of less
than 100us, 5ms, 50ms and 125ms. This
instrument complies with ITTCC
recommendations and includes two
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plug-in filters. Wessex Electronics Ltd,
Stover Trading Estate, Yate, Bristol
BS17 5QP.

WW 308 for further details

Frequency synthesizer
The PRD 7838 is a programmable
frequency synthesizer which covers the
range 1kHz to 80MHz in 1Hz steps with
an output level of 1I0mV to 1V r.m.s. into
50Q. Its stability, when locked to the
internal crystal frequency is one part in
10° per month, with an ‘optional stan-
dard of five parts in 10° per day. The
spurious output figures are typically
70dB (non-harmonic) and 40dB
(harmonic). The unit may be pro-
grammed by b.c.d. code, permitting the
digital frequency-control functions,
which are r.t.l, d.t.l. and t.t.l. compati-
ble, to be performed remotely. Mi-
crowave and Electronics Division, REL
Equipment and Components Limited,
Croft House, Bancroft, Hitchin, Herts.
WW 309 for further details

Low-cost Variomatrix

The QSD-2, made by Sansui, is a
low-cost Variomatrix decoder capable
of decoding both QS and SQ material.
This unit, which also permits playback
of conventional stereo material via
four loudspeakers, gives 20dB separa-
tion between adjacent channels, 30dB
between diagonal channels and has a
frequency response of 20Hz to 30kHz
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with a distortion of up to 0.1% at 1kHz.
Price is expected to be well under £100

per unit. (See surround-sound - decoder,

articles in June-September issues.)
Sansui Audio Europe SA, 39/41 Maple
Street, London W1.

WW 310 for further details

Cleaners and lubricants

It is claimed that regular use of two
aerosols, available from N.S.F. Limited,
will prolong the life of rotary
wafer-switches. The products, a cleaner
and a lubricant, are in 450g cans and are
claimed to be harmless to the majority
of materials used in presént-day com-
ponents. The cleaner is used first to
remove deposits which form after long
periods of use or storage and the
lubricant is then applied to provide a
thin, even film over contacts and other
relevant surfaces. N.S.F. Limited,
Switches and Controls, Keighley, York-
shire BD21 5EF.

WW 311 for further details

Psophometer

The type 2429 psophometer is a compact
instrument suitable for measurements
in accordance with International Stan-
dards CCITT-P53 and CCIR-468-1. This
meter, which is suitable for both
subjective and objective determination
of signal-to-noise ratios, has been
designed for use with communication
systems. Four filters are incorporated in
the meter, these being: unweighted,

‘telephone, Radio 1 and Radio 2, and in
addition the detector can be set for
either quasi-peak or quasi-r.m.s. Ampli-
fication is calibrated and is adjustable in
10dB steps, the input impedance can be
set to either 6002 or greater than
10,0009 symmetrically and a.c., d.c. znd
earphone outputs are provided. To
avoid the possibility of errors an
overload detector automatically oper-
ates a flashing warning light if an
incorrect attenuator setting is selected.
B & K. Laboratories Ltd, Cross Lances
Road, Hounslow, Middlesex.

. WW 312 for further details

Temperature-controlled
ron

The Oryx 75 soldering iron is designed
for fast production-line work and for
applications requiring a carefully-con-
trolled soldering temperature. Fast
thermal recovery is achieved by a unit
in the handle of the iron, which controls
the current pulses to the element, and a
temperature sensor close to the element
tip. This unit eliminates the need for a
cumbersome control box. The tip
temperature can be adjusted over the
range 300 to 425°C. A wide range of
soldering tips is available and the tip or
element may be changed in less than
two minutes. Electreplan Ltd. P.O. Box
19, Orchard Road. Royston, Herts SG8
S5HH.

WW 313 for further details
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Stabilized power supply
The Triple-Output Power Supply
(TOPS), from Farnell, is designed as a
power source for i.c. and op-amp
breadboard circuitry, providing 5V at
1A and‘15-0-15V at 200mA. Adjustment
ranges are 4-6V on the 5V rail and
12-17V on the balanced twin 15V rail.
This unit, which contains overcurrent
protection and a lL.e.d. overload indica-
tor, has a line stabilization of 0.05%, load
regulation of 0.1% and a temperature
coefficient of 0.02%/°C. Ripple is less
than ImV on the 5V output and 2mV on
the twin output. Farnell Instruments
Limited, Sandbeck Way, Wetherby
LS22 4DH.

WW 314 for further details

Switching power supply
A four-output, 400W switching power
supply, designated as the Trio model
674, is designed specifically for micro-
processors, memories and other multi-
ple output applications. The unit has a
main output for logic, a second output
for a memory and two additional
outputs for accessory power needs §uch
as +5V, —9V and *15V. Mean-time-
before-failure is calculated to exceed
30,000h and the unit, which has an
efficiency of 60%, measures 127 X 203 X
355mm and weighs only 6.8kg. Trio
Laboratories Limited, Grove House,
Grayshott, Hindhead, Surrey GU26 6LE.
WW 315 for further details
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Solid State
Devices

Names or suppliers of devices in this
section are given in abbreviation after
each entry and in full at the end of the
section.

[}
Power Darlingtons
Complementary Darlington transistors,
in the BDX85 to BDX88 and 2N6053 to
2N6056 series’, have minimum gains
of up to 1000 at 5A and power dissipa-
tions up to 120W. The range, from SGS-
ATES, includes both p-n-p and n-p-n
transistors having Vg and [ ratings of
up to 100V and 12A respectively.
WW 316 SGS-ATES

U.h.f. dividers

Six two-modulus u.h.f. dividers have
been added to Plessey Semiconductors’
range. Types SP8740 and SP8745 are
300MHz divide-by-5 or 6 counters with
a.c.and d.c. coupled inputs respectively.

Types SP8741 (a.c.) and SP8746 (d.c.)

are 300MHz divide-by-6 or 7 counters
and types SP8743 (a.c.) and SP8748 (d.c.)
are 500MHz divide-by-8 or 9 counters.
The d.c. devices require PECL 111
inputs and the a.c. devices have a wide
dynamic input rantge of 400 to 800mV
pk-pk. Each device, contained in a
16-lead d.i.l. package, is specified for a
supply of 5.2 +0.25V and consumes
typically 50maA.

