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THNK OF A SHAPE

$ 5000 — dual channel
'up to 500W/RMS per
channel DC-20 KHZ

Whatever it is, the H“H S’ range
of power amplifiers will handle it

The HIIH 'S’ range is designed to handle heavy industrial usage in the fields of vibrawor
driving, variable frequency power supplies and servo motor systems.

S 500D S 250D

Dual Channel Single Channel

19" rack mount 3'%" high 19" rack mount 3%2" high

500w r.m.s. into 2.5 ohms per channel 500w r.m.s. into 2.5 ohms

‘900w r.m.s. in bridge mode Retro-convertible to dual channel
DC—20 KHZ at full power DC—20 KHZ at full power

0.005% harmonic distortion (typical) at Full short and open circuit protection
300w r.m.s. into 4 ohms at 1 KHZ Drives totally reactive loads with no
3KW dissipation from in-built force cooled adverse effects

dissipators

A complete range of matching transformers and peripheral equipment for closed loop,
constant current and voltage use are available.

Alternative input and output termination to order. Rack case for bench use built to
specifications. For complete data write or call.

Kirkham Electronics

MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL
DIVISION OF K.R.S. LIMITED
TELEPHONE (037 976) 639/594

FRANCHISED COMMERCIAL AND iINDUSTRIAL AGENTS FOR H“H ELEC-

WW — il FUK FUKT$ER DETAILS
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120 BASIC RANGES

50pV/500V fsd, 50pA/500mA fsd, -90dB/+50dB mid scale. Acc.+1.5% fsd above 500pV & 500pA .
Response 3Hz/200kHz above 500pV and 500nA. Input R = 100MQ on volts.

150uV/500V fsd, 150pA/500mA fsd, polarity reversible. Acc.*1.5% fsd above 500uV & 500pA.
Input R = 100MQ on volts. 5 Null ranges have centre zero lin/log scale covering + 4 decades.
0.2Q/10GQ in 7 ranges, polarity reversible. Low test voltage for solid state circuits.

Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GQ.

Uses 10mA source with voltage ranges to test diodes, LED's and resistance down to 10mQ.

30 OPTIONAL RANGES

0.5V/500V fsd, 10kHz/1GHz, using RF Probe. Price £28 + VAT,
1.5kV/50kV fsd, AC/DC, using HV Probe. Price £21 + VAT,

1.5A/50A fsd, AC/DC, using Current Shunt. Price £19 + VAT,
-150°C/+500°C fsd in 7 ranges using Temperature Probe. Price £46 + VAT,

The instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted.

Size is 240mm x 150mm x 80mm. Weight is 1.75 kg.

Meter scale length is 140mm.

LE VE L L BT

MOXON STREET, BARNET, HERTS., ENGLAND, EN55SD.
TEL: 01-449 5028/440 8686
WW — 016 FOR FURTHER DETAILS

Leather case is available at £18 + VAT,
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Hameg the name for quality, performance and o ning | S
value in OSCILLOSCOPES. Advanced design i =
optimising the use of both integrated cireuits and » oy B

diserete components ensures reliability.
Just a glance at the specification chart will
make you want to know more.

HM 307 Single Trace DC-10 MHz, 5 mV/cm

Plus built in Component Tester £149
HM 312 Dual Trace DC-20 MHz, 5 mV/cm

Sweep Speeds 40 ns - 0.2s/cm 8 x 10 cm

Display £250
HM 412 Dual Trace DC-20 MHz, 2mV/cm

Sweep Speeds 40 ns - 2 s/cm and Sweep
Delay £350

HM 512 Dual Trace DC-50 MHz, 5 mV/cm

Sweep Speeds 20 ns - 5 s/cm plus Sweep

Delay £580
HM 812 Dual Trace DC - 50 MHz, 5 mV/cm

20 ns - 5 s/cm, Sweep Delay and Storage £1325

We may be a new name to you, but each instru-
ment is backed by over 21 years experienee in
oscilloscopes.

Distributed by
Electronic Brokers
49/53 Pancras Road
London NW1 2QB
Tel. 01-837 7781

All prices UK list exc. VAT.

WW-——029 FOR FURTHER DETAILS
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MICROCHIPS AT MICRO

PRIGES

Compare our prices before you buy
elsewhere

2102 Static RAM Op
2114 Low power high speed 300NS
4.00

4116 Dynamic RAM 5.95
5101 1K CMOS RAM. Low power 3. 95
Low power 3.95
lgproms |
1702A 3.75
2708 5.95
2716 Single 5V supply 19.95
AY 5-1013A 2,98
CHARACTER GENERATOR
RO-3-2513 UC 50

FLOPPY DISK CONTROLLER

FD 1771 Single Density

INTERSIL CHIPS ARE
DOWN

Due to bulk purchase, we are able to ofter
unbeatable prices on INTERSIL chips.
Compare our prices and see how much

yOu save.

ICL7106CPL 6.75
ICL7107CPL 6.95
ICLBDO38CCPD 2.95

NES55N-8 Timer 18p
NE556N-14 Dual Timer 50p
UAT723CN Voliage Regulator 33p
ONVERTER

BWS

Now you can operate 115/120 Volts
American equipment from 240 Volts. This
converter has outlets for American type 2
or 3 pin plugs. Rated 20VA.

Only £8.95

——
INTERSIL UNIVERSAL TIMER/
COUNTER EVALUATION KIT,
_ICM7226A EV/KIT @

B digits 5 Function 4 range
to 1OMHz with 0.1Hz res}
time interval and period to 10 seconds
with 0.1 microsecond res. units up to 10
million and ratio. A breadboarding area is
provided for user 10 add his own input
conditioning circuitry or prescalers and
digital outputs are available as multl-
plexed as welt as being displayed.

Complete kit ONLY £39.50 + VAT

From T.1.:

1BM Compatible 172.95
FD 1791 Dual Density
1BM Compatible 34.95
MC14412vL 7.97
7 WATT AUDIO
AMP KIT

Small. Single hybrid IC and components
fit on a 2''x3"’ board {included). Runs on
12 VDC. Great for any project that needs
an inexpensive amp. Less than 3% THD
@ 5 watts. Compatible with SE-01 sound

TL480 BAR/DOT DRIVER
IC. Drives 10 LEDs with adjustable analog
steps. Units are cascadable up to 10 (100
steps). Drives LEDs directly. Great for

volugc, current or audio displays.
Similar in features to LM3914 with specs

and circuit notes.

ONLY o WY

£1.75

i

FAIRCHILD RED LED

LAMPS

'SE 01 Sound Effects

Kit
The SE-01 is a complele kit that
contains all
the parts to
build a pro-
grammable
sound effects

enerator.

esigned
around the
new Texas
Instruments |
SN76477
Sound Chip
the board

MINI DIP
switches and |
pots to pro-
gram the
various com-
binations_of
the

Oscillator,

and Envelope Controls. A Quad Op Amp
IC is used to implement an Adjustable
Pulse Generator, Level Comparator and
Multiplex Oscillator for even more ver-
satility. The 3%’ x 3" PC Board features a
prototype area to allow for user added
circuitry. Easily programmed to duplicate
Explosion, Phaser Guns, Steam Trains,
or almost an infinte number of other

THE MOST VERSATILE
LIQUID CRYSTAL DISPLAY

1.24 25+ 100+
LCD106 6.45 550 5.25

.6" Field effect LCD dis-
play featuring 3%z digits,
colon, plus/minus sign,
3 decimal points and
““LO BAT'’' indicator.
Ideal for DMMs, DPMs,
digital thermometers,
AM/FM radio readouts.
Just look at the features.
Ultra low power con-
sumption, high contrast
ratio, wide viewing
angle, rapid response,
proven sealing techni-
ques, superior MTBF,
reflective aluminium foil.
Over 300,000 already
sold! Perfect interface for
Intersil 7106 40 Pin DIL.

Ordering informetion: For orders under

£50 add 50p p.&p. Add 15% VAT 1o

total. All items are subject to prior sale and

therefore subject to availability. Prices are

subject 1o change without notice,

Quantity discounts are avaitable for OEMs
and dealers. Send SAE for details.

Al orders to:

#FLV5067 Medium Size Clear Case RED
EMITTING. These are not retested off-
spec. units as sold by some of our com-
petitors. These are factory prime. first
quality, new units.

kit. £4.50 plus 50p P&P and VAT.

I.AY LEDs AT
OWEST PRI

FND 500 75p

VERY LIMITED
STOCKI1!
8p EACH 100 OFF
6p EACH 1,000 OFF
5p EACH 2,000 OFF

sounds. The unit has a multiple of appli-
cations. The low price Includes all parts,
assembly manual, programming charts,
and detailed 7647 7 chip specifications. It
runs on a 9V battery {not included). On
board 100MW amp will drive a small
speaker directly, or the unit can be con-
nected to your stereo with incredible
resultst (Speaker not included.)
COMPLETE KIT ONLY £12.50
P&P 50p + VAT

[Tlicro
HH TR
AR St

North Devon EX39 1RY
Telex 8953084

WW — 043 FOR FURTHER DETAILS

WHEN QUALITY COUNTS. .. Count on OPTOELECTRONICS USA

MODEL TRMS 5000

4%, DIGIT TRUE RMS
MULTIMETER/THERMOMETER

for State-of-the- Art top quality Frequency Counters at Pace Setting NEW
prices.
MODEL 8010 MODEL 7010

Qe ew

9 DIGITS 10Hz to 1 GHz
ONLY £295 + VAT

{Complete with built-in Nicads)

® Range 10Hz to 1GHz 2

® 1 ppm TCXO

® 9 digits red LED 0.4"°

® Black Anodized Aluminium Case
Providing RF Shielding

@ Input Sensitivity Control

® 8 Gate times

® Range 10Hz to 600MHz
® 3 red 0.4 LED digits

® NBS Calibration traceability

® Black Anodized Aluminium Case
® 3 Gate times — LED indicator

® 1 ppm TXCO

® 10 MHz time base

i 9 DIGITS 10Hz to 600 MHz
ONLY £99 + VAT

{Complete with built-in Nicads)

ONLY £190 + VAT

{Compiete with built-in Nicads)

4% digit 0.5 LED

0.04% DC Accuracy

True RMS reading

Precision O©C/OF Thermometer

10 Amp range

AC/DC or portable operation

Test leads and temp. probe included

Anodized Aluminium Case — 3%"H x
T%"W x 6%"D 2 1bs

High - Low ohm measurements

Full year guarantee

® Input impedance 10 Megohm shunted
® NBS traceable Calibration ® Optional external clock input £15 + VAT by less than 80 pF ’
® 10 MHz time base ® 1 Megohm and 50 ohm inputs
) . ) Bﬂl(‘ SPECIFICATIONS

@ External time base input ® AC/DC or Nicad rechargeable battery BC VOLTAGE Bl VoA el
® HiZ and 50 ohm inputs operation R Actursey .::m l:;:'nnm -;;nmm «;.m 250 s
® Full year guarantee ® Full year guarantee ooy o B T i 108

1000V ] 1000V 5% ™ 3 308

@ AC/DC NiCad battery portable operation
® Compact size: 3"H x 7%""W x 6% 'D

® Comprehensive manual

® Miniature size - weight 1 Ib.

n: SISTANCE. © Accarscy

| fonge High Ohma Low Ohms.
. K awm o 05% o1
weight approx. 2 Ibs. 20K ohm Ty Ty
200K ohm . 05% . 0%
BRIEF SPECIFICATIONS 2 mugohm . !: . 1%%
SENSITIVITY AESOLUTION | TCXO VIME BASE | ExT - -
|aer | Ranoe .20 50 OMM INPUT WIZ INPUT [ GATE cLoce TRUS AC CURRERY
0H7 10 Dighe YT %
5250 M2 |250 450 M | 450 MH7 - 162 10H2 <60 Mt | 12 MMz 60 M [Max Frag | 20° - 400€[Frea ¥ :f. ::""‘7"" :u""" kM
1010 sooMml 8 | SMev 10300y 20400y 110my 121.3.0,10 9 11w [1oom  [1omme! ves WA 6% n 15%
1a 600 MH2 500 MM« Qation WomA BN ™ 15%
£ 200mA 6% % 5%
! . l, Wamp 6% 1% 15%
8010 1 GM. 1 my 520 mv 10:] 1 v 18).01- Lt
| . ’ ! 1w 0 m 0-35 my. L 8).01-20 Sec 1 Wz :nﬁzn' 1 opm OMHr Yo TEMPERATURE  Coius Eormad
I | Ronge 750000t ' 81000 g
+ 150 00° 199 93°
Lm«unnn (I|‘:I ne
Order yours from us. L | =i o

ME Sole Uk Distributors
Maclin-Zand Electronics Ltd. 38 Mount Pleasant, London WC1X OAP. Tel: 01-837 1165/01-278 7369 Telex:8953084 Maclin G.
Also available from retail shops: Audio Electronics, 301 Edgware Road, London W.2. Tel: 01-724 3564

2 & | Aero Services, 85 Tottenham Court Road, London W.1. Tel: 01-580 8403

WW—044 FOR FURTHER DETAILS




HILOMAST
SYSTEMS

PNEUMATIC
TELESCOPIC

HILOMAST LIMITED

THE STREET HEYBRIDGE — MALDON
ESSEXCM9 7NB ENGLAND
Tel. MALDON (0621) 56480
TELEX NO. 995855

WW — 007 FOR FURTHER DETAILS
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The NEWP3

from PREGISION PETITE

forthe manina hurry...

A new addition to
a great range of
precision tools.

Fits snugly
in the hand.

£17.55
inc. VAT

With the famous P1 and P2
drills now firmly established,
Precision Petite have now produced n r
the P3 hand drill with UNIVERSAL with iy
CHUCK so that all the accessories
associated with the P1 & 2 can be UNIVERSAL CHUCK
quickly interchanged without
changing the chuck. This will save
considerably on the time factor where absolute accuracy is not highly
essential. Employs the same motor and has the same characteristics
as the P2 drill without removeable head, and fits the S2 Drill Stand.
Send for details of this reliable and robust new drill and accessories
now and save yourself those valuable moments. SAE please.

‘See it at CRAFT [N ACTION EXHIBITION

r Royal Agricultural New Hal
: Nov, 13-16 inc.
$2 DRILL STAND =
- will accept P1, P2 >/ ITT, <
and P3 drills. \ J p °
£17.96 ‘
inc. VAT

Sole UK Distributors

PRECISION PETITELTD

1192 HIGH STREET TEDDINGTON MIDDLESEX TW11 8HG
TEL:01-9770878

WW — 008 FOR FURTHER DETAILS
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Quantum Electronics

NEW PRODUCTS — NEW PRODUCTS

(SJLX 2roduct range for the 80s is outlined below but itis impossible to cover everything in such a small space. For detailed information and a price list send a large
.A.E. or a dollar bill. 3

The pre-amp is now available in kit form in versions to suit any cartridge and consists of the module C1 (below) and the hardware kit HK 1. No soldering is involved
and assembly takes about 20 mins. There are six power amp kits, four mono and two stereo, from 45 to 260W to satisfy virtually every requirement. They use
ready-built and tested p.c. boards to achieve an ease of construction similar to module based kits at lower cost. There are also mains supply kits to enable
independent use of the pre-amp, which is normally powered via our power amp. Similar equipment is also available ready-built from us or via our dealers.

C1 + HK1 €68.70 P2 (stereo 45W per channel) kit €87.28
Cimec + HK1 €70.95 P4 (stereo 110W per channel) kit £109.42

MOVING-COIL & PRE-AMP MODULES

C1 (C1mc)

Previously restricted to trade and export, the C1 pre-amp module is now available separately in 3 versions to match any cartridge. It has unbeatable specifications,
caters for disc, auxiliary and 2 or 3 head tape machines and requires only a rough supply of + 18 to 35V d.c. The new moving coil pre-pre-amp achieves low thd,
high overload, good r.f. rejection and good noise performance without resorting to the expensive multiple transistor design. Only tantalum capacitors and metal
oxide resistors are used in the signal path and it can be powered either via the Cl or by a battery. Hardware kits are availabie to build both types and they are also
available ready-built.

MC1 Module: £22.25. C1 Module: £49.50 Cimc: £51.75

POWER AMP MODULES AND SUPPLIES

The power amp modules are now also available to retail customers in a variety of powers
and formats up to 260W r.m.s. They use the same high performance circuitry as the kits
above, giving t.h.d. below .01% at 1kHz, but are capable of sustained high level use with
excellent reliability. There are power supplies for use with any one or two of these
medules, all of which use toroidal transformers. also available separately. The module
iflustrated is a medium duty 150W r.m.s. type, the M15608, which requires the MS3
supply.

C—

]
-
-
=
=2
xS
™
r
=R
*®
=

o
¢t e
coel

1

((

M1508: £35.79 MS3: £26.28
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Exports: We can deal efficiently with orders to any country. Please write with your specific requirements for a quote by return. All equipment can be wired for

110V mains.
1A STAMFORD STREET, LEICESTER. Tel. 546198

ox D'SCO, BOX 123 CLAYMONT, DE 19703, U.S.A. Tel. 1-302-798-7932
M l Nlc TE LEPRO DUCTO R s BOX 12035, $-750 12, UPPSALA 12, SWEDEN

L.A.B. (A.P.s-), VANDKUNSTEN 4, DK 1467, COPENHAGEN, DENMARK
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LOWE EI.EGTRONIGS I.TD

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

TRIO

QSCILLOSCOPES!

The Trio range of oscilloscopes offer top quallty at modemle cost. The briet specifications show the pertormance features which have made
these oscilloscopes firm favourites in all parts of the world, with bandwidths to 30 MHz and sensitivities down to 1mV/cm on 130 mm
screens, Pnces are very reahstlc and wae try to ensure that dellvsry is ex-stock at all times — quite a change these days.

JFOR FULL DETAILS ON THESE AND OTHER

r NEW
€ MODEL
Cs1677
30 MHz/2mV
CS1577 -SPECIFICATION
“130mm DUAL TRACE Bandwidth: DC- 30 MHz (3
TRIGGERED SWEEP gg; 40 MHz (6
.OSCILLOSCOPE “Sensitivity: 2mV/cm -
Input R.C.: 10V/cm
£480 + VAT 1 M ohm 22 pF
Hisetime: 11.708
PRICE INCLUDES TWO X10 Overshoot: less than 3%
FULL BANDWIDTH PROBES Swecnlline 100 nS/cm -
0.55/cm
Linearity: better than 3%
Calibrator: 1 KHz 100 mVv
square wave
Trigger

#* 130 mm mesh PDA bandwidth: DC-40 MHz
* DC - 30 MHz Trace rotation. Electrical
* 2 mV sensitivity :hospr\ov. :%‘
* Signal delay TR 100712077/
* Auto level triggering 2207240V
# Display modes CH1, CH2, DUAL h 40
ATDRXY Dimensions: ggofn?n“: i
* Single shot with variable hold off A B e
375mm
Welght: 10 Kg

. - —
'CS1352 DUAL TRACE 15 T
MHz/2mV PORTABLE

oz r:ajmé ;j;i\
e T

The €S1352 oscilloscope offers you not only dual trace.
15MHz bandwidth operation at sensitivities down to
.2mV/ cm but also use from 100-240 Vac mains and
portable operation using the optional rechargeable battery
pack. Automatic charging is carried out when the CS1352
is plugged into a mains supply. Now you can have top
performance both on the bench and out in the field — and
at an affordable price.

CS1575 DUAL TRACE 4 FUNCTION

. independent triggering from each

MODELS, CONTACT.THE

The CS1575 is a unique tool for the
audio engineer. It features the normal
tacility of dual trace display with
sensitivity to 1 mV/cm but not only can it
display the input signals on two
channels, it can simuttaneously display
the phase angle between them and
measure the phase angle referenced to a
zero phase calibration display. In addition
“to these unique features, you also have

channel to give stable displays even with
widely differing input frequencies.
Absolutely indispensable to the

prolessional audio engineer, the CS1575 ¢
is now in use ali over the world. See it in
acnon or send for complete details.

| £2 78 + VAT

LE AGEN1S, LOWE ELECTRONICS

WW — (33 FOR FURTHER DETAILS

he King of
Valves

Genuine Gold Lionjvalves —hand
built, utilisingadvanced pumping
techniques and individually tested
to atight specification —are your
answer to the high quality sound
demagpds made by musicians and
listeners alike.

Gold Lion KT 77’s and KT88’s
covering 30-200 watts, are now
available from M-OV along with
dataand distribution details. Find
out all about the King of Quality -
from M-OV.

(™) Trade Mark of M-OV Audio Valves.

MOV

A MEMBER OF THE GEC GROUP

s711

THE M-O VALVE CO. LTD.. HAMMERSMITH. LONDON. ENGLAND. W6 7PE.

TELEPHONE 01-603 3431. TELEX 23435. GRAMS THERMIONIC LONDON.
WW — 011 FOR FURTHER DETAILS

Now you can get on-card dual output
power supplies from Vero Systems -
in five versions:

® DUAL 5 Volts

® DUAL 12 Volts

® DUAL 15 Volts

® MIXED 5 and 12 Volts
® MIXED 5 and 15 Volts

The cards are designed to Eurocard
standard size {100 x 160mm) to fit
straight into your card or case frame.

ORDER CODE

89- 901 7B
89-9018H

Each supply is fully regulated with
over voltage over current and thermal
protection. Input voltage
110/ 120/220/230/240 voILs AC and
both outputs are fully isolated from
each other but may be connected to
give different power rail
configurations.
The cards are supplied fully tested
each one complete with 64-way
indirect connector plug. card handle
and connection chart.

S%YXE'EISN PRICE
£32.43
DUAL 12V £38.450
DUAL 15V £38.50
DUAL 5-12V Bs 50
DUAL 5-15V

VERO SYSTEMS |

— VERO SYSTEMS (ELECTRONIC)LTD

362 Spring'Rd. Southampton Hants. SO95QJ Tel: (0703) 440611 Telex: 477164

WW — 024 FOR FURTHER DETAILS
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A."

The alternative source that's near to hand . ..
KGM. A video production line with high volume capability,
here in Europe. Ready to meet your orders for open frame
monitor chassis that neatly replace those long-range imports
you’re using currently. Same mounting, same international -
standard connections. But one big, competitive advantage . . .

We’re so much nearer, with the stocks, fast production
response, spares and service you could only expect from a home based source. KGM prices are

highly competitive too, especially on big orders. We can prove that with a quote, but how about product
performance? . . .

The specifications you want... bright, clear CRT data display, with superior resolution.
The quality you get from years of video experience. Your popular screen sizes, in any phosphor colour.

Latest miniaturised pcb construction of course, in an open chassis that allows screen tilt and mounting
variations to fit your package.

So if you buy video display this way . . . call KGM now. See how keen we are to win your next order.

KGM ELECTRONICS LIMITED V. ELECTRONICS
Clock Tower Road, Isleworth, Middlesex TW7 6DU, England. = g LIVITED
Telephone: 01-568 0151.  Telex: 934120

WW — 065 FOR FURTHER DETAILS
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Hall Electric,

International ¢
emiconductor specialists X
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Electron House, Cray Avenue, Orpington, Kent BR5 3QJ Telephone: Orpington 27099. Telex : 896141 Cralec G
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‘TRUST SCOPEX

A

The 14D-15 is the very |latest addition to the Scopex range

of brilliantly engineered, easy to use oscilloscopes.

Here's what it offers:-

Large screen 10cm x 8 cm

Triggers on channels 1 and 2

2 mV - 10V/DIV sensitivity

3% accuracy — a Scopex speciality

DC-15 MHz bandwidth over the entire screen

Probe test output

Wide time base range

-Switched mode power supply

Plus a host of well throught-out additional facilities,

free delivery in the UK mainiand and a very good price of

£280 plus VAT.
Trust Scopex to get it right.

\/aopex

Pixmore Avenue, Letchworth,
Herts. SG6 1JJ.
Telephone: 04626 72771.

WW —052 FOR FURTHER DETAILS
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at SONIC SOUND AUDIO
BRITAIN’S No.1 R

AUDIO STORE

Sonic Sound, the premier home
entertainment store have now added
yet another big name in the field of
sound equipment to further enhance
their prestige in London’s centre of

the audio/visual and Hi-Fi field in
Tottenham Court Road.

Eddystone, at the top of the tree
since short wave began, have now
appointed Sonic Sound Audio as sole
retail distributorsin the United Kingdom

Anyone even contemplating
purchasing short wave equipment, be
they looking for the best possible
available for their Embassy, press »»
department or. home use, should visit
or contact Sonic where they will be
able to view and listen to the most
comprehensive range of the latest
short wave equipment on the market
today.

Listen and choose in comfort at
Britain's most up-to-date air
conditioned sound demonstration
studios. Full ranges of Hi-Fi, Video-
equipment, In-car and portdbles, etc.,
from all leading manufacturers; B & O,
Sanyo, Sony, Hitachi,

Pioneer,JV.C. P~
Ed
A

THE COMMUNICATION CENTRE

ONIC SOUND AUDIOLALIEILLE:

248-256 TOTTENHAM COURT ROAD LONDON W1 TEL: 01-637 1908  [RUEL{=JtIN €T {eTiTeXo2eT i =10}

g
dystene
!‘:ﬂ‘
=
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TOTAL AMPLIFICATION FROM CRIMSON ELEKTRIK
WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS —

STERED :%V:EI';IER POWER AMPLIFIER KIT. The kit includes all metalwork, heatsinks and hardware to house
PRE-AMPLIFIER MODULE any two of our power amp modules plus a power supply. It is contemporarily styled and its

quality is consistent with that of our other products. Comprehensive instructions and full-
_back-up services enabte a novice to build it with confidence in a few hours.

PRE-AMP KIT

This includes all metalwork, pots, knobs, etc., to make a compléle pre-amp with the CPR 1(S)
module and the MC1(S) module it required.

CPR 1 — THE ADVANCED PRE-AMPLIFIER. The best pre-amplifier in the U.K. Th‘s
superiority of the CPR 1 is probably the disc stage. The overload margin is a superb 40d§. this
together with the high slewing rate ensures clean top. even with high output cartridges
tracking heavily modulated records. Common-mode distortion is eliminated by an unusual
design. R.LA.A. is accurate 1o 1dB; signal to noise ratio is 70dB relative 1o 3.5mV; distortion
<.005% at 30dB overioad 20kHz.

Following this stage is the flat gain/balance stage to bring tape, tuner, etc. up to power amp.

signal levels. Signal to noise ratio 86dB; slew-rate 3V/uS; T.H.0. 20Hz2—2 JkHz<00B% at POWER AMPLIFIER MODULES POWER AMP KIT .. €35.03
any level. CE 608 60W/8B ohms 35.0-35v £19.52 E
Ty degotmei3; Ogdoy pn 20 ;::s::::’::allahle in two versions -
F.E.T. muting. No controls are fitted. There is no provision for tone controls. CPR 1 size is g :9(0)3 :9%;2 g::: :g‘g_’:g: ggzg: one uses standard components, end
13BxB0x20mm. Supply to be * 15 volts. CE 1708 170W/8 ohms 60.0-60v £3397 the other {the S), uses MO resistors
§ where necessary and lantalum capaci-
MC 1 — PRE-PRE-AMPLIFIER. Suitable for nearly all moving-coil cartridges. Sensilivity TORDIDAL POWER SUPPLIES '9rg — -
70/170uV switchable on the p.c.b. This module brings signals from the now popular low 8:5; for 2xCE 608 or TxCE 1004 £18.58 ﬁ"c"“ S:;:
output moving-coil carridges up to 3.5mV (typicail signal required by most pre-amp disc S2 for 2xCE 1004 or 2/4xCE 608 £18.80 7
4 -CPS3 for 2xCE 1008 or 1xCE 1704 £19.75 CPR 1S £40.87
inputs). Can be powered from a 9V battery or from our REG 1 regulator board. CPS4 for 1xCE 1008 €17.12 MC 18 €33.17
CPSS 1 for 1xCE 1708 €24.15
X02:X03 — ACTIVE CROSSOVERS. XO2 — two way. XO3 — three way. Slope CPS6 for 2xCE 1704 or 2xCE 1708 £25.53 ACTIVE CROSSOVERS
24dB/octave, Crossover points set to order within 10% . .X02 jo
. HEATSINKS X03 £23:68
n ht duty, 50mm, 2 C/ .
REG 1 — POWER SUPPLY. The regulator module. REG 1 provides 15-0-15v 1o power the PR S e W ERls ity
CPR 1 and MC 1. It can be used with any of our power amp supplies or our small transformer Desca/group, 150mm, 1.1 C/W £3.04 REG! £6.90 TR6 €1.97
TR 6. The power amp kit will accommodate it Fan, B0mm state 120 or 240v £19.70 s
Fan mounted on two drilled 100mm heatsinks PRE-AMP KIT £38.07
234 C/W. 65 max. with two 170W q
3 — . 8
sPiog‘v‘Re‘d‘MPl'JH!ERs& It would be pointless 10 list in so small a space the number of recording mgdltes £31.08 ggfgfifmga%waﬂng 2x170W
udios, educational and government establishments, etc.. who have been using CRIMSON THERMAL CUT-OFF, 70°C £1.54 amps and this module.

amps satistactorily for quite some time. We have a reputation for the highest quality at the lowest
prices. The power amp is available in five types, they all have the same specification. T.H.0O.
typically .01% any power 1kHz B ohms, T.1.0. insignificant, slew fate limit 25V /uS; signal 1o
noise ratio 110dB: frequency response 10Hz-35kHz. — 3dB: stability unconditional, protection
drives any load safely; sensitivity 775mV (250mV or 100mV on request). size 120 x 80-25mm.

POWER SUPPLIES. We produce suitable power supplies which use our superb TORGIDAL
transformers only 50mm high with a 120-240 primary and single bolt tixing (includes
‘capacitors/ bridge rectifier)

BD1 £5.75

CRIMSON ELEKTRIK

1A STAMFORD STREET, LEICESTER LE1 8NL. Tol. (0533) 583508
U.K, — Ploase aliow up to 21 days for delivery

All prices shown are UK only and Inciude VAT and post. COD 90p extra. £100 limil, Expont is no problem, please write
for specic quote. Send large SAE or 3 International Reply Coupons for detailed information
Distributors: Down Hi-Fi & Video Centre, 66 Abbey Street, Bangor, N. Ireland. Badger Sound Services Ltd., 46 Wood

Street. Lytham St. Annes, Lancashire FY8 1QG

WW — 037 FOR FURTHER DETAILS
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Lateral Thinki

“The perfectdefinitive poweramplifier should
run absolutely stable and completely undistorted across
afull frequency range up to the highest powerlevel with
total dependability; we said. Our resdjve was to make that
ideal a reality.

Thus,ourboffinsat Cambridge
donned their thinking capsand with
typical panache sliced across
¥ convention witha radicalnew
solution: MOS-FET technology.

And the result?No thermal
runaway. No secondary breakdown.
Simpler circuits. Fewer components,
Therefore, greaterreliability under
tough conditions. Whateveryour
application; variable frequency
power supplies, servo motor

Graduate to the 80’s. MOS-FET.

HH Electronic, Dept. A5, Viking Way, Bar Hill,
Cambridge CB3 8EL. Telephone: Crafts Hill (0954) 81140.

Telex: 817515 HHElecG.

systems, vibrator driving, or superioraudjoinstallations,
ournew MOS-FET amplifiers will deliver perfect
waveforms right up to 50kHz at full power.

Nowthis technology is available to you,in19”
rackmount format with models from 150 to 800 Watts..
and upwardsin multiples, using the X300 frequency
dividing network.

Soif you're thinking that our thinking was along
the rightlines, then drop usa line yourself and we'll tell
youmuch more.

WW — 012 FOR FURTHER DETAILS
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fact:
the Pro Master-sound
system IS not an evolution...

it’s a full-blown

The PRO MASTER modular sound system ushers in a
new generation of sound system versatility, reliability, and
quality for today’s entertainers, musicians, and speakers
—for use in settings as diverse as intimate clubs,
lounges, large auditoriums, churches, and schools. Its
mutftitude of performance-proven features is the resuit of
sophisticated computer design techniques, advanced
materials, and countless hours of personal consultation
with performers and sound technicians.

Revolutionary New Console

Finally! The best of both worlds. A console so easy to use that
it won't overwhelm the beginning group, yet with the
advanced features and capabilities required by experienced
professional performers—suchas pre-fader monitor mixing,
effects and/or built-in reverb, with their own tone controls,
LED clipping indicators with attenuators on each input, and
full patching facilities for every system component. Super
power: twin 200-watt solid-state power amplifiers| Doubles
as a stereo recording consote for groups that want to “lay
down a few tracks” without paying for studio time, or can be
used as an ultra-sophisticated keyboard mixer with power.
Unitized ARMO-DUR™ structural foam combination case
and chassis makes it more durable than steel. Ultra-light:
only 47 pounds.

