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Itsalwaysbeen mi
for modulation meters.

Modulation meter expertise has always meant mi —ever
since we were the only manufacturer. So, if you are in the
market for deviation or modulation meters, you could save
yourself time and trouble by considering the mi range
first ... anything from lowest priced automatic to
sophisticated, low noise, high performance instruments.
TF 2303 Compact and lightweight, this manual model is still
preferred by many engineers for mobile radio testing on the
bench orin the field. FM deviation and AM depth at carrier
frequencies up to 520 MHz.

TF 2304 Alow priced automatic with high performance.
Automatic tuning and level setting with exceptionally good
r.f.screening. Eight peak deviation ranges from 1.5 to 150 kHz
and a.m. ranges at carrier frequencies from |8 to 1000 MHz.
TF2300B A high-grade instrument with exceptional low
noise performance, TF 2300B is often used as a standard for
lower grade types. As a multipurpose instrument it can
measure peak deviations up to 500 kHz (at modulating

frequencies up to 200 kHz) for carrier frequencies up to
1200 MHz. Applications include tests on mono and stereo
broadcast transmitters, mobile radio type approval and
f.m./a.m. production testing. Crystal oscillator TK 2302
plugsinto TF 23008 for extra low noise testing.

TF 2300BM series: A series of specials (e.g. for measuring
am.onf.m.).

TF2301A Fully programmable, for use in automatic test
systems. Special peak detector designed to follow rapidly
increasing or decreasing modulation depths. Deviation ranges
1.5 to 500 kHz and a.m. at carrier frequencies 4 to (000 MHz.
Accessories A range of accessories specially designed to
make your job easier includes asignal sniffer, power
attenuators, termination unit, r.f. fuse unit and carrying
cases.

Ask for the latest information from the experts who have
been in the business for over 30 years

»
Ml THE MODULATION EXPERTS

MARCONI INSTRUMENTS LIMITED
Longacres * St. Albans * Hertfordshire AL4 0JN - England - Telephore: St. Albans 59292 * Telex: 23350

A GEC -Marconi Electronics campony.

WW-—001 FOR FURTHER DETAILS
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LOW COST VOLTMETERS
from the
range
of
LEVELL!

PORTABLE INSTRUMENTS
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A.C. MICROVOLTMETERS

VOLTAGE & dB RANGES: 16uV, 50uV. 150uV 500V
Acc. * 1% * 1% tsd = 1uV at TkHz — 100, — 90
+50dB 2

Scale — 20dB/ + 6dB rel. to TmW /6008

RESPONSE: + 3dB from 1 Hz to 3MHz, = 0.3dB from

4Hz to 1MH1 above 500uV. Type TM3B can be

set to a restricted B.W. of 10Hz to 10kHz or 100 kHz

INPUT IMPEDANCE: Above 50mV >4 3M()< 20pt

On 50uV to 50mV > 5MQ < '50pt

AMPLIFIER OUTPUT: 150mV atf.s.d

wn £82 i, £92

D.C. MULTIMETERS

VOLTAGE RANGES: 31V, 10uV. 30pV 1KV

Acc. * 1% 1% fs.d. =0.1uV. LZ & CZ scales

CURRENT RANGES: 3pA, 10pA, 30pA 1mA (1A for
TM9BP)

AcC. *2% *1% fs.d. +0.3pA 1.Z & CZ scales
RESISTANCE RANGES: 3(), 1002, 3002 1 G{)linear Acc.
“1% *1% f.5.d. up to 100MQ

RECORDER OUTPUT: 1V atf.s.d. into > 1k{ on LZ ranges.

v, £120 w.. £130

H.F. VOLTAGE & dB RANGES: 1mV. 3mV. 10mV . . 3V D.C. MICROVOLTMETERS
Acc. =4%=1% fsd. at 30MHz 50dB, — 40dB MoLIaE “f':(gff;30@'1‘}‘(\’/0!&‘2518'?3"‘/ 300v
— 30dB to + 20dB. Scale — 10dB/ + 3dBrei. to TmW/50(Q = - bbby 25
+ 0.7dB from 1MHz to 50MHz. * 3dB from 300kHz to CURRENT RANGES: 30pA, 100pA, 300pA . . 300mA
400MHz Acc. ® 2%, = 2% t.s.d., = 2pA. CZ scale.
; LOGARITHMIC RANGE:
L.F.RANGES: As TM3 except for the omission of 16;V and + 5uVat + 10% fs.d. = 5mVat = 50%fs.d. = 500mV at
150pVv f‘Sd
AMPLIFIER OUTPUT: Square wave at 20Hz on H.F. with RE . -
amplitude proportional to square of input. As TM3 on L.F WL @, T &1 el mio =10k
type type t
s £130 e £140 | |

Thej'e highly accurate instruments incorporate many useful features, including long battery life. All A type models have 83mm scale meters, and
case'sizes 185x110x130mm. B types have 127mm mirror scale meters and case sizes 260x125x180mm

LEVELL ELECTRONICS LTD. Prices include batteries and U.K. DELIVERY. VAT extra.
Moxon Street, High Barnet, Herts. EN5 5SD Optional extras are leather cases and mains power units.
Tel: 01-449 5028/440 8686 send for data covering our range of portable instruments.

WW—061 FOR FURTHER DETAILS



Wireless World, November 1976

The world over_ For high quality electronic valves,
4 semiconductors and integrated
circuits — and the speediest service —
You get the specify Haltron. It's the first choice of
Governments and many other users
= throughout the world. Haltron product
best serV|ce quality and reliability are clearly
confirmed. The product range is very,
very wide. And Haltron export

from Haltron expertise will surely meet your

requirements. Wherever you are, get
the best service. From Haltron

Hall Electric Limited,
Electron House,

Cray Avenue, St. Mary Cray,

Haltron Orpington, Kent BRS 30J.

Telephone : Orpington 27089
Telex: 896141

WW—024 FOR FURTHER DETAILS



Wireless World, November 1976 3

We've joined Christopher\Nren
in the dome £ business...

...as users of our Dome Tweeters il

ISOPHON—are a company who have been

manufacturing loudspeakers for over fifty years and
are internationally known and respected for quality
and reliability. They offer a wide range of tweeters, \ & 2
mid-range and bass units. :. L S0\ T

"\
I\
i

Owing to shortage of space we are only able to draw
your attention to just two of the models currently
being manufactured by I1sophon

The KK8

A dome tweeter, well known for its performance and
reliability, and chosen by many loudspeaker
manufacturers. Two models are available, one up to
50 watts and the other up to 80 watts RMS Power
Rating. Frequency range from 800 to over 20,000 Hz.

Tne PSL 245/60

A new 10" circular loudspeaker, offering up to 60 4
watts RMS Power Rating. V4 "

Our 28 page colour catalogue will give you details of p
the extremely wide choice of loudspeakers that are 4 S
available from Isophon "' 3

For your free copy of the catalogue, please ’ &

post the coupon to . .. G T

B I A
A Hayden Laboratories Limited 04 v

Hayden House, Churchfield Road o
HAYDEN@# Chaifont St. Peter, Bucks. SL9 SEW & &

Tel: Gerrards Cross (028 13) 88447 ,¢ ¢

P

4 > & i
691
P X4 € > | - QO
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Why scrap good
MONO Cameras?
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EEVis still making

image orthicons.

|

9EV

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

EEVisstill making image orthicons in very large
numbers. And we’re constantly developmg them with
improved performance.
| Soyoucan be sure of continuity of supply of high-
quality 3" and 43"tubes. -

l Our prices are competitive. Our service backup
1s worldwide. All the knowhow and skill of 24 years
productlon goes into every EEV image orthicon.

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

Write for data and
prlces If you have a specific S8
requlrement contact your 4
local EEV agentor call #=%%®;
Camera Tube Sales at
Chelmsford, England.

l

|
~ EEVand M-OV know how

Members of GEC - turnover £1902 million

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford, Essex. England CM1 2QU. Tel: 0245 61777. Telex: 99103, Grams: Enelectico Chelmsford. S &C E
WW—048 FOR FURTHER DETAILS




How every hi-fi dealer can *
Increase his sales
and improve his service

The Ferrograph RTS 2 1s a
complete. singie-unit audio
analyzer Used by leading
manufacturers and dealers
throughout the world. 1t 1s the only
single equipment avallable that can
run exhaustive checks on hi-fi—-
including amplifiers. tape recorders.
equalisers and mixers-making it
an invaluable aid to sales and
service
Increase your sales!