WW 317 Plessey Semiconductors

Low-power r.a.ms

Two low-power versions of the 2102A
Ik by 1 r.a.m. are now available from
Intel. The devices, type 2102AL with an
access time of 350ns and type 2102AL4
with a speed of 450ns, have I¢ ratings of
33mA and are t.t.l.-compatible on both
the inputs and outputs.

WW 318 Intel

Static r.a.ms

Three static r.a.ms, from Texas
Instruments, are suitable for 4, 8 or
16-bit microprocessor systems and are
each available in 1000, 650 and 450ns
maximum-access and read-and-write
cycle times. Type TMS 4039/2101 has
separate input and output enables, an
output enable and two chip enables. The

TMS 4042/2111 is the same but has
bus-oriented common input and out-
put enables. Type TMS 4043/2112 has
common input and output enables and a
chip enable. The t.t.l.-compatible
devices have typical power dissipations
of 175mw.

WW 319 Texas

C.m.o.s. multiplexers

Two industrial 16-line to one-line
multiplexers are available in c.m.o.s.
from National Semiconductor. The
devices, type MM74C150 and the tri-
state version MM82C19, use four-bit
addresses and invert the data from
input to output. A strobe pin, which
overrides the input data, places the
output of the MM74C150 in the logic 1
state, and the output of the MM82C19in
a high-impedance state.

WW 320 National Semiconductor

Teletext character

generator

The lk by 8 m.o.s. r.o.m., designated as
type 2608 CNO0040, has been pro-
grammed to give the fully-approved

teletext character fount of 7 by 5 upper-

and lower-case characters. It uses no
clocks, has an access time of 650ns and
is t.t.l.-compatible on both the inputs
and outputs. The r.o.m., which is in a
24-pin package, has tri-state outputs
and uses n-channel silicon-gate techno-
logy. Maximum power dissipation is
400mW.

WW 321 Mullard

Input-output buffer

The addition of the 10B 1680
input-output buffer microcircuit to
GIM’s CP 1600 16-bit microprocessor
can provide a user with a complete
microprocessor system which requires
the minimum of additional components.
This buffer, in a 40-lead d.i.l. package, is
claimed to have all the external data
management functions previously per-
formed by about 12 t.t.I. m.s.i. packages.
WW 322 G.LM.

Bridge rectifiers

Rectifers in the range 26MB5A to
26MB80A have bheen introduced as
improved versions of International
Rectifier's 25A bridge rectifiers. The
devices, which are rated from 50 to 800V
(maximum reverse repetitive voltages),
are claimed to give greater voltage
stability and isolation than the super-
seded ones and will deliver 19A when
mounted on a heatsink of 1°C/W.

WW 323 International Rectifier
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Multiplier-divider
Differential-input multiplier-dividers in
the 4231 range have a claimed noise
specification of 120uV r.m.s. from 10Hz
to 10kHz; a factor of five improvement
over comparably priced units. Three
versions are available: type 4231BM
providing better than 0.5% accuracy,
less than 25mV output offset and less
than 0.7mV/°C drift over the range —25
to +85°C, type 4231SM which is a MIL
‘temperature range version of this, and
the 4231AM having an accuracy of 1%,
offset of less than 50mV and drift of less
than 2mV/°C over the working tem-
perature range. Small quantity prices
are from £24.00 each.

WW 324 Burr-Brown

Wideband op-amps

Two operational amplifiers, types A970
and A975, are wideband, high slew-rate
units in TO-99 packages. The A970 has a.
typical gain-bandwidth product of
100MHz for small signals, a slew rate of
35V/us and an open loop gain of 95dB.
Type A975 has a typical slew-rate of
120V /ps and a gain-bandwidth product
of typically 20MHz. Both units have

input impedances of greater than

100M and operate over a temperature
range of 0 to 70°C.

WW 325 Hybrid Systems

Suppliers

Burr-Brown International Ltd, Perman-
ent House, 17 Exchange Road, Watford,
WD1 7EB. :

Hybrid (Component) Systems U.K. Ltd.,
12a Park Street, Camberley, Surrey.

General Instrument Microelectronics
Ltd, 57/61 Mortimer Street, London
WIN 7 TD.

Intel Corporation (UK) Ltd, Broadfield
House, 4 Between Towns Road, Cowley,
Oxford OX4 3NB.

International Rectifier Co. (GB) Ltd,
Hurst Green, Oxted, Surrey.

Muillard Ltd., Mullard House, Torring-
ton Place, London WCIE 7HD.

National Semiconductor U.K. Ltd, 19
Goldington Road, Bedford MK40 3LF.

Plessey  Semiconductors, = Cheney
Manor, Swindon, Wiltshire SN2 2QW.

SGS-ATES Componenti Elettronici
SpA, Via C. Olivetti, 2, 20041 Agrate Br.
za, Milan, Italy.

Texas Instruments Ltd, Manton Lane,
Bedford MK41 7PA.
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combinations for maximum eye-
appeal and visibility.

TOUGH Indefinite indoor life.

1-3 years outdoor life.
SELF-ADHESIVE No screws to
fix, no holes to drill
ECONOMICAL Labels cost about
2% per square inch.

Complete the coupon for your
FREE
DEMONSTRATION
orforyour »

INTRODUCTORY
KIT

3M United Kingdom Limited, FREEPOST 18
LondonWIE 1YZ. Ishould like to know
more about your Photolabel System.
Please arrange a free demonstration.
Please send me your introductory kit.

| enclose cheque/PO for £3, made

payable to 3M United Kingdom Limited.
Please send further literature.