Revolutionary: Variable Dispersion
Sound System

Advanced new variable dispersion
high-frequency horn sysfem
projects your sound —everywhere
in the house, giving you a choice of
60° long-throw, or 120° wide-angle

Revolutionary New Loudspeaker

h 4 : . Every extra ounce —every unnecessary cubic inch—has
Sipeloion wiluRsRISL Sl knob. been computer designed OUT of the PRO MASTER
Tailors the sound to the room— loud e Mod toriats and |ding techni

even L-shaped rooms. oudspeaker. Modern materials and moulding techniques

accommodate a high-performance 15-inch woofer and a
high-frequency horn and compre ssion driver in a startlingly
small, efficient enclosure. Less than 28 inches high, 23
inches wide, 16 inches deep. Weighs an easy-to-handle 58
pounds. Yet, the power handling capacity is a remarkable
150 watts, and the frequency response is 50to 15 kHz.
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Replaces All this Equipment...
And Does More!

The impressive array at left includes a mixing console, two graphic equalizers, a
pair of 200-watt power amps, a monitor mixer and an octave analyzer. The PRO
MASTER gives you all these capabilities — plus features that you can’t find in any
other console, at any price: Unique FEEDBACK FINDER™ circuit, exclusive PATCH
BLOCK™ patch panel, wide-range LED peak output and input clipping indicators.
Plus pre-fader monitor send controls, LED power amp overload, temperature
warning and shutdown indicators, 0to 30 dB input attenuators, full stereo features,
simultaneous effects and reverb on each channel. What's more, you have Hi-Z and
Lo-Z balanced transformer-coupled mic inputs on all six mic channels, (canhandle

Revolutionary: LED Status Indicators

Alerts you to developing trouble before it gets serious! You
have time to correct the problem before it interrupts the
performance. Temperature warning LED warns you if ainplifier
is overheating. Shutdown LED indicates power amplifier and
speaker protection system activation. Only the power
amplifiers are shut down until the internal cooling fan lowers the
temperature.

TEMP SHUTDOWN
WARNING

LED peak indicators virtually make VU meters obsolete. They
respond to short transients that wouldn't budge a needlé, and
cover 42 dB without range switching. PA overioad LEDs light at full
power and also warn you of distortion-causing problems such as
bad speaker cables or too many speakers.

Revolutionary: PATCH BLOCK Patch Panel

g e s

ey =

12 mics simultaneously), plus two additional auxiliary input channels for adding
synthesizers, tape players, tuners, sub mixers or any other high level output
components. And each Lo-Z input features built-in simplex powering for
condenser microphones.

i
M

i

T

Hi

i)

' .'J._n_uxlnnimt

H

Revolutionary: FEEDBACK FINDER '/
Equalizer

Controls feedback -—the number one enemy of a successful
performance. FEEDBACK FINDER visually indicates the troublesome
frequencies for precise adjustment of the twin 10-band equalizers.
Enables you to equalize for maximum gain on the house and/or
monitor system. Nothing else like it}

The back panel is a unique combination block diagram and patch
panel with 12 patching jacks located at appropriate points on the
block diagram. For the beginner who is taking his act on the road

for the first time, the PRO MASTER works “as is,” with no special
connections. But with the PATCH BLOCK, the professional can
create a wide variety of setups and add auxiliary equipment
without makeshift connections. And you can change setups ata
moment's notice without confusion. Simplicity and versatility, the
PRO MASTER has them both!

Hear the Revolutionary New Sound!

HERNREA

PRO MASTER sound

system

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

WW — 017 FOR FURTHER DETAILS
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lopvalue
testequipment

fromTANDY

LCDDIGITAL MULTIMETER. LOW—COSTLCD MULTIMETER COMPONENTS AND PARTS

16

Low-cost hand held digital multimeter with a full | A portable, compact sized multimeter with a full CAT No o PRICE
3V, digit LCD display. 0.5% basic accuracy, auto | 3% digit LCD display. Auto polarity operation, low il
polarity operation. 10 Mohm DC input battery indicator. 10 MOhm Input impedance. o . 4 for
impedance. Scales: . = L 69p
Reading to + 1999. DCvolts, o L= >for
" V1 Vv g
(o 1 digitaccuracte). |2, 20 200 1000V 276 -033 LED
AC volts: AC volts: 48p
I 500V E)%?:ur?gﬁv i 2 for
g;*zz'fe?‘;gntsaccuvate), 2720 200MA 276034 LED
1A to 200mA ;es%"";‘g 59p
O e
b g roscuratel 2000 KOHM 276142 | "'[’;"'IR":’ R £1.37
10hm t0 20 MOhms Power source: e 9C or Fair .
(1.5% + 1 digitaccurate). | 9V battery or AC adaptor. 277 - 1003 12V DC Automotive £ 17 5 2
{ Bt iiae: §i71e:85 5 i Oitai Clock Moduie | %o d7/-
V batt AC x85x 130 mm. 6 pin edge connector
vgvuh ooggnoarl adaptor. 22-197 276-9110 tor277 1003 40p
& Ssize: e———]

276 - 1373 Power Transistor - 50p

155x 75x30mm Mounting Hardware

22-198

—

— R

276-1363| 70 220Meatsok | . 6Op

_

|
276 - 1364 TO 3 Heat Suk 81p

="

PRICE ) j

A
AC/DC 8 MHz OSCILLOSCOPE X

Anew approved 8MHz version of last  Specifications:

PP ¢ : :
years' winner! The advance design Herizontal axis: Defiection sensitiity better than

. . . 250mv DIV. Vertical axis: Deflection sensitivity
teatures of this oscilloscope make it better than 10mV DIV(IDIV 6mm). Bandwidth
an absolute essential for industrial 0.8MHz. Inputimpedance: IMOhm parallel
uses on production lines, in capacitance 35pF. Time base: Sweeprange:
- 10Hz 100kHz (4 ranges). Synhronization

laboratories and schools. Ideal for radio emai( ) Sice: 200x 155% 300 mm. Supply

and TV servicing, audiotesting,etc. 220 240 50Hz. 22 -9501.

You save because we design, specifically for or by Tandy at 16 factories

manufacture' sell and service. around the world. The quality of our
Tandy have over 7,000 stores 2nd rjealerships products has been achieved by over 60 years

worldwide. Over 2,500 products are made of continuous technotogical advancement

KNOWN AS RADIO SHACK IN THE U.S A MAKERS OF THE WURLD'S BIGGEST SELLING MICROCUMPUTER TRSH0

TANDY

DEALER

Most items also available
at Tandy Dealers. Look for this
$igN in your area.

Arcess, Barc:laycagd and
Traisteard welene

=

The largest electronics retailer in the world.

Offers subject to availabihity. Instant credit available in most cases.

OVER 170 STORES AND DEALERSHIPS NATIONWIDE.

WW — 039 FOR FURTHER DETAILS
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Finally, you can have all the advantages of DMMs and none of the disadvantages of analogues

for about the same price. : - 7 1
Our new 169 1s a tough, lightweight,

battery-powered digital multimeter for use in the field or

on the bench. It is a 3}-digit, full 5-function DMM with §
respectable .25% DC accuracy. : Ty 2
Its low-parts-count, high-efficiency design keeps o SR,
ower consumption to a mintmum for longer component am i |
ife and fewer failures. MTBF is 20,000 hrs. or about 10

cars. - w
! All 5 functions are fully protected - 1400V peak on DCV and ACV, 300V on {2,
. 2A (250V) on DCA and ACA. The fuse is
I th | th d externally accessible for quick replacement.
S 1 S e e n Extensive vibration stress-testing assures the
169 will stand up to all the mechanical shock
and abuse normally associated with tough

for Analo ue applications. |
Cost-conscious ease of maintenance is

so thoroughly designed into the 169 that
p only one calibration adjustment a year is required. That
l I I e te rS : adds up to a cost-of-ownership no other competitive DMM
can touch. For example, the 169 needs only one battery change

per year at a cost of about £1.50.

When you factor in features like function and range annunciation right on the
d}ilsplay,hautu-zerd, auéo olarity, 60%(Iiarg<;r display .
than other DMMs and the easy-to-read, colour
coded front panel, we think ygu’ll get the point. l(E'TH LEY
No analogue meter or DMM can match the price/ Keithley Instruments Ltd.
performance of the new 169. It costs £99 (plus VAT) 1 Boutton Road

For informavion on the 169 or any Keithley Szﬁggd’i(r‘xgb sgék&mre RG2 ONL
DMM call (0734) 861287 (0734) 861287 Telex: (851) 847047

Telex: 847047
59!“::_:" Instruments GmbH Keithley Instruments SARL
] eigtho st”rasse 5 44, Rue Anatole France
Ex stock gl ' D-8000 Mdnchen 70 F-81121 Palaiseau Cedex
L = ; - y 3 1o (089) 714-40-65 01-014-22-06.
WW—062 FOR FURTH Ll ‘ Telex: 521 21 60 Telex: (842) 204188

‘,&

-
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Carston Electronics

)\ specialistsin
~ |secondusertestand
measuring Instruments

. Prices
Acoustic from’e
BRUEL & KJAER
2203 Precision sound level meter 400
1613 Octave filter set couples
directly to 2203 & 2204 250
CEL
112 LEQ meter digital readout 450
Amplifiers
MICRO MOVEMENTS
M1270 DC Amplifier 15mV-150V
2 and 10 channel rack systems
available 50
Attenuators
STC
74600 3 decade units. 0-1000B
atten, in steps of O.1dB 75Q
impedance 25
Bridges
CINTEL
277 Measures iron core inductances
0,01H-1000H {with a Q value not
less than 2) 130
DAWE
2108 Decade Capacitance box
0.1uF-1mF 0.1 uf step 20
MARCONI
TF1313 Measures C/L/R with an
accuracy better than + 0.26% 425
TF1245 'Q" meter. Freq. range 1kHz-
300MHz using external osc. 350
WAYNE KERR
B221. Plus low impedance adaptor
Q221. Measures L/C/R 225
B641. Measures L/C/R/G Accuracy
of 0.1% 450
Q801. Y paramaeter test set. Plus
transistor adaptor unit 230
Cable Test Equipment
MARCONI
TF2333 Transmission Test set 575
HEWLETT PACKARD
3556A. For psophometric
measurements from 20 Hz-20kHz.
0.1mV-30V input level 475
NEC
TTS-378. Noise, level and VU
measurement. Sensitivity ' 80dBm
up to +20dBm 275
STC
74216A Noise Generator CCITT 240
74261A Psophometer CCITT 475

WANDEL u. GOLTERMANN
DLM-1. Send/receive system for

measuring phase jitter random noise

and frequency shift on data

transmission fines 1500
LDS-2. 200H2-600kHz sender for

measuring group delay and

attenuation variations 3250
LOEF-2. Filters for DLM unit 250
Counter Timers

HEWLETT PACKARD

TEKTRONIX 465

DC-100M Hz Dual Trace 5$/\/-5V /Di
0.05ps-0.53/ Div Delayed

TEKTRON\X 4;7!\5//;//%
| Trace DmV-
g%ﬁ?g.‘;sz/ DU elayed T/B XY DC3MH2

6300A /53038 DC-520 MHz 6 digits 210
MARCONI!

TF2414A DC-40MHz 7 digits 120
RACAL

835. DC-15 MHz 6 digits

Time interval /Period/Ratio 100
9024 10 Hz-600 MHz 7 + 1 digits 250
9836 DC-15 MHz 6 digits 100
9837 DC-80 MHz 6 digits 130

WW — 048 FOR FURTHER DETAILS
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Distortion Systems.
RADFORD

OMS2 10 Hz-100 KHz meter
LO02 10 Hz-100 KHz Dscillator
Function Generators
ADVANCE

J4. 10 Hz-100 kHz. 10 V r.m.s.
output Sine/Square Wave
PHILIPS

PM5127. 0.1 Hz-1 MHz. Sine/
Square/Triangular/Pulse outputs.
External sweep facility 30Vp. p max
output

Logic Analysers
HEWLETT PACKARD
1601L Logic state analyser

12 channel display

Mains Monltors
AMPROBE

LAV3X. Mains voltage recorder,
RUSTRAK

288 + CT Clamp-on AC recording
ammeter

Microwave Equipment
FLANN

FMI. Piston Attenuator 3.5-12 GHz.
Attenuation up to 120 dB
Modulation Meters
AIRMEC

2101-300 MHz. AM/FM
4093-1500 MHz. AM/FM
MARCONI

TF2300A 1-1000 MHz. AM/FM
Oscilloscopes
ADVANCE

0S1000A DC-20 MHz. dual trace
COSSOR

110/111 DC-20 MHz. dual trace
110/112 DC-1MHz. differential
CDU 150. DC-35 MHz. dual trace
5mV sensitivity, delayed timebase
DYNAMCO

D7100. DC-30 MHz. 2 channel
delayed timebase. Sensitivity 10 mV
PHILIPS

PM3226. DC-15 MHz. dual trace.
2mV sensitlvity

PM3233. DC-10 MHz. true dual
beam 2mV sensitivity

PM3410. DC-1GHz. Sampling
oscilloscope

PM3210 DC-25 MHz. dual trace

from £

160
160

325

250

70

150
295

325
275

350

375

325

425

250

SOLARTRON

CD1400 OC-15 MHz. dual trace.
Sensitivity 10mV/cm
TEKTRONIX

535A/1A1. DC-15 MHz. dual trace
5mV sensitivity. Delayed timebase
§56/1A1. True dual beam.

OC-50 MHz. Can display 2 separate
signals at different sweep rates.
Includes troiley

545A/1A1. DC-30 MHz. dual trace.
Delayed timebase

585A/82. DC-80 MHz. dual trace
10 mV sensitivity

547/1A1. DC-50 MHz. dual trace
oT8 .

547/1A4. DC-50 MHz. four trace
oT8

TELEQUIPMENT

D53. DC-15 MHz. dual trace

10mV sensitivity

D53A. DC-25 MHz. dual trace.
10mV sensitivity with C-2 plug-in
DC-15 MHz. with JO plug-in

034 DC-15 MHz. duat trace
Batt/Mains Portable
Oscilloscope Plug-ins
TEKTRONIX

Type R. Transistor R.T. tester. Pulse
rate 120 pulses/sec. R.T. Less than
S mus

Type L. DC-20 MHz. 5mV sensitivity
fast rise time amplifier

Type G. Differential amplifier. 100: 1
CMR DC-20 MHz. 50 mV sensitivity
Plug-ins for 500 serias

1A1 dual trace Plug-in DC-50 MHz
1A2 dual trace Plug-in DC-50 MHz
1A4 four trace Plug-in DC-50 MHz
1AS Ditferential Plug-in

Z Differential Plug-in

81 Adaptor Plug-in 1A Series to 580
Series

Oscilloscopes (storage).

TEKTRONIX

549/1A1. DC-30 MHz. 5mV
sensitivity, Dual trace. Storage
scope, Writing speed: 5cm/us with
enhancement. Includes trolley
564/3A74/3B4. DC-2MHz, four
channel. 20 mV sensitivity. Writing
speed up to 500 cm/ms

564B /3A6/2B67. DC-10 MHz. dual
trace 10mV sensitivity, split screen,
storage oscilloscope

Prices
from £

160

250

700
275
525
525

625

225

228

375
175
140

675

650

750

Power Meters

MARCON| SAUNDERS
6460 10MHz-40GHz {Depending

on Head)

6420 10MHz-12.4GHz 10mw

6421 10MHz-12.4GHz 100mw

6422 10MHz-12.4GHz 1mw

6428 26.5-40GHz 10mw

Power Supplies

APT

TCU250. 0-50V, 0-2A. Current limit
KSM

MV601. 0-60V, 1A. Constant voltage
or current

ROBAND

T101. 50V. 1A, Variable
SOLARTRON

As 751. 50V. 1A, Variable
STARTRONIC

117, 20V. 0.5A. Variable twin
TRYGON

0-20V. 3A. Current limit

Pulse Generators

DB ELECTRONICS

150. I.C. pulse generator

EH RESEARCH

120D. 100 Hz-10 MHz 20V/509Q

RT 1ns

122. 1 KHz-200 MHz 5V/509

RT 12ns

139iL). 10Hz-50 MHz 10V /509

RT 5ns

1221. Timing Unit 6 Channel

0-10 MHz 5V/509 RT 8ns

G710. 5V/509 30 Hz-50 MHz RT 5ns
132AL. 50V/50Q 5 Hz-3 MHz

RT 12ns

PHILIPS

PMB705. 0.1 Hz-10 MHz. Typical RT
6ns Output 1-15V

Records and Signal
Conditioning Equipment
BRUNO WOELKE

ME102B. Wow and flutter meter
ME102C. Wow and flutter meter
FERROGRAPH

RTS2. Recorder test set, Wow and
flutter etc.

HEWLETT PACKARD
680M. 5 inch, Stripchart Single Pen
SmV-120V 1/P 20cm/min 2.5 cm/Hr

Carston

Carston Electronics Limited
Shirley House, 27 Camden Road. London NW19NR. Telex: 23920

Contact David Kennedy
or Noel Jennings

Prices
from £

75

g8
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375

295

01-267 5311/2

Prices
RACAL from £
Store 4. Uses 1/4 inch magnetic
tape. Will record 4 F.M. channels.
Operates at 7 different speeds. 1950

SOUTHERN INSTRUMENTS
10-100. 8 channel U.V. 5-1000

mm/sec 250
M1330. 10 chahnel U.V. §-2500
mm/sec 325

Selection of Galvonometers
available at £15.00 each.

YOKOGAWA

3046. 10 inch Chart Single Pen. 0.5

mV-100 VI/P2.60cm/min and/hr 350
3047. 2 Pen Version of 3046 425
Signal Sources and

Generators

ADVANCE

63B. FM/AM 5-200 MHz 130
HEWLETT PACKARD

200CD. 5Hz-600kHz D/P 10V RMS 75
8693/100. 3.7-8.3 GHz 5mwW

sweeper plug-in 525
60BE. 10-480 MHz AM 410
618C. 3.8-7.6 GHz FM 1600
MARCONI

TF791. FM Deviation Meter

4-1024 MHz 95
TF801/D1. 10-470 MHz AM. FM. 255
TF995A/2. 1.5-220 MHz AM. FM 350
TF995B/5. 2-220 MHz AM. FM. 475
TF2005A. Two tone 20 Hz-20 KHz 200
PHILIPS

PM5326. 100 kHz-125 MHz. Digital

display of frequency. AM. FM.

Sweep facility for I.F. measurements 525
PME456. FM Stereo generator.

RF output 100 MHz 175
ROHDE & SCHWARZ

SWDB 11. 0.5-1200 MHz. 500 850
TEXSCAN

9900. 10-300 MHz. Sweep generator

with CRT display 525

Spectrum Analysers

NELSON ROSS

011. DC-20 kHz. 80dB dynamic

range. Dispersion: 100 Hz-6 kHz 350
022. DC-100 kHz. Dynamic range

60dB fits into various 500 series

CRD’s 350
TEKTRONIX

3L5. Plug-in unit fits into various

5008 series CRO's. 50 Hz-1 MHz.

Greater than 60dB dynamic range 475
11.20. Plug-in fits various 500 series

CRO’s 10 MHz-4.2 GHz. 40dB

dynamic range 1000
Vibration

DAWE

1461. CV{(M) Portable Vibration

Anaiyser Kit 350
Voltmeters-Analogue

BRADLEY

CT471C. AC/DC/2/current

multimeter and RF 75
HEWLETT PACKARD

427A. AC/DC/Q multimeter 275
3406A. 10 kHz-1.2 GHz 45
LINSTEAD

M2B. DC/AC 10 Hz-500 kHz 25
MARCONI

TF2603. AC volimeter to 1.5 GHz 300
Voltmeters-Digital

FARNELL

DM131B. 1993 FSD AC/DC/Q/

Current/ Temperature 86
SOLARTRON

LM1420.2. 2300 FSD DC only 0.05% 7%
LM1420.2BA. 2300 FSD AC

True RMS/DC 110
A200.19999 FSD OC only 160
A203.19993 FSO AC/DC/9Q.

Sensitivity: (1uV DC, 10uV AC,

100m4 resistance} 300
A205.19999 FSD AC/DC/Q 300
A243. 119339 FSD AC/DCQ.

Sensitivity: {14V DC, 10uV AC,

10mQ resistance) 325
7045.19999 Auto AC/DC/Q 250
7050.99999 Auto AC/DC/Q 350
Wave Analysers

HEWLETT PACKARD

302A. 20 Hz-50 kHz 75dB range 378
WAYNE KERR

A321 20 Hz-20 KHz Sens 75dB 125
Redundant

Test Equipment

Why not turn your under-utilized
test equipment into cash? Ring
us and we'll make you an offer.

VAT charged at Standard Rate
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OLSON PORTABLE MAINS DISTRIBUTION EPROM ERASER

New!
Slim Jim

Dim. 1%’ x 2%2" x 18%"
£12.15. PP 85p + VAT

Low cost ultra violet eprom erasing
lamp will erase up to 12 chips at
one time.

PRICE £95.00 + VAT

_ : aAs A
: l - Fﬁ ] . L. 5] TR6 — 6 sockets switched £21.50
L u Y 1

TR9 — 9 sockets switched £25.50
Plus P&P £2 + VAT

Instant Trunking System for Wall or Bench Mounting
NEW! 10 sockets switched in sloping box ; " MA'NS

ISOLATING UNIT

The Olson mains
isolating unit is an es-
sential bench item for
safety when testing and
repairing mains-
operated equipment.
The isolating trans-

COMPLETE WITH 6FT. CABLE AND
13-AMP FUSED PLUG

4 sockets 13A = 500913 former has an earthed
1 = - = 6 sockets 13A .. £15.00 screen and is rated
.! 4 sockets 13A switched £14.45 250VA.
[ | 6 sockets 13A switched .. £16.75
4 . + Post £1 + VAT £38 + P&P £2 + VAT
ALL DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG OLSON ELECTRONICS LTD., FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ
Send for details of complete range TEL. 01-739 2343

— WW — 019 FOR FURTHER DETAILS

QUALITY REELTO ™
REEL & CASSETTE TAPE HEADS + MECHANISMIS

REMOTE OPERATION TAPE
THANSPORT MECHANISM
FOR DIGITAL OR AUDIO.

- L THIS BRITISH MADE CASSETTE
TRANSPORT HAS GIVEN
INDUSTRY A GREAT COST
SAVINGS OVER
COMPARABLE FOREIGN
IMPORTS AND IS NOW BEING
MADE GENERALLY AVAILABLE.
CAN BE SUPPLIED WITH TAPE FAIL/
END DETECTION, SEARCH, AND FAST
ERASE. SOLENOID CONTROL PROVIDES
FULLY REMOTE OPERATION.

WRITE NOW FOR FULL DETAILS
BASIC PRICE £60.30 INC. VAT.

MIC4
Low Impedance
Microphone Pre-amp

PS-1
LA3 4 7 Power Supply
Line Amplifier Transtormer 24 volts DC

Bal 600 ohf regulated 120/240
alanced ohfn outpul i

Pre-amps

Ba'anced low impedance for microphone, high

impedance general purpose, RIAA Phono, NAB [ ] [ ] Y
tape (1%.3%, 7¥2, 15ips).

Equalizers L
Active (bass. mid-range, reble) high pass filter,
low pass filter.

Other Modules

Line amp, power amp, compressor, sine wave

POPULAR UNIVERSAL CASSETTE TAPE HEADS

B12-01 Mono Playback... AR C42APH04 Stereo GLASS FERRITE R/P....£11.60
B12.02 Mone vamd/l’hvback i C42RPS18 Stereo TWIN GAP R+P . £25.1
B24.01 Sterec Playbach . £12-09 Mono/sterec erase . .£ 1.88
B24.02 Stereo Record/! . 822.02 Twin Y track R/P. £ 5.97
824-07 Stereo R/P, (Dolby ... C44RPHO3 Quad % track R . R1RYN
C42RPH20 Stereo SENDUST R/P.... E9. 23 C44RP2ESO1 Quad Y% track combine
CA2AP1ESOY Sterec combined R/P + Erase..... .£26.45
R/P + Erase . C22ESD2 Twin half track erase .. .£472
SEND FOR OUR FULL CATALOGUE 25p.

oscillator, plug-in power supply

Accessories

Sheet metal, sockets, slide pots.

Low distortion <.1%, low noise, bi-fet op-amps,
highstew rate, single supply (9-36 volts DC), plug-In

F ‘Quality S SEND FOR YOUR FREE COPY
Engineered | 12931 Budlong Ave., OF OUR NEW CATALOG

. Sound Gardena. CA 90247 U We also manulacture
Products"” {213) 770-3510, (800) 42‘ 1826 audio transtormers.

snakes, direct Boxe
TWX (910) 3467023 B e Sy

PLEASE ENCLOSE

. 1 30p PEP WITH
ORDER

THE MONOLITH ELECTRONICS CO.LTD. . raices
5/7 CHURCH ST., CAEWKERNE, SOMERSET, ENGLAND.  (0460) 74321 INCLUDE VAT

WW — 087 FOR FURTHER DETAILS
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NEW UNBEATABLE 1980 PRICES NOW!

EXPLORER /85

Professional Gomputer Kit
FEATURES INTEL 8085 CPU

WITH ON BOARD S-100 EXPANSION

'FLEXIBILITY: Real flexibility at LAST. The EXPLORER/ 85 features the Intel 8085 cpu 100%
compatible with all B080A and 8085 software. Runs at 3MHz. Mother Board (Level A) with 2,

S-100 pads expandable to 6 (Level C).

£275 + VAT

Microsoft BASIC on Cassette

. NEW S100BD
2K Monitor ROM . : :
4K WORKSPACE / USER RAM 16K Dynamic RAM Kits £139 + VAT 16K £376+VAT
1K Video RAM Expandible to 64K on one board 32K £459+ VAT
8K Microsoft BASIC in ROM or Cassette. Extra 16K kits at £88.95+VAT 48K £540+ VAT
INTERFACES 64K £625+VAT

STANDALONE FULL ASC11 Keyboard Terminal, 32/64 characters per 16 lines

Cassette interface (with motor control and cassette-File structure)

RS-232/20Ma Loop. 4, 8bit: 1, 6 bit 1/0 ports, programmable 14bit binary counter/timer.

Direct interface for any S-100 Board.

FULL Buffering decoding for S-100n Bus pads, wait state generator for slow memory.

£295 + VAT

Microsoft BASIC in ROM

Each stage has separate 5v 1A regulator for improved isolation and freedom from cross talk.

P.S.U. requirements: 8v, 6.3v AC.
Runs with North Star controller and Floppies/CPM.

EXPLORER/85 is expandable to meet your own requirements with easy to obtain S-100

peripherals.

EXPLORER /85 can be purchased in individual levels, kit form or wired and tested. OR as a

package deal as above.

AVAILABLE
NOW!

WE ARE KILLING INFLATION WITH

E L F | l THE TRIED AND TESTED

MICROCOMPUTER
SYSTEM

THAT EXPANDS
TO MEET

YOUR NEEDS

{\W Computer Kit

;‘ STARTS AT
£59.95

+ VAT

STOP reading about computers and get your “hands on™ an ELF Il and Tom Pitman’s short
course. ELF Il demonstrates alf the 91 commands which an RCA 1802 can execute, and the
short course speedily instructs you how to use them.

ELF Il

BOARD WITH VIDEO OUTPUT
FEATURING THE RCA COSMAC 1802 cpu

ELF II's VIDEO OUTPUT makes it unique among computers selling at such a modest price, The
expanded ELF Il is perfect for engineers, business, industry, scientific and educational
purposes.

NEWTRONICS KEYBOARD
TERMINAL AT £114.20 + VAT

The Newtronics Keyboard Terminal is a low cost stand alone Video
Terminal that operates quietly and maintenance free. It will allow you
to display on a monitor 16 lines of 64 characters or 16 lines of 32
characters on a modified TV (RF Modulator required).

The characters can be any of the 96 ASC |l alphanumerics and any of
the 32 special characters, in addition to upper/fower case capability, it
has scroll-up features and full X-Y cursor control. All that is required’
from your microcomputer is 300 baud RS232-C or 20ma loop serial
data plus a power source of 8v DC and 6.3v AC. The steel cabinet is
finished in 1BM Blue-Black. And if that is not enough the price is only
£114.20 + VAT as a kit, or £144.20 + VAT assembled and tested.
Plus £2 P&P (Monitor not included.).

THE ATARI VIDEO COMPUTER
SYSTEM £138 + VAT

Atari's Video Computer System now offers more

than 1300 different game variations and options in

twenty great Game Program il cartridges!

Cartridges now available. All at £13.80 each + VAT

Basic Maths, Airsea Battle, Black Jack. Breakout.
Surround, Spacewar, Video Olympics, Outlaw, Basket-
ball, Hunt & Score®, Space War, Sky Diver, Alr Sea
Battle Codebreaker®, Miniature Golf
Extra Paddle Controllers — £14,90 + VAT
"Keyboard Controllers — £36,90 + VAT

ELF Il BOARD
ELF Il EXPANSION KITS CExvar  SPECIICATION
* Power Supply (6.3v AC] for ELF 1 g5.00 .- RCA 18028t
* ELF # Oehuixe Sleet Cabinet {IBM Biug) £19.75 microprocessor with 256
* Giant Board Kit System/Monitor, Interface to tyte RAM expandable to 64K
cassetie, AS232, TTY. efc. £25.50 bytes
* 4K Static RAM board kits [requires expansion power *RCA 1861 video IC to
supply) £57.50 displa ™
. ; i ; ¥ program on
E:ﬂ:;:: BRI ok i £19.00 screen via the l}F Modulator
* ASC11 Keyboard Kits 96 printable characters, etc. £39.95  Singie Board with
* ASC11 D/lux stesl cab {IBM Blve) £12.75 Professional hex keyboard —
;gﬁw P;;‘"'VP' board {build your owm circuils) CII.Og fully decoded lo eliminate the
pin Gold plaled connectors, each £3.7
* ELF Light pen writes/draws on T¥ screens £6.00 kwe?;t:za“r!l"&:z‘:m;ozirculls
* Video graphics board 32/64 characters by 16 lines en
TV/moniter screens £61.50 Load. run and memory
* ELF 1l Tiny basic on cassette €9.75  protect swilches
* ELF-Bug/monitor powerful systems monitor/editor £9.75 16 Registers
T, Pitmans short course in programming manual (nil VAT) €3.00  [nterrupt, OMA and ALU
* T. Pitman short course on tiny basic manual fail VAT) £3.00
* RCA 1802 users manual [mil VAT) £3.00 gtu?:l?ncrg;t:: f’?cuLmr
* On cassefte Texi Editor, Assembler, Disassembier jeach] £12.75 P g

5 sfot plug in expansion bus

Save 10% and buy all three together.
. [less connectors)

RACAL AP12, C12 TAPES: 10 fo- £4.50 +
VAT

NOW AVAILABLE 8K FULL BASIC FOR
ELF 11

NEWSOFT GAMES FOR ELF I1. 4 for £5 +
VAT.

SEND SAE FOR COMPREHENSIVE BROCHURE
Please add VAT to all prices (except manuals). P&P £2. Please make
cheques and postal orders payable to NETRONICS or phone your
order quoting BARCLAYCARD, ACCESS number.

We are now open for demonstrations and Sales, Monday- Saturday,
9.30 a.m .-6.30 p.m. Near Highgate Underground. on main A1 into

& i Bmss: NEWTRONICS
Bigger 255 ARCHWAY ROAD
Premises

LONDON N6 5BS

New Phone No. 01-348 3325

DEPT. ww
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TheBIGnamein
small electric motors

CINE CAMERAS TAPE RECORDERS
RECORD DECKS VIDEO RECORDERS
TELEVISION CAMERAS DISK DRIVES
WASHIN MACHINES RADAR DISPLAYS
COMPUiR TAPE DRIVES VACUUMS
Cli - LTAS T "~ RECORDERS
REC*" ' *ECORDERS
TEL
WAS
COM
CINI
REC
TEL,
WA’
cle

and here’s just one reason why . . .

WE'VE LINKED OUR STEPPER
MOTORS WITH I.C.’s — A GREAT
SOLUTION TO YOUR VARIABLE
SPEED DRIVE AND POSITIONING
PROBLEMS.

It’s ideas like this that make Impex
leaders in small electric motors. In this
case we've done away with costly and
complicated electronic drive requirements
and given you simplicity and efficiency

at a price that makes sense. Why not find
out more about the complete range of
Impex motors. Contact us at the address
below, or phone

IMPEX ELECTRICAL

° | Market Road, Richmond, Sumrey, TW9 4ND.
lm Tel: 01-876 1047/8 and 01-876 8202/3/4.
- h | Telex 929504

Products include: Synchronous Motors, Stepper Motors, DC Motors,
Gearboxes, Electronic Switches, Stepper Motor Electronic Drive
Systems, DC Motor Electronic Speed Controt Systems.

WW — 108 FOR FURTHER DETAILS
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VIDEO or AUDIO
BULK ERASURE

MAX REEL SIZE 114" MAX REEL SIZE 81"

VIDEO AND AUDIO AUDIO ONLY
LR7b/71 bulk tape erasers are simple to operate and will erase
cassettes, cartridges and reels of tape up to a maximum reel
size of 114" and tape width of 1", quickly and efficiently.
LR70/71 bulk erasers are currently used in Broadcast Companies.