By using the RTS 2 in your hi-fi
store. your salesman can quickly
prove to customers that the hi-fi
system he 1s demonstrating 1s as
good as it sounds In a matter of
seconds. up to ten different tests
can be carned out. using just one
pair of leads. (The push-button
operation 1s so simple. even

unskilled staff can make accurate
measurements )
Result? The customer is

reassured. confident he Is getting
value for money So you sell more
more easlly
Improve your service!

But the RTS 2 1s much more than
a cost-effecive sales aid Used in
your service department. it guickly
identifies faults. making your
after-sales back-up more efficient.
And more profitable. You don't
need a variety of mcompatible test
gear-so there are fewer
connections. no hum-loops. No
time-consuming frustrations’ All of
which means you save money.

Wilmot Breeden Electronics

Ferrograph RTS 2

. . . Rend:
the complete, single-unit audio test set. o

Ferrograph Wavne Kerr

U Send me more information about the RTS 2 audio test set
O I would ke a demonstration Phone me to arrange an appointment

Wilmot Breeden Electronics Limited
Durban Road. South Bersied

Bognor Regis. West Sussex PO22 9RI
Telephone Bognor Regis 25811

(STD Code 02433)

Name Address

Company

fel. No. WW

Ask us for a demonstration of the Ferrograph RTS 2 before your customers ask you Send off the coupon today!



QUAD-Quarterof acentury
of amplifier development

S

The Acoustical
Manufacturing Co. Ltd.
~1 have been dssigning and

producing amplifiers
since 1935 but it was not
until 1951 that the
Q.U.A D. 1 wasintroduced,
the forerunner of the Quad series
of Amplifiers which have earned an
unrivalled reputation for originalitv of design.

excellence of performance and reliatmlity in the
ensuing twenty-five vears.

The introdugction of tne Quad 405 currentdumping
amglifier represents vet another centribution to the
science of saund reproducticn

Current dumping successfully overcomes meany of the
problems associated with high power amplifiers,
crossover, thermal tracking and matching of
components, added 10 which the complets absence of
adjustments or alignment requirements, ensures that
performance will be consistently maintained.

For further details on current Jumping anc other Quad
products write to Dept. WW

The Acoustical Manufacturing Co. Ltd. | Design Council
Huntingdon, Cambs., PE13 7DB
Telephone: (0480} 52561 Award 1976

QUAD

for the closest approachto the original sound
for twenty-five years.

QUAD s a Registered Trade Mark
WW—016 FOR FURTHER DETAILS
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) PLEASE PRINT BLOCK CAPITALS
WW 11/76
DORAM ELECTRONICS LTD nave
P.0.Box TRS, ADDRESS
Leeds LSI2 2UF.
| enclose 250 please send me by return my new Doram kit
brochure Overseas araers eacept for N Ireland please agd
10p for post and packing surface only
POST CODE

CUSTOMERS WHO ORDER THiS KIT BROCKHURE TOGETHER
WiTH QORAM'S NEW EDITION 3 COMPONENTS CATALOGUE
CANSAVE 15p COMBINED PRICE 70p ON THE INDIVIDUAL
PURCHASE PRICE FOR BOTHAND OBTAIN TWO 250 VOUCHERS

An Electrocomponents Group Company

NEW ore
The British Plot !

Bringing further versatility to the range of low cost Chart Recorders and XYt Plotters.
Designed and manufactured in the U.K. at our Southampton plant:-

The NEW PL200 PLOTTER OFFERS:-
Low cost main frame
Large writing area (228 x 305mm)
Electric (remote or local) pen lift
Vertical or horizontal mounting
400 mm/sec. Y axis writing speed
Variable sensitivity down to approx. 1V F.S.D.
Variable damping
Simple, uncalibrated time base
Stabilised supply for resistance transducers

PLUS (optional plug-ins)

D.C. single ended and differential amplifiers
Sensitivities down to 50 uV/cm

A.C. linear and logarithmic level amplifiers

Time base sweep times from b seconds to 500 minutes

For complete details or a demonstration contact:-

J.J. LLOYD INSTRUMENTS LIMITED

Brook Avenue, Warsash, Southampton SO3 6HP, England.

Tel: Locks Heath 4221 (STD 048 95)

INSTRUMENTS Telex: 477042 - JAY JAY - SOTON. Cables: Eddymes, Southampton.
WW.—075 FOR FURTHER DETAILS
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Super rocker
ranggeer-93 Sernes

B Slow make-and-break action, AC duty with limited
DC capability.
M Design includes popular snap-in fixing, with
alternative 2-hole mounting.
B Internationally approved
B Choice of colour and termination
Billuminated versions and .omplementary
pilot lights avaijable

Send
for the
new catalogue
section S8

for full details.

[ |
' ' Arrow-Hart (Europe) Ltd.

Plymbridge Road, Estover,
Plymouth PL6 7PN
Tel: Plymouth (0752) 701155

WW--070 FOR FURTHER DETAILS

The AMCRON range of DC-coupled power amplifiers are used by Government, and University, Research
Departments as well as by Industry for a variety of applications ranging from Shaker, and Vibrator driving, to
driving both AC and DC Motors, providing variable frequency power supply, or high voltage material testing. All
models are DC-coupled throughout, with Intermodulation, and Harmonic Distortion below 0.059 damping
factor of at least 400 from DC to 1 kHz, and the ability to aperate into load impedances from 1 ohm to infinity even
into highly reactive loads

M600 DC 30CA D150A
RMS power out 750 watts into 8 ohms
1.350 watts into 4 ohms 500 watts rms into 2.5 ohms {* chan) 200 watts into 2 5 ohms (1 chan)
Power bandwidth DC 10 20 kHz + 1 db - O db DC-2CkHz + 1 db — O db DC-20 kHz + 1 db. — O db
Phase response + 0 - 15" DC 20 kHz +0, -~ 15’ DC to 20kHz + 0 15" DC to 20 kHz
Slew rate 16 V/ usecond 8 volts per microsecond 6 volts per microsecond
Hum & noise 120 db below 600 Watts At least 110db below 150 watts At least 115 db below 90 watts
Dimensions 19" std rack, 8%'' H, 16%2'"' Deep 19'" Rackmount, 7' High, 9% 19" Rackmount, 5% H, 8%" D
Deep
MACINNES LABORATORIES LTD. | MWACINNES FRANCE
3 L]
& Macinnes House, Carlton Park Industrial Estate ﬁ:r::u;sz?;a;tmnce
Saxmundham, Suffolk IP17 2NL. Tel: (0728) 2262 2615 Tel: 203_30_'01

WW—041 FOR FURTHER DETAILS
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DearWireless World Reader.

‘! It is with great pleasure that [ offer, for the first time in Great Britain, this selection of high

} quality test and circuit-building equipment. Continental Specialities has earned a high

\ reputationin USA, and our goods are bought again and again, not only all over the States,

\ but also in Canada, Australia and many other countries.

i The reason for our success issimple. All our equipment is carefully designed tomake
life easy for the user, and then manufactured to a very high standard, to satisty beth the

| professional engineer and the enthusiastic hobbyist. :

| And at today’s prices, we think the value is unbeatable,

\ QT Sockets
Circuit-building and testing at its easiest! Forget the soldering-iron; with
these snckets and bus-strips you won't need it. Each socket is made up of
rows of 5 contacts, connected transversely at the back, and each bus-strip
has ltwo rows of contacts. connected lengthways. You can plug in and out
almost any component you can think of: DIL 1Cs (6-40 leads). TO5s.
discretes with any lead diameter from .015 to .032 inch. Component inter-
connections are made with standard solid insulated wire. The contacts are
solid Silver-Nickel alloy, with contact resistance only 0.4 milliohms, spaced
atstandard 0.1 inch pitch. The bodies are made of high-temperature plastic
(soif yau do decide to solder the heat won't hurt it); the reverse side, with
the connecting strips, is covered by a peelable, tough vinyl insulation, and
each socket unit has a snap-lock mechanism for easy mating to its neighbour.

e i

» il

sE3il SHith
. o

Contacts
QTH9S 8.0 6.5 Sx118
QT598) 1.60 6.5" 2x 50
QT478 6.40 5.3" Sx4M
QT478 1.45 5.3" 2x 10
QT358 5.50 il HX70
QTBSBN 130 4.1 2x30
Proto Boards

Anoth‘er great idea for easy circuit building, based on the QT socket and
bus strip concept. These Proto Boards come as complete kits, which you
assemblein a few minutes, ready for immediate use. PB6, £10.45, includes
one QT47S socket and two QT47B bus strips, four 5-way building posts,
a base-plate with rubber feet and all the necessary assembly. hardware.
PB100, £13.20. gives you two QT35S sockets, one QT35 Strip, two binding
posts, base plate and assembly hardware. Try the QT and Proto Board
system orce and you'll never want to be without it.
|

A really low-cost, circuit-powered logic probe Hardly bigger than a fountain
pen, but amazingly versatile. It shows logic-state high. low or inoperative
for any node of a TTL, HTL or CMOS device. (100K £2 input impedance).