UICK Easy, three stage process . (e
’gke" 5-15 )r/mnutes. Ngdgrkroom, If you prefer, send £3 with the COMPANY =
émn for outsiders coupon for acomplete mtro_ductow INDUSTRY
QTN ' kit. All vou need is an ultra-violet
FREE DEMONSTRATION ADDRESS

light source. Your £3 kit contains

Return coupontoarrange afree
demonstration on your premises.
And discover for yourself why
corporations like British Rail, BAC
and the RAF are making their marks

with ‘Scotchcal’ Photolabels from 3M. 5w

everything else for your first set
of photolabels. (Sorry, only one
kit per person.)

|
|
|
|
|
|
£3INTRODUCTORY KIT I|
|
|
|
|
|
|

Regd Office 3M House. Wigmore Streel. London WIA
]
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It's not just
aprettycase

The main difference betwesn our new iow price
multimeter and most multimeters is that ours is an
AVO. Through and through. It starts with sorme
innovations~most of them unigque at the price: real
overioad protection, sensitivity of 20,000 Q/VDC,
a-really useful set of ranges including ACcurrent.
if you try to measure the 240V mains on tne 75 pA BC
range, it's only the instrument fuse that blows. Then
there's the case-really rugged enough to take the
toughest knocks. And in this case, heauty's more than
skin deep —inside youll find it orderly and well laid out.
That means that, if servicing is ever necessary, it'li be
worth doing. Because when AVO make an instrument,
they make one that's worth keeping.

in short, the new AVO Model 73 is much more
multimeter for your money--and that's what makes
it an AVO.

- i UK Trade Price £33 — VAT from Distributors
AVO Limited, Archciffe Road, Dover Kent.
Telephone: Dover (0304) 202620

r£ Thorn Measureinent Conirol and Autoriation Division.
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M \[1FOR HOME
@\ m7_CONSTRUCTOR ©
LU TT-Dec Breadboard

TT-Dec, The New Versatile breadboard for integrated circuits
which require a considerable amount of discrete circuitry.
Buy how and receive a Free |.C. Blob Board. Worth 36p.

f

Design and build circuits directly onto the TT-Dec; plug
components in and out; Re-use components; No soldering.
TT-Dec's have 416 contact points, 2:-16 Dil holders, a
facility for4-10 1ead TG51.C.’s, 2 corrponent support
brackets, 10 double ended leads and step by step instructions

of exciting i.C. projects to build. Contacts are linked ké
electrically in rows with 5mm gaps, enabling short lead & R
devices to be inserted directly into the contacts. ‘(\'ao"\'b
Special price £7.26 + (64p for post and V.A.T.) ®+<' o‘&o‘\'b
+ FREE.I.C. Blob Board. XSS

& &

2 Q Q,o S oo &
PB F 0 S OGN
' &‘fb <b\0 \\Q‘&’ Q qu’
P.B. Electronics {Scotland) Ltd. AR S

57 Hish Seer, Saffron Walden. Essex. ¢ WO ANV S
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PHILIPS £

YO £ PHILIPS
=Bl (75

The top sellers for home assembly in
Europe —now available in the U.K.

Now - read all about the Philips range of
quality kits for home assembly — mixers, amplifiers,
speakers, etc, etc. Send today to
S.S.T. Distributors (Electronic Components) Ltd.,
West Road, Tottenham, London N17 ORN

S e — ]

Please send me, quickly, the new colour catalogue. wWw
Name
‘Address

o

PHILIPS \

TODAY!

S.S.TDistributors i1s a member of
the Philips Group of Companies.

RS CONETI) SN GECNN SN RN CYITIR, Il
o
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Vero offer an outstanding range of small
enclosures and cases of high quality,
attractive appearance and economic
prices with immediate delivery.
Development and expansion of the small
enclosure range is @ continuing process
with the sole objective of having ‘on the
shelf’ at Vero the item you need when
you need it.

Verobox (R) Plastic ~ a range of attrac-
tive moulded boxes for housing, wall or
bench mounted, purtable or hand held
electronic equipment.

To the successtul Mk1 Verobox (R)
plastic enclosure has been added a Mk11
range 154mm x B5mm in three panel
heights and with a unique clip together
design. Both Mk1 and Mktt contain
built-in facilities for housing boards
horizontally or vertically and are
complete with front and rear anodised
aluminium panels which may be blanked
tor instrument mounting, stc.

Verobox  (R) extruded aluminium
enciosures — a range of low cost small
boxes, supplied in kit form in 36
different sizes from stock.

Veropak a case range designed to
provide an attractive but inexpensive
housing for the smaller type of project
High quality fimish, in Moonstone
coloured P.V.C. clad steel. Five sizes
available from stock, supplied packed
flat for convenient storing. Assembled
in 5 minutes.

D Series slim line case 277mm wide in
2 depths and wide range of panel heights
made from light gauge steel. Full range
stocked in RAF blue/grey, popular sizes
in Moonstone.

Available world wide through 3 subsidiary
caompantes and 25 agents.

Vero Electronics Ltd.

Industrial Estate, Chandler’s Ford,
Eastieigh, Hampshire SO5 3ZR.
Telephone: Chandler’s Ford 2956
Telex: 47551

THE BORING CHAMPIONS

Section

in our catalogue

wWwW
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wS/N>110dB w 120x80x:

seltiing -time of 10318

amplifiers avaitabie, regardless of cost
CE608 60Wrms/Bn, £35v. £14 55
CE1004 100W i mis/dn. t35v, £17 55
CE 1008 100Wrms/8n, 2 45v, £2155

Cheque/ PO, to CRIMSON ELEKTRIK
S.A.L. for full detalls 74 STATION ROAD
To). 85 0533 386211 RATBY LEICESTER

Hisinks: 50mm.85p;H/duty 100mm.£1 50 k-

It has recently been shown that an amplitier with some traditionalty desiceable features
bandwidth) can actually sound worse than one with & poorer’ spec. Ihis has been altribuled
todistartioncaused by transients(T.LD.Carefully positioned campensation, a rise-Lime of 10ps,
2pF) and stewing- rate of 6vps ensure malmum 110, whie THD, ts
reduced Lo typicatly 0140 D4max) at IhHz by ullra-linear output triples, not by ezcessive
Teedback This approach has yieided ane of the cleanest sounding

= |
MINIMUM TID POWER AMPLIFIER MODULES

WE BELIEVE OUR MODULES ARE UNEQUALLED IN SOUND
QUALITY, OVERALL PERFORMANCE & VALUE FOR MONEY

5mm. & Fully protected & 250mv/56kn & 12Hz -35kHz -3dB & 147rs 401

eg.heavy feedback wide
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CE1008 + Domestic heatsink {50mm.}

ﬁ

Audio Connectors

Broadcast pattern jackfields, jackcords, plugs
and jacks

Quick disconnect microphone connectors
Amphenol (Tuchel) mimature connectors with
coupling nut.