Recording Studios, Government Departments, Educational Establish-
ments and the Computer Industry.

Quality equipment moderately priced

LEEVERS-RICH

LEEVERS-RICH EQUIPMENT LIMITED
319 Trinity Road, Wandsworth

London SW18 1YQ

01 874-9054 Telex 923455

WW — 015 FOR FURTHER DETAILS

Power Factor: itFigures!

NEW from Anders. @ Covers full P.F. range
" Power Factor and indicates quadrant.
eters, giving clear, . ian—n
precise digital display in a . 2:;2?;: ::a'gsduc:r
panel mounting case. required.

Ask for further details onthe @ Rugged, reiiable and
new Contrology Rangeof ~ accurate.
DIGITAL Wattmeters, @ From £95— discounts
Voltmeters, Ammeters, for quantity—competitive

Frequency Meters, Power A :
Factor Meters and matching with anslogue equivalents.

OC panel meters. Standard
versions ex-stock.

ANDERS MERANS METERS

Anders Electronics Ltd., 48-56 Bayham Place, London, NW1 0EU
Tel: 01-387 9092 Telex: 27364

WW — 014 FOR FURTHER DETAILS
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ANALYSERS
AIRMEC 248A Wave Analyser 5-300MHz
DYMAR 771 A.F. Wave Analyser 20Hz-50KHz ..
TEKTRONIX 1120 Spectrum Analyser 10MHz-4.2GHz
WAYNE KERR A.32] Wave Analyser 20Hz-20KHz
RADIOMETER FRA2D Wave Analyser 20Hz-16KHz
ATTENUATORS
HEWLETT-PACKARD 355C Attenuator 0-12dB 1dB steps DC-1GHz 50 ohms
PHILCO Attenuator 30dB 50 ohms 100W .
BRIDGES
GENERAL RADIO 1607A Transfer Function & Immittance Bridge
MARCONI 2701 In-Situ Universal Bridge
WAYNE KERR B.221A Unlversal Bridge 0.1%
WAYNE KERR B.224 Universal Bridge 0.1%
WAYNE KERR B.52] Universal Bridge 1%
WAYNE KERR B.641 Universal Bridge 0.1%
COUNTERS
1HEWLETT-PACKARD 5260A Frequency Divider 0.3-12.4GHz .
HEWLETT-PACKARD 5253B Frequency Convertor 50MHz-500MHz
MARCONI TF.1417 7 Digit 10MHz ¢/w 500MHz Convertor
MARTIN ASSOCIATES
34 Crown Street
Reading
{Berks. RG1 2SE
Tel. Reading (0734) 5

. £150.00.
£200.00

-« £1500.00
~. £100.00

. £95.00
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You'll do better at Martin Associates
we guarantee it!

RACAL 301A R.F. Millivoltmeter 100Hz-300MHz

,AIRMEC 319 UHF Wattmeter 10-300mW 1MHz-1.4GHz ..

'AVO Precision Avometer .
DYMAR 711 Microvoltmeter 50KHz-850MHz
DYMAR 761 Noise Factor Meter ... 5
HEWLETT-PACKARD 400H Mllllvoltmeter
MARCONI 791D Carrier Deviation Meter 4MHz 4MHz
MARCONI TF.1020A /1 R.F. Power Meter 250MHz 50 ohms 50/ 100W
-MARCONI1 TF.1152 R.F. Power Meter 0-25W 75 ohms ;.-
MARCONI TF.1245/1247 ‘Q’' Meter + Oscillator 20MHz-300MHz .........
-MARCONI TF.2600 Valve Voltmeter B o
{MARCONI TF.2604 Electronic Voltmeter
RADIOMETER BKF.6 20Hz-200KHz Distortion Meter
|OSCILLOSCOPES
HEWLETT-PACKARD 130C X-Y-T DC-500KHz 200uV/cm .. .. P - ooe
SCOPEX 1S-10A DC-10MHz Single Beam re-chargeable batteries, NEW
1ISCOPEX 4D-10B DC-10MHz Dual Beam 10mV /cm, NEW
SCOPEX 4D-25 DC-25MHz Dual Beam 10mV /cm, NEW
TEKTRONIX 545B + CA PLug in, DC-24MHz
,TEKTRONIX 545B + 1Al Plug in, DC-33MHz
TEKTRONIX 564 STORAGE Plug in, 3576 and 3T77A
TEKTRONIX 535A DC-15MHz, Mainframe only ...
SIGNAL SOURCES
AIRMEC 365A VHF AM/FM 1-320MHz 52-75 ohms .
HEWLETT-PACKARD 608D 10-420MHz .. .
HEWLETT-PACKARD 608F 10-455MHz, 50 ohms
HEWLETT-PACKARD 8011A Pulse Generator 0.1Hz-20MHz
.HEWLETT-PACKARD 200CD 5Hz-600KHz, 600 ohms
GENERAL RADIO 1215C 50-250MHz Oscillator Unit
MARCONI TF.144H/4 10KH2-72MHz AM Generator
MARCONI TF.995A/3/S 1.5MHz-220MHz AM/FM
MARCONI TF.1066B/6 10MHz-470MHz AM/FM
MARCONI TF.1099 Sweep to 24MHz .
MAXSON M.124]1 UHF Wide Band Power Osciilator 2500MHz
MUIRHEAD D-650-B 1-111, 100Hz o/p 126V b o
MUIRHEAD D-880-A'2 Phase Oscillator 0.01Hz-11.2KHz
MICROPOWER 223 1.12.4GHz Sweep Generator .
R & S SWF Sweep Generator 5-225MHz 1 |
R & S SWH Sweep Generator 5-12MHz
RECORDERS
B & K 2305 Level Recorder
HEWLETT-PACKARD 2D X-Y-T recorder
ADVANCE — BRUSH 260 6 Channel 5 3
BELL & HOWELL 5-124 U/V Recorder 17 Channel 6 Galvos
HEWLETT-PACKARD 320R 2 Channel Recorder e
MISCELLANEOUS
AVO TT 537 Transistor/Diode Tester
AVO ALD270-6BR Analogue Limit Detector .
BARNETT Dead Weight Pressure Gauge Tester, o/w Welghls &2 Gauges
R & S SWOB | Polyskop 0.5-400MHz 50 ohms . . £4
PYELING 1000Ib. Vibrator/Amplifier

.. £650.00
. £185.00
£195.00

WW — 055 FOR FURTHER DETAILS

O.E..PLATE
POWER AMPLIFIERS

I.L.P. offer for prompt delivery, arange of O.E.M. Plate Power Amplifiers in three useful output
ratings. These units are typical of I.L.P. design and manufacture — encapsulated circuitry,
rugged construction, just five pin connections, trouble-free mounting, no output capacitor or
other external components to be added, and operation from split line power source. PRICES ARE
KEENLY COMPETITIVE, QUALITY AND MANUFACTURE OF THE HIGHEST POSSIBLE
STANDARDS. Modules can also be manufactured to customer’s own design.

MADE IN ENGLAND

i 100 | 250 | 500 | 1000 | 2500 | 5000
0.1% DISTORTION FOR . e 4 - e E
WIDE BANDWIDTH HY 120P
PROTECTED 0/P TRANSISTORS SWms | £10.30 | £937 | £851 | £7.74 | £7.04 £6.40
FULL LOAD LINE PROTECTION e
NO EXTERNAL COMPONENTS ;(2)uw rms | £13.18 | £11.98 | £10.89 | £9.90 | £9.00 | £8.18
ONLY FIVE PINS TO CONNECT

o | £19.26 | £17.51 | £15.92 | £14.47 | £13.96 | £11.96

4)

LW

<, INDUSTRIAL

Sizes—

A division of I.L.P. ELECTRONICS LTD., GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY, KENT, CT2 7EP (0227) 54778 : Telex 965780

tsinlninshtiltlstthretaierathab ey X

HYP 120P and HY 200P
HY 400P

16 X 50 X 23mm
16 X 76 X 23mm

SN \]

A R O O I S S S SSSSSSSSASSSSN

WW—059 FOR FURTHER DETAILS
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PORTABLE

A RANGE OF 3% DIGIT LCD MULTI
METERS OFFERING HIGH PRECISION AND
EXTENDED BATTERY LIFE. ALL. TYPES
FEATURE FIVE FUNCTION OPERATION (AC
AND DC VOLTS, AC AND DC CURRENT,
RESISTANCE) WITH ABILITY TO CHECK
DIODES. 0.5" LCD DISPILAY WITH _
‘BATTERY LOW' WARNING. AUTO-POLARITY,
AUTO-ZERO. FULL PROTECTION AGAINST TRAN-
SIENTS AND OVERLOADS WITH ABILITY TO
WITHSTAND MAINS ON ANY RANGE. RUGGED ABS :
CASES AND ACOMPREHENSIVE 1-YEAR WARRANTY. \ LMM-200
The LMM-200 is a compa(;ft handheld multimeter with LMM-2001
0.5% basic accuracy and 15 different ranges. It measures - : =
AC/DC voltage from 0.1mV to 500V, AC/DC current from LMM-100 |69.95 | 1. 50 10.72 | 82.17
\JESTLEADS | 195|025 | 0.33

0.1uA to 2 Amps and resistance from 0.1 to 2M(). 200
hour battery life.

; The LMM-2001 is an identical instrument but with a
0.1% basic accuracy.

The LMM-100 is suitable for field or bench use. It has a
basic accuracy of 0.1% and 25 different ranges. It
measures AC/DC voltage from 0.1mV to 1KV, AC/DC
current from 0.1.A to 2 Amps and resistance from 0.14} to
20MQ2. Battery life is over 2,000 hours. !t also features a
unique ‘'digital hold’ facility and adjustable carrying handle.

To: Lascar Electronics, Unit 1, Thomasin Road, Basildon, Essex.

Please send me Data I
LMM-100 £82.17 O LMM-200 £41.34 [0 LLMM-2001 £52.84 0 TESTLEADS £2.53 O

Name
Address

-O

Tel. No.

Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon, Essex.

Telephone No: Basildon (0268) 727383, Leielgee chegE/PD). yalue

~ WW — 071 FOR FURTHER DETAILS '
-------------

SmLS | carbon film RESISTORS

PRICES REDUCED. SEND FOR DETAILS NOW

(4

APPROVED

8 I AERO SERVICES LTD.

AEL CRYSTALS LTD ‘ 42-44A-46 Westbourne Grove
GATWICK HOUSE. HORLEY SURREY ENGLAND RHE 95U b London W2 5SF
éﬁg:o;:&o;\eﬁgzgﬁ:wesss3 Teiex 87116 (Aerocon Horley) . Tel. 01-727 5641 Telex 261306

WW-—061 FOR FURTHER DETAILS WW — 032 FOR FURTHER DETAILS

REBUN Ty TUBES

with E DIC R O N 5558080

@ High tolerance on insert procedure For full details contact :

® Monochrome or colour @ High conversion rate on ageing

@ Standard, quick heat, delta orinline ® Long service life E D I G ':2 D N LTD.

@ Wide range of néck sizes and heater ratings @ Neck glass, tube bases, equipment Redan'House, 1 Redan Place, London W2 4SA.
® Predictable in use and performance and accessories also supplied Tel:01-221 4717 Telex : 265531 Edicrn G

WW—063 FOR FURTHER DETAILS
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W/ The firm for Speakers

HI-FI
DRIVE

UNITS

Audax HD12 9D25 £7.65
Audax HD13D34H £12.75
Audax HP11P25EBC £6.65
Audax HP20B25H4 £13.25
Audax HD24545C £20.50
Baker Superb £25.00
Castle Super 8RS/DD £12.65

Chartwell CEA205 8'' bass, matched

pairs only 8 ohm (pair) £61.25
Coles 4001 £7.65
-Coles 3000 £7.65
Celestion HF 1300 IV £8.45
Celestion HF 2000 £10.25
Dalesford D10 tweeter £8.45
Dalesford D30/110 5in €11.25
Dalesford D50/153 6'%2in  £12.25
Dalestord D50/ 200 8in £12.25
Dalesford D70/ 250 10in £22.25
Dalesford ABR 10in £€10.25
Dalesford D100/310 12in £35.75
Decca London horn £57.25
Decca DK30 horn £43.75
Decca CO/1000/8 £10.25
EMI 14A/770 14in x 9in

8 ohm £19.50
EMI 8in x 5ind/c. 10 watt.

4 ohm £4.05
EMI Type 350 4 ohm £9.45
Isophon KK8/8 £8.15
Isophone KK10/8 £8.45
Jordan Watts Module £20.40
Jordan Watis HF kit £9.15
Jordan 50mm unit £€23.00
Jordan CB crossover {(pair) £23.00

Jordan Mono crossover (pair) £23.00

Kef T27 £9.45
Kef B110 £12. 00
Kef 8200 £13.25
Ket B139 £27.00
Kef DN13 £5.40
Kef DN 12 £8.65
Kef DN 22 (pair) £40.85
Lowther PM6 £51.00
Lowther PM 7 £88.45
Peerless KO10DT £10.50
Peerless DT10HFC £10.50
Peerless KO4OMRF £12.25
Radford BD25 Il T.B.A.
Radford MD9 T.B.A.
Radford MD6 T.B.A.
Radford FN8/FN831 T.B.A.
Richard Allan DT20 £8.95
Richard Allan DT30 £9.45
Richard Allan CG8T £11.25

Richard Allan CG12T Super £25.30

Richard Allan LP8B £11.75
Richard Allan HP8B £17.60
Richard Allan HP 128 £28.40
Seas H107 £8.95

Shackman Electrostatic, ¢/w polar

network and crossover (pair) £130
Tannoy DC386 15in £178.90
Tannoy DC296 10in £107.35

SWIFT

OF WILMISLOW
The firm for Hi-Fi

5 Swan Street,
Wilmslow, | Cheshire.

PA GROUP &
DISCOUNITS

o

Baker Group 50/12 £23.45
Baker Group 50/15 £35.15
Celestion Powercell 12/150 £56:50
Celestion Powercell 15/250 £69.25
Celestion G12 /50 Twin cone£15.95
Celestion G12/80 Cambric

edge £20.25
Celestion G12/80 Twin cone £19.75
Celestion G12/125 Cambric

Baker Group 35

edge £€35.10
Celestion G157 100 Cambric

edge £31.95
Celestion.G15/100 Twin

cone £32.25
Celestion G 18/ 200 £53.25
Celestion MH 1000 £15.95
Fane Pop 40 £12.50
Fane Pop 50H £13.80
Fane Pop 75 £19.70
Fane Pop 65 £21.25
Fane Pop 80 £25.50!
Fane Pop 100 £41.80
Fane Guitar 80L £26.10
Fane Guitar 80B £27.15
Fane Disco 80 £27.15
Fane PABO £26.10
Fane Bass 85 £34.00
Fane Crescendo 12€ £57.50
Fane Crescendo 15E £74.50
Fane Crescendo 18E £94.75
Fane J44 £6.90
Fane J104 £13.75
Fane J73 £9.75
Fane HPX1/HPX/2 £3.45
Fane HPX3A £5.60
Fane HPX3B £4.55
Goodmans 8PA £5.05
Goodmans 12P £21.00
Goodmans 12PD £23.95
Goodmans 12PG £23.65
Goodmans 18P £48.45
Goodmans Hifax 50HX £21.85
Motorola Piezo horn 3%in £8.50
Motorola Piezo horn 2inx6in £12.25
Richard Allan HD8T £17.00
Richard Allan HD 10T £18.50
Richard HD12T £24.45
Richard Allan HD 15 £43.40
Richard Allan Atlas 15in £85.15
Richard Allan Atlas 18in £110.75

PRICES CORRECT AT 18.6.79

ALL PRIGES INCLUDE VAT @

WILMSLOW
AUDIO
KITS FOR MAGAZINE DESIGNS etc.

KITS FOR MAGAZINE DESIGNS

Kits include drive units, crossovers,
BAF /1ong fibre wool. etc, for a pair of
speakers. Carriage £3.75

Practical Hi-Fi and Audio PRO9-T!|
{Rogers) Felt panels for PRO9-TL
£6.72 plus £1.60 carriage £138

Hi-Fi Answers Monitor (Rogers) £146

Hi Fi News State of the Art (Atkinson)

£182

Hi Fi News Miniline (Atkinson) £48

{carriage £2.66)

Hi Fi for Pleasure Compact Monitor

{Colloms) €115
(carriage £5.25)

Popular Hi-Fi Mini Monitor (Colloms)

£74

Popular Hi Fi Round Sound
(Stephens) including complete
cabinet kit £71

Popular Hi-Fi {Jordan) £93

plus (carriage £2.66)

Practical Hi-Fi & Audio BSC3 (Rogers)

£65

Practical Hi-Fi & Audio Monitor {Giles)

£155

Practical Hi-Fi & Audio Triangle
{Giles) £99

Practical Hi-Fi & Audio Mini Triangle

{Giles) £108
Wireless World Transmission Line
(Bailey) KEF £122

Wireless World Transmission Line
{Bailey) RADFORD £184
Hi-Fi News Tabor {Jones) with J4 bass
units £60
Hi-Fi News Tabor {Jones) with H4
bass units £66

Smart badges free with all above kits
{to give that professional touch to
your DIY speakers!). Send 50p for
up 1o 6 reprints/construction de-
tails of above designs.

CARRIAGE & INSURANCE
Tweeters & Crossovers 50p each

Speakers 4°°.61, " 80p each
Speakers 10-12""  £1.00 each
Speakers 12/, 13" x 8",

14'" x 9" £1.75 each
Speakers 15" £€2.75 each
Speakers 18"’ £4.00 each

Speaker kits £1.75 each
£3.00 pair
£3.75 pair

Mag. design kits

PRICES PER PAIR—
CARRIAGE £2.66

Dalestord System 1 £54
Dalesford System 2 £57
Dalesford System 3 €104
Dalesford System 4 £110
Dalesford System 5 €142
Dalestord System 6 £95
Eagle SK210 £17.60
Eagle SK215 £32.60
Eagle SK320 £40.80
Eagle SK325 £68.50
Eagle SK335 £93.00
Goodmans DIN 20 4 ohm (special

offer) £27.60
LS3/5A equivalent kit £71
Lowther PM#6 kit £105.30
Lowther PM6 Mk 1kit £110.40
Lowther PM7 kit £176.85
Peerless 1070 £124.70
Peerless 1120 £142.10
Peerless 2050 £51.10
Peerless 2060 £67.40
Radford Studio 90 kit £184
Radford Monitor 180 kit £218
Radford Studio 270 kit £350
Radford Studio 360 kit £440

Ram Kit 50 (makes RAM 100)
£71.50
Richard Allan Tango Twin kit £49.00
Richard Allan Maramba kit £69.00

‘Richard Allan Charisma kit £101.20

Richard Super Triple kit £81.70
Richard Allan RA8 kit £52.65
Richard Allan RAB2 kit £83.30
Richard Allan RAB2L kit £89.90
Seas 223 £40.85
Seas 253 £63.10
Seas 403 £76.60
Seas 603 £122.60
Wharfedale Denton XP2 kit £31.45
Wharfedale Shelton XP2 kit £40.40
Wharfedale Linton XP2 kit  £56.20

Whartedale Glendale XP2 kit £69.00

@ 15%

Send 30p stamp for free 38 page
catalogue ‘Choosing a Speaker’

Telephone Speakers, Mail Order and Export

Hi-Fi: (Swift of Wilmslow) 0625 526213.
g Lightning service on telephoned credit card orders! |

0625529599

N

Everything in stock for the
speaker constructor!

BAF. Long Fibre Wool, Foam,
Crossovers, Felt Panels, Com-
ponents, etc.

Large selection of grille fabrics.
(Send 18p in stamps for grille
fabric samples)

7

WILMSLOW
RUDIO

The firm for Speakers

J

Swan Works, Bank Square,
Wilmslow, Cheshire.
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NEW FROM BARMECO

Introducing a new 3-element H.F. Tribanda with proven performance and reliability
THE WORLD RANGER TRIBANDER

SPECIFICATION:

Frequency 10, 15 & 20 metres
Designed, engineered and manufactured Impedance 52 ohms
in thge U.K. U%e of high quality materials | R.F. Power (max.) 1 kW (AM)
ensures high electrical stability under all 2 kW (PEP)
weather conditions with exceptional VSWR (at rgsonance) Less than 2.0:1
mechanical rigidity and strength. All traps Forward gain Up to 8.0dB
are high grade P.T.F.E. formers with Front-to-back ratio 25dB f
insulated windings. | Mast diameter 31.75mm to 41.30mm

Wind survival 80 mph

Turning radius 14' 10"

Longest element 26' 0"

Boom length 120"

Net weight 21 Ibs.

Price: £145.00 complete with Balun, plus carriage @ £3.50. High quality 50 ohm coaxial cable available @ 50p per metre. Balun available
separately @ £12.50 each. All items subject to current VAT

COMING SOON:A range of HF Monobanders and a 2 metre base station vertical

Orders to:

BARNET METAL & CAR CO. LTD.

Tewin Road, Welwyn Garden City, Herts.
Telephone: Welwyn Garden 24327. Telex: 28125. Cable: BARMECO

WW — 006 FOR FURTHER DETAILS

Mail Order wad correspandence only,

. Trade enquiries welcom
TMEC 19 Rose Lane, Biggleswade, Beds. c.uenssracriy sy awomtuent

ELECTRONIC
INDUSTRIAL THERMOMETER

NEW CASES NEW CONSOLES for
RACK MOUNTING or KEYBOARDS or SLIDER CONTROLS
FREE STANDING

Type DS~ Doubie Siope,

”/QC

T

THERMOME TER

Cover 8 Base® Steel/Blach PVC Emobossed Laminate- 22g10.9mm).

Feont Pangl Alumirium: REF 1T 165(1 Smm): REF 19U 129(2 Smm}.
Bach Panel: Atuminigm; 169t Smm).

(nteraat Chassa Piate
(ntwrnat End Brackers.

o 18gi1 3mm). All Aluminium, 2.0wce, Omk Consoles: Top  t6gdl1.5mm}.
el 20g1.0mm}. Bue Hagi2 Omm).

Front & Rear apertures: Dimn A less 15" (38mm} Sefl colour, untrested.

o 4 L™ derneath into threaded bushi
BicnaDegm b oL s s il et TRITON snd NASCOM 308wl k0
— | — = 847 high, pawer supply, tremlormes,
S T NOMINAL OUTSIDE DIMENSIONS Ventilation siots In base and cear panel
= : - e e mm __1
THE MODERN WAY TO MEASURE TEMPERATURE % N 935 N +_:A ?’i = i 0S6 DSI12 DS15 558 §SI3 sS517 |
A Thermometer designed to operate,as an Electronic Test Meter. Will 19R ' ” 4 47 a0 2| [A 6 13 155 & 2 188
s S — B R = Zl e 8 13 17 8 1 n
measure temperature of Air. Metals, Liquids, Machinery. etc., etc. o 1 g :;: 18 e N wy Blele 3 a w3 W ams
Just plug-in the Prnbe. and read the temperature on the large open . f . HE e ; b “‘) 2 e 20 :5
= .- " . st - - w2 17 50 9 338 444 247 B z L
stale’meter. Supplied with carrying case, Probe and internal 1% It 7o 9% 513 | as 247 w3 |B] [6 5 75 563 5 75 B
volt standard size battery. . | s o e B Sgae Caa N el W s 2 2 =
- Sy - ] = 5 & 1705 1750 9 287 1 =
‘Model “Mini-Z 1" measures trom—40° Cto + 70° C. Price £30.00 L% e Tt El 1A 1 20 e w0 s om
.Model “Mini-Z 2" measures from—5° C to + ‘050 _c Price £30.00 17U XP = 170 Box with 198 Front Panel for rect mouating. S g A])g 2‘38‘2) :g; ?(;: ?gg :gg
(Model “’Mini-Z Hi” measures from + 100° C to 500° C £33.00 ZElp 25 2 4 un B 6
rom + 10U ¢ | Sl7le s 02 24 82 153 22
()
o OO . IVAT ‘5/. EXTHA] g G 127 190 143 127 190 26
Write for further details to ) | . Fliw 38 51w

S513 5517 [19R2 19A3 1SR4 1GAS[7U2 17UJ 1704 17U [170XP7 170X
580 135014 74 1654 1678 1744|1404 1480 1544 15 O0| 1444 15

138 GRAY'S INN ROAD, LONDON, WCTX
(P‘hor-‘? Q ] ;8"3'*7— 7 9'3’7‘) - ) CARRIAGE Y K §NCLUDED. TERMS C.WO. S.AE. for Detavs, EVUROPEAN AGENTS REQUIRED.

WW — 027 FOR FURTHER DETAILS WW — 047 FOR FURTHER DETAILS

HARRIS ELECTRONICS (.LON_D_.ON):R_
8AX

777 955 )
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CASED INVERTERS INVERTERS ARE OUR BUSINESS

Squarewave output or filtered DC input: 12v AUTO/MAINS INVERTER UNITS

“or 24y ;Zl%es. Fr]el?gency: 50If-|fz tg%. AC ; These units maintain a source of AC mains
output v or v types off load. Panel power throughout any interruptions in the
voltagg meter indicator. Reverse polarity, Dc To Dc GONVERTERS domestic supply. Assembled in smart instru-
protection. DC and AC circuitry fused. Mains _ ment cases the units incorporate a built-in
output via 13A type slot. 2 year guarantee. Simple but effective low cost range of inverter, battery charger and full automatic

, converters. switching -circuits. Mains input required

SD/1-8::X6::X6:' 150 watts . £42.00 220/240v AC. Mains output direct 220/

SD/2-8"X6'" X6" 200 watts £54.00 Assembled on small aluminium sheets 240v AC. Inverter output 220/240v AC.

SD/3-10""x6'' x6' 300 watts £67.00 with no frilly extras. O/F. Frequency 50Hz * 4%. 2 year guaran-

SD/4-10'"X6' X6’ 400 watts £78.00 tee.

- " (X 1 . . .

gg;g_:guiguig“ 288 x:g: ::?ggg Combined driver/ output transformer. Inverter smoothed square wave out. Panel

oL RSl . voltage meter indicator. AC output via 13A

SD/7-12""x8' x6' 800 watts £135.00 Eflnrotestodl tolactlas foati " type socket. DC & AC circuits fused

SD/8-12'"x8'' X6’ 1000 watts £160.00 an‘; poﬁ’amy g et Ps'y i : ‘

d ’ ' : AM/1-10"'X 5" x 4"
Filtored output 18% extra AM/2.10"X 574" 150 watts  £65.00
- AM/3-10"x5'' x4, 200 watts  £78.00

S$/1-4vDCin/9v 500 ma . £14.00 = ]
SINEWAVE INVEHTERS S/2.4vDCin/12v 500 ma £14.00 AM/4-12:’X6’:X5;:, 300 watts £100.00
S/3.4vDCin/ 15v 500 ma £14.00 ﬁM/5-1§”x61x51, 400 watts £115.00
A new range of units designed to power $/4-4vDC _i"“&’ 500ma . £14.00 Am;g:‘}T'ig”:g"' 288 x:::: 2:2388
equipment requiring a smooth waveform. S§/5-4vDCin/24v 500 ma . '€14.00 AM/8-12"X 6" X 6"' 800 watts €1 70'00

Assembled in tough instrument cases with S/6-6vDCin/9v 500 ma . £14.00 "
FTee Py ¢ S/7-6vDCin/12v500ma . £14.00 | AM/9-147X8"x8", 1,000 watts

Assembled in attractive instrument cases with
carrying handles.

DC input: 12v or 24v types (£ 2v). S/8-6vDCin/18v500ma . £14.00
AC output: 240v or 110v types on load. $/9-6vDCin/24v500ma . £14.00 tate input ired. 12v DC or 24v D
Frequency 50Hz + 3% typical. S/10-6v DCin/30v 500 ma  €14.00 [ St¢inputrequired. 12v OCor 24v DC.

Panel meter indicates voltage output. §/11-6v DCin/40v 500 ma £14.00
Reverse polarity input prot(?ction.p $/12-6v DCin/50v 300 ma £14.00 INVERTER PANELS

Separate driver oscillator circuit. $/13-9v DCin/12v 500 ma £14.00
Fully fused DC and AC circuits. S/14-9v DCin/18v 500 ma £14.00 Arange of simple aluminium sheet assembled
2 year guarantee. S/15-9v DCin/24v 500 ma £14.00 units without any frilly extras, inputs and
DD/1-100 watts 8'' X6’ X 6'’ £100.00 S$/16-9v DC in/30v 500 ma £14.00 outputs by polarity coloured leads.
DD/2-150 watts 8"/ X 6'' X 6'’ £140.00 S$/17-9v DCin/40v 500 ma £14.00 20w to 100w models use a combined
DD/ 3-200 watts 8'' X6’/ X6’ £180.00 S/18-12vyDCin/24v 500 ma £14.00 driver/ output transformer.

X " " -
0D/4-300 watts 8''X 6"/ X 6 £250.00 | S/19-12vDCin/30v500ma  £14.00 § o, . ¢ cin/240vAC 20w . £15.00

. / / S/20-12v DCin/40v 500 14.00
DD/5-400 watts 8'' X 6" X 6’ £300.00 S$/21-1 2: Dg ::/503 300‘m: :14_00 ‘PA/2-6vDCin/240v AC 40w . £18.00

$/22-12vDCin/50v 750 ma  £16.00 | PA/3-12vDCin/240vAC 20w £15.00
SPEGIA‘. GONVERTERS $/23.12vDCin/60v 300 ma £14.00 PA/4-12v DC !n/240v AC 50w £18.00
$/24-12vDC in/60v 750 ma £16.00 PA/5-12v DCin/240v AC 100w £22.00
, $/25-12v DCin/70v 300 ma £14.00 PA/6-12v DCin/240v AC 150w £30.00
!n response to customers’ requests we have $/26-12vDCin/70v 750 ma  £16.00 PA/7-24v DCin/240v AC 20w £16.00
mcludgd this range. . S/27-12vDCin/80v 300 ma €14.00 PA/8-24v DCin/240v AC 50w £19.00
All unrtzl§re4a§s><er2vr1pled in tough ABS cases S/28.12vDCin/80v 750 ma £16.00 J| PA7/9-24vDCin/240vAC 100w  £24.00
approx 4''x 4" x 2" : " . o Q1
TT/1-12v DC in/24v OC 40w out  €19.00 | 3/29-12v0Cin/a0u 390 ma 21400 | Allunits are approx 4/ 3"
TT1/2-12v DCin/48v DC 40w out £19.00 . Square waveform.
TT/3-24v DCin/48vDC 40wout £19.00 50Hz or 60Hz type * 6%.
TT/4-24vDCin/12v DC 40w out £19.00 AC output voltages are off load.
TT/5-6vDCin/12v DC 20w out £17.00

Terma of Busines: ELONHURST LIMITED

Carriage U.K. inclusive in prices. Overseas 2

e ot et ot et o | 104A BRACKENBURY ROAD, LONDON, W.6
priority giveﬁ to cash customers. Cased, etc, Telex: 8954665. G lTs G ELECT.

sizes subject to alteration. Delivety: some

goods ex-stock, others up to 28 days average. TE L: o 1 -748 5 7 78

Quantity discounts with pleasure.

[ —— ] -
CASE SYSTEMS L
CASE SYSTEMS ""CLASSIC' RANGE OF CASES t/“
All cases designed and manufactured by Case Systems

. i a
Although the cases are designed as a low-cost case. they are well finished and truly look expensive. This effect is enhanced by the proportion
of anodised aluminium, to shiny black leather textured top and bottom plates. Such features as these panels slotting into the front and rear
ey -
_ e

extrusions and into milled grooves in the side plates, keeping them completely flat, increases the impression of a costly case.

Case
Type] A B C Price
8.50'" 5 2.50"" £8.00
12" L 2,50 £9.50
17 5 2.50" £11.75

B.50'" | 9 3.50"' £10.50

CIOTMMOO® P

12" 9 | 3.50"" [ g11.75 | |Case _ HEAT SINK BOX
170 g9'* | 3.50"" £12.50 Type] A B [ D Price This is an all alloy extrusion ribbed for heat
8.50'" 9 5.25"" £13.50 10113.50°]9.25'| 11 25 ]9'" [£13.45 2")23.56'/1::|'-\odnsed natural satin. Front size
; 129 9| 5.25'" | £14.20 102]3.50'" {12 11.25'"|9''|€£14.85
|

S daicy 17 g | 525 | g14.00 | | 103]a 507 1777 |11 257 [e|er5 50 L;"gggh C:";;

All Case System cases are available with Discounts 5 ott—10%, 10—12%, 256—15%, 50—20%. 100—25%. Prices include p. & p. U.K. 5.95 {3195

Terms ¢.w.0. S.AE. for details: 20 HUNT LANE, CHADDERTON, LANCASHIRE, ENGLAND TEL: 061-652 1580 7.95 £4.95
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MARTIN ASSOCIATES (ELECTRONICS) LTD. %

\

L[ET US PUT A SMILE

ON YOUR AVO

AT A FIXED PRICE

PRICES INCLUDE CLEANING, CALIBRATION, TOTAL LABOUR CHARGES FOR REPAIR WORK.
THE PRICE DOES NOT INCLUDE THE REPLACEMENT OF COMPONENTS, MOVEMENTS OR CASES.