_ It detects and displays pulses as narrow as 50 nanosec, and level transitions
(both +ve and —ve) at frequencies up to 10MHz, or even higher. (The pulse
LED blinks continually 3 times a second for all input frequencies over 3Hz).
And you can switch to memory, to store and display (until reset) single
pulses, transitions or transients. LP1 works on any power supply. 5-15V,
and has good input and output protection. Price £28.60.

Proto Clip
Another brilliant time-and-trouble saving device. Slip
one of these 14, 16, 24 or 40 pin clips over a DIL 1Cin
situ, and you can trace signals. inject signals or even
. wire other circuits intoexisting boards. The low-resistance
b Nickel-Silver contacts are on a narrow throat to fit over the
\ / ' most densely-packed ICs. And look at these prices:
PC14—£2.80 PC16—£3.10 PC24—£5.50 PC40—-£890
“ They're the lowest cost IC test-clips on the market! (UK Patent
Pending No. 33948/75). .

How to Order
It's easy. Give us your name and full postal address. in block capitals.
Clearly state the type-number.and quantity ordered for each item. Send
ordinary UK bark cheque or international money order (from any post
office) made out in UK currency. Goods will be despatched air mail,
direct from factory; allow 2-3 weeks from posting your order. (All prices
shown are in UK Pounds Sterling).

Type tPnee QTY  TOTAL Type tPrice. QTY  TOTAL
39S R00 g PB6 1045 ¢
QT598 160 € PR 100 13.20 L
QTI7S 6.0 ¢ PC 14 280 ¢
QTR 145 ¢ pPC 16 310 I
QIS 550 € pC 21 5350 ¢
QT3B 130 £ PCAD 8w I

LP1 2560 £
Niane
Address

Dealer enquiries invited. Note. Any UK taxes or duties chargeable are
solely the responsibility of the buyer.

\ That's all for this month. But we'll send a catalogue full of good things to everyone writing
i to us, or you can use the enquiry service. Best wishes, and happy circuit-building!

Yours sincerely,

Continental Specialities Corporation, 44 Kendal St.. PO Box 1942, New Haven, Connecticut, 06509 USA.
WW—029 FOR FURTHER DETAILS
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Coils, ICs for RF&AF Tuners,7
Modules forAMFM&TV.

| complete tuner kifs

Larsholt Signalmaster Mark 8....the most stylish FM tuner kit that
is available today. Suitable for even the relatively inexperienced in
electronics construction, with clear and consise point-to-point details.
Performance matches the excellent lcoks. £86.95
International Mark 2...A flexible svstem, with cabinet, chassis and panel
designed to accomodate a variety of tuner electronics. The standard
system is built around the Larsholt 7253 tunerset, includes two meters
6 preset stations, manual tune, balanced LED tuning, PSU etc.  £65.00
The above tuners are supplied with prealigned RF and IF stages.

AM/FM.....a new low cost MW/LW and FM stereo tuner, with muting,
mechanical drive, teak effect cabinet. £41.95

TV sound.....the 7700 TV sound module in a chassis and cabinet that
matches the AM/FM tuner. £36.95
Please remember to include an extra £3 carriage on complete tuner kits.

Radio ICs Misc. regs etc.

CA3089E FMIF 194t 7805UC 5Sv1A 1.55*
CA3090AQ mpx  3.75t78M12  12v %A  1.20*
MC1310P mpx 220t TDA1412 . 0.95*
SN76660N FM IF 0.75 7815UC 15v1A 155"

Transistors

ZTX107 0.14
ZIX108 0.14
[ZTX109 0.14
ZTX212 0.16

TBA120AS [MIF 1.00 78M20  20v %A 1.20%  z1X213 0.16
MC1350 AM/FM 1F0.70 78M24  24v %A 1.20% [ZTX214 0.16
HA1197 AM system1.40 uA723 5-35v 0.80* | ZTX413 0.18
TBA651 AM system 1.81 NES50A do. 0.80* | ZTX551 0.18
UA720 AM system  1.40 TAASS50B 32v. 0.50* |ZTX451 0.18
’ uA741 op amp 0.40* ' BF224 0.22

. LM3900 quad amp 0.68* | BD165 ©.50
Audio ICs MC3401 do. 0.68* BDI66 0.5+
LM38ON 2Wscp  1.00 8038 wave gen. 310* |BDS3S 052
TBABI0AS 7Wscp 1.09 NESss  timer  0.70* |BDS36 0.53
TCA940E 10w scp 1.80 NE560B PLL 2.50 | BD60Y  0.70
TDA2020 20w sep  2.99 NES61B PLL 3.50 |BD610 1.20
LM381IN stereo pre 1.81 NES62B PLL 2.50 30673 0.50
scp=short cct protection NES65A PLL 2.50 | MEMG680 0.75
+= includes coil NE566V VCO 2.55* |BF256L 0.38

*=8% VAT, others 12.5% NF567V tone mggerZ 50*

Tunerheads for VHI M and UHF T\’ (A// varicap types)
EF5800 6 circuit high quality 88-108MIlz tunerhead 14.00
EF5600 5 circuit high quality 88-108MHz tunerhead 12.50
EC3302 3 circuit (sime spec to LP1186) VHF tunerhead 5.50
5700 UHF TV tunerhead 38MHz IF with 4 way preset  8.00
Modules for IF, decoders etc. (Also available built £ tested)

7020 kit 10.7MHz FM IF with mute, AFC, AGC, meter ops  5.25

7030 kit 10.7Mllz linear phase low distortion FM IF 7.67
92310 kit Stereo decoder with full pilot tone filtering (PLL)  5.35
93090 kit Stereo decoder, low noise and distortion 6.40
7252 FM tunerset, built - 1uV in, Audio out with mute

and all HiFi tuner features. Varicap tuned.(mono) 24.00
7253 FM tunerset, built 1.2uV in. stereo out, with mute

and all Hi Fi runer features. Varicap tuned. 24.00
71197 Varicap tuned MW radio module. The best AM
kit tuner, with 75dB AGC, 0.3% THD. 9.65
8001 kit 55kHz low pass birdy. filter for stereo radio 1.75

2020 kit TDA2020 stereo amplifier, with special heatsinks ~ 9.35

Famous TOKO COILS, Mechanical filters, ceramic filters, chokes ete.
455/470kHz IF coils  0.30 M41T 4kHz/455kHz Mech filt.  1.65
(1st, 2nd & 3rd)IFTs  0.70 M71T 7kHz/455kHz Mech filter 1.65
10.7MUHz IFTs 0.32 C455B 8kHz/455kHz ceramic filt 0.55
Variable signal chokes: C455C 6kHz/455kHz ceramic filt 0.55
2mH, 23mH, 36mH, 7mH CO50D 6kHz/470kHz ceramic filt 0.60
11.75mH 0.33 CFS107 10.7MHz cer. FM filter 0.50
Fixed chokes: (uH) SFEG.0 6MHz TV sound ITF filter 0.80
1.0, 4.7, 10, 33,47, 100, 3132A linear phase FM IF filter 2.25
22, 33,470, 1000 0.16 SI'D470B 470kHz ceramic filter 0.75

PLEASE REMEMBER TO INCLUDE VAT thankyou /!

/f you have read th/s far, you probab/y appreciate that AMBIT tends
to specialize in the areas of wireless and TV that most component
sources do notinclude. Our catalogue and price list continue this theme-
with coils, linear ICs etc. Catalogue 40p, price list free with SAE. Post
is 22p per order - unless otherwise stated,

37aHIGH STREET,
BRENTWOOD ESSEX

| telephone 0277 216029
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Gardners

TheBest
of British

Where performance
IS paramount, professionals prefer Gardners...

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

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

All have low loss, low distortion, low phase-shift, low
pick-up, BUT wide frequency range.

MU 7582 200/50 600 CT

VM 7461 15/3.75 600

VM 7464 600/150 600 1
VM 7466 600 10k/2.5k 4 2
VM 7468 50/125 S50k 32/641

1
2
4

MU 7567 600/150 50k 9
1 + 0.5d8 10Hz 100k Hz
6

+ 198 J0Hz2 22kH2

Cat ImPedance (OHMS Turns Ratio Ope-ating Level Fregquency
No Input Qutput Sec/Pri 1Bm at 50Mz Respgnse
MU 7501 0318 100k 83/188 1
MU 7503 0200 600 100k 13/231 1
MU 7814 600 600/24k 1 - 11 8 S0HZ 10kHz
MU 7518 10k CT 10k t1cT J
MU 7821 2.75/15  600CT  6.32/12 64 1
MU 7622 375/15 100k * 82/1641
MU 7524 150/600 600CT  1/2 1
MU 7525 600CT 300/1.2k 1 -1 1.41CT 186 : 0648
MU 7530 10k CT 10k 1¢T 30K T2 0n b2
MU 7534 50/200  100k° a8t | * 198 at20kHz)
MU 7566 600 CT  10k/2.5k 2041

/1

* 10B J0HZ-12kHZ

We wouid emphasise that the above
is arepresentative seiection only.
Send for Brochure GT5 for / 3
complete tistings.