-

Hirschmann Banana plugs and
in-line. attenuators

XLR compatible
reversers.

Low cost shider taders by Ruf

Future Film Developments Ltd.

90 Wardour Street
London W1V 3LE
01-437 1892/3

test

probes
and
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DORAM KITS CONTAIN

THE LAST NUT
—

A top quality kit enabling you to construct a highly professional FM Tuner
Step-by-step instruction and pre-aligned modules produce a tuner with a
higher specification than many other tuners available at more than twice its
price!
SPECIFICATION
Signal to noise ratio
Sensitivity
Distortion
Frequency range
Stereo separation

67dB typ. {400V input}
11V for 26dB quieting
0.1% (Stereo) typ
87.5—-104.5 MHz
45dB at 1KHz

36dB at 10KHz
FEATURES-—Automatic scan facility

£98.50+ H VAT (Order Code 991-956)

EVERYTHING DOWN TO

\

O'seas orders-—add 15% for P+ P All items offered for sale
subject to the Tarms of Business as set out in Doram Edition 3
catalogue. price 60p The Doram Kit brochure is also
available, price 25p. Combined price only 70p which also
entitles you to 2 x 25p vouchers, each one usable on any
DORAM ELECTRONICS LTD.. P.0. BOX TR8
WELLINGTON RD. IND. EST., LEEDS LS12 2UF
An Electrocomponents Group Company

WW — 029 FOR FURTHER DETAILS



Wireless World Dolby°noise reducer

Trademark of Dolby Laboratorses Inc.

We are proud to announce the latest addition to our range of matching high fidelity units.

Featuring:

» Typical performance
@ switching for both encoding (low-level h.f. compression) and decoding Noise reduction: better than 9dB weight.

@ a switchable f.m. stereo multiplex and bias filter ,ed_
Clipping level: 16 5dB above Dolby level
@ provision for decoding Dolby f.m. radio transmissions (as in USA) (measured at 1% third harmonic

content)

@® no eqlipment needed for alignment Harmonic distortion 0.1% at Dolby level

typically 0.05% over most of band,

® suitability for both open-reel and cassette tape machines 718ing to a maximum of 0.12%.
. e G . . ; Signal-to-noise ratio: 75dB (20Hz to
@ check tape switch for encoded monitoring in three-head machines 20kHz, signal at Dolby level) ai Monitor
output.
o Dynamic Range > 90dB
The kit includes: Y g

30mV sensitivity.

—complete set ot components for stereo processor

—regulated power supply components
—board-mounted DIN sockets and push-button switches

—fibreglass board designed for minimum wiring

—solid mahogany cabinet, chassis, twin meters, front panel, knobs, mounting screws and nuts

PRICE: £37.90 + VAT,

T ... Price £52_00+VAT]
Calibration tapes are available for open-reel use and for cassette (specify which) . . . .. . . Price £2.00+ VAT¥

i Also available ready built and tested

Single channel plug-in Dolby<@PROCE'S'SOR BOARDS (92 x 87mm) with gold plated contacts are available with all
COMPONENTS . . . . . . . ... Price £7.20+ VAT

Single channel board with selected fet

AAAAAAAAAA . Price £2.20+ VAT
Gold plated edge connector . . . . . . ... ... P R Price £1.40+ VAT %

Selected FET's. 60p each+ VAT, 100p + VAT for two, £1.90+ VAT for four
Please add VAT 12%% unless marked thus®, then 8% applies “ -
We guarantee full after-sales technical and servicing facilities on all our kits, have [agy i wit Aces Nt

EUROCARD
e

Please send SAE for comolete lists and specifications

; : ‘ Portwood Industrial Estate, Church Gresley,
I N EG R E X LT D 5 Burton-on-Trent, Staffs DE11 9PT
R I - _ P = Burton-on-Trent (U283) 215432 Telex 377106

you checked that these services are available from other suppliers?




INTEGRER

S-2020TA STEREO TUNER/AM PLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button
FM Varicap Stereo Tuner combined
with a 24W r.m.s. per channel Stereo
Amplifier. A 5 : el AT
Brief Spec. Amplifier: Low field Toroidal transformer Maq input, Tape In /0ut facmtv (for 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 IF1
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range’
88—104MHz. 30dB mono S/N @ 1.2uV. THD 0.3%. Pre-decoder ‘birdy’ filter

PRICE: £53.95+ VAT

NELSON-JONES STEREO FM TUNER KIT e

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

queting @ 0U.75u4V. Image rejection — 70dB. IF

rejection—85dB. THD typically 0.4% Mono £29.15+VAT
IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £33.42 + VAT
tuning and AFC unit. Choice ot either mono or stereo with . .

a choice of stereo decoders. With Portus-Haywood Decoder
Compare this spec. with tuners costing twice the price £35.95+ VAT

STEREO MODULE TUNER KIT

e

s — Z A low-cost Stereo Tuner based on the 3302 FET RF

module requiring no alignment. The IF comprises a ceramic

filter and high-performance IC Variable INTERSTATION MUTE.

Sens. 30dB S/N mono @ 1.24V PLL stereo decoder IC. Pre-decoder ‘birdy’ filter
THD typically 0.3% .

e PRICE: Mono £26.85+VAT

LED sig. strength and stereo indicator Stereo £29.95+ VAT

S$-2(020A AMPLIFIER KIT

Developed in our l1aboratories 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. Heaaphone output. Tape In/Out facility (for noise reduction unit, etc.). 'oroidal mains transformer.