MARTIN ASSOCIATES (ELECTRONICS) LTD., 34, CROWN STREET, READING.BERKS.
TELEPHONE: READING (0734) 595853/51074

J ES AUDIO INSTRUMENTATION
Hlustrated the Si 451

WW-—056 FOR FURTHER DETAILS

Millivoltmeter — pk-pk WP - A REALLY RELIABLE IN
or RMbSI callbratlor: wfith ‘ READY GIRCUIT mﬁuﬁgggg TESTER
variable contro or

1 P Testars kave b ly fonied by L1
relative measurements. wam ter s R ST ey
50 calibrated ranges. TRIAC ~ LAMPS OFF mansisters. Designed for faxi IN-CIACUIT lustisg the aew
£78 00 DATONG DATEST 2 losis Iransisiors. FETs SCAs and Triacs

U, orF aven when shumind by resisiors ss lew a3 20 chms!

.ou Aslomatic Pl/l‘:‘:ﬁ:ﬂu lnl:!_’::‘ ﬁ':thLE:.“lﬂlly.
oA d 3 and unique test pi sliow a vary high rais ol tosting sven
Si452 | . .... £63.00 Si453 .....£78.00 . 1ow idhiod wsers. Very competilve price iscivdes preb
Distortion Measuring Unit Low distortion Oscillator, comneTs o, ) s nATg.s.TL g‘: G‘é‘;‘ﬁg E.mi'k_ 27—

| i o8 S 1R on request, LI 15 T.
156 Hz — 20 KHz — .01% Sine—Square—RIAA » et B L R
PRICES plus VAT = DATONG ELECTRONICS LIMITED
Spence Mills, Mill Lane, Bramley
J. E. SUGDEN & GO. LTD. Tel. Cleckheaton (0274) 872501 Loade LS1IIHE - e
CARR STREET, CLECKHEATON, W. YORKS BD19 5LA : o —

WW — 022 FOR FURTHER DETAILS

Monogram 1980 E . PRODUCT
700 wasra-r 3OO #

y -
INTRODUCTION OFFER ONLY = Normal List £550

Amplifier Modules
POWER AMPLIFIERS 250watts -- £105 350watts --- £ 125

Send Cheques/Money Orders to- A4 SAE/ $1 Bill for Literature

WANTED - Dealers/Distributers WORLDWIDE
MONOGRAM PROFESSIONAL AUDIO, 28I Balmoral Drive, Hayes. Middx. ENGLAND TEL O1-573- 1566 10O AM - 8:30PM

WW FURTHER DETAILS
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TOKO MAKE THE
WORLD’
RANGES OF COILS.

It seems a long time since TOKO first revolutionized the coil manufacturing business with their unique

ranges of miniature RF and IF coils. Many imitators have come - and gone - in the meantime, but

none have managed to equal TOKO's consistent quality, and skill in innovative coil design.

However, perhaps TOKO’s supremacy in designing and supplying these types of wound component

has tended to overshadow the other product areas of TOKO’s manufacturing capability.

So the rest of this advertisement is devoted to semiconductors, ceramic and mechanical filters, and

4 their new low cost ceramic resonator to replace the costly quartz crystal in many MPU and ultrasonic
systems. And don’t forget - not only do we offer you some exciting and innovative products in print -
the supply is garefully maintained at all times through the only stockist/distributor of signal frequency

Y lT‘
- i

Ru

L

(v

processing coils in the UK.

BEST

29

-
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SEMICONDUCTORS

Wide capacity range tuning diodes: KV1210 and KV1220

series

A unique range of matched dual and triple diodes, possessing
tuning capacity ranges in excess of 15:1 (1 - 9 v, or 1-25v series.)

The diades are supplied in either a single package, or in a
apart package, where each anodeand cathode is separately
available, and circuit layout flexibility is unrestricted.

The two basic series are for either 9v or 25v maximum bias,
with a maximum matching deviation of only 2% over the entire

snap-

bias range. SIL package Snap-apart package(s)
Electrical characteristics Each diode - 9v series {25 volt series} Ordering_information:
item Symbol min yp max units conditions Stucture 9v  25v
Reverse voltage | Vggr 20 (30) V dc ig = 10uA 3SIL 1210 1220
Leakage IR 100 | nA VR 15v (25v) 2SIl 1211 1221
Capacitance Cyy 440 500 560 pF Vg =1v,f=1MHz 3¢a 1215 1225

‘ _ (510) 620) | pF 2s/fa 1216 1226
Capacity ratio | Cpy.gy 15 17 f= IMHz

Civ-25v 20 @2 SIL : Single In Ilne
Q (both series) 200 Vg 1v, f= 1MHz s/a : Snap apart
Temp. Coeff. |TCq 500 pPm/OC | Vg S, f= 1MHz Rretix ity EE RN
(130) Vg 13v, f= 1MHz

The TOKO range of ICs is based largely on custom
applications in radio/audio, calculator, printer
and allied applications. Custom designs in all major
technologies are available, and the standard list
includes :

AM/FM complete radio and IF amplifier devices
KB4402 (CA3089E), KB4420 (HA1137), KB4400
(MC1310), KB4419(AM/FM portable radio IC),
KB4420 (HiFi AM tuner IC), KB4436 (FM noise
blanker IC), KB4423 (Noise blanker IC), KB4437
(Pilot cancel stereo decoder IC), KB4438 (Muting
HiFi audio preamp - two channel)

Clock LSI : The MK50366/50372 direct drive
multifunction clock/timer ICs for LED or
Fluorescent displays.

Driver arrays for gas discharge/fluorescent displays,
gas ignition drivers etc.

Coil block filters:

FILTERS

TOKO's new CFSH series of FM IF filters

have been designed for excellent thermal
and fong term stability in applications
such as communications and car radio.
Three basic bandwidths are available to
suit various standards. Spurious responses

CFSH
v

in the B-12MHz region are typically below

50dB down.
1off : 60p 100 off: 36p each

TOKOQ's CFM2 series of AM mechanical
CFM2-455

response, and excellent stability when
compared to cheap ceramic filter altern-
atives.
matching transformers, a shape factor of
better than 3:1 is possible. Stock types
are centered on 455kHz versions.

1off : 65p 1000ff: 45p

filters are available in the range 200-600kHz.
The mechanical design ensures low spurious

With the appropriate input/output

TOKO expertise in coil design is
refected in the wide range of very
high specification, low cost filter
blocks for radio and audio.

range held by AMBIT.

--

Y § 1%

R

Examples from stock types:

6 pole FM linear phase filter

Several standard ranges have evolved for
use in 19/38kHz stereo pilot tone notching,
and other custom requirements may be
readily met from the standard range of
tuneable inductances in the 1-50mH

19/38kHz mono filter 1 off £1.00
100 off £0.65

1 off £2.45
100 off £1.36

- TOKO's range of fixed inductors is
EORB’

based on three main styles

(as llustrated). Between them, a

range covering 1uH to 120mH in
E24 series is available, with other
values available to special order.

(Subject to min order quantity.)

The rigid pins are suitable for

all types of automatic insertion,

and are spaced on 5mm centres.

THA " Prices are unbeatable compared
. 1o other types of choke:
| Type | 1-49[5099] 100-439
7BA 16p | 9.5p 7.2p
8RB 19p | 16p 12p
N 10RB | 33p | 27p 21p
7BA covers TuH to TmH
SRB 8RB covers 100uH to 36mH

10RB covers TmH to 120mH
{Tuneable signat chokes are
also available in this range)

DIGITAL FREQUE

In keeping with TOKO's palicy of being prepared for all
the latest advances in radio technology - Ambit have been
carrying out extensive work on evaluating the new digital
frequency synthesiser systems from the major manufact-
urers. Harware for evaluation is available now.

Mullard’s uniquely versatile LN123/4 system for prof-
essional communications of all types, the low cost ‘RTS’
serial data controlled system for up to around 200MHz

in consumer and amateur radio applications.

National Semiconductor's DS8906 AM/FM synthesiser
using a singte IC for p ler/serial progr bt

phase detector.

Hitachi’s dedicated AM/FM/SW car radio MPU controlled
system.

OK | electric’s solution with on board RAM station recall.
Fairchild’s versatile FEX2500 system for radio/TV.
Plessey’s various offerings for professional, commercial and
industrial applications.

Plus any others that are made available to us for general
release in the meantime.

NCY TUNING SVYSTEMS

And as well as the synthesiser hardware, there are various
radio systems to use as building blocks. And as you might
have come to expect from Ambit, the radios are just as
technology concious as the rest of the system. Not simply
an afterthought in the shape of MPU specialists idea of a
wireless to hang on the end of ‘his baby’.

The synthesiser driven units include both bandswitched
versions of fully DC operated LW/MW/FM receivers, FM
only, AM only - and a new continuously tuned 5kHz to
30MHz system with switched bandwidth IFs and most of

/ the features you would expect to find on systems costing

ten or twenty times more.

Plus, of course, VHF tuners ranging from 30MHz to
220MHz in our standard PIN agc 4 and 6 circuit variants.
In other words, a total package approach to radio in the
eighties - from one source.

As well as the synthesiser systems, Digital Frequency Readouts

are already available with either Fluorescent, LED or LCD.
All the standard |F offsets for AM/FM, plus the new DFM4
wlith the addition of 10.7MHz and 2MHz offsets in the SW

range. 100Hz AM resolution, 4mA consumption at 5v, 10kHz
VHF resolution.

In other words, something that covers nearly all applications
and requirements up to 200MHz {or 399.99MHz with the
appropriate prescaler),

Next time you are thinking about any form of radio system,
either consumer, communications or any associated aspect
remember that TOKO coils are available ex-stock from Ambit,
or to custom specifications. A full range of chokes from

one microhenry to 120 millihenries, with tuneable versions
with as much as 40% tuning range.

To complement this range, Ambit also offer various crystal
and ceramic filters to communications standards, a wide
range of semiconductors, including JFET, MOSFET signal
amplifiers. (40673/3SK51 - 100+ 33p). 100W power MOS
devices, varicaps of all sorts, plus most other semiconductor
requirements for your system. (Plessey 1600 series now in
stack.}

TOKO UK Ltd., Ward Royal Parade, Alma Road, Windsor, Berkshire TLX.848095 TOKO G

Exclusively stocked and distributed in the UK by
AMBIT INTERNATIONAL, 2 Gresham Road, Brentwood, Essex. tel (0277) 227050/216029

WW — 076 FOR FURTHER DETAILS
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€6 where can! get a Universal Bridge
that's good enough for the labs,simple
to use and tough enough for e shop
floor and doesn't cost a fortune?¢¢

"Here= AVO's Universal Bridge B150 Mk. 3 gives you
measurement of resistance, capacitance, inductance
accurate to 1%, can be used anywhere, it's battery powered.
And anyone can use it, connections are simple and readings
easy to take—-with no calculations thanks to the mechanical
in-line digital display and interlocking units selector.

The B150Mk. 3~for use in production, quality contraol,

development labs—even at goods inwards. Tough metal __| i

cabinet, and the AVO guarantee of reliability, serviceability ' u I

and accuracy, all at a price that's a pleasant surprise. From ¥ i -

good distributors everywhere. r
Ring us for the name of your nearest stockist or for ':

fuller details of AVO's Universal Bridge B150 Mk. 3. oy

Avo Limited, Archcliffe Road,
Dover, Kent.CT17 9EN.
Tel:0304 202620 Telex: 96283.

7w Thorn Measurement & Components Division WW — 058 FOR FURTHER DETAILS

METER PROBLEMS?

A DAY
orr

R & D Effort,
Production Holdups,
Machine down time

etc. by securing
your copy of the

VEROSPEED

fully priced
catalogue of stocked

137 Standard Ranges in a variety of e components from
sizes and stylings available for 10-14 Pl

S e ]
days delivery. Other Ranges and - = r:
special scales can be made to order

Full Information from: Barton Park Industrlal Estate,
HARRIS EI.E\CTRONICS (I.ondon) Eastleigh, Hampshire SO5 5RR
138 GRAYS INN ROAD, W.C.1 Phone 01/837/7937 Tel: (0703) 618525

WW—049 FOR FURTHER DETAILS WW — 023 FOR FURTHER DETAILS
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TUNER/AUX RESPONSE MAaSTER runeER @ aux

000060460

At B s -a ® ( \ a

3 r 3 k v >
z u @ ] 5 ® . (] ‘ e o
T k] 1 L 3

L. =« G 0 ‘. w0 " v

MILLBANK @

ML SERIES TWO

Your attention please!

MIL series amplifiers are designed and tuners and preannouncement chimes are
priced for installations in a wide range of available options.

applications including churches, schools, One model incorporates automatic
restaurants, factories, shops and offices. switching to a battery supply in the event of a

Each amplifier is available with input power failure.
facilities for microphones and music sources; Such a versatile system can confidently
six programme push button AM tuners or FM satisfy your exact requirements.

Please tick as required.
For further information on this product D Complete range of sound equipment D

Name __ s ol

Position . - -

Attach this coupon to your letter heading and send to:

MILLBANK ELECTRONICS GROUP LIMITED, MARKETING SERVICES UNIT,
MILLBANIK p.0.BOX 33, UCKFIELD, SUSSEX. ENGLAND.

WW — 035 FOR FURTHER DETAILS
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Accurate pin point temperature control BN
between 65° and 400°C. Heating element N\
and sensor built in tip of the iron for fast AN
response. Interchangeable slide-on bits from
4.7mm (3/16") down to 0.5mm. Zero voltage switching, no
spikes. No magnetic field. no leakage. Supplied with
miniature CTC (35-40watt)iron or XTC (50watt). TCSU1 soldering
station with XTC or CTC iron £36 (6.44). Nett to industry.

Range of 5 other bits

~ = — available from %" down to

Model CTC - 24 volts Priced at £9.758 (1.87) 3/64".
Also available for 24volts.

_%ﬂ——— ) - »—

KSpare element Model CX230E

A general purpose iron
also with a ceramic and
steel shaft to give you
toughness combined with
near-perfect insulation.
Fitted with 1/8" bit and
priced at £4.20(.98)
Range of 4 other bits
available.

Also available in 24volts.

> A miniature iron with the
element enclosed first

in a ceramic shaft, then in
stainless steel. Virtually
leak-free. Only 7%" long.
Fitted with a 3/32" bit.
£4.20(.98)

Model SK1 Model MLX 12voits ST3 Stand.

Howely  rosmmeme |

?s;'xx:;,:x

Contains both
the model CX230
soldering iron
and the stand
ST3. Priced at
£5.70(1.49)

It makes an
excellent present
for the radio

With the model
X25/240 general
purpose iron and
the ST3 stand.
this kit is a must
for every toolkit
in the home.
Priced at
£5.70(1.49)

This kit contains a
15 watt miniature
soldering iron,
complete with 2

The soldering iron in this kit
can be operated from any
ordinary car battery. It is
fitted with 15 feet flexible

A strong chromium
plated., steel spring
screwed into a plastic
base of high grade

amateur or spare bits, a coil of cable and battery clips. insulating material
> solder. a heat sink Packed in a strong plastic provides a safe and
hobbyist. and a booklet, ‘How envelope it can be leftin a handy receptacle for
to Solder’. Priced at car, a boat or a caravan ready all ANTEX models
£5.95(1.53) for soldering in the field. soldering irons.
j Price £4.55 (1.14) Priced at £1.50 (.57)
#* VAT + P&P as shown in brackets (] = - =
{/ Please send me the Antex colour brochure [J | enclose cheque/P.0./Giro No.258 1000 [ \'
Stocked by many wholesalers | Name , L ' ; [
and retaiters or direct from us | L
if you are desperate. | Address ] = '
\ | 3 1 2!
N AMER LA Fresmst Pymouh PLY 18R Tel. 075267377~ o /

WW — 068 FOR FURTHER DETAILS
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world

Status symbols

There has lately been a great deal of
talk, reaching a focus in The Times
correspondence columns, on the titles
that workers in our industry should
grace themselves with. Considerable
thought has clearly been expended on
the suggestions correspondents have
made; the intention is evidently to
differentiate between ‘engineers’, who
sit at desks, lost in thought, and
‘craftsmen/technicians’ who dwell in
workshops, doing the bidding of
engineers. Blame is heaped on the daily
press for referring to ignoble creatures
who man picket lines as engineers, as
in “Engineers demand 30%”, when the
feeling is that they should be called
‘engineering workers’ or in some way
dissociated from those who use their
mental, instead of their manual skills.
The man who repairs television sets for
a living ought, it is said, to be called a
technician, not an engineer.

Notions of social status, abstract
except insofar as salaries are
concerned, are at the root of the
debate. A tenet of the status-seeker is
that the more imposing his work-title,
the higher the esteem in which he is

held by the community: refuse-disposal:

operatives find it more acceptable to
consult a turf accountant than to lay a
bet with a bookie. The improbability of
such a ploy ought, by now, to be
apparent to any observer of mores.

If engineers (for lack of a better
word) in electronics are not accorded

by society the intangible quality of

status they seek, it is more likely to be
due to the value society attaches to
their work than to the names they are
given.

The results of the work are seen to
be in entertainment, which is taken for
granted, and in industrial and military

systems, which are not understood: put
another way, the benefits are thought
to be either trivial or necessary, but
remote. An engineer’s store of
experience and knowledge is irrelevarit
because, unlike a doctor or accountant,
he does not, visibly at least, affect their
lives in any serious way.

Distinction between technician and
engineer always used to be indicated
by the label ‘design engineer’ for the
originator, and if the others wanted to
call themselves engineers, no-one
worried: the differential was preserved.

Low standing of engineers is not of
great concern to the community.
Where it is of consequence is inside a
company or organization, where
management is too often the preserve
of accountants or sales people, or even
individuals who have no training in
either engineering or administration.
Engineers’ salaries do not compare well
with those of managers who are often
their educational inferiors, simply
because engineers are not allowed into
positions in which they can influence
the direction of a company. If the
control of engineers continues to be
left to those who are untrained in
engineering, then the dismal
performance of this country in
manufacturing will not improve. This is
the vital reason for demanding a
greater status, not a
self-congratulatory assumption of
grand titles.

If the recommendations contained in
the Finniston Report are adopted, the
engineering profession will not be short
of status, and it will be hard-won. The
prospect of losing one’s registration
through complacency should lead to a
level of competence not seen in any
other profession.
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Microwave intruder detector — 1

Design with good interference rejection and noise monitoring

by K. Holford, C.Eng., Philips Research Laboratories

This design provides a simple but
effective circuit which uses a cycle
counting scheme to prevent the alarm
being triggered by short movements
or pulses. The circuit has excellent
interference rejecting properties. A
noise monitoring circuit is described
in part 2 so that the alarm can be set
up easily and reliably in terms of a
low false-alarm probability.

A simple novel design of stabilizer
allows the nominal 12V supply to
have one volt or more of ripple before
the basic noise level is disturbed.

This design is suitable for the Mullard
CL8960 microwave module, a complete
‘microwave front-end containing both
the microwave generator (Gunn diode)
and a mixer diode to produce the audio
Doppler beat signal in response to radial
movement. It requires a power supply of
about 7.0 volts d.c. at about 150mA. The
module has Home Office approval and
has featured in a previous Wireless
World design! in 1977. That paper and
reference 2 provide useful background
to movement detection by microwaves.

The present design is the result of
considerable experience over the years
in small radar design and has laid
emphasis on false-alarm immunity,
reliability and simplicity, and the use of
a single nominal 12 volt supply for the
complete microwave intruder detector
(MID). The lowest usable supply vol-
tage is important to preserve standby
battery life. The circuit shows 11 volts
although this can be reduced to ten by
careful choice of component source and
circuit settings, and to 9.5V by selection.

The great advantage of the MID,
apart from its apparent ease of installa-
tion, is its constant vigilance. It can be
set to sound an alarm for five minutes
and then turn off if there is no further
movement. This contrasts with a door-
and-window switch system which, in
simple installations, is likely to be out of
action if disturbed. It may be silenced to
await the owner’s return.

However, both the design of the MID
and its installation must be carried out
with knowledge of the likely causes of
false alarm. This can be simplified, and
reliability improved to the point which
makes it a very popular device, by pro-
viding an interference monitoring
circuit that indicates when the alarm
has an unreliable setting. Super sen-

sitive MIDs are more likely to false
alarm than less sensitive ones. Even
those MIDs having good circuit design
should be adjusted for a sensitivity
which is no more than that necessary to
ensure intruder detection. It is the set-

‘ting of this sensitivity and the
‘monitoring of the safety factor once it is
‘set that is the key to a reliable installa-

tion. Some manufacturers “burn in”
their alarms for long periods to ensure
they are reliable, but this is lost if there
is serious unsuspected movement in the
vicinity of the MID installation. Part 2
describes a false alarm circuit for
monitoring this kind of event.

False alarms attributable to the MID
itself, particularly when set for a high
sensitivity, can be due to amplified
thermal noise, such as 1/f semiconduc-
tor noise, to vibration, or simply an
interference on the power supply leads
which gets into the signal circuits. The
MID should contain protection against

both power supply pulses and signals

caused by external short transient
movements.

Setting-up procedure for this intruder alarm
circuit (given in part 2) can be simplified using
an additional indication circuit that also
monitors noise level and indicates when safety
margin is reduced.

False alarm due to causes external to
the MID can include those due to
nearby equipment with an internal
cooling fan and an aperture through
which the radiation can pass and then
return with a Doppler (movement) shift.
In fact just an amplitude modulation of
the reflection is sufficient.? The gas in
fluorescent lamps, when switched on,
ionizes to become a fluctuating reflec-
tor which can easily cause an alarm.
Other causes include pedestrian move-
ment outside windows close to the
alarm. Microwave radiation can pass
through glass, albeit with a consider-
able attenuation, as well as through dry
plasterboard. Do you keep pigeons in
your loft as well as a pig in the bath?

Most industrial MIDs use a light-

‘emitting diode to show when it is de-

tecting movement during setting up.
None, to my knowledge, provide one

to show that the noise, including that

due to spurious movement, is too high
for reliability at the chosen sensitivity
setting in the particular environment in
which the MID must work. This is cov-
ered in part 2.

The starting point for an alarm design
must be the power supply, its noise and
outside ripple rejection properties. It
helps to know that the most critical

1 1 1

CENTIMETRES
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aspect of this is going to be the provi-
sion of the supply to the Gunn diode.
Any ripple on this and the microwave
power will be modulated and in turn will
result in this ripple appearing at the
mixer output. This is caused by the
microwave power used for the mixing
which affects the direct voltage across
the mixer. If this is not satisfactory the
rest of the design is suspect. The mixer
output signals are in any case caused by
an amplitude modulation of the mixer
power when the return signal, shifted
by the Doppler difference, is added to
the local signal used for mixing.2 This
return signal is many orders of mag-
nitude less than that used for mixing
and hence the modulation of microwave
power due to the power supply has to be
extremely small. Ultimately, the radar
sensitivity is limited by the mixer noise
and the design should therefore aim not
to artificially increase this.

In the past Gunn power supplies have
not received the attention in the litera-
ture that they deserve; neither have
manufacturers of microwave modules
volunteered information on the sen-
sitivity to ripple. A need exists for this to
be included in the data. The ripple out-
put from the mixer will depend first on
the ripple on the Gunn supply and also
on the amount of microwave power
being used for mixing and the operating
condition of the mixer. For instance, if a
low level mixer is being used, such as in
the Mullard CL8960, there will be supp-
lementary direct current bias used to
enhance sensitivity. But a mixer using
about 0.5mW or more of power will
often just have a 1k resistor across the
mixer to cause a current flow. Figure 1
shows these two types together with the
resistors.

Ripple factor is defined here as the
ratio of ripple voltage from the mixer to
that across the Gunn diode. The micro-
wave power used for mixing in the
CL8960 is only about 0.02mW but will
increase with a small reflector in front
of the module so that ripple factor may
be measured for other mixing powers.
Such powers can occur if the module
front is covered and sometimes inten-
tionally by means of a 3mm screw or so
placed in the front shroud, see Fig. 10
(part 2), and used to optimize signal-to-
noise ratio with a particular amplifier or
circuit design.*

The actual microwave power in use is
evident by the change in direct voltage
when the microwave signal is turned
on. Thus setting up instructions can
specify the type of bias circuit used and
the direct voltage that should be ex-
pected. (Special anti-static precautions
are needed during measurement to
avoid mixer damage, given later.)

*The intended optimum mixer power will
occur naturally if the module is boited to a
160x430mm aperture in a 1/16in thick metal
plate, such as the side of a box, and the other
side of the aperture is fitted with the shroud
shown in Fig. 10 which comes with it.
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Table 1. Ripple transfer factor measured for microwave modules

Mixer CL8960 CL8960 CL18960 CL8960 In-line module
Ripple factor 0 0.016 0.025 0.06 0.08
Direct voltage (V) 0.300° 0.26 0.00 —0.4 —0.2
* Zero microwave power
Signal out Signal out
1k
Gunn_ 0
s
0
/e 1
Iris Mixer

Fig. 1. Microwave part of the design is contained in Mullard CLB960 module (left). Direct
current bias is not needed for in-line module, available shortly.

Gunn diode power supplies

Integrated circuit regulators in general
have not reached the performance req-
uired for Gunn supplies.At least, they are
not generally being released against a
suitable specification. Typical is the 7808
from the 7800 series. This has an 8V
output and is suitable for use with a 7.5
volt diode". The guaranteed minimum
ripple rejection is 56dB and the data
shows a supply of 14 volts. This rejection
is not even enough for a typical CLB960.
When tested with a 150mA output a
66d8 rejection at 14V became 63dB at
12 volts. Noise output of 13pV r.m.s. was
acceptable but several times higher than a
circuit made from discrete components.

Common practice in providing Gunn
supplies is to use a zener diode to set the
voltage and follow this with an emitter-
follower to provide the power. In the
circuit of Fig. 2 the current bias for the
zener diode is derived from the supply but
decoupled as much as is practical bearing
in mind possible problems due to elec-
trolytic leakage current. The 47pF capaci-
tor across the zener diode reduces noise
but only contributes to the decoupling
above about 100Hz.

° This design is based on the use of 7.5 volts, as
this improves low temperature reliability. Press-
ure for the lowest possible working voltage has
caused a 7.0V release specification. Also more
recent work has improved the Gunn diode. If
7.0 volt working is essential it can be used.

The 1000uxF capacitor has a typical
impedance at 100Hz of 2 ohms (no maxi-
mum quoted) at 0°C and the zener diode
20 ohms, so that the ripple rejection to the
voltage across the zener is 2200/2 X
1000720 X 20 = 5500 or 94dB
(ignoring impedance change). Note that
the splitting of the chain increased decou-
pling by about 30dB. This 94d8 is much
more than can be achieved with an output
transistor when this is delivering 150mA
as can be seen from Table 2.

O+12v
(10.5 - 16V)

47" BC549 7.5V
(= 150mA)

]:‘ 8vz

-0 oV

Fig. 2.

Table 2. Ripple rejection with circuit of Fig. 2.

Transistor type BD139

BD139.
BD1356

BDX7.7 BFY52 BFX85

Rejection (dB) 97 55
Output noise (uV, rms) 1

Load current (mA) 0 150
No. of samples 3 3

61 52 52
2 2 2
150 150 150
3 3 3

The ripple rejection was found to degrade by 2dB when the supply voltage was reduced to

2.5 volts above the zener voltage.
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Improved circuit

The output transistor is the limiting
factor and if, as seems likely, better types
will not be made available, some form of
feedback must be devised using a suitable
op-amp. ldeally the performance will
approach that of the op-amp alone. One
such attempt is shown in Fig. 3.

This circuit will achieve 100d8B rejec-
tion although even 83dB is adequate. The
ability of the circuit to reject ripple and
tolerate a low supply voltage depends on
the current output taken from the i.c. and,
not least, who made it. The maximum
current required for a CLB960 is 166mA
and the mimimum current gain of BD135
is 40. Thus the i.c. output current can be
up to 4mA. The circuit was tested with
what turned out to be a high gain transis-
tor having a base current of only 1.2mA,
so an extra 3.5mA was taken to see the
effect. Results are shown in Table 3.

BD135
series

7 4—O0 7.5v

-0

Fig. 3.

The advantage of the 748 over the 741
is that the 30pF capacitor can be in-

1. creased if a loop stability probiem is

experienced. A 741 of different manufac-
ture did oscillate when the extra 3.5mA
load was applied, although with the 748
the capacitor could be reduced to 10pF
before this occurred. The manufacturer is
the most important factor in choosing an

Table 3. Use of op-amp as shown in Fig. 3 improves ripple rejection.

IC type Noise No. of Minimum MinimumV_ for 83dB
output samples rejection asshown +3.5-mA

748! 2 10 101dB. 9.53V 9.7V

7482 2uv 20 103dB 10.23V 11.0vV

1 National Semiconductor, 2 other well-known make

Measurements were made at a
frequency of 200Hz to avoid hum pro-
blems but at least 100dB was measured
over the band 10Hz to 1kHz. The fact that
this is greater than the 94dB of the bias
chain is a reflection of capacitor tolerance.

The minimum voltage working was
only 0.1V lower if 30dB rejection was
specified and this ripple breakthrough can
easily be seen on an oscilloscope. This can
be used as a rough check.

From these figures you can see that a
poor i.c. would show advantage in using
another emitter-follower with an end-of-
spread CL 8960 and BD135, due to the

‘reduced current load which would require
less voltage. With a BC54 7 as the second

transistor the minimum voltage fell from
11.0Vto 10.5V butwith a goodi.c. it rose
from 9.7V to 10.0V, due to the higher
output direct voltage required for the extra
transistor over-riding the low-current
improvement. These voltages and those
above assume an exact 7.5V zener diode.
With a 5% tolerance another 0.4V must
be added.

The circuit of Fig. 3 can be simplified
by noting that the i.c. output voltage is
above that of the zener diode by the V,, of
the transistor; see for instance the circuit
of Fig. 4. Also by using 1k plus 22k
preset series resistance between F and B,
the voltage may be set accurately using a
6.8V zener.

Table 4. Rejection by fig. 4 circuit with 12 volt supply was also over 100dB.

IC type Noise No. of Minimum Minimum V, for 83 dB8
output samples rejection rejection
as shown +3.5mA
748! 2.5pV 10 >100dB 9.53V 9.76V
7482 2.5V 20 >100dB 10.23V 10.83V

1 National Semiconductor, 2 other well-known make

Table 5. Two-transistor version for higher currents or poori.cs

L:ff(‘)’: i this izegce g pationg 48 aut IC type Noise No. of RejectionVz  Supply min.
Ive samples of a more éxpens-
ive LM 308 equivalent from manufacturor output samples 12V supply for 83d8B
(2), both in rejection and mini -
R e =i 748 3.5pV 10 100dB 10.07V
Finally a two emitter-follower version of 7487 3.5pv 20 99dB 10.62V
Fig. 4 is shown in Fig. 5 with some more . ;
- i 1 National Semiconductor, 2 other.
Fig. 4. From the previous results it seems fair Fig. 5.
_ to expect that the circuit of Fig. 4 could be
ll —Ov, put into production with a minimum wor- ——OV
king voltage of 10.5V and a ripple rejec-
1000 1 . . .
R 30p e 2% 'fe‘ste)v tion of 83dB, provided the i.c. manufac- 27 1000y 16V
I # turer is selected with care, and even better =
{ 8D if BD135s are available with h,e minimum e
! 748 103,_5 of 80. A considerable percentage of the
I \ 8D products will work satisfactorily down to a BC547
139 supply voltage of 10V.
47 F: & o‘;";‘\‘/' Measurements were made with a zener 20158 oSt
o7 diode selected for an accurate 7.5V vol- R,z 0050
= <0-Olntyp. . : 1A% °
A 7V5 tage. Any higher voltage requires the .
supply minimum to be raised by the 'Em
g :
- oy difference. But also, the use of the 7.0V Oov

specified in the CL8960 data would allow

a reduction of 0.5 volts. Thus a 10.5 volt

minimum could be met, even with a poor Note: 784 requires 30pF compensation
ic. capacitor.
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Ripple transfer factor for the two
modules is shown in Table 1. In both
cases the mixer used was the Mullard
BAV46 which is a typical type for this
application. The CL8960 bias shown
uses fewer components than in the data
sheet. The direct voltage working point
should be chosen for best noise figure.
With a 42pA bias current and the circuit
to be described this is is about half the
non-microwave bias. For a 300mV
diode, a variation from 90 to 270mV
causes a 1.5dB worsening of noise figure
and some 6dB sensitivity loss at the
extremes.

Measurements show that a factor of
about 0.02 should be used for design
with the CL.8960 and the more stringent
0.08 or more for the in-line design. The
aim here will be for a 0.1 design so as to
allow for future microwave module
development.