All units described are normally
AVAILABLE FROM STOCK

SPECIAL DESIGN SERVICE
[ your requirements cannot
be met by pir standard
range, ther we witl gladiy
design for your
proguction needs

S Garinerd

Gardners Transformers Ltd.
Christchurch Dorset BH23 3PN
'v ‘ Telephone 02015-2284
/‘ ‘\ Telex 41276 Gardners XCH
Approved manufacturers of

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

WW 11176
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HREAKDOWN IONISATION

.

TR LEVEL mA

o,

AC/DC BREAKDOWN LEARAGE R IONISATION TESTER

1 SuPPLY | HIGH TENSION
H

TOTAL CURPENT

PUESS &

LEAKAGE

= n I‘ v

i

lon out your
quality control problems

The AVO Breakdown and lonisa-
tion Tester RM215-L/2 is specifically
designed to help solve all manner
of quality control problems.

It measures resistive leakage
current under both AC & DC voltage
testing conditions as well as total
AC leakage current. Test voltages up
to12 kv DC and 6 kV AC are con-
tinuously variable and breakdown
current level is adjustable up to
1 mA. A built-in loudspeaker gives
audible detection of ionisation and
there are connections for earphone
or an oscilloscope.

The circuit features low internal
resistance yet at the same time
limits the maximum output current,
even at short circuit.

With the RM215-L/2 you can
carry out general flash testing,
measurement of breakdown voltage
—even after breakdown-and the
detection (and counting) of spurious
flashovers.

Equally suited to both destruc-
tive and non-destructive testing,
the RM215-L/2 is a piece of test
equipment you cannot afford to be
without. If ycu have scme problems
that need to be ‘ioned out, get in
touch for full details.

APPLICATIONS
Flash testing of electrical compcnents.

Measurement of breakdown voitage on electrical
components and materiais.

‘Measurement of insuiation resistance at high
voitage.

Measurement of ¢.c.leakage current.
Measurement of a.c. leakage current and total
current.

Non-destructive insulaticn testing of materiais
and components.

Detection of ionisation ir electrical assemblies.

Designed to meet B.S, VD.E.and
|.E.C. Safety Requirements.

AvO Limited, Dover, Kent.
Tel: Dover((0304)202620.

Thorn Mezsurement Control
fm and Automation Division.

WW—059 FOR FURTHER DETAILS
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KGM TV CAMERAS

%o X

SUONNNSN
N

%

Type 130 is a compact 2/3 inch camera with an unusually
high specification for a camera of this size. It isa sturdy,
reliable camera of great versatility.

Type 150 is a 1 inch camera with a similar specification to
the 130 and particularly suitable for industrial use.

Type 113 is an extremely rugged camera designed for critical
applications of a very wide nature. Resolution is better than 800 lines.
Type 118 is a day and night camera based on Type 113 but with many
unique features to enhance its performance in difficult light conditions.
KGM cameras and monitors are backed by KGM’s many years' experience
of designing and building CCTV equipment for large industrial

users and leading public authorities. Send for your data sheets now.

v ELECTRONICS
hat? Il W UMITED

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

WW—077 FOR FURTHER DETAILS

Problem. (=7 O

Where to obtain devices for push-pull audio TRANSDUCER and RECORDER 3T

power amplifiers which give good linearity and
don’t blow up on the slightest overload. ) AMPLIFIERS and SYSTEMS

1 8dV

M-OV audio beam
tetrodes. A pair of KT66s
will give up to 50W and a
pair of KT88s will give

up to 100W,

And M-OV audio triodes,
too: a pair of DA42s gives
up to 200W and a pair of
DA 100s gives up to 300W.

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19" crates
small size—low
weight—realistic

’ prices.
EEVand M-OV o
now hOW EIZ;ct?’onic
Members of GEC- i ‘ i
turnover £1902 million 49/51 Fyide Road Preston L?bgratorles
PR12XQ Limited.

THE M-O VALVE CO LTD, Hammersmith. London, England W6 7PE. E I Telephone 0772 57560 J
Tel:01-603 3431. Telex: 23435 Grams: Thermionic London &S &€ \
WW—045 FOR FURTHER DETAILS WW—022 FOR FURTHER DETAILS
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PHILIPS

Follow the ‘Phlllps plus’

Make sure that your workshop is the most efficiently
equipped and that your service engineer’s home visits are
the fastest and most effective. Get these Philips instruments now.
You won’t find better value for money.

~ way to prosperity

PM5§01 PAL TV
Pattern Generator

Extremely light, portable instrument for service in customers’
home. 5 different test patterns for colour and black,white
installation and service. RF output signal switchable: VHF
Band 11 and UHF Band IV. 1 kHz tone for sound performance
checks!

N |

PM5509 PAL TV Pattern

Generatar
|

The ultimate in pattern generators. 3
Full IFlcoverage; band I, 111, IV

and V. Electronic tuning with §

preset c‘harmcls. 10 test patterns

(colour and black white). Adjustable
chroma, burst and HF-amplitude.

Special sync, video and VCR outputs.

PM6456 FM Stereo Generator

Compléte stereo signal. L & R signal.
Internal L.F. modulation: 1 & § kHz.
External stereco modulation
possibility. X-tal controlled pilot.
Adjustable multiplex signal.

PM5324 HF Generator

Prequency range 100 kHz -
110 MHz. X-tal calibration.
Special band spread ranges.
High frequency stability.
Electronically stabilised -
output max. 50 mVrms in

75 (., Facilities for internal
and external AM and FM
modulation.

| PM5334 TV Sweep Generator

= 8 frequency ranges. 3 MHz -
860 MHz. Sweep width
continuously adjustable over
selected range. Sweep tfrequency

and 3 fixed markers. Signal
trequency is accurate and
thermally stable. Stabilised output
into 75 (2 load.

adjustable, 8 — 50 Hz. One variable

PM2503 Electronic Multimeter

AC DC voltage ranges 100 mV-1 kV.
AC,DC current ranges 1 pA -1 A,
Resistance ranges 100 21— 10 M (),
2-3", accuracy on all ranges.
Resistance measurements: unique
linear scale. No zero adjustment
necessary. Automatic polarity
indicator.

PM2412 General Purpose
Multimeter
DC voltage 300 mV — 1000 V.
AC voltage 3V -600 V.
DC current tomA -6 A.
AC current 1I00mA -6 A.
(all values f.s.d.)
Resistance 1 @+ 10 M Q. Tautband
40,000 41, V. suspension-type meter.

PM2513 Low Cost
Digital Multimeter

DC voltage ranges 0.2 — 1000 V.

AC voltage ranges 0.2 — 600 V.

AC DC current ranges 0.2 mA -2 A,
Resistance ranges 200 {1 —2 M (2,
FFull circuit protection.
Provision for temperature
measurements, —60 to

PM3225 and PM3226 15 MHz NEW

oscilloscopes

Comprehensive triggering facilities
(Auto, AC,DCand TV)

L.arge 8 x 10 div. screen

Sensitivity 2mV/div

Ergonomic styling and lightweight
construction

Single trace: PM3225.

Dual trace: PM3226.

‘T'he Philips Plus is the guality of design, specification
and appvarance - partuuldrl\ in terms of human
LnLZlnt_L.l’lnL ~ofeveryinstrument. A total test and
measuring 1ange capability, which includes *scopes,
meters, counters, pulse gencrators, power supplies,
recorders and gencrators. The ability to supply all the
user’s needs from a single source.