PRICE: £31.95+VA]

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+VAT  PHASE-LOCKED IC DECODER KIT . . . £4.47 +VAT
BASIC MODULE TUNER KIT (stereo) £16.75+vAT  PUSH-BUTTONUNIT. ... ... . .. £4.50+VAT

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT. . . . . . e £8.00+ VAT
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Following the success of our range of Bantam
Components and Jackfields.we have now
ac ~() ~()u ~ ra e introduced on the U.K. market the first-ever
Jack designed specifically for PCB mounting.
- ’ “ o o

s
T 2 ¥4 ks
i, >
5 . ;

~

:
esnnans
i w e
Half the size of Bantam Jacks. the new PCB Jacks  splitting or isolating the signal for test, monitor of Six colours available for coding purposes: red. whne,
are only 1-25” long, 0-435” high and 0-365" wide  patch. blue. orange, yeltow and black.
Mount directly on PC Boards wherever access Is Available in single or dual configuration. For further information on the above. and our range

of Telephone-type Components. Jack Panels and
Prewired Assemblies. contact:

COMMUNICATION ACCESSORIES
AND FQUIPMENT LIMITED
ADC Products e A e R

DIVISION OF MAGNE T1C C¢ ROLS COMPA) B
T enY Ponons Ans. Back: Batelcom Tring. .

required. Normal through-jack configuration allows | terfaces with Bantam telephone plugs.

A
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: T
PROJECT 80 AUDIO MODULES q v

RADFORD HD250 S A 0 N
Project BO5Q £18.95 Cambridge Scientific £8.85. Oxford 300
81-PAK AUDIO MODULES £13.30. Mains adaptors £3.20

High Definition Stereo Amplifier

S450 tuner £20.95. AL60 £4.33.
PA100 £13.45. MK60 Audio Kit
£27.20. Teak 60 £10.95. Stereo 30

Programmabie Scientfic with free mains
unit €24.95. Grey watch + bracelet

£16.95. SPM80 £4.25. BMT80 £3.70. E16-95;
PS12 £1.76. 7538 £3.28. Send sae for SINCLAIR IC20

e free data IC20 10W+ 10W stereo amp kit with
SAXON ENTERTAINMENTS printed circuit £4.95. PZ20 Power supply

A MODULES« for above £3.85. VP20 Controt and

SA1208 £20.50. SA1204 £19. SA608 preamp kit £7.95.

| €12. SA604 £10.30. PM1201/8

‘ £11.30. PM1202/8 £15. PM1201/4 JC12 AMPLIFIER

! £11.30. PM1202/4 €15. PM601/8 6W IC audio amp

L £11.30. PM601/4 £11.30. e e \\ V//'

SN JC40 AMPLIFIER S e

New ntegrated circuit 20W ampifier DELUXE KIT FOR JCIZ

chip with pch and data £4.45. Volume and tone controls and extra parts

A new standard . = FERRANTI ZN414 for the pcb Mono £2.33. Stereo £4.95.
for sound reproduction in IC radio chip £1.44. Extra parts and pcb JC12 POWER KIT
the home! We believe that no other : for Jadio £3.85. Cass £1. Send sac for | B AMP KIS
ampiifier in the world can match the overall e Type 1 for magnetic pickups mics and
specification of the HD250 MILLENIA KiTS ATORS® e LGSO
5 Transistor highly stabilized power units gsf:.rsc(zr'ae;m&?;sc.ryslal AELES (S
Rated power output: 50 watts av. i per channel into any i Ssawp“fo':e,‘:e; I‘e"af?g" 1'"A?n;‘{(lff§‘§ 4555“3 SEND SAE FOR FREE LEAFLET
from 4 to 8 ohms, both channels driven. Amp kit£14 95 Cases £2 95 s-DEcs AND T-DECS#
. 8 RADIO MODELS S-DeC £2.24
Maximum power output: 90 watts av. per channel into 5 chms 50mA with press-stud battery connec- T.DeC :4 05
Distortion, preamplifier: Virtually zero ( be identified or dasiti g’\'ls;%‘(/ﬂi‘;s . gv Lg \ji 84\/‘/2V£g3 :g u-DeCA £4.45
below inherent circuit noise.) A TS 0 1-DeCB £7.85
CASSETTE MAINS UNITS 16 dil 1€ carrersee -
Distortion, power amplifier: Typically 0.006 % at 25 watts, less than 0.02% at 7%V with 5 pin DIN pl 150ma with sockets £2.05
rated output (Typicaily 0.01% at 1 Khz) £3 95, HIEL) m BATTERY ELIMINATOR KITS
3-WAY MODELS i
ise: Disc,— ith noise band width 23 Khz (ref 100mA radio types with press stud
um snd "“;:_\?)?23&3;’:!‘?'::;'“"':;‘:':‘. ) wi = (1 Switched output and 4 way multjack battery termunals 4%V £2 10. 6V£2 10.
4 Type 1 3/4%2/6V at 100mA £3 20 9V £2 10 4%V +4%V £2 80. 6V+6V
A Type 2 6/7%/9V at 150mA £3 30 £2 80 9V+9Vt2 80
Line —85 dBV measured fiat (ref 10&!)) FULLY STABILIZED MODEL £5.45 100mA cassette type: 74V din plug
—88d BV "A’ weighted {ref 100v Switched 3/6/7%/9V 400mA Stabi- £210
Iizea
q Stabilized 8-way types: transistor
Hear the HD250 at AR CONVERTORS stabilized 10 give low hum 3 / 4% / 6/
AL C Output §/772/9v DC 1 7% / 9712/ 15 / 18V 100mA model
SWIFT OF WILMSLOW | o il 10 €| ot s
h PRINTED CIRCUIT KIT« Heavy duty 13-way types:4Y. / 6 / 7 /
Dept. WW, 5 Swan Street, Wilmslow, Cheshire Make your own printed circuts Contans 8% /11/13/14/17/21/25/28/
B tching dish 100 sq s of \ad 34/ 42V 1A £4.95. 2A £7.95
= etching drs| 1 :ns of copper cla .95, .95,
. (Tel: _2,6.21 3) . board, 1lb ferric chlonde etch resist pen, Car convertor kit: Input 12V DC Output
Mail Order and Personal Export onquiries: Wilmsiow Audio, Swan Works, Bank dnill bit and laminate cutter £4.25. 6 /7% / 9V DC 1A regulated £1.95.