If the noise from the module is natu-
rally 5uV and the design aim is to hold
the noise increase to just 1dB, the ripple
contribution on its own must be not
more than about 2.5uV. If it contributed
5uV the overall noise would degrade by
3dB.

The rejection required of the power
supply is therefore 83dB for 2.5pV r.m.s.
from 1V pk-pk with ripple factor of 0.1.
Even a typical CL8960 is going to
require 69dB if ripple factor is 0.02.

The 83dB minimum ripple rejection

factor is achieved (see “Gunn power.

supplies”) so as to allow 1V pk-pk on the
intruder alarm supply for a module with
aripple factor of 0.1 As a typical CL 8960
has a factor of 0.02 it could tolerate 5V
pk-pk ripple, although due to the vol-
tage swing the minimum supply voltage
of 10.5V would need to be increased to
about 13V.

It might be thought that battery sup-
plies would not need ripple rejection.
However, this ignores practical points
like switching-on and switching-off
surges with long leads, possible bad
connections due to corrosion and

trickle charging from mains derived
supplies. Thus a 1V pk-pk ripple rejec-
tion is very useful.

Doppler amplifier design had an aim
of about 90dB gain and also an adequate
ripple rejection. Ripple may be present
due to the signals originating from out-
side the power supply, or caused by the
power supply itself, or generated by the
amplifier drawing signal current from
the power supply and its associated
impedance. Feeding back a voltage due
to an inadequate ripple rejection can
lead to an unstable amplifier. The na-
ture of this problem is illustrated in Fig.
6. Currents I, and I, supply the
amplifiers but contain components at
the signal frequency. These in turn
generate voltages via the finite output
impedance of the power supply. A low
impedance supply eases the problem, as
do lightly loaded amplifier/s which do
not generate large signal currents. After
this the amplifier should bejdesigned for
a good rejection factor.

A suitable amplifier circuit is shown

I,
Power '0)
g Iy supply
Quitput
4
Mixer
1 ~ |

Fig. 6. Ripple may be due to signals
originating from sources internal or
external to the power supply. Currents
shown can generate voltages through the
output inpedance of power supply, hence
_the need for a low impedance supply and
lightly-loaded amplifiers.

Fig. 7. Beat frequency amplifier with
mixer bias current supply was designed to
tolerate supply impedance of more than
five ohms.
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in Fig. 7. It was designed to tolerate a
supply impedance of more than 5 ohms
which is much higher than needed for a
stabilized supply, but often a good de-
sign does not look very different from a
poor one at first sight. The main point is
not to inject signals from the supply via
the networks which supply amplifier
bias. The Gunn power supply can be
used to power the amplifier and as this
has a very low output impedance of
about 0.05 ohms this will greatly help
the design. For instance, some of the
decoupling of the input bias chain can
be omitted. .

Starting at the left hand side the
resistor chain R, and R, provides well-
decoupled current bias for the mixer,
the diode being merely for protection
against the input charging up when the
mixer is absent which carries the risk of
mixer damage when it is re-connected.
Even without microwave bias the mixer
voltage is only 0.3V which is below
diode conduction with the 43uA direct
current bias.

The second resistor chain biases the
op-amps to the best point for a
symmetrically-clipped sinewave output
on overdrive. With the use of the Gunn
power supply capacitors C, and C, can
be omitted.

The first op-amp has a voltage gain of
100 and the second 300, a total of 90dB
ignoring impedance differences. Gain of
the second can be reduced 50 times with
R, Because radar range varies as the
fourth power of power gain, this is
equivalent to a range change of seven
times. For a lower range of sensitivity
the first op-amp 330k{ resistor can be
reduced.

The second op-amp is directly con-
nected to the first and the circuit is both
very economical in the use of com-
ponents and has good ripple rejection
properties. No economy is sacrificed in
performance.

The amplitude-response of the
amplifier is suitable for an MID. The low
frequency cut-off is controlled by Cg

- P %
30p 30p R13 l'IM R14 1k
q |
)
L1
ﬂ Y12 o 47
1 o—l Ry S 217
t I ?
5n6 5n6
AN\~ AN~/ - -0
330k 330k 1 2p Tr2
O— 1p -
Cs 2 ap7 Ca 22 19 i
T $
BAW )
Y Re § 390k R7S 33 s 2 "3
L T a
1 B——‘
Caciop Ry ¥ s0k R12§ 1*
7> log
& 4 1 —0
40dB nom 50dB max.
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and Cg. The input capacitor plays little
part as it was chosen large for low noise
reasons. At maximum gain C; and C,
and their associated resistors cause the
response to be —3dB at 11Hz which
corresponds to a radial velocity of
15.8mm/s or 0.6in/s, assuming the UK
MID frequency of 10.687GHz. Range
will be roughly proportional to velocity
below this due to the 12dB per octave
response of the two time constants.
With reduced gain R, will reduce the
fall-off of the second time constant and
response will fall with speed more
slowly.

The ability of the radar to reject
faster-than-walking-speed targets is
also controlled by two time constants,
those of the capacitor across each op-
amp feedback resistor. With 5.6nF
capacitance across 330kohm the —3dB
point per stage is at 86Hz or 1.25m/s
(1.5ft/s or 2.8 miie/h). Range will be half
at twice this velocity and decrease in-
versely proportional to velocity
thereafter.

Amplifier noise was measured with
both a mixer connected and a lkohm
substitute. At the time the amplifier had
only one third of the size of feedback
capacitors and an upper response of
approximately 240Hz. Noise voltage
equivalent input for the resistor varied
from 0.3 to 0.6pV r.m.s. depending on
which of ten i.cs was used, as measured
by the usual averaging “r.m.s.” meter.
On an oscilloscope the larger figure
corresponded to 4.4uV pk-pk equi-
valent. This is well below that expected
from the microwave module and makes
the exact value inimportant.

Amplifier gain required can be seen
from the 5pV r.m.s. expected noise input
and the 2V pk-pk output from the op-

amps which will cause a build-up to an-

alarm level in the circuit which follows
the op-amps. This is 103dB and so 90dB
offers a reasonable safety factor. The
threshold at which the circuit following
the op-amps just begins to work is 1.5V
pk-pk.

~ Fluorescent lights can interfere with
the operation of an MID and the use in
the presence of these must be avoided
unless a circuit is fitted with rejection
capabilities. The ionized gas fluctuates
at 100Hz and can induce a signal in the
radar. With just one lamp pre-
dominating this may be substantially at
100Hz but with several lamps a strong
200Hz component may also be present.
The phase of the signal relative to the
‘mains can also vary over the full 360°
due to differences in target distance.
The design of a suitable comb filter is
not within the scope of this article.
Low-pass filters are only marginally
acceptable, even when of multipole
design, because of the loss of response
to ali but slow movement.

In the past the MID design has paid
far too little attention to protection
against being set off by interference
pulses, even single ones, let alone
several. To some extent this is due to a
lack of designers with both electronic

—Q +12V(A)

+ 12v(B)

Fig. 8. Normal practice is to have a relay
energized so that power failure can be
indicated. For a high security area a 555
timer (fed by Tr, or with Try collector
connected to pin 2) could be arranged to short
a relay hold-off after a short interval.

For use with a 555, (A) connects to OV, the
diode is omitted, Tr, collector becomes pin 3,
and its base connects to pin 2.

circuit design experience and micro-
wave engineering experience. )

Radar wavelength at 10.687GHz is
28mm and one beat frequency cycle is
produced by the mixer for each 14mm of
radial movement toward or away from
the radar. Thus a counting or similar
process is possible and hence a circuit
which requires a certain distance of
movement before an alarm is set off.
This is not complete proof against much
shorter oscillating movements which
can wobble the vector? and produce a
beat signal but it does provide valuable
protection against multiple interference
pulses of a few at a time and against
single short infrequent movements. A
memory can be provided to defeat an
approach in a series of short movements
and the proportioning of the memory
time versus degree of protection pro-
vided is a matter for design considera-
tion.

In the circuit shown the capacitor C,,
is used as a bucket to charge C,, with
one bucket of charge per cycle. Thus the
radial movement distance required to
charge C,, to about half the supply
voltage and so set off the alarm by
causing Tr, to conduct, is determined by
the ratio C,,/C,,. A single movement of
about 600mm or 24 inches will trip the
circuit shown. Capacitor C,, loses some
charge voltage due to the diodes.

The memory time constant is con-
trolled by R; across the capacitor and is
about 47 seconds with a low leakage
electrolytic — preferably tantalum for
stability. Thus 37% of any previous
movement is still remembered after 47
seconds. Values of C, and R;; may be
altered if required, provided electrolytic
leakage-current is paid due regard. In
practice any changes are unlikely to be
more than three times. For instance 9
inches of movement is probably good
enough for the most critical user and a
50 second memory will take some
beating.

Transistor Tr, is a bootstrap arrange-
ment to ensure that the charge per
bucket does not fall off appreciably
when C,, charges up. With the alarm
detecting an intruder and a 7.5 volt
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amplifier supply the output of the op-
amp will usually be at least 4V pk-pk.

In use: the output transistor Tr; is
intended to short the base-emitter
junction of a relay transistor, such as in
Fig. 8 It is normal with alarms to have
the relay energized when the circuit is
working and no alarm condition so that
power failure is indicated. Transistor
Tr, will sink several mA and is very
conservatively used at 2maA. It could be
ten with little risk.

Alternatively, Tr, could operate a 555
timer, or itself be a 555 timer in which
case the base connection shown would
be pin 2. The 555 appears to have a
built-in diode suitable for relay driving,
although this is not stated in the data.
The use of a five minute alarm which
expires if there is no further movement
is a useful feature for avoiding a noise
complaint and leaves the system ready
to detect the next disturbance. For a-
high security area the 555 would be
arranged to short a relay hold-off con-
trol as in Fig. 8. Thus an alarm is given if
wires are cut.

Both the amplifier on its own and
complete with the microwave module
were tested for power supply ripple
rejection. The amplifier at that time
used smaller feedback capacitors and
had an upper —3dB point per stage of
240Hz. Thus ripple rejection will be
generally better above 100Hz than the
figures shown.

Table 6. Typical ripple rejection for
Fig. 7 and module

Ripple frequency (Hz) 10 50 100 500
Rejection with 12V

supply (mV pk-pk) 55 655 70 ' 500
Rejection with 7.4V
supply (mV pk-pk) 36 36 45 500

These are typical rather than worst-
case ripple figures but not too important
as the use of a stabilizer with only 30dB
rejection would allow a 1V pk-pk ripple
on the stabilizer input. Thus, as ex-
pected, the performance is limited by
the less tolerant microwave circuits.
With the microwave module fitted and
the stabilizer to be described a IV pk-pk
ripple over the frequency range 10Hz to
1kHz had no effect with a supply vol-
tage of 10.5V. Also with a 12V supply the
ripple had to be increased above 5V
pk-pk before the ripple could be seen in
the noise. Removal of C, and C, from

'Fig. 7 when the circuit was powered

from the Gunn supply did not alter this.
To be continued
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Circuit analysis by small computer

Tedious though flexible matrix technique lends itself to computer calculation

by A. S. Beasley, B.Sc., McMichael Ltd.

As the price of desktop computers
falls, they are coming to be regarded
as another piece of lab equipment,
along with oscilloscopes and
analysers. Using such machines
designs may be checked and
components “"tweaked’’ for optimum
performance, without any danger of
damaging expensive components.

This article shows the principles of
computer circuit analysis; a second
shows how a Commodore Pet can be
used to “bread-board” circuits ranging
from micro to audio frequencies. As
desktop machines become more com-
mon this approach must look in-
creasingly attractive to professional
users in industry and education, as well
as to non-professionals.

Many textbooks deal with linear’
two-port analysis; because of their
familiarity I shall use them as an intro-
duction to a far more powerful multi-
port technique.

Consider the two-port network of
Fig. 1. Choose any two of V, V,, I, I,

I 12 +

b ———)
'r Linear VT
\|/1 network 2'
R e

Fig. 1
as independent variables and the
remaining two as the dependent vari-
ables. Choosing the voltages as the
independent variables and assuming
linearity, write

Li=ynVi+yLVY,

L=y Vi+y,V,
or in matrix form

(11 )__: (Y11)’12) (Vl )
L YaYz v,

where the y-parameters have the di-

mensions of admittance, the reciprocal
of impedance. Figure 2 gives the y-

I I>
0 ly12V2 | L
\|/1 yy-n Y21V v V2
o, » O
Fig. 2

parametet equivalent circuit of any
linear two-port network and Table 1
gives the gain and impedance properties

{va]

Fig.

terminated in a load admittance Y, and
driven from a source of admittance Yg.
Consider paralleling two different

two ports, as in Fig. 3. It is immediately
obvious from the equivalent circuit
representation that the overall two-port
network (formed by the combination of
networks A and B) has the following
y-parameters

Yn=a¥ntsyn Ya=aVateYa

Y=aYuteyiz Yn=aYnteYn
The overall y-parameters are simply the
sum of the parts. It is this property of
the admittance representation that we

shall now generalize: the property of
adding small matrices to describe the

whole circuit, ;o [y]= [y, +[val

Indefinite admittance matrix

The indefinite admittance matrix or
YF matrix relates the total current at
any node in the circuit to the voltages at
the nodes, where voltages are
referenced from some node external to
the circuit. This is best illustrated by an

YO I

—_—
<

f9)

N

£

%]
—> 0=

Vo V4

= Vref Flg 4
where Yo, Yo, Y4, are admittances.

example; consider Fig. 4. You can see
that
Iy=(Yy + Y)Vo—Yo Y1— Yo V2
L==YuVe + (Yo + YI)V,-Y5V,
L==YuVy— Y,V + (Yo, + Y15))V,
or in matrix form

{ I, Yo+Ye =Yy -Yg Vs
L )E “Ym Yot+Y,, =Y, v,
1, Yo =Y Yet+tYu/\V,/

Notice that the YF matrix exhibits a
great deal of symmétry. It may be

(AY12+ BY12)IV2 (AY21.BY21)V1
|
— | T
AV BYT i J AVZ2-BY22
o, -+ -0
3
Table 1
e VRt VR ST
" DytynY, U Vy yutY
_Yu W _L_ yaYy

Zog= s g2 Yatr
* Dy+y,Y, "I Dy+y,Y,

where Dy =y,;y2,—¥1,¥5

shown rigorously* that for any passive
circuit

® Y, is the sum of all admittances
connected to node n

® Y., is minus the sum of all ad-
mittances connecting the n to the m
node

#® the sum of any row or column is zero
(this applies to active circuits as well as
it derives from conservation of charge)

&Y, =Y.,

These four properties of the YF matrix
allow any passive network to have its
YF matrix written down by inspection.
These same properties also allow a
computer to create the YF matrix with
great ease; only the nodes that com-
ponents lie between and their value
need be known.

The technique in summary

For passive networks rote application of

the four rules produces the YF matrix.

For active networks use Table 2 to find the

YF matrix.

For a network with active and passive

components simply add the individual YF

matrices obtained by considering the

passive and active components on their

own.

YF matrix may be reduced to a simple
. two-port network and’then application of

Table 1 gives the impedances and gains of

the network.
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Reduction of the YF matrix
The way to extract information from
the YF matrix concerning impedances
and gains (as for the two-port network)
is to note that the currents in the YF
representation give the total current
flowing into a particular node. By
Kirchhoff's Law we know that this is
zero for all internal nodes, i.e. nodes not
connected to the input or output of the
network.

To demonstrate by means of an
example, see Fig. 5. You can see that

Fig. 5

where Y, etc. are admittances.
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'YF matrix for active

components

Consider the transistor in Fig. 6. From
the data sheet we can quickly discover
its common-emitter y-parameters,
which relate the currents into the base
and collector to the voltages applied
(referenced from the emitter). Now
even for active components conserva-
tion of charge is obeyed so by rule three
the YF matrix for the transistor is

Yie Yre —(yle+)’re)
; Yte Yoe _(yfe+yoe)
IO. lYOl + Y02+ Yoa' -Yol _Yoz _Y03 ) V0| i _(yle+yfe)'.(yre+ )’oe) b
L =Yy Yo+Y,+Y)y, =Yy, =Yy, ¥ where 2=y, + Y, + Y+ Yoe
I —Yy =Yy Yot Ys+Y, =Yy W\ v = T .
L —Yos ~Yis ~Yx Yoo+ Yig+ Yoy Vs com;onglt‘v/veg-poert netr\ralv?)trrllccses iRl i
Because I, =0 eliminate V, by putting YF matrix for active and
8 passive coniponents
Now that YF matrices of active and
V, = (YuV, + V,+ Y,,V,)/2
3= YoV + Y3V, 2V2)/ = Yie Yre Yu Yi passive networks can be created the
whereZ= Y, + Y)3 + Yy, Yee Yoe Ya Yz “parallel networks add y-parameters”
rule can be used, which carries over the
For a two-port netwprk measure vol- 3 more general YF matrix. The following
tage from node 2 (i.e. V,=0). Sub- example illustrates the techniques we
stituting these relationships into the YF can now use.
matrix: Fig. 6 It is because this technique is so flexible,
handling any configuration of com-
ponents, yet is a rote procedure with
(I°)= ( Yop + Yo + Yo3 =Y/ =(Y, + Yo5. Y;3/ 2)) (VO) straightforward though tedious calcu-
I, (Yo, + Yi3. Y/Z) Yy + Y, + Y 3-Y33/2) \V, lation, that it is ideally suited to the
computer.
. . A second article will outline a program
So by equating all internal currents to : prog
zero we have found the two-port y- baselcillf)n :heh YTF L Tee ey
parameters, and using Table 1 we de- etiing techniques.
duce the impedances and gains of the *High Frequency Amplifiers by R. S. Carson.
network. Wiley Interscience.
Example
To analyse
4 Yo 0 0 0 =Y, The overall YF matrix is then
d vrof © Yo -Yn 0 0 YF=YF,+YF,+YF,
o =1 .
N The tedious but simple calculations to
Y23 = \ . Yip I, =Yy Yy, reduce the YF matrix are best left to a
. . Yo 0 Yy, 0 Yut+Y, computer; these calculations will yield
. Tra s where =Yy, 4+ Y+ Yy, the impedances and gains of the circuit.
7 and
Yo4 vz‘TD
2 - Ayle 0 _(Ayle+ Ayre) AYre 0
0 0 0 0 0
represent the circuit as a paralleling of 3 YF=| —(aYietayd O Za ~(aYeeta¥ee) O
T"A/ Ayre 0 -(Ayfe+ AYOe) AYoe 0
5 o 0 0 0 0 0
Y
YEBQ b 2 where 2, =,V + Yt aYoe t aVse
| 1 0 0 0 0 0
5 0 BY oe 0 BYfe -(Byoe+Byfe) .
1 YF; = 0 0 0 0 0 -
O_]‘G 3 Trg/ 0 BYfe 0 BYie —(8Yre + 5Vee)
Y04 Y24D 2 \ 0 —(gYietsYoe) 0 —(p¥retpYie) Zp
2

where 25 =5y, + Ve + 5Yoe + Yre
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Table 2
Op-amp
. L et
Yin _Yin 0 0
=24 Y; 0 0 2 i
-A. You! A You! Yr.)ut _Yout ]
A, Yo ~A Yo, =You Your A(W—Vz)
= 4
Ideal transformer
a’Y —-a?Y —-aY aY
-a¢ _a?y —ay ay b e% 2
-a’Y¥ a*Y aY -aY
—-aY aY Y -Y
a¥ -aY -Y Y o )
where Y=1.5x 104 ‘
Transmission line
Line impedance Z, length | at a ! o
frequency where h =2mn/\
3
1 , _itanchl/2) -1 —jtan(hl/2)
jZ,sinhl Z, jZysinhl Zy
-1 1 . _itan(hl/2) —jtan(hl/2)
jZsinhl jZsinhl Z, Z,
—jtan(hl/2) —jtan(hl/2) 2jtan(hl/2)
Z, Z, Z,
given y, parameters
) Yie Yee _()’ie+yre) ¢
YF =i Ve Yoe _(yfe + yoe)
~Yie=Yte ~Yre~Yoe 2
where 2=yie+yre+ Yfe+yoe' 3
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Adaptable anatomy for
a.t.e.

A new form of integrated automatic test
equipment, the GRADUATE, unveiled by its
maker, Marconi Space and Defence Systems
at the recent Brighton a.t.e. conference,
offers the central advantages of ‘“‘virtual
instrumentation” and “reconfigurability.”
Although it will have to live down a laboured
cap and gown presentation (it forms the “T"
in the name whenever a mention occurs in
the technical literature headings), the facil-
ities lurking behind these two terms are quite
real.

“Virtual instrumentation” involves dis-
pensing with conventional test instruments,
using instead software-combined modules,
with the intention of simplifying measure-
ment and readout, and adapting easily to
different test requirements. Checks are made-
by the a.t.e. circuits and the results fed to the
central v.d.u,, which also displays simulated
front panel controls, the instrument being
simulated depending upon the way in which
the a.t.e. has been ‘“configured” by the soft-
ware. A set of functional modules carries out
the work and comprises three main sections,
Lf., r.f., and digital. These modules are in-
serted into a kernel composed of four
shelves, each of which has eight injection
mouldings capable of holding one double or
two single modules. Matching connections
are provided at each module for service
inputs, permitting any module to be inserted
anywhere in a kernel.

The central controller is a 24-bit word
processor using bit-slice technology with a
fixed microcode in p.r.o.m. and an extension
e.p.r.o.m. for controller firmware develop-
ment. The main memory is expandable in
32K word steps up to 1M word, and standard
peripherals are a v.d.u. and keyboard, dual
floppy-disc drive, line printer for program
development and strip printer for test results.

Part of the control process is a calibration
facility, deviations of each module from its
“standard” performance being stored in
p.r.o.m. within the module at the time of
calibration. This means that close-limit
accuracy in the modules themselves is made
unimportant and, assuming that the charac-
teristics of each module are stable, their
stimulus outputs and measured inputs can be
automatically corrected using the stored
data.

A self-test facility provides for individual,
modules and integral p.c.bs to be tested using
resident programs, and a self-test module
permits on-line validation checks to be car-
ried out during normal testing, ensuring that
any failure is not incorrectly attributed to the
equipment.

Module isolation is effected using a 25kHz,
three-phrase power distribution system. This
is transformer-coupled and rectified on the
interface power assembly board contained in
each module. One ribbon cable is used to
distribute the supply to each module and
another carries analogue signals between
them. For high frequency and fastedge
signals the performance of the ribbon high-
way becomes inadequate and appropriate
functional modules therefore have separate
front panel connectors. A high-frequency,
three-switch design is available, working into
the microwave region.

Physically, the GRADUATE is made up by
combining up to four kernels and four 18in
racks, the lay'out being determined by the
table top. In this way it can be tailored to
satisfy paiticular constraints of space or can
be laid out in a different shape to cater for
expansion, relocation or change of function.
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W@L@MD OF ARATTEUR RADIO

WARC and the amateurs

The ending, early in December, of the
World Administrative Radio Con-
ference at Geneva has left both pro-
fessional and amateur communications
with the major problem of sorting out
exactly how they will fare when the new
international table of frequency alloca-
tions comes progressively into use over
the years ahead. The problem, as some
of us foresaw, is that a divided and
‘highly political conference has added
such a proliferation of “footnotes” to
the regulations that it has almost de-
stroyed any remaining coherence of the
frequency table, and indeed some
observers go so far as to suggest that it
has left world spectrum management
virtually in tatters. There are also now
many ‘‘resolutions’ not directly
reflected in the frequency table.

However, at least by comparison with
some other services, radio amateurs in
Region 1 (and also radio astronomers)
have emerged without having suffered
any immediately obvious major calam-
ities, indeed with a few useful gains,
though nobody is prepared to admit
being pleased with the results until the
impact of various footnotes has been
more fully evaluated. Certainly it is
clear that all amateurs have every rea-
son to be grateful to the International
Amateur Radio Union, the R.S.G.B. and
a number of the other national societies
for their long-term efforts to promote
better international understanding of
the value of this hobby in both deve-
loped and developing countries.

The three new h.f. bands reached the
international table: 10.100 to 10.150MHz
(about 29.6 metres); 18.068 to
18.168MHz (16.5 metres); and 24.890 to
24.990MHz (12 metres). It will, of
course, be several years before these
become available to amateurs (possibly
10.1MHz will be the first to be transfer-
red to the amateur service). The
availability of amateur allocations at 7,
10, 14, 18, 21, 24 and 28MHz should
prove a useful incentive for further
ionospheric research as well as making
long-distance operation possible at
most times of the day or night,
throughout most of the sunspot cycle.
However the allocations are only 50 or
100kHz wide and this will call for a high
degree of self-discipline to avoid the
worst effects of over-crowding, parti-
cularly if the bands are open for all
modes of transmission. A small “Top
Band” allocation (1810 to 1850kHz) is
now back in the International Table
from which it vanished in 1947, with the
“footnote” that permits U.K. operation
between 1800 to 2000kHz remaining
attached to the table. In fact U.K.
amateurs do not appear to have lost any

h.f. or v.h.f. frequencies, though it is too
early to say whether or not operation on
some bands will be adversely affected
by the many new footnotes. )

According to returning delegates and
observers, one of the many surprises of
WARC was the very disappointing
attitude shown towards amateur radio
by the Japanese delegation, despite that
country’s domination of the world
market for amateur radio.equipment.
Amateurs are also hoping that the
active role taken at Geneva by the
Chinese delegation may mean less use
of 7MHz amateur frequencies by
broadcasting stations in that country —
and possibly licensing of amateurs
there. There is also a sense of relief that
the new h.f. allocation for international
broadcasting above 13.6MHz is unlikely
to extend beyond 13.8MHz instead of
the proposed 14.0MHz and this gives
rise to the hope that a ‘‘cordon
sanitaire” will be maintained between
the megawatters and the amateur
14MHz band.

From all quarters

North American amateurs on 50MHz
continued te be received in Europe daily
throughout November and it seems
likely that this month will prove to
have been the peak period of Solar
Cycle 22. Even low-power stations were
received with excellent signal-to-noise
ratios, usually around 1400GMT. On
November 18th, Angus McKenzie,
G30SS could still copy signals from
VEI1ASJ] near St. John, New Brunswick,
Canada when that station progressively
reduced power from 0.6W to about
10mW! While most of the 50MHz
openings were to the East Coast of
Canada and the USA, on some days
excellent signals were received from
stations from Texas, California and
even Mexico City.

The original 144MHz London
repeater GB3LO at Crystal Palace has
been extensively modified and re-
installed in readiness for the change to
the planned new four-repeater coverage
of London and for which it will become
GB3SL (R2) with GB3NL at Enfield on
R7; GB3WL on RI1 at Hillingdon (all
these three repeaters being run by the
UK FM Group (London); and GB3EL on
RO at Havering. Some at least of these
should be in operation by the time these
notes appear. A new u.h.f. (70cm)
repeater, GB3SK, has opened at Folkes-
tone on channel RB6.

RACE (radio amateur club de I’es-
pace), a group of French amateurs
mostly working at scientific research
establishments, is aiming to build
equipment for a French amateur satel-
lite.

According to observations made by
Ron Ham at Storrington, Sussex,
sporadic E reception of signals between
40 and 80MHz occurred on 48 days
between May 19 and August 21, 1979
compared with 69 days in 1978 and 37
days in 1977, once again emphasising
that there appears to be no direct con-
nection between solar activity and the
seasonal Sporadic E conditions.

There have been many different ver-
sions of how amateurs acquired their
not-always-appreciated sobriquet
“ham”. According to a story in “Worl-
dradio”, it began in 1911, and a station
operated by three young members of
the Harvard Wireless Club: Albert
Hyman, Bob Almy and Reggy Murray.
In the period before official licences
were issued in the USA, they used a
self-assigned callsign formed from the
initial letters of their surnames, HAM.
Subsequently Albert Hyman was asked
to appear before the US Congressional
committee where his arguments against
imposing licence fees on American
amateur stations, such as HAM,
attracted nationwide publicity. It is a
plausible story, but there have been
other accounts suggesting that like “73"
(best regards) it all started much earlier,
in the days of land-line telegraphists.

in brief

An American amateur, Mike Vestal,
WOYZS last year became the first
amateur to “Work All States” on the
430MHz (70-cm) band ... The 1980
R.S.G.B. National VHF Convention is to
bé held at the “Winning Post.” Twick-
enham, Middlesex on March 8 ... For-
thcoming 7MHz contests organised by
the R.S.G.B. comprise a telephony
contest on February 2-3 and c.w. on
February 23-24 ... Decisions taken at
WARC, Geneva may make it possible
for Class B licensees to use the 70MHz
band ... A long-range planning com-
mittee of the A.R.R.L. is attempting to
identify “the opportunities and the
obstacles that lie ahead and what the
League should be doing to prepare for
them” . .. P. Balestrini, G3BPT was due
to be installed as the 46th president of
the R.S.G.B. in the course of an evening
cruise on board the motor vessel “May-
flower Garden” on the River Thames on
January 12th ... American amateurs
are concerned at the very high failure
rate of candidates sitting examinations
for “Advanced Class” licences and have
pointed out that the official FCC “study
guide” often bears little relationship
with the questions asked as a result of
the updating of study guide and
examination to different timetables.

PAT HAWKER} G3VA
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More on the scientific computer — 2

An improved monitor

By J. H. Adams, M. Sc.

Since publication of the scientific
computer, correspondents have sugg-
ested several features to improve the
performance. This new monitor incor-
porates many of those features and
includes a general expansion of the
facilities available in BURP, including
the routines for graph plotting. By re-
structuring the interpreter four extra
functions, described in table 7, have
been fitted into the three original
e.p.r.oms. The demonstration programs
have been removed, but these could be
stored on tape, and the Creed 75 tele-
printer interface has been replaced by a
standard 110 baud ASR/KSR interface.
The KSR machine is now cheaper and is
fairly standard whereas the 75 may have
different speeds and encoding as I sus-
pect some readers have found to their
cost.

Hardware modifications

Connections for the two extra keys are
shown in Fig 3. The interface for the
teleprinter is essentially a latch as in the
original design, but this must be con-
nected to D instead of D,. Most telep-
rinters contain an interface card for a
20mA loop or an RS-232 link. For a
current loop, the second circuit drives

the printer quite satisfactorily.

Firmware modifications

Changes to the firmware are detailed in
tables 8 and 9. Primarily, space has been
made in the first e.p.r.o.m. for three of
the subroutines originally in the second
which deal with instruction entry and.
condition testing of the MM57109. This
has been achieved by using a simpler
and shorter teleprinter interface,
eliminating the subroutine at 034E, and
trimming the low level monitor so that it
ends at 024E. This has left space in the
second e.p.r.o.m. for a new subroutine
051D which extends the old 04E6, now
047C, and together they can recognise
and deal with the new facilities. Because
these routines are quite complex, a
disassembled listing of each is given in
table 10.

The third r.o.m. is slightly briefer
because checks for ends of lines, present
in virtually all of the statement handling
routines, are replaced by 051D. The
command MOD (08BE) has been
changed so that PRINTs buried in
multi-statement lines are also changed
to WRITEs. CALLs have been read-
dressed to suit the first two r.o.ms and
CALL 042E has been replaced by the
single RST byte CF (see 0008). In the

original r.o.m., after going through the
sequence of recognition checks for en-
coded commands or, later, first words of
statements, the interpreter returns to
the command state or ignores the rest of
the line respectively, if it cannot find a
match or the generated code within the
firmware.

This is particularly useful for dealing
with REM because, being unrecognised,
such lines are ignored as explained last
month. A major change in the modified
r.o.m. provides jumps to 1C00 (at 0975)
for commands, to 1C60 (at 0AD7) for
new statements and to ID00 (at 0BDE)
for new functions. As a result REM has
disappeared but the apostrophe has the
same effect and retains the facility for
remarks.

0993 is an example of where 051D is

line number and the first word of the
statement. Therefore, it is the point to
which 051D transfers execution after
coming across an.! in the text being
interpreted. 097F pops off the stack,
increments and pushes back the C reg-
ister which is used as the line register
store and then looks for and executes
that new line. Thus, it is the point to
which 051D transfers control after
finding a ' or 8DH number in the text.
Because the computer scans the text for
line numbers whether they exist or not,
the lines in a program should be as close
together as possible (say every other
line) for the fastest program execution.
Using multiple statements avoids this
problem to some extent and can there-
fore reduce the execution time of some
programs, particularly simple ones, by

used solely to jump spaces between the up to 20%.

Table 7. Additional facilities for the new monitor.

Outputs the number in the 57109 to 1EOO — F and tests the exponent sign. If
negative, the whole number is written to zero, if positive, the lower mantissa
exponent is drawn and used to calculate (OB7 2-8) where blanking should start. if
the exponent is not less the 09 (OB80-B), blanking is carried out. The number
stack in the 57109 is then collapsed by one to remove the old value (OB97) and
the new value is entered into the 57109 by a jump to O050F at OB9A.

Outputs the number and tests as in INT. If the exponent sign is negative,
execution jumps to OB96 (OBA5) and effectively does nothing. For positive
exponents a similar sum involving the lower mantissa exponent digit is performed
and a jump is made back to OB79 in the INT routine (OBAE).