All prices exclude VAT,

Ior prompt delivery of any of these instruments, send us
your cheque, If vou require further information, there is a
new 16 page illustrated brochure packed with facts which
we wotthd be delighted to send you, Please use the reader
reply service, write or telephone to

¥, Pye Unicam Ltd

) Philips Electronic Instruments Dept.
York Strect Cambridge England CBr1 2PX

200 C.

-~

Tel: Cambridge (0223) 58866 Telex: 817331

A merper =t e Do 3 Tamivage Goup

WW—089 FOR FURTHER DETAILS
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TEAC

TEAC A3340(5)
4-CHANNEL
RECORDER

£790 '

The famous
A77 has

een consis-
(emly im-
proved over
the past 8
years and
is now avail-
able in the.
latest Mk. 4
Version
The wide
choice of
specifications
includes
versions for
duplicating
and logging
applications
Backed by
UK's Jatest”
fastest ser-
vice

Industrial version upgraded to studio requiréments,
with increased signal to noise performance and
improved reliability. Four totally independent channels
each with sel sync, input mixing. switchable VU's and
,all the facilities for easy multitracking. This industrial
model is in more studios than any other version

Available only from ITA
(Semi-pro version also available)
IMMEDIATE DELIVERY

Industrial Tape Applications

WW—091 FOR
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REVOX

REVOX A /00 SER

IMMEDIATE
DELIVERY

ATT SERIES

Hire service
Check our prices
IMMEDIATE DELIVERY

1A

MODULAR MIXER

s \'l?z.»\//"‘

ES

“ The new big
Revox —
ideal for all
studio re
quirements
Highly so
phisticated
design fea
tures in-
clude servo
tape tension
full  deck
logic, crystal
controlled
servoelec-
tronics, 3
speeds, tape
footage
.counter

Mk

,%ﬂ«

Ten balanced inputs; four output groups. 4 limiters;
bass mid and treble EQ. modutar construction
headphone monitoring. Extremely high quality
construction only matched by mixers costing around
£1.000

£690
£1190
£1260

IMMEDIATE DELIVERY
Also available for hire

104
20-4
EIGHT OUTPUT

on £369

PRICES EXCLUSIVE OF V.A.T

‘5 Pratt Street, London NW1 OAE
Telephone: 01-485 6162. Telex: 21879

FURTHER DETAILS

ELECTRONIC
INDUSTRIAL THERMOMETER

gk~ \MEaSURE
OFF

HOKUTO ELECTNIC WORKS LD

THE MODERN WAY TO MEASURE TEMPERATURE
A Thermometer designed to operate as an Electronic Test Meter. Will
measure temperature of Air. Metals. Liquids, Machinery. etc., etc.
,Just plug-in_the Probe. and read the temperature on the large open
“scale meter. Supplned with carrying case, Probe and internal 1%
volt standard size battery.
Model ‘“Mini-Z 1”* measures from—40° G to + 70° C
Model “Mini-Z 2" measures from—5° C to + 105° C
Model “Mini-on Hi"" measures from + 100° C to + 500° C

PRIGE £20.00 each (VAT 8% EXTRA}

Write for further details to

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

(£/|RADFORD]

AUDIO LABORATORY INSTRUMENTS

or the professional

LDO3 Low Distortion Oscillator
A continuously varnable-frequency

laboratory oscillator with a
10Hz-1.00kHz, having virtually zero distortion over the audio frequency
band with a fast settling time.

LDO3.8 Low Distortion Oscillator, balanced output.

A LDO3 but fitted with an output amplifier and screened balanced

range

transformer providing a 600 ohm floating / balanced output, and 150
ohms unbalanced output.

DMS3 Distortion Measuring Set (//lustrated)

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

HSV1 High Sensitivity Voltmeter
An accurate voltmeter with 16
responding

HSV2Z High Sensitivity Voitmeter.
As HSV1 but true r.m.s. reading
ANM1 Audio Noisemeter

An accurate voltmeter and noisemeter with 16 ranges. 10uV-300V f.s.d.
Fitted weighting characteristics: Wide band, DIN Audio Band. IEC/DIN
Curve ‘A’, and CCIR. Average responding

ANM2 Audio Noisemeter

As ANM1 but true r.-m.s. reading.

ANF1 Audio Noisefilter

An active filter to CCIR weighting characteristic for use with external
volimeter. (Ref. Dolby Laboratories Inc., Builetin No. 43, Mar. 76)

speedily and

ranges, 10uV-300V f.s.d Average

Full descriptive leatlets available from
RADFORD ELECTRONICS LTD.
Laboratory Instruments Division
Ashton Vale Road, Bristol, Avon BS3 2HZ Tel. 0272 662301

e e
WW—034 FOR FURTHER DETAILS
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~ weve got
MICIoprocessors
- covered

Micropr(‘)cessor technology is making a tremendous e

impact d\n the clectronics industry - more so than mn@ﬁ@@f@@@@@@ﬁ@

even theltransistor or the integrated circuit. All over ° o al
the worlg electronics design engincers are faced with the IleW lntel'llatl()ll

the challenge of discovering how microprocessors

can be used most offectively. quarterly journal covering

!

Scope of MICROPROCESSORS all aspects =hardware -

new d‘évelopments in hardware

architecture and systems design ' Sofl‘ware and applications_

languages, software code and microprogramming .

applications - '

applicatio | of this new technology
standards, interfaces and emulation

MICR OP‘RO('I;'SSORS will be published quarterly
from September 1976.

Annual subscription price (four issues) is £20.00 in
the UK and £26.00 ($67.60) overseas :

r---——_———— —-—--h

To: IPC Science and Technology Press Limited, IPC House,
32 High Street, Guildford, Surrey, England GU1 3EW
Telephone: 0483-71661 Telex: Scitec Gd 859556

| . .
Advertisement rates | insertion 4 insertions .
Please send me further details about MICROPROCESSORS
Whole page (255 x 177mm) £200 £150 and a subscription order form ‘
Half page | £125 £100
Quarter puée £75 £60 Name

For further!detuils, contact:

John A. Goldley

Advertisement Manager

MICROPROCESSORS, Dorset House, Stamford Street,

London SE‘I SLU
Telephone: 01-261 8359/8503

Telegrams/Telex: Micprosors, Bisnespres London 25137
\

Organisation and address

Signature Date
WW1
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F. M. TUNER MODULES BY
L]
These modules are fully assembled, tested and guaranteed 4
units, as featured in our tuner. Designed by experts in c&% 6 y%

integrated circuit technology and applications, they
represent the finest available modules, ideal for

incorporation into top quality home built systems. The Electronic Design Specia“sts
M1 MAIN TUNER MODULE £25.30

including ten turh manual tuning pot
M2 STEREO DECODER £6.36

including L.E.D. mdicator . . - .
All items (except MD5) are available in kit

M3 PUSH BUTTON PRE-SELECT UNIT £'14_50 form, or as individual I.C.s, P.C.B.s, etc.

six channel & provision for manual tune ) .
o Full metalwork and teak cabinet is also

M4 REGULATED POWER SUPPLY £6.25 oot toaayr ot the finest tuner on

20v, 100mA output, 240v input

WATCH FOR FURTHER
M5 TOUCH TUNE PRE-SELECT UNIT £17.54 ADDITIONS TO OUR RANGE

A touch switched replacement for M3

If you are having trouble with our original design as in W.W . .
April/May ‘74, send S.A.E. for FREE corrections and Write for full lists today
diagnostic sheets, while stocks last.

Fully illustrated leaflets describing the above modules are j @4%2

available for the asking.

A booklet is available for 50p (post free U.K.) Fully 33 Restrop View
describing the completely updated tuner. Prices subject to Purton, WILTS
12.5% VAT and revision on 1st Nov. SNS 9DG

FAST RESPONSE STRIP CHART RECORDERS

Made in USSR
Qe et Type H3020-3
'hgle pen Three-pen
Specification Recording: Syphon pen directly attached
| to moving coil frame,
Basicerror............. 2.5% curvilinear co-ordinates
gg:s:)t:'\;l;y """"""" gnzmsg.cs.n. Equipment:  Marker pen, Timerpen, Paper footage
W|d't]h of each channe! . . .. .80mm indicator, 10 rolls of paper, connectors,
Chart speeds, selected by etc. .
RUSHDUHPRSERpERE R 0.1-02-051-25= | Dimensions H320-1: 285x384x16.5mm
. Peliiviggi ' H320-3: 475x384x16.5mm
Chan ﬂl’lve ............. 2m-250v 50“2 PR'CE' Hszu_] E]OB.OO
H320-3 £160.00
Available for immediate delivery Exclusive of VAT
44A WESTBOURNE GROVE, LONDON W2 5SF
Tel. 01-727 5641 Telex: 261306

WW—052 FOR FURTHER DE;['AILS
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Edicron &2 et
For Quality
and Reliability

Edicron Limited

Redan House 1 Redan Place
London W24SA

Tel:01-727 0101

Telex: 265531
Cables:Edicron London W2

TV Picture Transistors CR Gun
Tubes Assemblies

NEW l“:‘:.::::;::lte B NEW DIMENSION
Performance I" SOLDERI"G

Accept 0 0.5 to over 300
Reject 90 dB notch

Hi,LoPass 12 dBperoctave Iso-Tip Cordless
Oscillate 0.5 percent THD Sold erin g Iron

Ideal for factory, field servicing,
laboratory or home, the Iso-Tip
Cordless offers a great advance in
soldering. It is completely portable,
heats in 5 seconds and recharges
automatically in its own stand.