Squere, Wilmslow {Tel. 29589)
Now available ZD 100 power amplifier and ZD22 pre-amplifier

SWANLEY ELECTRONICS
DEPT. WW, PO BOX 68, SWANLEY, KENT BR8 8TQ
Post 30p on orders under £2 23 otherwise free  Prices include VAT (Overseas customers

WW — 016 FOR FURTHER DETAILS deduct 7% on items marked . otherwise 11%). Official orders welcome
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HART ELECTRONICS

The Only Firm for Quality Audio Kits

Master Board with one Replay Amp removed

As these circuits in recent issues of ‘Wireless World"" are capable of
such an excellent performance we feel that it is not sensible to sacrifice
this potential by designing a kit down to a price. We have theretore
spent a littte more on professional hardware allowing us to design a
very advanced modular system. This enables a more satisfactory
electrical layout to be achieved, particularly around the very critical
input areas of the replay preamps. These are totally stable with this
layout and require no extra stabilising components. Many other
advantages also come from this system which has separate record and
replay amps for each channel plugging in to a master board with gold
plated sockets. The most obvious is the reduction of crosstalk and
interaction which could cause trouble on a single plane board, with our
modular system the layout is compact but there is no component
crowding. Testing is very easy with separate identical modules and
building with the aid of our component-by-component instructions is
childishly simple, but the finished result is a unit designed not to
normal domestic standards but to the best professional practice.

LENCO CRV CASSETTE MECHANISM

High Quality. robust cassett: transport for Linsley Hood Recorder Featyres fast forward,
tast rewind. record. pause and automatic cassette ejection facihties. Fitted with
Record/Play and Erase Heads and supplied compiete with Data and extra cassette
ejection spring for above hcrizontai use. Ex-stock £19.10 + £2.38 VAT

71x Complete set of parts for Master Board, includes Bias oscillator,
Relay, Controls, etc. £9.83 + £1.23 VAT

72x Parts for Motor 3peed and Solenoid Control for Lenco CRV Deck.
£3.52 + 44p VAT

73x Complete set of parts for stereo Replay Amps and VU Meter
Drive £8 02 + £1 VAT.

74x Complete set for Stereo Record Amps. £6.64 + 83p VAT

175x Complete set of parts for Stabilised Pgwer Supply including
special Low Hum field Mains Transformey. This unit s a separate
3.5" x 5" PCB designed so that the motat control board fits above
it to save space. £8.29 + £1.03 VAT,

700M. VU Meters Individual high quality meters with excellent

ballistics and built-in illumination. £6.48 + 81p VAT PER PAIR.

ALL PARTS ARE POST FREE R
Please send 9 x 4 SAE for lists giving fuller details and Frice breakdowns.
A suitable Metalwork and Front Plate will be available soon

Penylan Mill, Oswestry, Salop

Personal caLHers are always-vlvelcome, but please note we are closed all da; Saturday

TELEPHONE
0272-421196

16 CHERRY LANE
BRISTOL BS1 3NG

=i/

OFFICIAL ORDERS WELCOMED GOVT /EDUCATIONAL DEPTS.. ETC.

TRIACS

6 AMP ISOLATED TAB

1.6 AMP PLASTIC @ 10 AMP ISOLATED TAS

NAS 0161w 100V .31 NAS 0651w 100V .68 NAS 1001w 100V .80
NAS 0161x 100v 31 NAS 0651x 100v .68 NAS 1001x 100V 80
NAS 0162w 200V .34 NAS 0652w 200V .72 NAS 1002w 200V .86
NAS 0162x 200V .32 NAS 0652x 200V 72 NAS 1002x 200V .84
NAS 0164w 400V .45 NAS 0654w 400V 80 NAS 1004w 400V  £1.19
NAS 0164x 400V .43 NAS 0654x 400V 78 NAS 1004x 400V £1.14
NAS 0166w 600V .56 NAS 0656w 600V a7 NAS 1006w 600V £1.49
NAS 0166x 600V .53 NAS 0656x 600V .86 NAS 1006x 600V £1.47
3.5 AMP CLIPPED TAB 8 AMP ISOLATED TAB 15 AMP ISOLATED TAB

NAS Q351w 100V .58 NAS 0851w 100V .76 NAS 1501w 100V £1.15
NAS 0351x 100V 57 NAS 0851x 300V .75 NAS 1501x 100V £1.05
NAS 0352w 200V .64 NAS 0852w 200V .86 NAS 1502w 200V £1.14
NAS 0352x 200V .61 NAS 0852x 200V .84 NAS 1502x 200V £€1.12
NAS 0354w 400V .75 NAS 0BS4w 400V .97 NAS 1504w 400V £1.68
NAS 0354x 400V .74 NAS 0854x 400V .84 NAS 1504x 400V £1.63
NAS 0356w 600V .95 NAS 0856w 60OV £1.21 NAS 1506w 600V £2.07
NAS 0356x 600V .92 NAS 0856x 600V £1.16 NAS 1506x 600V £2.02

Oewices with internal trigger have "W suffix. "X Oenotes Standard Tniac

THYRISTORS
1.6 AMPTO5 @ 4 AMP ISDLATED TAB 6 AMP ISOLATED TAB
NAS 006p S0piv .28 NAS 106p 50piv .29 NAS 206p 50prv .40
NAS 006gq  100piv 31 NAS 106q  100piv .33 NAS 206q  100piv .46
NAS 006r  200piv 34 NAS 106r  200piv .40 .NAS 206 200piv .85
NAS 006s  4Q0pw .44 NAS 106s  400pv 63 NAS 2065  400piv .85
NAS 006t 600piv .57 NAS 106t 600piv .98
8 AMP ISOLATED TASB 16 AMP TO 48
NAS 306p 50piv .45 16A 50V .60
NAS 306q 100pv .52 16A 100V 64
NAS 306r  200piv .65 16A 200V .70
NAS 306s  400pv .83 16A 400v .85