029F is called which loads the refresh register into A, converts it to a three digit
decimal integer and enters it into the 57109 (this subroutine runs straight into
02AD). A pseudo-random delay (OBB8-A) based on the current v.d.u. printing
position is then called so that a second call of 029F will generate a second
number from the Z80 refresh register which is only tenuously linked to the first.
These numbers, now in the Y and X registers of the 57109, are combined
through the sequence of instructions at OBBE to give X = 128X +Y/16383, i.e.
a reasonably random number between O and 1. Note that as this uses two of the
57109 stack registers, no more than two other variables must be present in the
57109 when RND is used.

This simply uses the number cruncher test instruction 12 to test for a negative
number in the X register. The result of this test governs whether the instruction to
change sign, OC, is executed.

ANT (0B64)

FRAC (OBA1)

RND (0BB4)

ABS (0BD3)

Table 8. Alterations to the first r.o.m.

0282 was 058A
0326 was 0317

0263 was 0260
. 02C7 was 0446

024F was 03CE
02AD was 024E

0345 was 0336 0367 was 0729 0374 was 0372
0395 was 0393 03A1 was O39F ‘03AB was 03A9
03C6 was 03C4 03D1 was 0260

029F Generates a 7-bit pseudo-random number and inputs it to the 57.109.
02D1 Converts the computer 6-bit ASCI! to true ASCll and prints it.

02D9 Prints a space.

02DE Prints carriage return and line feed.

02E8 Prints the contents of register A.

02F0 Prints (A) as a two character hexadecimal byte.

0317 Prints CR, LF, the contents of HL in hexadecimal and a space
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Using the new facilities

In low level the first feature to be noted
isthat READY does not disappear when
a command is typed in nor does the first
letter appear at the beginning of the
second v.d.u. line. This is because the
same algorithm is now used for both
high and low level word recognition.
Clashes produced in the changeover
explain the changes of COR to MOD
and PROM to PROG. To leave LOAD,
the space key is now used instead of @.
The main change which affects both
levels is that the interrupt-and-reset,
which occurred whenever any key was
depressed, has been omitted because
control can be regained by using
RESET. The “arrow” keys now revert to
standard keys, RESET enters the low
level and Control A (depressing A and
the control key simultaneously) enters
the high level. The delete key to the
right of ] can be used to delete complete
bytes by one depression per byte.
Although this will cause the formatting
to go out of true during the LOAD, the
grouping by four is maintained and on
pressing the space bar at the end of the
load the format will be restored.

When loading programs in high level

language, another character Control E
is used to signify the end of LOADing or
ADDing. This allows the colon, which
was previously used for this purpose, to
,be included in printed messages etc.
without terminating the current opera-
tion. Ensuring correct format of the
input has been eased by a cursor,
although with the original monitors few

Fixing screws
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problems will be encountered if a space
is typed when in doubt. The DEL key
backsteps and clears the last v.d.u. cha-
racter and also backsteps HL. Correc-
tions are, therefore, easily typed in, but
mistaken returns and line numbers car-
not be corrected in this way because

Fig. 3. Modifications to the keyboard
and teleprinter interface.

2376 Pin5

Underside of keyboard

IC.

2 cK Q p———p
Pin 15

D ~—»—D

+5

To teleprinter

Teleprinter interfoce

Table 9. Firmware changes.

0400 Old 04D4 running straight into 040D

040D 0ld 0460

0467 Old 04BA

047C Old 04E6, 04FA-E is added to this so that when a code of less than OB is drawn from the look-up table at the end of the

r.o.m., execution jumps to OB60. These new codes are for ABS, FRAC, INT, RND and any others which are not simple
MM 57109 operations and will thus require some Z80 software.

081D Jumps spaces and then returns on bytes less than 1B and greater or equal to 2A (except for 8D). Thus, for letters, operators
and spaces, this routine will just jump spaces and return with HL pointing to the first non space, i.e. 051D is a supplement
to 047C. If the byte found lies between 1A and 2A it will, after;
(a) "'(052D) transfer text up to the next’" onto the v.d.u. and then jump back to the start of the subroutine to deal with
whatever follows.
(b) ) (053B) collapse the stack and return. .
() ((0542) call 051D to jump spaces and then 047C to execute the text within the parentheses until the call of 051D finds
a). As this ) will have been found during the calling of 051D at 0546 and as ) indicates that the original call of 051D is no
longer required, i.e. the bracketed term has been computed, detection of ) drops the stack pointer past the return address the
call at 0546 so that a return is made to the original point in the interpreter from where 051D was called. After dealing with
an expression in parentheses, the computed result is leftin the X register of the 57109 and the SCl| for), 29, is leftin register
A
If the interpreter has not yet recognised the byte it must now be at the end of the statement. Before looking fora | “ or 8DH,
two types of statement need special attention. 1FE1 is used in the third r.o.m. {(0999) to store the code generated from the
first word of the line. Ifitis 33 {i.e. aWRITE statement), execution shifts from 0554 to 056B. WRITE lines are similar to print
types except that the material to be displayed is fed to locations from 1 D80 rather than to the v.d.u. 056B sets an FF at the
end of the block used and then resets DE to 1D80 and outputs the characters up to FF on the teleprinter. After restoring AF
and DE it returns to 0563.
if the line is a LET {code 2C) the variable to which the computed value is to be assigned is drawn from its store {1FE2) and the
contents of the 57109 X register are fed to it.
After dealing with these two special cases, checking of the original byte continues (0560). The remaining possibilities will
transfer control rather than return from the subroutine and so the pointer is moved down the stack, losing the previously
stored return address and then, after;
{(d) !(0563) execution passes to 0993.
(e) 8DH ' oranything else, passes execution to 097F. 8D is the code for return and indicates the end of a line. " signifies that
the rest of the line is a remark which the interpreter will also want to treat as the end of a line.

0582-4 Jumps text and then calls 051D and, when required (i.e. letters, operators or digits), 047C as well.

0589 Calls 051D as above.

0594 Old 0714.

05A9 Unchanged.

0736 Unchanged.

074A Modified 074 A.

075A Oid 076D.

0773 Used in the above two to cover common parts and thus save space.

0789 Used in INT and FRAC.

07A2 Unchanged.

07AC Unchanged.

07B7 Unchanged.

0706 Look-up table which now includes codes for new functions (07DA/DC/E3/E9).



WIRELESS WORLD, FEBRUARY 1980

they involve internal operations by the
interpreter rather than the byte by byte
storage which takes place during lines.
The critical formatting points are LET
lines where the variable following let
must be followed immediately by the
-equal sign, and IF lines where, when a
variable precedes the comparison sign,
there must be a space in between.

A program in table II demonstrates.

the uses of the new facilities. Lines 3 and
4 show the new REM and in this case
they are complete lines on their own.
Remarks may be appended to any
“active” line just preceded by an apost-
rophe. Line 5 shows printed text in an
INPUT line. The input variable X is
against the ” to save r/w.m. space but
again, spacing is not critical. In line 7,
two spaces are left between step and 1
without any effect on the interpreting of
the line. Note that the expression in
parenthesis is spaced exactly as in a
LET statement. Line 9 demonstrates the
compounding of two LET type state-
ments (with the LET omitted) by the use
of an exclamation mark. The statement
following ! is typed immediately after
the !, again to conserve r/w.m. space.
Line 11 is “If K is a whole number and if
Z is also a whole number, then print half
of K plus A to two decimal figures and
then half of the positive difference bet-
ween K and A”. This line illustrates the
need for a space between the variable
and the greater than, equals or less than
sign. A space is required because, under
the original interpreter, this had to be a
variable but it can now be a variable,

number or function in parenthesis and

therefore has to be distinguishable. A
closing parenthesis has no other
meaning and does not need the space,
ie. IF(XSINI —)=Q print....
The text following an IF comparison
can be any other permitted statement
including another IF as shown in the
example program. Therefore, the old
form IF X=0THEN I25 willbe IFX =0
GO 125. It might seem that the freedom
to place statements end to end on the
same line will reduce all programs to
one line in length (note that a line is not
determined by the length of a v.d.u. line
and may consist of any number of cha-
racters). However, this is not so because
whenever a statement has to be entered
as the result of a jump, or it initiates a
specific jump, the statement must either
start or end a program line respectively.
This means that the first instruction in a
FOR loop must be at the beginning of a
line because further through the execu-
tion a NEXT will try to jump back to it.

Similarly, the statement after the com-

plete IF term must be on a new line
because IF is basically “perform the
operation specified after the conditional
test if the latter is true or jump to the
next line”.

By similar reasoning, GOSUB and GO
'should be at the end of lines, as should
RETURN and END. The lines to which
GOSUB and GO refer should start with
the statement to which the jump was
directed.

While encoding the new functions by
algorithm, several clashes occurred
with already assigned codes and this
provided an opportunity to re-encode
the two log. functions into a more
standard format, ie. CLG for a com-
mon log and LOG for log. to the base e.
The radian to degree conversions havd’

Table 10. Disassembled subroutines.

@4C8 LD L,2A
@4CA LD (HL), 0B

-@4CC  INC HL
‘@4CD

LD A;_(DES
B4CE INT DE

24CF CP 2D

gaDl  JRNZ El @uBy4
24D3 LD (HL).,@C
€4DS  1MC HL

¢4D€ ' LD As(HL)
24D7 JR DB 0434

Table 11. Demonstration programs.

ge3 °*THIS PROGRAM, PUBLISHEL IN PART 4, TO0OX 19 LIVES BEFORE.
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also been changed by dropping the first
letter, i.e. TD for a conversion to de-

.grees and TR for one to radians.

The author is offering a set of three p.r.o.ms
programmed with the new monitor firmware
for £30. Alternatively, existing p.r.o.ms can
be reprogrammed for £6.50 (both plus 35p
post and packing). 5 The Close, Radlett,
Hertfordshire.

847C LD AsCHL) @4D9 EX AF AF' 251D INC HL

247D 1NC L 24DA LD A.20 @51E LD A,(HL)
047E LD C.OF 24DC  CP  (HL) @51F CP 2@

243 CP 20 24DD JPRNZ B3 Q4E2 #s21 JRZ FA @S1D
€482 JP2  FS 247C @4DF  EX AF AF' @523 CP 1B

0484 CP I3 24EB JR 2E 8510 8525 RET C

@u86 JRC S1 J4D9 @4E2  DEIC HL @526 CP 8D

0488 CP 3@ B4E3  CALL @715 @528 JRZ @3 £52D
@48A JDIC 17 24A3 o4s¢ CP 22 @gs2a CP 2aA

@43C CP 29 Q4E8 JRVC @2 Q4EC @#52C RET "IC

@48E JRIZ 23 €493 G4EA  ADD 28 852D CP 22

2496 CP  (HL) G4EC CP 5@ 2S2F JRNZ 0A ©53B
aa9t JnC 2C C49F B4EE JRC €2 P4r2 Z531 I1NC HL

2493 ADD @D @4F@ SUS 1@ 2532 LD A, (HL)
2495 AID A @4F2 ADD B4 8533 CP 22

B49€ JP PEQ4?D ear4  PUSH .BC @535 JRZ E6 251D
2499 2% €9 @4FS LD C.A 3537 LD (DE).A
2498 AID FB @4F¢ LD B.@7 2538 14C DE

-B49D RST | C4F8 LD A,(BC) €539 JR Feé 9531
@49= RET 04F9 POP BC €538 CP 29

@49F LD C,2C 24FA CP @B 853D J0NI 83 @542
@4Al LD AsCHL) @4FC  JP C €360 €53F INC SP

@4A2 13C HL B4FF CP 80 2548 171C SP

@aA4 PUSH DE 8503 EX AF AF' gs42 CP 28

J4A5 EY DE,ML 2584 LD A,20 2544 JRIT 08 IS4E
24a6 LD HL,1E20 2586 RST 254€ CALL 851D
24A9 LD 8.,0F 8527 EX AF AF' 2549 CALL @47C
24A3 CALL B5AE @se8 AYD 3F 854C JR F3 0S54€
C4AE LD L.0O9 252A RST 1 @S4E PUSH AF

843¢ LD (HL).C @50B QET @54F LD A,C1FEL)
2481 LD L.,@0 252C DEC DE 552 CP 33

@4B3 EX AF AF' 258D EX DE,HL @554 JRZ 15 B5€B
2484 AND @F @585 POP DE @556 CP 2C

@43¢ CP @F @58F XOR A 2558 JRNI 26 @56C
Q4BE  JRUZ B2 B43C @51¢ P'ISH HL 855A LD A,(1FE2)
248BA LD A,0A @511 CALL @7acC 955D CALL @4gD
243C LD (HL),A @st4 LD B,1@ @562 POP AF

@43D LD A.(DE) 8516 LD A,(HL) 25€1 INC Sp

@48%  INC HL 2517 INC HL p5¢2 INC SP

@43F 17C DE @518 RST | 25€3 CP 21

24CC CP 28 @519 DJNZ FB @25l€ 0565 JP T ©953
24C2 JRNC F@ ©4B4 9518 POP HL €568 JP €97F

@4c4a CP 20 @51C RET 25¢B LD A,FF

24Ceé JRZ 44 €58C 256D LD (DE),A

@S€E LD E,8¢@
@57¢ LD A,(DE)
@571 CP FF

2573 JRZ @8 @57D
2575 AND 3F

2577 CALL @2D!
257A INC DE

0S7B JR F3 057@
57D POP AF

@37E POP DE

257F POP DE

2582 JR El @563

10We oo

935 PRINT “THIS PROGRAM USES YEWTOJS METHOD FOR SOLVING'
287 1PUT "F = F(X)>. EMTER Al INITIAL YALUE J0V ""Q !ERASE

209 X=Q 1GDSWB 25
211 G=F ‘1X=X 1.2€001 = 1GOSUB 25

213 TOP !IF (G ABS )<@.02008@1 PRINT "SOLUTIOV ="G6é !END

@15 Q=1 F G /7 t - REC ¢.00021 » -
‘2% F=X LOG X 3 & + 10.8874 -

B27 RETURN

2D78

Q@ # IPRINT Q@8 !GO 9

2?33 'THIS PROGRAM COMPYUTES PAIRS OF JUMBERS WHICH, WHEN
204 'SQUARED AMD SUBTRACTED, GIVE THE INPUT VUMBER

@3S 1NPUT "IVYPUT VUMBER IV QUESTION "X

@67 FOR A=1 STEP 1 WINTIL (X ROOT 1 + )

209 X=X A / 12=X A - 2 / ABS

P11 IF X =¢< INT ) IF 2 =(2 INT ) PRINT (K A+ 2/ )2 (X A - 2/ ABS)

@13 VEXT A !G2 S

2D2¢
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New frequency allocations

WARC 79 decisions for radio services in Region 1

The list opposite gives frequency allo-
cations to radio services decided at the
World Administrative Radio Con-
ference (WARC 79) held by the Intern-
ational Telecommunication Union at
Geneva, 24 September to 6 December. It
is taken from the revised Radio Regula-
tions which will come into force on
January 1982 and will replace the allo-
cations made at the-previous event of
this kind held in Geneva in 1959 (see
October 1979 issue, p.52, for back-
ground). Because of lack of space, and
the interests and geographical distribu-
tion of our readers, the information
presented here is no more than an ex-
tract from the international table of
frequency allocations which will be
part of the Regulations and in its pre-
sent form runs to 174 pages and includes
hundreds of footnotes, giving additions,
qualifications, restrictions etc for parti-
cular countries. First, our list covers
only ITU Region 1 (Europe, Africa,
Middle East and Russia). Secondly, its
upper limit is 10GHz whereas the
WARC allocations in fact go up as far as
275GHz. Thirdly, all the footnotes have
been omitted. Nevertheless, the list does
give details of the main changes which
are particularly important to radio ser-
vices in the UK.

For example: as a result of a change in
the long-wave band limits, Droitwich
(Radio 4) frequency will eventually
have to be moved to 198kHz; the BBC
have obtained a medium-wave
frequency for their Carfax traffic infor-
mation service; international short-
wave broadcasting has acquired overall
an additional 780kHz, including an ex-
tra band; television Channel 1 (Crystal
Palace and other stations) will be
transferred from broadcasting to radio
communication; land mobile radio may
be moving into parts of television Band I
and Band III by internal agreement
within the UK (the 405-line television
services in these bands probably will be
closing down by 1985); v.h.f. radio
broadcasting will eventually be ex-
tended up to 108MHz, though for a long
time it will be sharing the top end of this
band (104-108MHz) with communica-
tion services; at u.h.f. two 8MHz chan-
nels will eventually become available,
perhaps for land mobile radio or televi-
sion, between television Bands IV and
V; and at the top end of the u.h.f. band
there is more space for mobile services.
However, it will take a good many years

for all these changes to be implementea
and some will not occur till near the
time of the next WARC, possibly in
2000AD.

In the lists, the code letters show the
radio services to which the frequencies
have been allocated, and these codes are
explaind in the key below. The ter-
minology here is approximately the
same as that used in the ITU frequency
allocation document. In all cases the
first code letter, to the immediate right
of the frequency band, indicates a
“primary” service (using ITU termino-
logy) in the band, that is, a service
which has equal rights with a “permit-
ted” service but has prior choice of
frequencies when frequency plans are
made. The next code letter to the right
could also indicate a primary service,
but in some cases it could be a “permit-
ted” service (which has rights equal to
those of a primary service except that it
gets the second choice in frequencies),
or a “secondary” service (which must
not cause interference to primary ser-
vices and cannot claim protection from
interference produced by them). To
avoid complications in a short article,
our list does not indicate the actual
categories of service applying to the
second and subsequent code letters, but
in general a rough guide is that the

order of categories when moving

through the code letters from left to
right is: primary, permitted, secondary.

The following notes highlight some of
the changes which may be of interest to
our readers.

Long waves

The limits of the I.w. broadcasting band
(150-285kHz) have been moved down-
wards in frequency by 1.5kHz to
148.5-283.5kHz. This has been done to
bring the band in line with medium
waves in having its carrier frequencies
at integral multiples of the 9kHz chan-
nel spacing, to avoid heterodyne inter-
ference and facilitate digital tuning of
receivers using synthesizers. The 15
channels will be moved in three blocks
of 'S channels, .starting in 1986 with the
lower limit and ending in 1990 with the
upper limit. As a result the 200kHz
Droitwich broadcasting frequency will
be changed to 198kHz (9kHz Xx 22).
Radio beacon frequencies for aircraft
navigation within this range will be
changed accordingly.

Medium waves

The band limits of the m.w. broadcast-
ing band (5625-1605kHz) have been ad-
justed upwards to 526.5-1606.5kHz to
give the correct amounts of space for
the sidebands at these limits — an ad-
justment that was not made at the,
1974-75 regional Lf./m.f. broadcasting
conference (January 1976 issue, p.42).
Just below this the BBC have acquired a
7kHz band of 519.5 to 526.5kHz on a
secondary basis for their experimental
Carfax traffic information service.

Short waves

'The short-wave broadcasters did not
get the hoped-for increase of sixty per
cent or more in spectrum space but did
achieve an extra 780kHz overall, which
amounts to 32.5% over the present allo-
cation. They acquired a new band at
13.6-13.8MHz (21m), extended the 13m,
16m, 19m, 25m and 31m bands by
amounts varying between 100kHz and

continued overleaf

Key to code letters in list

A Amateur

AF  Aeronautical fixed

AM  Aeronautical mobite

AMS Aeronautical mobile — satellite
AR  Aeronautical radionavigation
AS  Amateur satellite

B Broadcasting

BS  Broadcasting — satellite

ES Earth to space (satellite)

F Fixed communications

HA  Hearing aids

ISM  Industrial, scientific, medical
LM  Land mobile

M Mobile

MA  Meteorological aid

MBS Mobile — satellite

MLS Microwave landing system
MM  Maritime mobile

MMS Maritime mobile — satellite
MR  Maritime radionavigation
MS  Meteorological — satellite
RA Radio astronomy

RL Radiolocation or radar

RN  Radionavigation

RNS Radionavigation — satellite
S Space research

SAT Satellite (Earth exploration)
SE  Space to earth (satellite)

SF  Standard frequency

SFS Standard frequency — satellite
Sl Sateliite identification

TS  Time signal




255-283.5
283.5-315

ML.F.

315-325
325-405
405-415
415-435
435-495
495-505
505-526.5
519.5-526.5
526.5-1,606.5
1,606.5-1,625
1,625-1,635
1,635-1,800
1,800-1,810
1,810-1,850
1,850-2,025
2,025-2,045
2,045-2,160
2,160-2,170
2,170-2,173.5

2,173.5-2,190.5

2,190.5-2,194
2,194-2,300
2,300-2,498
2,498-2,501
2,501-2,502
2,502-2,625
2,625-2,650
2,650-2,850
2,850-3,025

H.F. (MHz)
3.025-3.155
3.155-3.195
3.155-3.20
3.20-3.40
3.40-3.50
3.50-3.80
3.80-3.90
3.90-3.950
3.950-4.0
4.0-4.063
4.063-4.438
4.438-4.650
4.650-4.750
4.750-4.850
4.850-4.995
4.995-5.003
5.003-5.005
5.005-5.060
5.060-5.450
5.450-5.480
5.480-5.730
5.730-5.950
5.950-6.200
6.20-6.25
6.525-6.765
6.765-6.795
6.765-7.0
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SERVICES
RN

F, MM
SF&TS

F, MM

AR, MM
MM, AR
M (Distress)
MM, AR
BBC Carfax
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Table of frequency allocations for Region 1

7.0-7.10
7.10-7.30
7.30-8.10
8.10-8.195
8.195-8.815
8.815-9.040
9.040-9.50
9.50-9.90
9.90-9.995
9.995-10.003
10.003-10.005
10.005-10.10
10.10-10.150
10.150-11.175
11.175-11.400
11.40-11.650
11.650-12.050
12.050-12.230
12.230-13.20
13.20-13.360
13.360-13.410
13.410-13.60
13,553-13.567
13.60-13.80
13.80-14.00
14.00-14.250
14.250-14.350
14.350-14.990
14.990-15.005
15.005-15.010
15.010-15.10
15.10-15.60
15.60-16.360
16.360-17.410
17.410-17.550
17.550-17.90
17.90-18.030
18.030-18.052
18.052-18.068
18.068-18.168
18.168-18.780
18.780-18.90
18.90-19.680
19.680-19.80
19.80-19.990
19.990-19.995
19.995-20.010
20.010-21.0
21.0-21.450
21.450-21.850
21.850-21.870
21.870-21.924
21.924-22.000
22.0-22.855
22.855-23.000
23.0-23.2
23.20-23.35
23.35-24.00
24.00-24.890
24.890-24.990
24.990-25.005
25.005-25.010
25.010-25.070
25.070-25.210
25.210-25.550
25.550-25.670
25.670-26.100
26.10-26.175
26.175-27.50
26.957-27.283
27.5-280
28.0-29.7
29.7-30.005

V.HF.
30.005-30.010
30.01-37.5
37.5-38.25
38.25-39.986
39.986-40.02
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40.02-40.98
40.66-40.70
40.98-41.015
41.015-47.00
47.0-68.0
68.0-74.80
74.80-75.20
75.20-87.50
87.50-100.0
100.0-108.0
108.00-117.975
117.975-136.00
136.0-137.0
137.0-138.0
138.0-143.60
143.60-143.65
143.65-144.00
144.0-146.0
146.0-149.9
149.9-150.05
150.05-153.0
153.0-154.0
154.0-156.7625
156.7625-156.8375
156.8375-174.00
174.0-223.0
223.0-230.0
230.0-267.0
267.0-272.0
272.0-273.0
273.0-322.0

U.HF.
322.0-328.6
328.6-335.4
3354-399.9
399.9-400.05
400.05-400.15
400.15-401.00
401.0-402.0
402.0-403.0
403.0-406.0
406.0-406.1
406.1-410.0
410.0-420.0
420.0-430.0
430.0-440.0
433.05-434.79
440.0-450.0
450.0-460.0
460.0-470.0
470.0-582.0
582.0-606.0
606.0-790.0
790.0-862.0
862.0-890.0
890.0-942.0
942.0-960.0
960.0-1,215
(GHz)
1.215-1.240
1.240-1.260
1.260-1.30
1.30-1.35
1.35-1.40
1.40-1.427
1.427-1.429
1.429-1.525
1.525-1.530
1.530-1.535
1.535-1.544
1.544-1.545
1.545-1.599
1.559-1.610
1.610-1.6265
1.6265-1.6455
1.6455- 1.6465
1.6465-1.660
1.660-1.6605
1.6605-1.6684
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1.6684-1.670
1.670-1.690
1.690-1.700
1.700-1.710
1.710-2.290
2.290-2.300
2.300-2.450
2.400-2.500
2.450-2.500
2.500-2.655
2.655-2.690
2.690-2.70
2.70-2.90
2.90-3.100

S.HF.
3.100-3.400
3.40-3.60
3.60-4.20
4.20-4.40
4.40-4.50
4.50-4.80
4.80-4,990
4.990-5.000
5.0-5.250
5.250-5.255
5.255-5.350
5.350-5.460
5.460-5.650
5.650-5.725
5.725-5.850
5.725-5.875
5.850-7.075
7.075-7.250
7.250-7.450
7.450-7.550
7.550-7.750
7.750-7.900
7.900-8.025
8.025-8.175
8.175-8.215
8.215-8.400
8.40-8.50
8.500-8.750
8.750-8.850
8.850-9.000
9.0-9.2
9.2-98
9.80-10.0
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200kHz (see list) but lost 70kHz from
the lower end of the 11m band, which is
now 25.67-26.1MHz. There was no
change below 9MHz. These gains were
obtained, initially against considerable
opposition, at the expense of the fixed
h.f. communication bands, which tend
to alternate with the broadcasting ser-
vices; but the fixed services will be
offered replacement frequencies. The
transfers will not start until 1984, but in
any case it was decided that there will
be a new conference for planning the
hf. broadcasting bands and this could
take place in 1982 or 1983. The first part
will establish the technical parameters,
then, when everyone has digested the
same basic data, the planning proper
will start a year or more later. At WARC
79 nineteen delegations, including the
UK’s, “reserved their positions” on h.f.
broadcasting, which means that, in the
absence of an adequate plan, they do
not intend to be bound by these deci-
sions. They felt, for example, that not

enough spectrum was allocated in the
41m and 49m broadcasting bands.

The maritime mobile service has also
gained some extra space at h.f., several
of the higher bands being increased by
100kHz or more.

V.h.f. bands

The radio communication services
gained some extra frequencies at v.h.f.
in parts of the spectrum they have not
been in before. For example, 41.015-
47.0MHz will be exclusively for fixed
‘and mobile communications. Hitherto
in Britain 41-47MHz has been allocated
to 405-line television broadcasting
(Channel 1 of Band I) and in fatt the
BBC will be able to keep it on a primary
basis till 1987 (and the French broad-
casters till 1986). Furthermore, the land
mobile service of 30 countries including
the UK have been allocated 47.0-68MHz
(the remainder of the UK tv BandI)on a
permitted basis, leaving broadcasting as
the primary occupant. When, however,
405-line television broadcasting is
closed down, and in the absence of
alternative broadcasting requirements,
land mobile radio could be allowed to
take over the whole band.

The land mobile service of the UK and
15 other countries has also obtained the
band 174-223MHz on a permitted basis.
Hitherto 174-216MHz has been
occupied exclusively by television
broadcasting (Band III for 405-line
transmissions in the UK) and this ser-
vice will continue to use it, and the
extension to 223MHz, on a primary
basis until 405-line tv is closed down.
And land mobile radio in 19 countries
including the UK will also be moving
into an adjacent band 223-230MHz on a
permitted basis. The primary occupant
of this band will be broadcasting, while
fixed and mobile communications are to
use it on a secondary basis.

The land mobile and maritime mobile
services have primary allocations in 29
countries, including the UK, through-
out the band 138-144MHz.

However, mobile radio will be losing
some spectrum in the region of 100MHz
as v.h.f./f.m. sound broadcasting is ex-
tended upwards in frequency (January
issue, p. 63). Broadcasting in fact will
eventually become the primary service
in a band 87.5-108MHz and has a com-
mon world-wide allocation from 100 to
108MHz (a decision forced mainly by
the African countries) and the UK
police and fire mobile radio at present
using 97.6-102.1MHz will have to move
by the end of 1989. Up to then they will
remain on a permitted basis and there
will probably be a phased withdrawal
over the next ten years. Meanwhile
fixed and mobile services will continue
to use 100-104MHz on a primary basis

-until a new plan made by a regional

broadcasting conference (possibly in
1983) comes into force. And 104-
108MHz is allocated to mobile radio on a
permitted basis till the end of 1995 and
on a secondary basis thereafter. In the
UK this 104-108MHz is at present used
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for private mobile radio (e.g. the natio-
nalized public services). Thus broad-
casting and radio communication will
be equally sharing 104-108MHz for
probably the next twenty years. At the
bottom end of the 87.5-108MHz band,
the section 87.5-88MHz is also allocated
on a permitted basis to the land mobile
service in ten countries included the
UK. A new conference entirely devoted
to mobile radio is likely to be held in
about 1982.

U.h.f. bands

Broadcasting will be the primary service
in the band 470-790MHz and will share
with fixed communications, also
a primary service, from 790 to 862MHz.
In the UK however, television Bands IV
and V are at present separated by three
8MHz channels of the aeronautical
navigation service, taking 582-606 MHz.
The channel at 582-590MHz will con-
tinue until the end of 1987 and the
channel 598-606MHz until the end of
1994. Thus this aeronautical service will
eventually be squeezed into one 8MHz
channe] at 590-598MHz and the other
two could be used either for land mobile
radio or television broadcasting. The

top end of the u.h.f. band, 862-960MHz,.

has been opened up to mobile radio,
which is something the UK delegation.
particularly wanted to achieve. In this
862-960MHz band the broadcasting ser-
vice shown in the list applies only to
certain countries in the African broad-
casting area. .

Amateur radio
The amateur radio service uses
frequencies throughout the spectrum
for conventional and satellite com-
munication. For comments on the
WARC 79 allocations, see World of
Amateur Radio by Pat Hawker else-
where in this issue.

We hope to deal with the allocations
above 10GHz in a later issue. This is the
part of the spectrum used by satellites,

‘where some noteworthy changes have

been made; for example the satellite
allocation in the 10GHz region has been
almost doubled and provision has been
made for a mobile satellite service at
14GHz which would enable transport-
able earth stations to be taken to remote
places for relaying television news and
other events directly by satellite. Direct
broadcasting from satellites to domestic
rooftop aerials can now take place in
the three bands: 11.7-12.5GHz (see
January 1979 issue); 40-42.5GHz; and
84-86GHz. (The broadcasting satellite
allocation in our list at 2.50-2.690GHz is
limited to national and regional com-
munity reception systems.)

More detailed and complete informa-
tion on the WARC 79 frequency alloca-
tions can be obtained from the Radio
Regulatory Department, Home Oftice,
Waterloo Bridge House, London SEI1
8UA (tel: 01-275 3000). O
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Multiphonic synthesizer organ

Improved circuit to eliminate ‘thumps’

by J. H. Asbery, B.Sc.

The novel keyboard switching system

. described in an article in this journal in
June, 1973, enabled six notes to be
played simultaneously with the use of
only six generators. One drawback to
the original system was the
production of ‘clicks’ and ‘thumps’
when keys were pressed and
released: this new version uses the
same switching arrangement, but an
additional circuit to provide a smooth
decay is included.

A multiphonic organ is one in which
there are only as many generators as
notes you wish to play at the same time,
as distinct from one generator for every
note on the keyboard, which is the case
with a polyphonic organ. Two com-
pletely different types of multiphonic
organ are in use.

The computer organ has a polyphonic
generator system, producing a signal
for each note of the keyboard, but only
one basic waveshape. An electronic

this signal to one of a limited number of
waveshape processing units when a key
is pressed. There are typically 12 of
these units, so that only 12 notes may
sound at the same time. A computer
organ with only 6 wave shape proces-
sing units would be an attractive pro-
position, if a significant reduction in
cost could be achieved.

The second type! uses a mechanical
keyboard changeover switching system
and generators, in which the frequency
is determined by the value of the resis-
tor connected to it by the keyboard
switching system. Whilst these organs
are satisfactory for home use, they are
subject to a fundamental limitation:
when the hand is lifted from the key-
board the connection to the resistor is
broken, so that the signal ceases ab-
ruptly. At higher volume levels, such as
those required for church or theatre use,

Fig. 1. Circuit of the multiphonic

this gives rise to objectional key clicks
and thumps. The use of a reverberation
unit mitigates this effect a little, but
despite much work to find alternative
means of reducing the clicks and.
thumps to an acceptable level, it app-
ears that the only satisfactory and
acceptable solution is to arrange for the
sound to die away over a few cycles
when the key is released.

Most synthesizers are monophonic,
which is a severe limitation. There are a
number of instruments in which a poly-
phonic generator system is used, the
output waveform from the keyboard
switching system being fed to a pro-
grammed, voltage-controlled filter, but
the output from the keyboard switching
system consists of a mixture of the
different notes, so that it is not possible
to process the signals individually by
the usual synthesizer techniques.