The Iso-Tip is powered by
long-life nickel cadmium batteries
giving tip performance up to 50
watts with a temperature of 370°C.
Tips are available in five different
sizes ranging from Micro to
Heavy Duty to meet all soldering
requirements.

FILTER QSCILLAYOR 631 q"s
BANE: VERNIR A5

FILTER OSCILLATOR 631£98  f2p&
631LF £104 -vAT
631-0 IHzto100KHz  631LF-0.01Hz to10 KHz

Greenwood Electronics
Portman Rd, Reading RG3 INE, England.

Telephone: Reading (0734) 595844,
Telex: 848659.

Delivery is normally ex-stock telephone for confirmation
Prices conec!r at time of going to press, subject to change without notice

OM B:lectionics, Riverside, Eynsford, Kent. Tel 0322 863567
WW—020 FOR FURTHER DETAILS
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£S5/~ Capacitance measurinc}

ESP 100 A ESP 200 A i -
= 1 pF to 10 uF 1 pF to 50 pF e "
Portable Wide scale . " !
£42.00+V.AT laboratory model e |
£82.00+ V.AT. ’ =" . e
~ Esp .
" 20 PR » l

A complete range of British-made
instruments designed to

W simplify capacitance measuring
—

1 pF to 2,000 pF ® Accurate and sensitive
) ® Requires no manual balancing
Autoranging ® Takes less than a second to
capacitance bridge measure a capacitor .
£185.00 + V.AT ® Updates changes in capacitance
automatically
® Wide range of applications

ESP 300 A

Send for technical literature and free

Electronic Services and Products Limited booklet: "Modern methods of capacitance
measuring
Cross Lane, Bragnston, Near Daventry, Suppliers to: Ministry of Defence, Post Office,
Northamptonshire NN11 7HH B.B.C., Government departments and
Telephone: Rugby (0788) 830672 Electronic Laboratories world-wide.
- KWP/ESP2 7619

WW—014 FOR FURTHER DETAILS

|

POWER UNITS
| VO.l'I.aJ.;-O

PRODUCTION TESTING ~ DEVELOPMENT
‘ SERVICING

|
THRULINE® - ;
WATTMETER _ArN I

| |

Read RF watts Directly.

0.45-2300 MHz, 110,000 watts =5%, Low
Insertion VSWR — 1.05.

Unequalied economy and flexibility: Buy
only the element(s) covering your present
frequency and power needs, add extra
ranges later if your requirements expand.
QUICK-CHANGE Connectors mate with N,

TYPE 250VRU/30/25
UHF, C, SC, LC, HN, LT, BNC, TNC, GR-874,

7" and 154" EIA flange, no adaptors needed' ‘ Input 200-250v 50Hz or 100-120v 60Hz to order. Output 1
!
|
|

0-30v 25A DC. Output 2: 0-70v 10A AC. Output 3: 0-250v 4A
AC

uk RePRESENTATIVE FOR BIRD ELECTRONIC

PRICE: £201.35 excluding VAT

Regulated and unregulated outputs with output voltages of
12, 24, 50, 110 or 220v DC are also available at very
competitive prices.

Send for further details of these versatile units to:-

aspen electronics limited

EKILDARE CLOSE EASTCOTE MIDDLESEX HA4 9UWJ ’

Tel 01 868 1188 Telex 8812727

WW—026 FOR FURTHER DETAILS BROWELLS LANE, FELTHAM, MIDDX.
TW13 7EN

PHONE: 01-890 4242 or 4837

WW—074 FOR FURTHER DETAILS
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PLESSEY

You know the name

but did you know that

we supply electronic
components from stock ?

Additional stock ranges:

Corcom

LINE FILTERS

Hi-Greas
Coline co

CONNECTORS AND PROBES

an POTENTIOMETERS

AND TRIMMERS

24 hour turnround. No minimum
order charge. No post or packing
charges in the United Kingdom.

For priced stock catalogue, contact:

PLESSEY

DISTRIBUTORS

Plessey Distributors

Vicarage Lane, liford, Essex IG1 4AQ
Telephone (01) 478 3040 Extension 3391
Telex 23166

WW — 092 FOR FURTHER DETAILS

621.POY0

21

wantsafety
isolation
for thelrr
voice band
> Clrcults’

One more request item. We met it with a neat little
transformer. Now, in two versions, it joins the list of useful
Whiteley products,and everyone involved in communications
system design will be interested in the protection they provide.
Inserted in voice band circuits, they effectively isolate
equipment from the hazards of adjacent high voltage

power circuits on the ‘line’ side. High isclation level
between line and equipment windings gives protection
against voltage surges, lightning strikes and fault condit-
ions. One version is designed for 17Hz signalling circuits,
the other with several voltage ratios also suits @ 50Hz

ringing circuit. All are Post Office and C.E.G.B. approved,
and the second version is also approved with extra
protection diodes added. Feguests for data sheets

welcome. Or if you want to request a product spec of

your own — we're always interested!

Surprising how often you'l find

hiteley
makeit.

Whiteley Electrical Radio Co. Ltd
Mansfield, Notts NG18 5RW, England. Tel: 0623 24762.

WW—069 FOR FURTHER DETAILS
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From

EMT quality test
and measurement
instruments offered

‘at competitive
prices.*

THaEsaOLE  MONiTOR - BEAK vaLuE

LR

:
) £ M Ml ol ﬁ(/';\(’\(:.,
Wl DT well el ol
— -—w

EMT 422
Flutter Meter

A sophisticated compact flutter meter conforming
to DIN specifications for portable and stationary
service applications. Ranges 0.1, 0.3, 1, 3, and
109,.
Featuring a threshold monitor circuit for

“ simplified quality control in production lines.

EMT 328

Micro-lmpedance Meter
Especially suitable for measuring the internal
resistance of batteries and storage cells as well
as for measuring contact resistances.

10 measuring ranges and a null suppression
control permit accurate detailed analysis. £507.00

(*prices correct at ime of going to press)

F.W.0.Bauch Limited

49 Theobald Street, Boreham Wood, HERTS. WD6 4RZ.
Tel: 01-953 0091 Telex: 27502
WW—015 FOR FURTHER DETAILS
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Vaco STRIPEX
Wire Stripper

Precision Stripping Tool for most types of PVC
wire and cable from 38-10AWG. — Solid or

stranded.

Features include:

33 self adjusting cutting knives
penetrate and remove insula-
tion without nicking the wire.
Depth Control adjusts for
different insulation thick-
nesses.

Wire cutter with transparent
finger guard snips cable clean.

Lightweight moulded nylon
body reinforced with
fibreglass. reduces fatigue in
continuous operations.

Packed 1n contoured plastic
case. Individually cartoned.
No.70286. Metricwire plier. Crimps terminals, cutsand measures
bolts, cuts and strips wire. Combines the most used cable
operations in a single tool.

Model No. 70285

ey e R

‘Distributed by

Special Products Distributors Limited
81 Piccadilly, London W1V OHL
Tel. No. 01-629 9556
Cables: Speciprod London W1

e mme
WW—008 FOR FURTHER DETAILS

Switching problems?
Rely on Zettler.

/Producmg 30 basic types Our product range w
of relay and 15.000 vanants compnses:
with regard to contact Low profile (flatform)
stacks, terminals, energizing Timing - Mimature Low
current and contact contact capacity - Herme-
matenal, Zettler 1s among tically sealed - Stepping
the largest manufacturers Mains switching Latching
of electro-mechanical Contact stacks - Solenoids
components.

Impulse Latching Relay
AZ 340

Make contacts

Resistive load 10A, 240V AC
Lamp load 8 A, 240V AC
Compensated fluorescent tubes
37 A/240V AC

Break contacts

Resistive load 8 A 240 v AC
Lamp load 5 A 240V AC
Compensatea fluorescent tubes
37A240V AC

)

We resolve your switching problems rapidly and expertly Please
contact us for further details.

ZE I I LE 68KINDeI:/|S|On

Brember Road
Harrow Middx HA2 8AS Tel (01) 422 0061
A member of the worldwide ZETTLER electrical eagineenng qroug .0 1877

WW—005 FOR FURTHER DETAILS
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once is enough!

The snail moves stowly and stcadiy. Bt thindk! i
The weight of Hhe shedl that Hie snail carries s o
tica to three times the weeiaht of s awen bodv; L1 [ f
Hie os equivalent to a 175 pound it walking e e
stead iy forward wille .« 100 porend weight

an lis showdders.