16A 600V £1.17

Quantity Prices on Application. SAE

TRANSISTOR SPEAKERS @

2%, 0.3watt 8 ohms 40p

. 2% 0 Twan 75 ohma 20p
A 707 LED 37 Common Anade Oispla 90
704 LEB 3 Comman Cathode Display 100,
747 LED 6’ Common Anode Dispiay 1.65

® Piease add 12%% VAT Remainder 8% P&P 20p
Phone 1n your Access or Barclaycard order Catalogue 20p. Callers welcome

HVS VIDEO PROCESSORS

for industry, Education, Research

Fast. non-contact measurement of position and size, using input
from standard CCTV cameras
Automatic visible-flaw detection
Graphical and message displays on standard CCTV monitors.
Interfaces for hard-wired and computer systems
VP 101/102 Video Target Locators
(for automatic posttioning systems)
VP 103 Video Target Height/Position Indicator
VP 104 Visibie Flaw Detector
VP 105/106 Video Level Indicators
VG 101 Bar Granh Generator
(displays on CCTV monitor)
Specials designed and manufactured
Further information from
HAMPTON VIDEO SYSTEMS LTD.
Heath Road, Twickenham TW1 4BN
Tel: 01-891 1974

WW—065 FOR FURTHER DETAILS
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Stirling

9. Jound

for cost-conscious constructors

A NEW 100 WATT r.m.s.

AMP

$S.1100
£9.45"

with heatsink-type
bracket. Large heatsink
—£1" extra

Most recent addition to Stirhng Sound’s wide range of power amplifiers, the SS 1100 is
a solidly constructed heavy duty module, to defiver 100 watts r.m.s. into 4{) using 70
volts. Ideal for discos. P A. and similar applications With built-in output capacitor and
heatsink mounting bracket. Size approx. 140 x 76 x 32mm_ A guaranteed Stirling
Sound QV module. Compatible with other Stirling Sound modules. Supreme value

Designed and built for long unbroken spells of work

POWER AMPLIFIERS FROM 5 TO 40 WATTS
$S.105

5 watts RM.S. into 4 ohms using 12V
supply. Ideal for use in incar entertain-
ment. Size — 89 x 51 x 19mm

£2.25

S$.110

Simitar in size and design to SS 105. this

QV module delivers 10 watts R.M.S. into

4 ohms using a 24V supply, e.g. $5.324

Of great use in domestic applications
£2.75

§5.140°

Mk 3 version, complete with output
capacitor and heatsink-type bracket
Detivers 40 watts R.M.S. into 4 ohms
trom a 45 volt supply such as the $$.345
this amplifier will deliver 20 watts into a 4 Designed specially for long and gge;;y'
ohm ioad. Same dimensions as above ork :

£3.25 FOR POWER SUPPLY UNITS SEE BELOW

$S5.120
Using a 34 volit supply, such as $5.334

" STIRLING SOUND PRE-AMP/TONE CONTROL UNITS

UNIT ONE
Combined pre-amp with active 1ne-contsol A
circurts. 200mV output for 50 mV in. Runs

on 10 to 16V supply Treble =15 dB at
1OKHz. Bass =15 dB at 30Hz Stereo
Balance. vol.. treble and bass controls

£7.80
$5.100

Active tone canirol. bass and treble. £1.60

5$5.101

Pre-amp for ceramic carindges. etc . Passive

tone control circuit shown in data supplied
£1.60

JNIT ON
$5.102 STEREO PRE-AMP N )
R.LAA. corrected for mag . plus tape Pre-amp with active
radio, etc £2.65 tone control circuits.

POWER SUPPLY UNITS

COMPLETE WITH TRANSFORMERS and 13- 16V take-off points. Add 50p p/p for any
mode!

ALL AT 8% V.A.T.

S8.312 12V/1A £3.75; S5.318 18V/1A £4.15; SS.324 24V/1A £4.60; SS 334
34V/2A £5.20; SS.345 45V/2A £6.25; SS 350 50V/2A £6.75; SS 300 — Power
stabilisng unit 10-50V. adjustable (no transformer, p/p 36p) £3.25; SS 310/50
Stabilised power supply variable from 10 to 50V /2A £11.95.

THE BUILT-IN QV FACTOR is the symbol of Stirling Sound's guarantee of Quality and Value
which gives you today’'s best buys sif round. It is YOUR guarantee of satisfaction.

TO ORDER add 36p for p/p untess shown otherwise V.A.T.add 12 %% 1o total of order unless shown#
when the rate 1s 8%

Every effort 1s made to ensure correctness of information at time of going to press Prices subject 1o
change without notice

A member of the BI-PRE-PAK GROUP
220-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SS0 9DF

Phone: Southend (0702) 46344. PERSONAL CALLERS WELCOME
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TITAN DRILL
ONLY Cat. No. 175

ONLY Cat. No. 0150

MULTI-PURPOSE STAND
ONLY Cat. No. 0200

ADAPTOR COLLAR

FOR RELIANT DRILL
Cat. No. 0201

These are only two examples 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 selection of Drills, Grinding
Points and other tools

EXPO DRILLS

A TITAN DRILL mountes in = MULTI PURPOSE STAND

This drill is a powerful tool running on 12v DC at approx
9000 rpm with a torque of 350 grm. gm. Chuck capacity
300m/m .