By combining multiphonic techni-
ques with synthesizer techniques, it is
possible to overcome the limitation of

multiphonic switching system connects synthesizer organ the synthesizer, namely its monophonic
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characteristic, by multiphonic techni-
ques, and to overcome the limitation of
inexpensive multiphonic organs by
synthesizer techniques. The generators
are voltage-controlled oscillators:it is
therefore possible to store the switched
voltage on a capacitor so that they will
continue to oscillate at the correct
frequency after the key has been
released, and arrangements can be
made to cause the sound to die away
over a few cycles, completely elimin-
ating click and thump. The waveform
from each generator is available
separately and unmixed for individual
treatment and processing by existing
synthesizer techniques.

Voltage-controlled oscillators
The requirements placed on voltage
controlled oscillators for use in a
multiphonic organ are more stringent
than for a v.c.o. in a monophonic in-
strument. As there are more than one of
these units, the cost and size become
more significant and it is more import-
ant to minimize these. In a mulitiphonic
instrument, the voltage for a given note
is the same for all the v.c.os, so that
high consistency between all the
oscillators in the one instrument is es-
sential.

The design of the ramp-type v.c.o.
adopted, IC, and IC, is conventional
except for the switching transistor Tr,
which is used in a new way. When this
design of v.c.o. is used with a switching
transistor in conventional mode the
transistor gives rise to a large variation
between similar v.c.os: f.et.s. are
sometimes used, but these are also sub-
ject to a wide tolerance spread. In con-
ventional mode, the bottoming voltage
of the transistor collector (transistor
on) is of the order of 40 mV. Transistors
are sometimes used in the reverse mode,
in which the functions of collector and
emitter are interchanged and the bot-
toming voltage is reduced to around
25mV. In the mode of operation used
here, when the transistor is on, current
flows from base to emitter and from
base to collector in the same direction,
rather like two separate diodes (except
with much better characteristics). The
bottoming voltage, that is the voltage
between collector and emitter, is of the
order of 2mV. As a result of this there is
much better consistency between a
number of similar v.c.o. units.

Decay switching

The second main problem of a mul-
tiphonic synthesizer is that it is not
practical to provide two-pole, or two
separate keyboard switching systems:
the one system has therefore to perform

two functions. It has to connect the

v.c.0. to the voltage corresponding to
the key pressed, and it provides an on/
off control signal, for that generator, to
control the modulation envelope
sequence and any other signal proces-
sing sequence desired. The keyboard
switching system connects the v.c.o.
memory circuit, C,, IC,, to the correct
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Integrated circuits

1.2,34 741

5 709

6 74C93

({two 74C93s for three dividers)
Transistors

1,2,3 BC 307

4 BC.149
Capacitors

1 0.1y, polyester 20%
2 0.025p, polyester 5%
3.4 0.47p, polyester 10%
Resistors

1 2XR, 2% metal film

2 5k 20% metal film

8 162 1% metal film
4 10.0 1% metal film

5 10.5 1% metal film

6 11.3 1% metal film

7 11.8 1% metal film
8 12.8 1% metal film

9 13.3 1% metal film
10 14.0 1% metal film
11 15.0 1% metal film
12 15.8 1% metal film
13 16.9 1% metal film
14 17.8 1% metal film
15 18.7 1% metal film
16 20.0 1% metal film
17 21.0 1% metal film
18 22.6 1% metal film
19 23.7 1% metal film
20 25.5 1% metal film

Components list

21 26.7 1% metal film
22 28.0 1% metal film
23 30.1 1% metal film
24 31.6 1% metal film
25 33.2 1% metal film
26 35.3 1% metal film
27 37.4 1% metal film
28 165.0 1% metal film
29 100k carbon film

30 =R3; 2% metal film
31 20k 20% metal film
32 2XRg33 2% metal film
33 7.7k 5% metal film
34 10k carbon film

35 10k carbon film

36 1k carbon film

37 1.2k 20% metal film
38 =R,, 2% metal film
40 - 33k 20% metal film
41 2.2k 5% carbon film
42 4.7k 5% carbon film
43 100k 5% carbon film
44 10k 5% carbon film
45 220k 5% carbon film
46 100k 5% carbon film
47 100k 5% carbon film
48 33k 5% carbon film
49 3.3k 5% carbon film
50 1k 20% pot

The product of Ry3 and C, should be
nominal plus or minus 1%.

We understand that Mr Asbery is pre-
pared to supply components from 87,
Oaklngton Manor Drive, Wembley, Midd-
lesex.

voltage, enabling the oscillator to con-
tinue oscillating at the correct
frequency after the note has been
released. As the capacitor, C,, holds the
control voltage, there is no change of
voltage and no signal available to in-
itiate the decay sequence. If the capaci-
tor, C,, is omitted or much reduced,
when the key is released the output

_voltage of IC, falls, providing a signal to

initiate the decay sequence, but the
frequency of the oscillator will be in-
correct. In a monophonic synthesizer
this problem is solved by a two pole
switching system.

The solution adopted here is to inter-
pose a resistor, R,5, between the
switching system and the memory
capacitor, C,. IC; detects the direction
of current flow through this resistor by
detecting the polarity of the voltage
across it. When the note is pressed the
input current to the non-inverting input
of IC, flows through R,, so that the
non-inverting input of IC; is more
negative than the inverting input: the
output is therefore low. When the key is
released, the input current to the inver-
ting input of IC; and the non-inverting
input of 1C, is derived from memory
capacitor, C,, and flows through R,
and the inverting input of 1C; becomes
more negative than the non-inverting
input, so that the output goes high. The
output of IC, is the required control
signal. When the key is released the
output voltage of the memory, IC,, falls
by the sum of the voltages across Ry in
the one and off states. In the organ de-

scribed in this article the resuiting,
change of frequency could not be de-
tected by ear. However, if this slight
frequency shift is not acceptable, cor-
rection can be made by mixing a small .
amount of the output of IC; with the
output of IC,.

The keyboard switching sys-
tem is divided into two halves to
minimize the work and cost and to
reduce the range required from the
v.c.0s to two octaves. The left-hand
oscillators are similar to the right-hand
ones to ensure the required accuracy
and avoid two sets of keyboard resis-
tors. Two-stage, divide-by-2 units, to
reduce the frequency by four are inter-
posed between the output of the left-
hand oscillators and the modulators or
signal processing.

The keyboard resistors form a series
system so that a low impedance can be
provided without undue current con-
sumption, and so that the value of each
resistor only affects the frequency step
from one note to the next.

The part of Fig. 1 to the left of the
dotted line is the generator and on/off
detector, which may be used to drive
synthesizer circuits as desired. The
circuit to the right of the dotted line is a
simple organ envelope generator and
modulator.

References
1. Multiphonic organ, J. H. Asbery. Wireless
World June 1973, p303.

2. ‘Transistor organs for the amateur.” Alan’
Douglas O
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What's so natural about e?

2 — The relationship of Euler’'s number to logarithms

by John C. Finlay

In the previous article the author
presented the first part of a popular
study of Euler’s number, the key to
universal laws of change. Here he
continues with his use of graphical
methods to show the relationship of e
to natural logarithms, after discussing
‘the invention of logarithms by John
Napier.

The more inquisitive type of schoolboy,
who has just managed to conquer the
technique of using logarithms to the
base of 10 (thanks to Henry Briggs from
Yorkshire, 1561-1630), leafs through his
new book of tables and comes across
another table of logarithms, variously
described as natural, hyperbolic or
«(wrongly) as Napierian. However, on
seeing the odd-looking figures and the
cumbersome calculations required for
numbers lying outside the range of 1 to-
10 he promptly shuts the book and,
forgets about them. That word ‘natural’
is pushing itself forward again and no

doubt you are thinking “I won't be-

caught the second time. It’s obviously
going to be natural and has something
to do with ‘e’.” And so, of course, it is.
The really remarkable fact about natu-
ral logarithms is that a system very
close to them was originally published
by the landed Scottish aristocrat, John
Napier (or Neper), 1550-1617, as the
first-known logarithms, and long before
Euler revealed any of several series for
e. Now the historical approach to the
study of a science is often rewarding, at
the very least in clothing it with some
often welcome human interest, and at
best presenting a logical sequence of
development of ideas and terms on a
leisurely time scale, which may offer
.some consolation to the student of
today who is expected to take it all in
within five minutes! I can offer no such
neat justification for looking at the
history of logarithms — it is unbeliev-
.ably tortuous, certainly curious,
mathematically revealing and utterly
fascinating. Above all, the invention of
logarithms was, uniquely in mathe-
matics, an unheralded ‘bolt from the
blue’ (as it was described at a tercente-.
nary celebration in 1914!% 1) owing
nothing to any previous work.

Baron Napier, of Merchiston Castle,
Edinburgh, had a major preoccupation,
as a good Protestant in the dangerous
times of the Spanish Armada, in lam-

basting Roman Catholicism and pro-
ving scientifically that the Pope was
Antichrist. Fortunately, however, he
took time off to try and help astro-
nomers and navigators in their compli-
cated calculations, a matter of growing
importance in the expanding world that
followed the explorations of the first
Elizabethan age. In particular he:
wanted to reduce the labours of multi-
plication and division in frequently used
trigonometrical formulas such as

cos(A—B)—cos(A + B)
2

which you and I learned at school, and
-which was also well known in Napier’s
time.

Now suppose that, like Napier, you
had no knowledge of the laws of indices
and therefore no incentive to express
numbers in that form, just what might
you deduce from a comparison between
‘these two sets of numbers:

123 4 5 6(Arithmetic progression)
2 4 8 16 32 64(Geometric progression)

sinA sinB =

(which we looked at earlier)? Obviously
the first set is an A.P. because all the
terms differ by the same value, namely
unity, whereas the second is a G.P. since

successive terms increase by the same

multiplier, namely 2. You will then note
that the G.P. is made up of multiples of 2
equal to the corresponding A.P. term,
e.g. 16=2%x2x2x2 (four 2s). Perhaps
you have also spotted that any two
terms in the G.P. multiplied together
give another term somewhere in the list,
e.g. 2X4=8 and 4x16=64. All this so
far was well known before Napier’s
time. But now have another look at the-
A.P. terms corresponding to the last twb
examples:

AP.1+2=3 AP 2+4 =6
G.P.2x4=8 G.P. 4X16=64

Isn’t it self-evident where Napier
received the inspiration that was to earn
him the gratitude of a myriad workers
doing their calculations in science, en-
gineering and business?

To convert the multiplication of
awkward numbers into the simpler
process of addition and back again
clearly requires many fine steps to be
practical, and they must range in
geometrical progression against their
‘artificial numbers’ (as Napier first
termed them) in arithmetic progression.

Commonsense dictates that, without
any precision aids to calculation, the:
geometric ratio should be as simple as
possible, but what about the starting
artificial number? Here the plot
thickens, because this number was not
0, as you might expect, but 107,

To see where this arose, we must
recall that Napier’s objective was to
draw up a table of artificial numbers for
dealing with the multiplication of sines,
and the sine in his day was not the ratio
as we understand it but simply the
length of the side opposite the relevant
angle in a right-angled triangle (it must
surely astonish you to realize the sex-
appeal of this half-chord, due to a
translation error made over 800 years
ago'2 Sinus in Latin means ‘bosom’ or
‘curve’, i.e. the cleavage!). Moreover the
convenient idea of the decimal point for
decimal fractions had not been used — it
was in fact introduced by Napier when
he was preparing his tables!

Tables of sines (as then defined) for
various angles were commonly avail-
able, and to have the convenience of
stating them in whole numbers a very
high round number such as 107 was
arbitrarily given to the hypotenuse of
the corresponding right-angled triangle,
thus allowing a 7-figure statement of
the ‘sine’. The sinus totus or ‘whole sine’
for 90° was than 10 000 000, for 21° was
3 583 679 (see Fig. 13) and for 0° was just
0. Napier used such figures in drawing
up his tables, based upon a G.P. starting
with 10 000 000 and taking off 1/
10 000 000 as an easily calculated frac-
tion from this first term and every sub-
sequent term. He kept going until he
reached the hundredth term, which
worked out at about 100 less than the
first term, actually 9 999 900.000 495 0
(note his use of the decimal point!!%).

He realised then that the gaps bet-
ween the terms would eventually be-
come very small, requiring millions of
calculations between any two conse-
cutive integers! Another approach was
needed and Napier had a further in-
spiration, a geometrical model which
provided not only the basis for his cal-
culations but also a firm scale to which
to peg them. Talking of pegs, let us note
that by this time he had also invented
the word ‘logarithm’ (to replace
‘artificial number’) from two well-
known Latin words logus=ratio and
arithmos =number. A logarithm was
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Fig. 11. Napier's dynamic model for the definition of his logarithms.

thus a ‘ratio-number’. What a pity it was
that the laws of indices were unknown
to Napier! Not only would this have
eased his self-imposed task, but it would
have spared us yet another redundant
mathematical word (logarithm = index
= exponent = power!!?),

The model was a dynamic one,
visualizing the comparative motion of
two points along two parallel lines (Fig.
11) to the same scale of distance. One
point P,, representing the logarithm,
moves at steady velocity v, along the
lower line, which is of infinite length.
The other point Py, representing the
number, moves along the upper line of
107 units long, and at a velocity vy equal
to its distance y from the far end of the
line. At the starts, for the 1st term, both
Py and P, move away at the same
velocity, equal therefore to 107 units,
but Py steadily slows down as y
diminishes and gradually falls behind
P,. Napier defined his logarithm as

(Napierian) logarithm =x for the cor-
responding number y

as obtained from the model. So a zero
logarithm implies a number of 107 and
an increase in value of the logarithm
corresponds to a decrease in the
number. P, also has to reach infinity
before Py arrives at the scale end at
number zero.

Now consider the comparative posi-
tions of Napier's G.P. terms on the
scales. The 2nd term, by definition, was
107-1, and so the distance along the
number scale from 1st to 2nd terms is 1
unit (on either scale) as marked. The
corresponding logarithm for the 2nd
term was estimated by Napier as
1.000 000 1, which for practical purposes
on the diagram can be shown as
approximately 1. This establishes the
linear log. scale and the term markings
at approximately 2 3 4 5 6 etc. Napier
was also able to fill in on the number
scale (in principle, anyway) the values
he had already calculated for the first
100 terms. You will see straightaway

that the terms will steadily crowd up.

on the number scale as Py, moves to the
right (the degree of compression is
exaggerated for effect in Fig. 11 for the
few terms shown), and that you would
need an infinite number of them to
reach the zero number, as suggested by
the lower scale rising to infinity.

Now suppose, as | suggested before,
that you, like Napier, had no knowledge
of the laws of indices, nor of the calculus

(the work of Newton and Leibniz was
still to come). What else could you
discover from his model which would
help you to calculate just those
logarithms that you wanted for parti-
cular numbers, instead of a thicket of
largely useless G.P. terms? Well then,
you might suddenly realize that by
spanning equal lengths along the log.
scale you could use the other favourite
trick of the engineer and extrapolate
your number values from those already
found, skipping over a lot of unwanted
ones. More generally, as Napier used!?,
for 4 numbers a b ¢ d, if a/b=c/d, then
logb—loga = logd-logc. He was thus
able to extrapolate from one number
whose logarithm he had already calcu-
lated to another whose logarithm was to

be found, at least very closely, by

matching up to a ratio already calcu-
lated.

His objective, remember, was to pro-
duce a table of logarithmic sines,
recorded for every minute of angle from
0° to 90° alongside the sine values
already published by Vieta (1579) and
others!?. He matched the sine values as
nearly as possible to the numbers
appearing in his series and used ratio
methods to account for the small dif-
ferences in the logarithms!!. The tables
were laid out in complementary form,
reading down the left-hand sides from
0° to 45° and up the right-hand sides
from 45° to 90°, so that cosines and log.
cosines were also obtained by reading
right across the table. A central ‘dif-
ference’ column, recording the dif-
ference between the two adjacent col-
umns of logarithms, also enabled log.
tangents to be obtained 9.

So, after some twenty years of com-
plex calculations, Napier eventually and
valiantly accomplished his purpose in
easing the multiplication of sines (and
other trigonometric functions). During
this work he came to realize the broader
application of his logarithms to multi-
plication in general, although taking
such logarithms from his original tables
was no easy matter if they had to be
interpolated between the available fig-
ures (allocated of course to particular
angles)'S. The book, published in 1614 in
Latin'4, was an instant success, not only
in Britain but throughout Europe as
well (it included 90 pages of the tables
and 57 pages of description of their
uses).

Professor Henry Briggs (of London

WIRELESS WORLD, FEBRUARY 1980

and later Oxford Universities), the
leading mathematician of the day, was
so impressed that in 1615 he visited
Napier at Merchiston to pay his respects
and to discuss the system. This was a
most famous and fruitful meeting,
resulting in an agreed change of 0 to be
the logarithm of 1 (which Napier had
already been considering) and an
appropriate power- of 10 to be the
logarithm of 10, as being more con-
venient for general calculations using
logarithms. This was the basis of or-
dinary or Briggsian logarithms. Napier
died in 1617 and in the event Briggs
chose the now familiar base of 10 for the
new l4-place tables for numbers from 1
to 20 000 and 90 000 to 100 000 which he
published in 16246, Viacq, a Dutch
mathematician, filled in the gap and
republished the Briggs figures in 1628'°.

Now can we leave the history of
logarithms here, enthralling though it
may be to some!7. 18.19.20.21 and boring to
others? If the latter think I seem to have
been carried away by it, I have had a
very definite goal — to answer the bur-
ning question of the difference between
Napierian and natural logarithms, a
matter fundamental to the understan-
ding of ‘e’. I am staggered to find that
even many mathematicians do not
recognize a difference (quotations
would be invidious!), so it is no wonder
that engineers are often confused. This
is a classic example of the merit of going
back tooriginalsources for information.
Also, above all, there is the fascinating
question as to why Napier’s logarithms,
as the first-born, are related to e, of
which he knew nothing.

Let’s make a rough graph of the
numbers (y) which Napier found in his
series, plotted against the logarithms
(x) which he allocated to them (Fig. 12).

y (number)

x (Napierian log.)

Fig. 12. Napier's series for calculating
logarithms fits this curve.

He assigned 107 to a log. value of 0 and,
two or three points taken from his
tables'* for logs. up to around 1.5x 107
will do. Here are some typical values:

Angle Sine Log . sine
N (old form) (Napierian)
0° 0 T oo

12°53’ 2 229 666 15 007 330

21°35 3 678 541 10 000 685

37°200 6 064 511 5 001 310

90° 10 000 000 0

The curve looks suspiciously like an
exponential of a-* form (Fig. 7), es-

pecially as it dies away with a feather
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finish to infinity on the log. scale. Per-
haps it is of the e~ form? To see this we
can cheat a bit by looking forward to

thé useful curves of Fig. 17 (next part).

Now examine the value of y for x=107.
Napier quotes 3 678 541 for 10 000 685
respectively (which is as near as we can
-get without resorting to Napier’s tor-
tuous interpolation). Divide the second
figure by the first on your ever-eager
electronic calculator and what do you
find? Yes — e again! (I/e is of course
0.36788to 5 figures). Fig. 12 is then of e~
form (compare with Fig. 17) because
when x, running right from zero,
reaches the value of y at which the
curve crossed the y axis (here 107), the
value of y has fallen to 1/e of its
crossing-over value. With a bit of
careful comparison of the two figures
you will see, 1 hope, that y=e~* in Fig.
17 has to become y=10"e~*""% for Fig.
12

107

ex/107'=
x/107=log, 1077y

Thus Nap.log y = x = 107l0g,107/y =

107log,,.y/107

(In case any of you with a knowledge of
calculus, like our old P.M. friend, have
been uneasily shuffling about during
the last bit of trickery, you might like to
read a very simple and elegant proof of
the above results'”. Whichever way you
proveit, you can be proud of doing more
than Napier could — he didn’t under-
stand negative indices!')

Now why should the numbers for’
Napier’s logarithms have anything todo
with e? Well, of course, they were
formed in a geometric series of reducing
terms, falling in proportion to their
value, similar but opposite to those in

the strip-by-strip build-up of y=e™* (Fig.

8), so that we get the mirror-image
curve e~ (see Figs. 7 and 17). And what
about the base of Napier’s logarithms?
The result 10"log,,.y/107 shows that the
Napierian base is 1/e, as is also clear
from the fitting of the y/x curve to e~*.
In contrast, for the e* curve the
logarithmic base is e. By common
agreement this is termed the ‘natural’
logarithmic base, which it is then for the
natural growth curve. On the other
hand, Napier’s base is a ‘natural’ (if you
will forgive the confusion of meaning!)
for the natural decay curve!

If I am allowed another brief
reference to history,?! what we now call
‘natural’ logarithms first appeared
accidentally as interpolating numbers
in Edward Wright's 1618 translation
(into English) of Napier’s Descriptio.

The first deliberate tables of ‘New.

Logarithms’, as he called them, were
published for numbers 1 to 1000 in 1620
by John Speidell in" London, being
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Fig. 13. Siope relationships on various log. curves.

natural logarithms without the decimal
point. More than a century was to pass
before the importance of natural
logarithms was appreciated in analysis,
including the work of Euler on negative

.and complex numbers (mentioned

later). Johann Heinrich Lambert, an
Alsatian, published the first such table
in 1770.

To see how the value of e can be
derived from natural logarithms as
such, let’s first consider the slopes of
logarithm curves for exponential curves
in. general. Earlier we looked at ex-
ponential curves of the form y=a*, but
this time we’ll interchange x and y to
focus attention on the exponent as the
dependent variable:

If x=a¥ then y=log,x (from the defini-
tion of a logarithm).

Here are some calculated values of y for
various values of x and a:

proportional to x, or dy/dx=1/0.7x, and
in fact this will check out against any
further measurements you may care to
make.

“Also for a = 4 x = 5slope = dy/dx=
0.5/735 = 1/7

and at x=10

Again the slope is inversely proportio-
nal to'x, and in this case dy/dx==1/1.4x.
In the same way you can find out for
a=3that dy/dx~~1/1.1x.

It now strikes you that there must be
a curve for some value of a between 2
and 3 for which dy/dx=1/x. So let’s
interpolate again to find it by plotting
1/(x(dy/dx)) against'a as in Fig. 14. If
you are beginning to feel that you've
been here before, just look back at Fig.
6. The curve is the same, and all we’ve
done is to exchange x and y! Those
approximate coefficients 0.7, 1.1 and 1.4
ring a bell or two, and if you turn Fig. 13

value of x for a =1 since 1 to any power
(y)is always 1. You will observe that the
slopes of the curves all diminish as x
gets larger. Try to find what relation-
ship they have to x by using the
tangential ruler again at a couple of
points, for convenience at x=5 and
x=10-

For a=2 x=5 slope = dy/dx = 1/3.5
whereasat x=10 ............ ... 1/7

This suggests that the slope is inversely

X Y% Y 2 Y 1 2 3 4 8 91— 116
-log,x — 00t + 00
fora=1
togx 3 =2 -1 0 1 I 'y 4
fora =2
log,x -1 0 1 2 252
fora=3
log X -1 0 1 2
fora=4
Thave put in only the key values to keep
the table uncluttered, and have plotted
y(=log,x)/x in Fig. 13. The vertical line 4
for a=1 is a special and academic case
(a‘limit’), having y at all values between 5
—90 and +9° for x=1. This is the sole =04 x=a”

1 ‘ //

|
|
|
|
I
.

8

Fig. 14. What's the value of a for
.dy/dx=1/x?




54

'sideways and look at it in a mirror it
becomes identical with Fig. 5. The point
is hammered home in Fig. 15 where the
curves for e* and log.x are shown
against the same axes.

So, as well as finding another way to
bring out the value of e, we have proved
(no, after some ominous rumblings from
the P.M. I had better substitute
‘verified’) that for e*, y =dy/dx, and that
for log.x, 1/x=dy/dx. Those of you
who aspire to the calculus will note that
we have also obtained the differential
coefficients with respect to x of e* (=e*)
and of logex (=1/x).

There is still one more graphical wile
that we can use to find e, which you
may think is even trickier than any I
have so far mentioned. Consider the
innocent-looking equation y=1/x and
draw up a table of values for it:

x 1 15 2 25 3
1/x 1 067 0.5 0.4 0.33

Now plot these out as in Fig. 16. Con-
struct a square as shown, spanning
unity on both axes. Its area is clearly
unity. Now see if you can mark off an
area under the curve also equal to that
of the square. You can do this by using
another traditional engineer’s dodge of
counting squares, in a number of verti-
cal strips for convenience, adding nar-
row strips one by one, as required, from
left to right. Obviously you're going to
have to move further up the baseline
than 2, but how far? Yes, you've guessed
that it will be to e!

Why should this be so? The curve is
called a rectangular hyperbola, which
suggests there might be a link here

/s =5

/ -4 ]

Fig. 15., The mirror image curves e* and
logx. '
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Fig. 16. Finding e from the area beneath a

rectangular hyperbola.

between natural and hyperbolic
logarithms. We can justify the method
from what we have already discovered
about such logarithms. Now we have
shown that the slope of the curve for
y=log.x is always 1/x. That is differen-
tiation in the caiculus, and the reverse
process is integration or summing up,
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meaning graphically that we must find
the area under the y/x curve. If then we
do this for the curve of y=1/x between
two particular values of x, we are
reversing the action and will finish up
with the difference between the two
corresponding values of log.x. The area
under the curve between values x=1
and x=e is thus log.e—log.,1=1-0=1,
as already discovered.
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19.ed. E. M. Horsbrugh, Napier Tercentenary
Celebration — Handbook of the Exhibition
pp.1-16 (G. A. Gibson: Napier and the inven-
tion of logarithms), Royal Society of Edin-
burgh 1914.

20. E. Kasner, J. Newman. Mathematics and
the Imagination, pp.78-85 (e), republished
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available from Dymet Alloys Ltd, Frimley
Road, Camberley, Surrey GU15 2QC.
WW 410

The process of mechanical plating of small
parts and its claimed advantages over elec-
troplating are explained in a brochure,
obtainable from Morlock Industries Ltd,.
Bridgnorth Road, Wombourne, Wolver-
hampton WV5 8AU. WW4j2

Brochure on the AXE digital telephone
switching system is available from The
Ericsson Group, Telefonaktiebolaget L.M.

Ericsson, S-126 25 Stockholm, Sweden.
WWw413

Catalogue of small electronic components
for the home constructor is obtainable at §0p
from Ace Mailtronix Ltd, Tootal Stréet,
Wakefield, West Yorkshire WF1 5JR.

Video production switchgears, an extended
effects generator and an audio mixing
switching unit made by Central Dynamics of

‘Canada and handled by Pye are briefly de-

scribed in leaflets from Pye TVT Ltd, PO Box
4], Coldhams Lane, Cambridge, CB1 3JU.
wWw4l4
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ETTIERS TOTHIE EDITOR

LOOP AERIALS

A careful exploration of the medium and long
wave broadcast bands leads to the conclu-
sion that their neglect by many listeners is as
much to do with poor receiver and aerial
performance as with band congestion and
interference. The r.f. selectivity of most
portables and tuners is so poor that attaching
along wire aerial (as advised by Mr McLeod!)
simply makes second channel interference
impossibly bad. However the resonant loop
or the “H-field multiplier” described by Mr
Schemel? overcomes the twin problems of
insensitivity and poor r.f. selectivity, and
with large well designed loops some astonis-
‘hing results can be obtained with poor
receivers. The price paid is that the aerial
needs to be tuned independently of the
receiver, or left tuned to a preferred station.
' Nevertheless this is an excellent way of
~widening the scope of listening experience.

Following experiments with a feeder-
coupled loop (described in Wireless World
many years ago®) a 2mX1m six-turn m.w.
tuned loop was set up and used either as an
“H-field multiplier” with_portable receivers or
coupled with 300-ohm cable to the ferrite rod
of an f.m./a.m. tuner. Favourable results
obtained during winter months suggested
that with some receivers even larger loops
would be useful. Mr Schemel has shown that
in view of inherent noise levels 1m? is the
largest size necessary. However I find that
the 8m X4m single-turn outdoor loop now in
use gives a better performance, probably
because the very large signals help the a.g.c.
of the receivers to deal better with fading.
This aerial is coupled to the ferrite rod of the
tuner by a few turns, 2cm in diameter, in
series with the loop.

For long-wave reception a 2m X 2m 15-
turn loop is used, situated in a loft and
coupled by means of a single turn to 80-ohm
cable. At the receiver end there is an 8cm
diameter coil of about 25 turns, fixed to the
side of the receiver case with tape. The
receiver itself is of the Hong Kong transistor
sort, which in fact cost less than the wire and
cable used for the aerial.

A low-pass audio filter with a deep
(—SOdB) notch at 8kHz is in circuit through-
out and is considered indispensable.

Finally a comment on the operation of the
“H-field muitiplier”. 1 follow Mr Schemel’s
theory (p.51) up to the final paragraph where
he mentions the conservation of energy, and
says that the enhanced field, QH, is in phase
quadrature with the incident field. This
cannot be generally correct since the phase
of the loop current passes rapidly from
positive to negative (or vice versa) as the
circuit is tuned through resonance. It seems
better to suppose that the loop acts as a
transformer, making the absorbed energy
available at an impedance different from that
of free space. If we regard the loop as parallel
tuned, this impedance is very high, so that
the ferrite rod of a receiver has only to be

 lightly coupled to the loop to absorb a useful
proportion of the energy from it (see Mr
Schemel’s footnote, p.51). On the other hand
a small coil in series with the loop makes the
energy available at very low impedance.
These are complementary points of view, the

former being more appropriate when the
receiver is near the middle of a large loop, the
latter when it is near one of the sides.

R. A. W. Hill

Glasgow College of Technology

Glasgow G4
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The author replies:

Mr Hill, like myself, is obviously a loop
proponent, and I would only like to add some
observations of my own to those in his letter.

Coupling a long wire into a modern radio
may be unsatisfactory, quite apart from the
reasons put forward in the original article,
because transistor mixers are much more
liable to overload than their valve counter-
parts. Both overload and the decreased r.f.
selectivity have the effect of producing aud-
ible beats and cross modulation.

Separate tuning of the loop increases
selectivity but only improves sensitivity
when coupling to the first tuned circuit is
insufficient. Since this useful technique may
be tried by some readers, they are cautioned
to avoid overcoupling. It would appear that
Mr Hill’s installation is undercoupled, since
he observes that quite large loop areas give a
noticeable improvement in reception; it
could also be that the receiver is of very poor
sensitivity, and 1 can confirm that a large
tuned loop used in this way works wonders.
Notwithstanding this, my own experience
with a good receiver and a closely coupled
untuned loop would indicate that an area of
1 m?is more than adequate.

Finally, Mr Hill observes that the phase of
the loop field passes from 180° to 0° as the
loop is tuned through resonance. This is
indeed the case, and exactly at resonance the
phase angle is 90° as stated in the article.
Readers who constructed the field multiplier
may have noted that the loop can almost
suppress the signal rather than boost it at a
critical tuning point. This occurs when the
out-of-phase component of the loop field
almost cancels the incident.” !

R. E. Schemel

THE INTELLIGENT PLUG

1 was interested in the article “The intelligent
plug” in the December issue. In your warning
note you refer to p.m.e. and 1 hope you will
not mind if I mention that this stands for
protective multiple earthing.

Where the electricity supply authority has
applied this method of earthing to its dis-
tribution system, the consumer will have
been offered an earth terminal which is, in
fact, a connection to the neutral of the
electricity supply system. The injection of a
carrier frequency between the neutral and
earth on the consumer’s installation will
effectively be short-circuited at the incoming
point of supply in that the consumer’s earth

conductor and neutral are both connected to
the incoming supply neutral.

In an electricity distribution system where
the system neutral is earthed only at the
distribution sub-station, the neutral and
earth connections will again be short-
circuited but the impedance loop, as seen at
the consumer’s installation, will be suf-
ficiently large not to significantly attenuate
the injected carrier frequency.

L E. Elliot

Eastern Electricity
Lowestoft

Suffolk

COMMITMENT IN WORK

It is heartening to find an editor who is
prepared to take on the task of raising (by
whatever degree) the level of awareness of
his readers. Your excellent editorial in the
January 1979 issue on military electronics,
and more recent ones on the unpleasant
social consequences of our profession, have
been salutary.

What has been insufficiently stressed so
far, though, is the absolutely imperative need
for individual commitment. This appliesright
across the board - including involvement
with ‘‘defence’ projects, nuclear power
(“clean, safe and cheap”), broadcasting and
telecommunications (information manipula-
tion) . . . . It is only too easy for the average
engineer to look no further than the rim of
his coffee cup; he has a wife and kids to
support, he expects a certain standard of
living and he expects society to provide it for
him: the fact that his society is morally
bankrupt, supported on very shaky economic
foundations and in imminent danger of
catastrophic collapse is comething that he
doesn’t want to think about, let alone do
anything about. Yet society is only made up
of individuals; if individuals will not rouse
themselves (no-one can do it for them) from
their ostrich posture no improvement in
society’s state can come about.