Such steady performance under hard use conditions

1s dlso characteristic of Otari products. Mx-5050-85D MK- 11
Years of continuous service 1s commaon, Performance comparable to 1 inch, 8 channel
and the response of professional users shows unit-High S N ratio ehminates need for noise

how much they value this steady. precise reductian mechanizm DG direct drive servo

performance under hard use.

We don’t have to clatim our machines are sturdy
the machmey, and their satisfied users,

speak for themselves.

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

0/TAR)I]

OTAR|I CORPORATION: 981 Industrial Road. San Carlos, California 94070, U.S.A. Phone . California 415-593.1648 Teiex No. 259103764890 OTARICORP SCLS
OTARI ELECTRIC CO., LTD. 4-29-18. Minam: Ogikubo. Suginami-ku, Tokyo, 1€7 Japan Phone: (03) 3339631 Cable: OTARIDENXI TOKYO Telex: J26604 OTRDENKI
WW—102 FOR FURTHER DETAILS




INTRODUCING
INTERLAB

type MP51 low cost
PULSE GENERATOR

anew modelin LI's INTERLAB®series
of versatile, economical, instruments for
laboratory, test and education
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TYPE MP51 PULSE GENERATOR

B PRF 5Hz - 5SMHz W External trigger
H Delay 100ns - 100ms M Manual one-shot
B Width 100ns - 100ms B TTL compatible
B Mixing input for double/multi-pulse

B Price - only £55 ex works (plus VAT)

Also available in the INTERLAB®series:
TYPE SQ10 SINE/SQUARE OSCILLATOR

W 10Hz - 1MHz
l 10V p-p output

W 0.05% typical
distortion

B 50Q source
impedance

TYPED10 AF DISTORTION METER

O LmEE S oA
e

i

M 0.1% - 10% THD

b 6 O M Fundamental
1 B 10Hz — 100kHz

” e {} GQ M Intrinsic

distortion
less than 0.05%

INTERLAB

series from
LYONS INSTRUMENTS
Ly

i

Hoddesdon Herts EN11 SDX

Telephone 67161 Telex 22724

A Claude Lyons Company
WW—009 FOR FURTHER DETAILS
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single source makes
- SiXway sense

CONSERVES SOLVES BUFFER
YOUR CASH. STOCK PROBLEMS.
SIMPLIFIES
@ SAVES TIME. ORDERING.

6 A PROTOTYPE @ NO ORDER TOO
<7 SERVICE. SMALL.

So make United-Carr Supplies
your SINGLE SOURCE for--

m Electronic Components

Some examples: — Barrier terminal strips. Printed circuit board

edge connectors. D Subminiatures. Multi way plugs and sockets.

Audio sockets.

United-Carr Supplies Ltd.,

112 Station Road, llkeston, Derbyshire, DE7 5LF

Tel: keston 328711 (STD 0602 328711) Telex 377117
WW—051 FOR FURTHER DETAILS

—

for those
who
appreciate Quality...
a complete electronic kit
The Forgestone 400
high quality
colour television receiver

A really up-to-the-minute kit, with all these Plus Features . . .
® 9integrated circuits e Fully isolated power supply

® Thick film resistor units ~ ® Plugs and sockets for easy

panel removal
® Ready-built and aligned

IF modul ® Each module kit available
LG separately
® Glass epoxy printed circuit e Fyl] technical construction
panels manual

® High quality components @ LT supply regulator

Buy as you build - all Forgestone Kitsets are for the constructor of
today, each section of the kit is available separately. Please send stamp
for further details of these quality products.

Forgestone Colour Developments Limited
Ketteringham, Wymondham, Norfolk, NR18 9RY, U.K.
Telephone: Norwich 810453 (STD 0603)

1 MAIL ORDER —“Barclaycard & Access accepted N

WW—017 FOR FURTHER DETAILS
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Forthefirsttime in Britain!

PHILIPS MIXER
AMPLIFIER KITS

*k Uniquely flexiblé -you build exactly what you need
* Totally reliable - every component made to the highest Philips standards
*k Amazingly inexpensive > Available now from SST Distributors

Part of the overall range of Philips Electronic Kits,

, now available for the first time 1n Britain, Philips
Mixer Amplifier Kits enable you to construct the
kind of mixer amplifier you need - easily,
confidently, to the highest professional standards.

Unusually flexible, the Philipsrange is built up
in'such a way that you can choose from a number of
combinations certain that the end result will always
be a complete unit-in function and appearance.

Individual Kits cover the following functions -
mixer unit, separate input amplifiers (for raicro-
phone, record player, tape recorder or tuner), .
tone-control unit, level-meter unit with two
VU-meters, and a feeder amplifier. In every case,
the dimensions of the chassis and the front panel
have been standardised to allow for smooth and

simple construction: moreover the units can be
easlly interchanged. '

The mixer amplifier illustrated 1s built up of
elevenkits; the front panel contains 16 shde
controls, 10 rotary controls and 2 large VU-meters.
If a simple layoutisrequired, one central tone
control unit can be incorporated between the
mixer and the feeder amplifier instead of three
separate units. In any event, it is usually a good
ldea to block out your requirements Initially in
dlagram form so that you can see how easily they
can be engineered. '

Whatever your choice, however, you can be
assured that the complete mixer amplifier will
amply exceed true hi-fi standards with distortion
and signal-to-noise ratio on a professional level,

Your skills. Philips quality. An unbeatable combination.

—_——————————J————
p H I LI pS Eendtodayforfully Name
lustrated catalogue
I Address

and price list
To' SST Distributors

(Electronic Compenents) Ltd

West Road, Tottenham,
: London N17 ORN.

County/Postal Code

SST Distributors 1s a member of the Philips Group of Companies. J
Ty ¥ ¥ N __N- N N N __N__§N_ _§N_ _§N__N§N__N§N._ ]

PHILIPS
1 &
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Join theDigital
Revolution

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

Each of the 6 volumes of this self-instruction course measures’
11%" x 8% and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra, to memories,
counters and simple anthmetic circuits, and on to a complete
understanding of the design and operation of calculators and

£6.20

Design of Digital Systems.
plus 80p packing and

surtace post anywhere in
the world.

Payments may be made in
foreign currencies.

Quantity discounts
available on request.

- VAT zero rated.

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

£4.20

plus 80p P. & P.

1 Basic Computer Logic

2 Logical Circuit Elements

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

4. Flipflops and Registers plus 80p P. & P.
Designer . These courses were written so that you could
teach yourself the theory and application of
Manager digital logic. Learning by self instruction has the

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

Scientist speed and must respond by answering questions
Engineer ‘on each new piece of information before.
Student proceeding to the next.

Guarantee—no risk to you

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

—— e e S R m— D D D D SN D SN s Sm—
To Cambridge Learning Enterprises, Dept COM
| FREEPOST St ives Huntinadon, Cambs. PE17 48R

I Please send me . ., set(s) of Design of Digital Systems at£7 .00 each,
p & pincluded

‘or ... set(s) of Digital Computer Logic and Electronics at £5.00 each,
p & p included

“or .. combined set(s) at £10.50 each. p & p included

Name

“delete as applicable
No need 1o use a stamp — Just print FREEPOST on the envelope

I
I
I
I
I Address
I
I
I
I

Wireless World, November 1976
clors toa H M Gowr. PO,

REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS
7-14 DAYS SERVICE

<« MODEL 8 MKV

STOCKISTS
ALSO SUPPLIERS OF GEC
RISSO AND OTHER
MULTI-RANGE TEST SETS

WE SPECIALISE IN ASSEMBLIES, AND IN THE
REPAIR, CALIBRATION AND CONVERSION
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AND PRECISION GRADE

LEDON INSTRUMENTS LTD.

GLADSTONE WORKS, GLADSTONE RD,
FOLKESTONE, KENT.
TEL: (STD) 0303 57555

WW—010 FOR FURTHER DETAILS

E

'FaU|t 'Fi“ding'
no fiddie

With the AVO TT 169 in-circuit transistor tester
Go/No Go tests almost any transistor, diode or
thyristor without de-soldering, without damage
Find out how it can save you time, save you
money.

You'll find the price is no fiddle either
Contact your local wholesaler, or us

AVO Limited, Dover, Kent CT17 9EN
Telephone: Dover (0304) 202620

i—

Thorn Measurement Controt and Autemation Division

WW—066 FOR FURTHER DETAILS

1

JES AUDIO INSTRUMENTATION

B i

llustrated the Si452
’) 0 () Distortion Measuring
! Unit—low cost distor-
s 3
} 0 O O tion measurement down
o b S :*,0 S ¢ to .01% £48.00
®
Si451 £60.00 Si453 £60.00
Comprehensive Millivoltmeter  Low distortion Oscillator
350u Volts 20ranges sine — square — RIAA

prices plus VAT
J. E. SUGDEN & CO. LTD. Tel. Gleckheaton (0274) 872501
CARR STREET. CLECKHEATON, W. YORKSHIRE B19 5LA

WW—025 FOR FURTHER DETAILS
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LISTEN!-NO NOISE

There’s music on your records, there’s music on your tape,
only when tape hiss and disc surface noise are completely eliminated
does one realise how pervasive background noise has been in recorded music.