The multi-purpose stand is robustly constructed of steel and
aluminium. The base and bracket are finished in hammer
biue

Also available for use in the stand is the RELIANT DRILL
which is a smaller version of the Titan. Approx. spged 9000
rpm. 12v DC, torque 35 grm. cm. Capacity 2.4 m/m

£9.61 + 35p p & pinc. VAT
RELIANT DRILL

£5.64 + 18p p & p inc. VAT

£11.44 ; 75pp & pinc. VAT

£0.43 + 11pp & pinc VAT

SEND S A.E. {foolscap) for fuil details to main distributors:

A. D. BAYLISS & SON LTD.

Pfera Works, Redmarley, Glos GL19 3Ju
Tel: Bromesberrow (STD 053 181) 273 and 364

Stockists: Richards Electric, Worcaster and Gloucester; Hoopers of Ledbury
Hobbs of Ledbury. D&D Models. Hereford

WW — 060 FOR FURTHER DETAILS

TU sound only

DORAM KITS CONTAIN
EVERYTHING DOWN TO
THE LAST NUT

TUTEN

ONLY

26-% )

At last you can enjoy the benefit of ugh quality TV sound This unit offers a
high fidetity alternative to the audio stage of a TV set and is completely
independent The 4-channel push-button Varicap tuner picks up a UHF signal
direct from the aerial, the output being suitable for feedr g through most hi-fi
systems

SPEC INPUT 104V Typ for 26dB quieting OUTPUT 100mV

{5-pin DIN) LED tuning indicator

Frequency meter

£36 .95 + H VAT (Order code 991-928)

\

O'seas orders—add 15% for P+ P All items offered for sale
subject to the Terms of Business as set out in Doram Edition
3 catalogue, price 60p The Doram Kit brochure is also
available, price 26p Combined price only 70p which also
entitles you to 2 x 25p vouchers, each one usable on any order
placed to the value of £5.00 or more (ex. VAT)
DORAM ELECTRONICS LTD,, P.O. BOX TR8
WELLINGTON RD. IND. EST , LEEDS LS12 2UF
An Electrocomponents Group Company

WW — 039 FOR FURTHER DETAILS
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20x20 WATT STEREO AM PlIFIER
29%

- p&nt210

PYE STEREO GRAM CHASSIS
Complete ready to install-Wave bands L.M,
VHF STEREO, VHF MONO. Controls for
tuning, volume, balance, hass and treble.
Power output 7 watts R.M.S. per channel
14 watts peak into 8 chms. 2 x 8" approx
chassis speakers and BSR C141 auto

record player de

Here's the mono unit you need to start off
with. Gives you agood solid 35 watts rms, 70

Superb Viscount IV unitin teak-finished cabinet.Black fascia with aluminum
otary controls and pushbuttons, red mains indicator and stereo jack

ocket, Function switch for mic, magnetic and crystal pick-ups, tape, tuner,
and auxiliary.Rear panel features two mains outlets, DIN speakerand input

ll'l:lEil_l C 20, sockets, plus fuse. 20 + 20 watts rms, 40 + 40 watts peak.
20 WATTS STEREO AMPLIFIER KIT HJOW Al

WITH FZ 20 POWER UNIT SYSTEM 1B For only £80, you get | SYSTEM 2 Comprising our 20-+20
A build- ft-yourself stereo power i the 20+20 watt Viscount IV amplifier, | watt Viscount IV amplifier: a pair of
amplifier with latest integrated circuitry TOW_ 3 pair of our 12-watt-rms Duo Type | our large Duo Type Il matching
RMS per channel output, full short-circut = iy "matched speakers; a BSR MP 60| speakers which handle 2Cwatts rms
and overheat protection. . 15T ¢ 495 Pice . type deck complete with magnetic | each,and a BSR MP 60 type deck
Cormplete with PZ20 Power Supply cartidge, de luxe plinth 28000 with magnetic cartridge, ig 00
g and cover. -papceso | de luxe plinth and cover. . % e

D I Y s P KE“ K'Ts Carnage surcharge to Scotland System 18 £2 50 System 2 £5 00

SPEAKERS Two models- Duo Iib, | TURNTABLE Popular BSR ' .
EASY-T0-BUILD type auto-retum, single-play professional

teak veneer, 12 watts rms, 24 watts | MP 60 type, complete with magnetic series record decks. Plus allthe controls and
WITH ENCLOSURE ;. peak, 18%" x 13%" x 7%" approx. | cartridge, diamond stylus, and fealu?e:(;ou need to giveafabulous disco
Specially designed by i

RT-VC for cost-conscious .

hi-fi enthusiasts, these ¥

kits incorporate two teak- .

simulate enclosures, &

twoEMI13”x 8"

(approx.) woofers, two

tweeters and a pair of matching cross-

PEF i T
13470 o = petomanes Smpy " ¢E600
- Duo i, 20 watts ’ connects into your existing
rms, 40 watts peak, 22400 sIave or external amplifier. +p&pt6.50
7" 13 x 11%" P&DE350 Sy g o
48 PR AR <A
overs. Easily constructed, using afew basic

- pRpET SO
tools. Supplied complete with an easy-to-
follow circuit diagram, and crossover
components. Input 15 watts
rms. 30 watts peak, each unn.£2550
Cabinet size 20" x 11" < 9";" PER PAIR
(approx). ~pa&pfss0

input and microphone. input. Level mixing
controls fitted with integral push-pull switches

pryped

PORTABLE DISCO CONSOLE
with built-in pre-amplifiers
¢ Here's the big-value portable disco console
: from RT-VC! It features a pair of BSR MP 60

30x30 WATT
AMPLIFIER KIT

Specially designed by RT-VC for the
experienced constructor, this kit
comes complete in every detail.
Same faciliies as Viscount IV amplifier.
Chassis is reatiy punched; drilled and formed Cabmet is ﬁmshed in teak
veneer. Black fascia and easy-to-handle aluminium knobs. 22900
Output 30+ 30 watts rms, 60+60 peak.

COMPACT FOB TOP VAI.UE

How about this for incredible bookshelf
vatue from RT-VC! A pair of high efficiency
units for only £7.50 ~ just what you need
for low-power amplifiers. These infinite

level. PLUS INTER-DECK FADER for perfect §;«
graduated change from record deck No. 1to &
No. 2, or vice versa. Pre-fade level control
« (PFL) lets YOU hear next disc

BSRT145

baffle enclosures come to you rea - . ing 1t i
mitred and professmnallg (v nished d%ach 8-TRACK : ?neéﬂfoﬁidéﬂ?pﬁ{?év\é?{git,irns
cabinet measures 12’ x ><5 (approx.) . CARTRIDGE £

rms, 140 watts peak output.
Al