Commitment on this personal lével can be
painful. For instance, if you do not wish to
work in socially harmful areas you are rest-
ricting the variety of jobs open to you, and
you may be forced to accept a lower salary,
with a consequent lowering of living
standard. The latter also applies if you wish
to be more conservative, say, in your use of
energy; electric heating is the most wasteful
and inefficient misuse of energy there is
(except perhaps writing letters to magazine
editors), but it is also the most convenient.
The commitment to a saner way of living is
fundamentally the same in either case. The
misuse of technology, and electronics in
particular, which you have so accurately
portrayed can only be finally corrected by a
“grass-roots” awakening of awareness at the

‘individual level.

There are, fortunately, signs that this is
happening. For example 1 was recently .told
by an employment agency that it was by no
means uncommon for candidates to specify
‘‘no military involvement” on their job .
application forms; perhaps the almost con- |
tinuous re¢ruitment adverts from the likes of
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MSDS, Ferranti, Plessey and GCHQ are in-
dictive of the shortage of people prepared to
work on such projects. On a wider scale, the
extent of interest in renewable energy
sources and of opposition to the nuclear jug-
gernaut shows a change of attitude in many
people. Perhaps you could help nurse it
along?

One point on your editorial “Trickle,
trickle little chip” (November 1979) concer-
ning alternative (or “appropriate’) techno-
logy for the developing nations. Firstly,
alternative technology is not concerned
primarily with producing goods — goods are
not what the Third World needs. What it
needs are reliable means of feeding and
sheltering itself, so that AT is generally
aimed at the agricultural, building and en-
ergy supply areas. For these areas
(particularly the first two) labour intensive
techniques are more appropriate than capital
intensive ones — though micrelectronics can
still have a part to play. Alternative techno-
logy should not necessarily exclude sophisti-
cation where it is justifiable and applicable.
Secondly, there is the danger that high
technology produces a gap between its users
and its end products, so that there is no
feeling of identification between the maker
and what he has made. This gap has been
recognised as a major source of dissatisfac-
tion in Western manufacturing industries;
and it is one problem that the developing
countries should try hard to avoid.

Tim Williams
Tunbridge Wells
Kent

SCIENTIFIC COMPUTER

I have followed with great interest the
articles on the scientific computer by John
Adams (April-September 1979). As an elec-
tronics engineer from a “pre-micro” era, I saw
this as an ideal project to enable me to
become updated. 1 accordingly constructed
the hardware and now, with a limited
amount of experience in “driving” it, I would
like to offer a number of points which I feel
are worthy of discussion:

* (a) The “number cruncher” approach
seems to me to be so very logical that it is
surprising that more systems do not apply it.
It must surely set the pattern for the future.

(b) 1 would be very interested to see de-
tailed explanations of many more of the
machine language sub routines, particularly
those associated directly with the “number
cruncher”.

(c) The Adams computer is already excel-
lent value for money, but could, I feel, be-
come even better with upgraded monitor and
Basic programmes. For example, there is no
cursor, or backshift/delete facility (except in
graphics). There is no apparent means
whereby a list of results can be fed into the
middle of a programme from a peripheral.
Perhaps Mr Adams can be persuaded to look
into this.

(d) Software programming in BURP is
obviously somewhat limited at the present
time. Could we have some information on
how to set about writing our own, or con-
verting those already available for the TRS80
or the Nascom, both of which employ the
Z80?

If I were to ponder longer no doubt 1 could
produce a long list of other desirable features
and information requirements. 1 hope, how-
ever, that I have said sufficient. to convince
you that there are many engineers like

_ myself who need to familiarise themselves
with these latest techniques but will not have

either the time or the opportunity to attend
any of the many courses being offered by
device manufacturers. We must, therefore,
resort to the written word, and immediately
are faced with a bewildering array of text
books — and who can guide us in our choice?
As professionally I will be designing micro-
processor controlled systems, machine
language is of paramount importance.
Articles on the approach to and construction
of typical programmes would be of consid-
erable interest. If one turns to the magazine
press the various publications with “Com-
puters” in their title, excellent though they
may be, do not approach the subject from the
design engineer’s standpoint. There does,
therefore, seem to be a void which I hope that
a periodical of the high technical standing of
Wireless World can fill. What is really needed
is a “Foundations of Microprocessor and
Peripherals” series by a *“Scroggie of the
micros”; perhaps he already exists in John
Adams. These could be supplemented by a
regular flow of articles describing in detail
actual applications covering all spheres, not
just the computer as it is popularly under-
stood.

I hope that I may have said sufficient to
convince you that far from being minority
readership, microprocessors etc. are of con-
siderable interest to a high percentage of
your readers, many of whom have no pro-
fessional interest in “wireless’ these days.

J. W. H. Freeman
Red Forge Ltd
Redditch

The author replies:

May 1 take the opportunity to thank Mr
Freeman and many others for their
comments on my design for a computer
which was published in your April-
September issues 1979. They have been of
great value in drawing up the specification
for the monitor described in this issue, as well
as giving food for thought for further ones.

With so many users of these machines, it
would now, I think, be a good time for some
individual or group to set up a users’ club to
distribute a newsletter and, perhaps, organ-
ise meetings etc.*

Might 1 also reply to Dr Whittington’s
letter published last month. I think it a
mistake to look for ‘mainframe’ performance
from an arrangement which costs only a few
per cent of the price of such equipment.
Constraints ‘'on format, language (such as
they are) and speed are thus inevitable. I
must take issue with Dr Whittington on one
point though, as, whilst it is possible (just!) to
make a FOR loop take 200ms, a more typical
time for a loop covering, say, 10 program
lines is 60ms. To put the machine in the
context of the so-called ‘benchmark’ tests,
which have been applied to five commer-
cially available machines, for BM5, which
computes.

K
A= E X3+4—5

for K= 1t0 100, the mean execution time was
27s for the 5, as against 21s for the Scientific
Computer. A monitor which is in the deve-
lopment stage at the moment cuts this time
down to 13.8s. Should one of the semicon-
ductor manufacturers produce a ‘number
cruncher’ which can run at a faster clocking
rate than the 800kHz which the great
majority of MM57109s seem to manage, at a
reasonable price, then these times, measured
at that clocking frequency, should be
reduced even further.

After, perhaps, more experience with the
monitors Dr Whittington will_find them

easier to use. I must admit to a mistake in the
original series in that I forgot to describe the
register display facility which is present in
original monitor. It is fully described in this
issue. The COR command isn’t quite so
dangerous as is suggested as it does list back
all the addresses at which it makes correc-
tions. Experience has shown that using COR,
or MOD as it now is, and then checking back
for unwanted changes using this address list
avoids the usual problem when, say, re-
addressing a block of instructions for loading
into an e.p.r.o.m., and that is missing one or
two of the alterations required. MOD has a
second use too, in that by changing the byte
XX to YY, the computer just lists the ad-
dresses where that byte may be found.
Finally, there is a mistake on the p.c.b.
supplied with the kit for the computer of
which some constructors may not be aware.
The 470-ohm resistor adjacent to the ‘Data
In’ lLe.d. connector pin at the back of the
board should be removed and this connector
pin wired directly to pin 12 of the 4013 i.c. The
l.e.d. will then perform as originally intended.
John H. Adams
Radlett
Herts
*We would be glad to hear readers’ views on this
suggestion. — Ed.

VHF RADIO AND
PROGRAMMES

May I respond to Mr MacKay and Mr Watson
(October 1979 letters)* concerning the use of

ITS

v.hf. radio.

Inthe early days of v.h.f,, the BBC certainly
tried to encourage listeners to change over to
these channels, for very good reasons of
technical quality and freedom from inter-
ference. I cannot recall that we ever said that
all broadcasting would be on v.h.f. only, with
the implication that medium and long wave
transmissions would be abandoned.

In the event, the public in general have
been most reluctant to make the change and
the v.h.f. channels are to this day (more than
20 years later) used by only a minority of
listeners. Accordingly, it was a sensible
choice to put Open University broadcasts on
v.hf. and to confine schools programmes to
v.h.f, since this offered good coverage for the
educational material while inconveniencing
as few members of the general public as
possible.

It is perhaps worth emphasising that the
BBC is in no way on the defensive about the
inclusion of educational material in our
programming; together with information
and entertainment, education is one of the
prime requirements of our charter. Schools
programmes are clearly of considerable
importance in their field and the Open Uni-
versity is an imaginative and successful
British venture which is very rightly sup-
ported by the Corporation.

The realities of the situation are therefore
as follows. Educational broadcasting merits
good coverage throughout the country; it is
on v.h.f. for good reasons and could not be
transferred to medium or long wave without
inconveniencing far more listeners and nulli-
fying the considerable investment in v.h.f.
equipment by schools and others; insufficient
v.h.f. channels are available to separate
educational from other programming.

Turning now to more positive matters, it is
clearly very much in the BBC's interests that
the programmes which we make shall be
received as well and as widely as possible. We
are very conscious of the dissatisfaction
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caused by the enforced sharing of channels
by educational and other programmes and
we examine most carefully what can be done
to relieve this. The most satisfactory long
term solution is the provision of more chan-
nels by extension of the v.h.f. broadcasting
band. This has been an important factor in
the World Administrative Radio Conference
in Geneva, although if such extension is
agreed it must be some years before existing
mobile users (police, fire, ambulance etc.) can
be moved elsewhere and new broadcasting
networks created. For short-term relief we
are looking into the feasibility of transferring
a proportion of schools broadcasting to the
night hours, with time-switch recording in
schools for replay the next day. Furthermore,
we have concentrated much of the educatio-
nal programming on to the Radio 4 v.h.f.
channel, avoiding Radio 3 where musical
items in particular benefit from high quality
stereo transmission. As a result, educational
material on Radio 3 v.h.f. is in general trans-
mitted outside normal programme hours,
with the exception of an hour and a half on
weekdays in the early evening. The sharing
of asingle v.h.f. channel by Radio 1 and Radio
2 is a separate problem, to which the only-
solution would be an additional v.h.f. chan-
nel.

I would not presume to challenge Mr
MacKay's catalogue of shortcomings and
perhaps 1 am indeed fulsome, irrelevant,
contradictory, evasive, arrogant and smooth.
Although anxious to please, I have found it
difficult to demonstrate all these qualities
within the compass of a single letter; but I
have tried as best I can to set out the facts
which, unwelcome though they may be,
make up a problem for which a quick and
easy solution is not available.

D. P. Leggatt
Head of Engineering Information Dept
BBC, London W1

* Owing to a clerical error the publication of this
letter has been delayed. Apologies to readers and
the correspondents concerned. — Ed.

PERCEIVING DIRECTION
IN SURROUND SOUND

The article by Ken Farrar on the Soundfield
Microphone (October and November 1979)
prompts some observations on the develop-
ment of surround sound which I feel it timely

to make. Most technical developments tend .

to evolve from previous practice but it is
always wise as new technology becomes
available to take a long hard look, unhind-
ered by the past, at the means and at the
objectives. It is therefore to be hoped that
before standards are finally set the full
potential of Ambisonics is properly esta-
blished.

Having been intrigued by the somewhat
puzzling failure of binaural reproduction to
recreate concrete centre-front sound
sources, the writer has carried out many
experiments in the field of perception of
direction by our sensors. I use the word
‘sensors’ rather than ears because I now have
doubts as to whether our outer ears are the
sole mechanism.

The following facts emerged. Firstly, using
white noise as a sound source, there was no
difficulty in locating the direction of its origin
‘with one ear effectively closed. This appears
to indicate that there are clues on which the
brain can operate to determine direction

other than the generally accepted ones of

inter-aural intensity, phase and transient

‘arrival-time differences. Secondly the
frequency response of the ear changes quite
markedly as the incident direction of the
sound changes. This effect is in addition to
the well known ability of the pinnae to in-
troduce minute colorations which are direc-
tion dependent and from which we have
learned to derive clues. The head appears to
act as a baffle for sound coming from the side
which intensifies mid-frequency com-
ponents. These mid-frequency components
are relatively reduced in loudness if the
sound comes from the front. Thirdly there
appears to be evidence that more than the
outer ear may be involved in hearing. There
is a passage which can convey sound bet-
ween the nose and mouth and the inner ear
and it was observed that the sound of white
noise changed with the opening and closing
of these apertures! This may have a bearing
on what appears to be the ability to assess the
distance of a sound source by the shape of the
radiated wave-front. The more distant the
sound source, the ‘flatter’ will be the portion
of the wave-front affecting our ears. If a point
source loudspeaker is replaced by one with a
number of units so as to create an
approximation to a plane wave, the sound in
the latter case will appear to originate some
distance behind the loudspeakers. Since the
sound reaching the outer ears in both cases
should be the same, it is impossible to explain
these phenomena by conventional theory.
Returning td the failure of binaural sound
to recreate concrete central front images,
this can only be because some vital clue is
missing. It would appear that a really con-’
crete centre-front image can only be created
by a sound coming from centre-front in
actual practice. While the illusion of centre-
front images created by the left-right
speakers of conventional stereo are un-
doubtedly established by the dominance of
the intensity/phase/transient time delay
mechanism, the overall effect may be less
than perfect. The fact that there are in-
dividuals for whom this illusion does not
work confirms this. In any case this function
is clearly over-sensitive to head movements.
This brings us back to the subject of four
charninel reproduction and I would like to
suggest that before we are committed to the
two front and two rear loudspeaker configu-
ration — really an extension of stereo —
experiments should be carried out with what
could be a more logical system, i.e., one
central front loudspeaker, one left loud-
speaker, one right loudspeaker and one rear
loudspeaker. For reasons too lengthy to
discuss here, the writer believes that this
format would have many advantages, just
one of which would be that a centrally
positioned soloist would tend to remain
central even if one moved from the ideal
‘central’ seat.
James Kerr
Kerr Research
Wendover
Bucks

UHF CITIZENS'BAND IN
AUSTRALIA

It is not recorded in any history book that King
Canute sat on an Australian beach trying to
curb the tide (your editorial, September 1979
issue). But recent Australian history has
shown that our telecommunication authorities

and government can do the same and succeed!.

Yes, ¢.b. is good fun, and the population has
the right to expect a small part of the spectrum
to be allocated for personal use. But our

Canutes here were far more canny in trying to

\stem the tide. Instead of telling the sea to draw
back, they asked — can we get the sea to
recede by providing another beach? Instead of
asking the sea, they asked our population and
industry. They asked if there were other
frequencies which could be used, if equipment
could be designed and manufactured within
one year at a price competitive with its 27ZMHz
s.s.b. counterpart. They asked if the coverage
on another band of frequencies would be
equivalent to the local coverage of 27MHz.
And, most importantly, they asked what in-
terference problems could result from the use
of other frequencies.

The result was the introduction of the
world’s first uh.f. c.b. service; IMHz of spec-
trum for public use, 40 channels that anyone
could use anytime, anywhere. All the answers
to the questions have been fully vindicated. It
is better service with minimum interference
and, equipment was designed and produced
within the period required and at a competitive
price. What is more, it has injected sanity into
an area which was fast becoming imbecilic. It
has provided local industry with a new market,
and _emgloyment and export opportunmes

New fraternities are springing up. Long
distance truck drivers are enthusiastic and
enterprising roadside cafe owners advertise
the fact that they are on the air on channel ‘x’
and will accept messages to pass on to other
travellers. Sporting and particularly boating
clubs are taking to the medium. The flexibility
of having 40 channels from which to select at
will is a real benefit.

It has also given the amateurs a 70cm unit
capable of providing 40 channels each of single
and two frequency simplex, a fact that has not
escaped the UK amateur, as this unit is already
on the UK market.

Your editorial implies by omission that there
is no other choice. The antipodean experience
has shown that there is. It is not too late for the
UK to consider alternatives, but it will be too
late if the Home Office procrastinates. As we
know from the multimillion dollar disaster in
the States and our own experience, if the
public wants something, some enterprising
entrepreneur will provide it legally or illegally.
You will then be stuck with it, to the continued
disadvantage of wonderwomen watchers and
radiocommunication users in general.

R. B. Hooper
Philips — TMC Ltd
Clayton Victoria, Australia

LEVY ON COPYING

Your columnist Mixer's notion in the
November 1979 issue that the record indust-
ry’s claim for a levy on all blank tape cass-
ettes and recorders “would be just as rea-
sonable, and stand just as much chance of
being accepted” as a similar levy charged on
the use of photocopying machines is not as
incredible as Mixer seems to think, at least
not in Scandinavia.

Backed by existing copyright laws, very
similar to those in force in Britain, the Tech-
nical and Fiction Writers Union has effec-
tively banned duplication of printed material
by photocopy-machine “until a suitable fee
has been negotiated.” Their present claim is
3.3 pence per copy. In Sweden, the Govern-
ment is already paying writers 0.18 pence per
copy, based on statistics of the copies taken
in universities, school, public libraries and by
local and national authorities.

Gisle Hannemyr
Porsgrunn
Norway
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.On-line information retrieval services
throughout Europe — the kind using com-
‘puterised data bases — are now being linked
together into a comprehensive network by a
dedicated telecommunications system. Any
professional worker with access to a
Teletype-compatible data terminal (with
printer or v.d.u.), a telephone line and a
password for the system can retrieve infor-
mation from general and specialised data
bases in a number of European countries at a
standard tariff which is independent of dis-
tance. By the end of 1980 about 140 such data
bases are expected to be available. To make
connection, the user has to dial on his
telephone one of the computerised informa-
tion services in his own country which is
linked to the system. These are known as
“hosts” and in the UK, for example, one of
them is BLAISE, the British Library’s
Automated Information Service. Another
UK host is Infoline, which, incidentally, will
be bringing into the system the well known
IEE Inspec database of physics, electronics,
' computing and mathematical information.

This European link-up called Euronet-
DIANE, was opened in November last year.
Initiated by the European Communities
Commission, it is intended in the first in-
stance for the benefit of the present nine
Common Market countries but probably
later will bring in Switzerland, Norway,
Sweden, Spain, Austria, Yugoslavia and
Greece. Euronet is the hardware part,
operated by the telecommunication author-
ities of the EEC. Its backbone is a dedicated
high-speed data transmission system
operating at 48,000 bit/s on the packet
switching principle (in which packets of
digital data are sent by the best route at a
given time to achieve the most efficient use
of available lines — often interleaving
packets for different addresses). The intern-
ational lines carrying this data stretch across
Europe from Dublin through London, Paris
and Frankfurt to Rome, with branches off to
Amsterdam, Copenhagen, Brussels and
Luxembourg. Exchanges for packet switch-
ing are located in L ondon (in the Post Office’s
Electra House, Temple Place, London WC2,
which also houses the management centre
controlling the day-to-day operation of
Euronet) and in Paris, Frankfurt and Rome.
Users’ terminals are connected through the
hosts to this backbone by slower speed data
transmission on public or leased lines wor-
king at anything from 110 bit/s to 9,600 bit/s.
A detailed description of Euronet is given by
P. T. F. Kelly of the UK Post Office in The
Radio and Electronic Engineer (IERE Jour-
nal) for November 1979. (See also “Switching
into European data” by D. E. Hadley and A.
C. Barnes, .Post Office Telecommunications
Journal, Autumn 1979). We understand there
is some possibility that viewdata terminals
(Prestel in the UK) could be made compatible
with the system.

DIANE is an acronym meaning Direct

Information Access Network for Europe and
is the organisation of the various on-line
information services themselves — the 'soft-
ware side. At present there are 23 hosts,
offering a spectrum of scientific, technical,
medical, legal, social and economic knowl-
edge. Inquiries about it can be made to:

Euronet DIANE Information, Jean Monnet
Building, B4 009, ECC, Luxembourg (Grand
Duchy). Local enquiries about Euronetin the
UK can be made to the Post Office contact:
Mr T. Lake, International Telecommunica-
tions, Landsec House, New Fetter Lane,
London EC4 (tel: 01-583 4945 or 8832).

Many of the on-line information retrieval
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Europe-wide information retrieval
uses packet switching

systems available through DIANE use dif-
ferent sets of commands. The potential user
is therefore faced with the possibility of
having to learn several search languages. But
recently a study carried out for the ECC by
Scicon in the UK has devised a common
command language which allows users to
search on different retrieval systems using
one language. This has been accepted as a.
formal guideline for use by the hosts and is
already being implemented by some of them.
The standard command language is not
meant to replace existing sophisticated
search languages but as an alternative to
help users who need to search on a number of
different systems.

CEl honours Sam Fedida

One of the UK’s foremost engineering acco-
lades, the Macrobert Award, has been given
to Sam Fedida, well known to readers of this
journal as the author of a series of articles
(Wireless World, February to May 1977 and
April to June 1978) dealing with Viewdata,
the information system using telephone and
television in a communication/display com-
bination he had invented while working as a
Post Office research engineer.

The prize of £25,000 and the MacRobert
Medal were presented to Fedida by H.R.H.
the Duke of Edinburgh in his capacity as
founder president of the Council of En-
gineering Institutions (CEI) at Buckingham
Palace on 5th December 1979. The
MacRobert Gold Medal was also presented
on this occasion, to Post Office Telecom-
munications for the development of Prestel,
the first public Viewdata service in the world.

Sam Fedida was born in Alexandria, Egypt,
in 1918. He was educated in England and
graduated with a B.Sc.(Hons) at Imperial
College, London, and during the second
world war served as a radar officer in the
R.AF. After the war he joined Marconi,
becoming a development manager in 1960.
and Assistant Director of Research in 1965.
He joined the Post Office Research Depart-
ment as Manager of Computer applications
in 1970 and soon afterwards invented the
Viewdata system, which he demonstrated
publicly in 1975. He had obtained an M.Sc. in
computer sciences at Birkbeck College, Lon-
don in 1973.

The MacRobert Award has traditionally
been awarded for the development of a novel
engineering project or process and has
shown a general bias towards hardware.
However, the last two decades have shown
that software aspects of complex electronic
systems are now at least as technically
challenging and this award tends to indicate
the CEIl's awareness of the growing
significance of information retrieval systems.

PET automatically
checks impedance

A combination of instruments including a
Rohde and Schwarz ZPV vector analyser, a
signal generator and a Commodore PET:
computer can, according to Aveley Electric, a
British distributor for Rohde and Schwarz, be
used for automatic impedance measure-
ments. Frequency range covered is from 0.4
to 1040MHz and the test permits automatic
voltage measurements of magnitude and
phase, measurement of S parameters,
impedances and admittances as well as group
delay measurements. Measured values are
displayed on the screen of the PET or are fed
out via an IEC bus-compatible printer.
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Post Office introduces
microprocessor pay-phones

‘A completely new type of Post Office pay-
-phone, featuring microprocessor control and
a numerical key-pad instead of a rotatable
idial, began trials on December 10. This marks’
the beginning of a Post Office programme to
re-equip coin-operated call boxes and an
initial order of 100 of the new units has been
placed with Agitelco, a member of the AGI
group.

Unlike the conventional pay-phone, cash is
‘inserted before the required number is keyed
and there is no “pay tone.” Coins held in store
are credited to the caller and this amount is
indicated on a digital display. As the call
proceeds the cost is deducted from the
amount in credit and 10 seconds before the
credit runs out the visual display requests
more money, the display being accompanied
by a “bleep” on the line. The microprocessor-
calculates the rate from meter signals
received from the local exchange in the
conventional manner, disconnects the call if

there is no credit left or pays out unused’

coins. The rate of charge is similar to that of
the conventional pay-phone and depends:
upon distance and time of day; a “follow-on”
facility is included where, upon pressing a
button, further calls can be made using credit
still in store.

Operator calls can still be made although
these will be restricted to the UK area in-
itially and on these calls another ‘“bleep”
signal tells the operator that the call is
.coming from a new “blue payphone”, so
called because the phones have all instruc-
tions printed in blue. Each unit is housed in a
stainless steel casing and the Post Office
maintains that the microprocessor approach
used in this unit offers advantages including
ease of installation, faster servicing resulting
‘from the “watchdog” action of the m.p.u. in
reporting faults immediately and overall
cheaper running due to the elimination of the’
special call-charging equipment at present
necessary at local exchanges.

During the trial period the Post Office will
be carrying out research into customer reac-
tions and the extent of use of the new phone
compared with that of the conventional type,
with the intention of a realistic assessment of
the quantity needed to cover the first phase
.of modernisation.

=

Aiwa to set up "micro” hifi plant in Wales

Speaking in response to Aiwa’s decision to
set up a British subsidiary of the Japanese:
company, Lord Trenchard, Minister of State
for Industry said, “I am delighted at Aiwa’s
decision to set up a plant in the UK ... Aiwa
will be the first manufacturer of miniaturised
hi-fi in the UK and the first Japanese audio
manufacturer to come here.”

In fact, both Toshiba and Matsushita
preceded Aiwa in setting up plant in the UK,
although this is the largest projected under-
taking in the field of “micro” hi-fi here, the
estimated cost being £2 million, drawing
£600,000 of British government aid. “Micro”
hi-fi employs microelectronic circuits in a
complete package of about 12ins by 8ins and
the UK manager, Mr Stephen Chorley, ex-
pects 50% of output from the Newbridge,
South Wales, plant to be exported. About
half of the components used will be British

and at the start of production in June 1980,
between 70 and 100 new jobs will be made
available to local people. The Welsh Deve-
lopment Agency has provided the factory on
a 25-year lease to the Japanese company.

Zenith buys Heath

Zenith Radio Corporation has completed the
purchase of Heath from Daystrom Inc, a
wholly-owned subsidiary of Schlumberger
Ltd. Heath, the Michigan-based electronic kit
manufacturer, will be operated as a wholly-
owned subsidiary of Zenith. New Zenith
subsidiaries have been established to operate
the 55 Heathkit Electronic Centres in the
United States and the Heath business in
Canada and Europe. Daystrom Inc, was
acquired by Schlumberger in 1962.

To make new call
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Microprocessor and
Electronics Centre

A showroom for electronics manufacturers,
funded by private and ICFC money, was
opened by Lord Trenchard in December.
Jeremy Prosser, of Prosser Scientific Instru-
ments, had the idea of a base for electronics
companies to show their wares in London, to
conduct interviews and to meet their poten-
tial customers. One or two economists and
marketing people evidently agreed with him
and combined with him to set up the venture
in the World Trade Centre in East Smithfield,
near the Tower of London.

A coincident exhibition helped to set the
scene for the opening ceremony (it actually
opened its doors in September, but the

‘celebratory junket was delayed.a few

months) though many exhibits were not, one
felt, of the type to inflame the imagination of
the civilised world. Examples of the ways in
which electronics can enrich our lives and
widen our horizons included the K9 dog
machine from the Dr Who television pro-
gramme, a toy train controlled by a micro-
processor in a manner no one present felt
able to discuss, and some ‘Star Trek’-inspired
‘phasors’, which made funny noises. Mea-
suring instruments were in evidence, as were
microcomputers in various guises.

Lord Trenchard’s opening speech was a
worthy example of its kind, impressing on all
of us the need to use microelectronics for all
we were worth and spelling out to us the
disastrous consequences of failing to do so.
The effect of the homily was not heightened
by his aside, on leaving the still-live
microphone, that he supposed he was now
going to be shown the exhibits, which he
couldn’t, of course, be expected to under-
stand. Lord Trenchard is a Minister of State
for Industry. }

The Microprocessor and Electronics Cen-
tre will be permanently open and will run a
series of small exhibitions throughout the

year.
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communications in

Radio amateurs provided emergency com-
‘munications in disaster-struck Morvi, India,
during the afternoon of August 11. Unusually
heavy rains caused one of the Macchu dams
to burst at both sides of the spillway, engul-
fing the entire city which had a population of
75,000 people. A wave seven or eight feet high
devastated 80% of the buildings and left an
estimated 10,000 people dead. The water
continued to rise to about 15 feet and when
these flood waters receded, the streets and
houses were under 14 feet of mud.

Communications and power supplies were
cut off almost immediately and even towns
within 10 to 15km away remained unaware
of the tragedy for 24 hours. When the news’
finally got out, India’s Home Guard from the
city of Rajkot, 70km away from Morvi, were
the first to reach the devastated city and they
set about extricating the wounded from the
debris, disposing of bodies and organising
relief.

The Federation of Amateur Radio Societies
of India and the Radio & Electronics Society
of India, realising that communications
would be needed, held an emergency meeting
and within three days volunteers were
mobilised, equipped with transceivers, an-
tennae and other communications equip-
ment, borrowed from various amateurs.
Flying indirectly from Bombay to Rajkot, a
small team of radio amateurs joined other
helpers. One of the local amateurs contacted
the Home Guard and introduced the District
Commandant to their facilities. The Com-

Radio amateurs provide

Indian disaster

mandant indicated that these facilities were
just what they desperately needed, their own
vhf equipment being totally inadequate to
the problem. A main station was set upin the
Commandant’s office at the Home Guard’s

base at Rajkot, a jeep was made available and -

was quickly fitted out with mobile hf and
two-metre equipment.

The two-metre portable equipment in par-
ticular, proved to be invaluable to the wor-
king parties who went out into the mud-filled
lanes.

The amateur’s facilities were used by the
Red Cross and many other relief groups; they
gave up 18 days of their time to provide
emergency communications round-the-
clock. When tl:e telephones were recon-
nected between Morvi and Rajkot, the
amateur’s usefulness diminished and opera-
tlons were wound up on September 5.

The amateurs obtained a good deal of
satisfaction from the provision of emergency
communications but they were also quick to
point out that they had come to realise just
how unprepared they were for the event and
how lacking they were in suitable equipment
and trained manpower. Their hope now is
that, with government and other help, they
can improve this situation. A story like this
must encourage organisations such as
RAENET (Radioc Amateur Emergency Net-
work) in the UK and other services even if
they do find little opportunity to put it into
practice.

stations in London"

A study of v.h.f. spectrum availability in the
London area, carried out by the former IBA
engineer Fred Wise and commissioned by the
Community Communications Group (COM-
COM)), reports that there is space for at least
a dozen small radio stations in the area. The
report splits possible further coverage into
three categories including small stations
with a coverage radii of about 1.5km,
medium size stations covering a sector of the
city and larger stations, aimed at specialist
interests, covering the entire city.

The forthcoming extension of the v.h.f.
broadcast band to, initially, 104MHz and later
to 108MHz (see News columns, January 1980
Wireless World) as a result of allocations at
WARC '79, means that a further six stations

Report sdys "Space for 12 more radio

in the first category, four in the second and
one in the third would be possible, but the
latter would have to compete for space with
{both the BBC and the IBA.

Emphasis is placed in the report on the
need for adequate representation of com-
munity radio interests in any plans to deve-
lop local or national services in the v.h.f.
band. Commenting on the report, a spokes-
man for COMCOM said “We are delighted to
have expert confirmation that our propo-
sals for a '‘third force” of small,
democratically- controlled, non-profit radio
stations are technically feasible. Over the
country as a whole, this finding shows there
is room for many more stations than is
officially admitted.”

The Franklin Insitute has awarded the Stuart
Ballantine Medal, one of the United States’
most coveted awards for scientific and tech-
nical achievements, to Dr Marcian E. Hoff,
for his work in developing the microproces-
sor.

In addition to his work on digital micro-
processors, Dr Hoff, or Ted Hoff as he
prefers to be called, has contributed to the
development of the first high-density
memories for both mainframe computers and
small computers, and more recently the
development of the first analogue micro-
processor. Between 1962 and 1968, he worked
on computer equipment design as a research

Hoff awarded microprocessor prize

associate at Stanford. In 1968 he joined the
then newly-formed Intel Corporation as
applications research manager where he
worked on a variety of microprocessor and
memory devices. In 1969 he proposed the
microprocessor architecture and his work led
to the production of the first microprocessor,
the 4004, in 197].

Since 1974, Ted Hoff has specialized in
Intel’s telecommunications products, con-
tributing to the development of ls.i. circuit
technologies as used in the a.-to-d. and d.-to-
a. converiers employed in telephone coder-
-decoder circuits and the 2920 analogue
miCroprocessor.

NEWS IN BRIEF

The sixth European Conference on optical
communication is to be held at the University
of York from 16th to 18th September 1980.
The papers presented will cover fibres and
fihre cable, devices (l.e.d’s, lasers and detec-
tors) integrated optics, equipment and tech-
niques and total systems. The deadline for
abstracts is 31st March 1980 and com-
munications regarding the conference
should be addressed to Conference Dept, The
Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL.

Six training modules, which Texas Instru-
ments describe as a complete introduction, to
microprocessor technology, are being run by
them as an extended range of courses at their
headquarters in Bedford. Subjects covered
include an introduction to microprocessing,
assembly language programming, micro-
processor software development using a
diskette-base operating system, advanced
microprocessors, Pascal language program-
ming, Pascal executive runtime support and
target system debugging. A brochure
covering the range of courses is available
from Mike Hughes, Microprocessor Training
Centre, Texas Instruments Ltd, Manton |
Lane, Bedford MK41 7PA.

South London College is running a short
course of nine lectures on receiver decoders
(Teletext), to be held in the lecture theatre on
consecutive Tuesday evening<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>