2 CHANNEL NOISE REDUCTION SYSTEM

. . \ 7
REC  BYP PLAY
" TAPE  oisc
\ . il

-

NOISE REDUCTION PLAY
LEVEL MATCH

What is D.B.X.? !

The dbx noise reduction system uses dynamic range
compression to encode the signal before recording and
a mattched expander to restore the original dynamics ———— — ——— = — = —— — = ———
on playback. Please send details on AR loudspeaker systems.

The compression and expansion factor is 2.1 and is

lineal in decibels over a 110 db range. A 20 db change | Name
in the programme is recorded as a 10 db change on the Address
tape, thus a recording medium capable of onty 65 db I

signal to noise ratio can record and reproduce the full |
dynamic range of live music which often exceeds

100 db. |

So sdccessiul is the DBX system that leading recording [ ¢ TELEDYNE ACOUSTIC RESEARCH
studios have incorporated DBX processors into their | A ! High Street, Houghton Regis,

consoles. Dunstable, LUS 5QJ

Fill in the coupon and post now for further details. ' Beds., England

Tel: (0582) 603151

— ECEEIGED
M ET E R P RO B L EM S ? o Stop Ruining Your I.C.’s And Wasting Time Soldering

Plug Into The Revolutionary New

BIVIBOARD

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

Incorporates Bus Strips For Vec And Ground

.

Includes A Component Support Bracket
Has Over 500 Individual Sockets

And Allows You To Use And Re-Use
IC’s, Transistors, LED’s, 7 Segment Displays.
Diodes, Resistors, Capacitors

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

Full ihformation from: Only £9.72 (chcque vyith o_rder) lncludi_ng VAT and P.P.
Special Quantity Discounts Available For

HARRIS ELECTRON ICS (London) Radio Clubs, Retail Qutlets, Distributors
‘| 138 GRAYS INN ROAD, W.C.1  Phone: 01/837/7937 BOSS /KOUSTRIAL MOULDINGS LTD

Higgs tndustriat Estate, 2 Herne Hilt Road, London, SE24 0AU, Engtand
WW—035 FOR FURTHER DETAILS Telephone 01-737 2383 £ Tetex 919693
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rampian) slot easily into this

Grampian introduced the modular plug-in concept for building multi facility
sound installations, together with solid state audio switching over three
years ago. Since then many hundreds of complex installations have been
supplied and have set a standard for reliability under the most stringent

conditions. All equipments are built to a necessary engineering standard
GHAMPIAN HEPROD“CERS LTD- and not down 1o a price with its ultimate high cost of ownership.
All amplifying equipments supported by an extensive range of manufac-
HANWORTH TRADING ESTATE. FELTHAM, MIDDLESEX,

tured microphones, loudspeakers and all items required for sound
ENGLAND. TEL:01-894 9141 installations by the firm of forty years standing in the sound business.

X222 WW—0396 FOR FURTHER DETAILS

HEPWORTH | ELECTRONORGTECHNICA

carbon film RESISTORS

EI_EOTRONIOS Y8 and Yaw 70°C 5% tol. E.12

R EX-STOCK
. W .
Worcester Road, Kidderminster, Worcs £4 50 PER 1,000 PLUS
. OF ONE VALUE VAT

Contact John Gingell

: AERO SERVICES LTD.
& 44A Westbourne Grove
London W2 5SF
ww

Direct Mail: Tel. 0562-2212
Contact Mrs Moore

TEL: 01-727 5641 TELEX 261306.
__054 FOR FURTHER DETAILS

[INSTANT SINAD MEASUREMENTS

‘ . with the

gAilf"l\gd,deF

i The SINADDER is aspecialized
i distortion meter for Sinad

I Measurements. Just connect it
{ to the audio output and read
SINAD directly. No adjustments
| to make. Automaticcircuitry

The original concept in breadboarding
Solderless long life contacts
Takes up to 40 pin D.I.P.’s, just push in

THE FIRST —_— THE BEST I does the level setting for you.
— THE ONLY £120 +p.ap avar

SK10 Socket £13.33 l LYONIS INSTRUMENITS

Hoddesdon Herts EN119DX Tel: 67161 Telex 22724

sinadde-f'r

— includes VAT, Postage & Packing —

WW—021 FOR FURTHEK DETAILS

A Claude Lyons Company _J

WW—007 FOR FURTHER DETAILS
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Forallwhowantto
knowabout _
electronic circuits

*‘BOOK 2 OUT SOON

\
|
|
|
|
|

| Here's abook of very special appeal to all
concerned with designing, using or

. o . - L]
understanding electronic circuits. [t comprises

information previously included in the first ten CIrcun

sets of Wireless World's highly successful -

Circards —regularly published cards giving deSIQnS

se/ectedand tested circuits, descriptions of
mrcu:t operation, component values and ranges,
‘c1rcu|t limitations, modifications, performance
data and graphs. Each of the ten sets — including
additional circuits —in this magazine size hard
cover book has been updated where necessary,
and is preceded by an explanatory introduction.
Circuit designs (1) is the first collection of its
kind.

\

b

\

Circuits covered are:
Basic active filters
Switching circuits
Waveform generators
AC measurements
Audio circuits
Constant-current circuits
Power amplifiers
Astable circuits
Optoelectronics
Micropower circuits

Cdllected Circards

PWilliams 'J Carruthers JHEvans JKinsler

| QRDERFORM

: To: General Sales Department, NAME (please print) . .. .................. .
[PC Business Press Limited,

: Foer |, Bersst Hees. ADDRESS . . . . ... .

I Stamford Street, London SE1 SLU.

: Pleasesendme . . . . .. copy/copies of » ©coa00pDEOOQOOEO@OOAEDAIE@O0EAeRa0e00aaE :

i Circuit Designs — Number | at £10.40

I each inclusive. | enclose remittance Company registered in England and a subsidiary of Reed

I v‘alue s 0000 0c (cheques payable to International Limted Registered No 677128 Regd. office

|

\

ITC Business Press Ltd.) Dorset House. Stamford Street, London SEI 9LU.

N o e
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SINE WAVE OSCILLATOR

FROM THIS

S-DeC
MAKE THIS

Simplify circuit design Use S-DeC  Sockets in plastic block are connected in
pre-arranged pattern. To build circuit, simply plug 1in components
Afterwards, unplug components ready to builld more circuits. Use same
components again and again.

Every S-DeC comes complete with step-by-step instructions, free control
panel, and booklet with nine circuits you can build. Sine wave oscillator,
radio receiver, binary counter, VHF radio microphone — they re all easy with
S-DeC (see free booklet for circuits and instructions).

Send cheque /PO now and start designing the easy way. with S-DeC. Each
S-DeC costs only £1.98 plus 37p post, packaging and VAT.

e e e e e ——— ——  — ——— ————

I Please rush me . . 5-DeCs so that | can start designing circuits
l the easy way. | enclose a cheque/PO for . .. . ...... .. ...
I Name

I Address ..

| o L S e

e o e e e e e e e e e e

P.B. Electronics (Scotland) Limited
57 High Street, Saffron Walden, Essex, CB10 1AA
Telephone: Saffron Walden (0799) 22876

DATA AND
COMMUNICATIONS
TERMINALS

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

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

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

Telephone 0442-82-4011
Cables RAHNO Tring
Telex 82362

A/B Batelcom Tring

—
WW—050 FOR FURTHER DETAILS

r

(T [RADFORD]
HIGH PERFORMANCE AMPLIFIERS

for the enthusiast and professional

ZD22 Stereo Pre-amplifier Control Unit

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

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

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

ZD200 Power Amplifier
Characteristics as ZD100 amplifier but provides an output of 250 watts per
channel into 4 ochms and 150 watts per channel into 8 ohms.

HD250 Stereo Integrated Amplifier

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

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

AEL GaTWICK HOUSE, HORLEY, SURREY, ENGLAND
Tel Horley (02934) 5353

Telex 87116 (Aerocon Horley) Cables. Aerocon Telex Horley

WW-—044 FOR FURTHER DETAILS

4 D

MINIMUM TID. POWER AMPLIFIER MODULES

WE BELIEVE OUR MODULES ARE UNEQUALLED IN SOUND
QUALITY, OVERALL PERFORMANCE & VALUE FOR MONEY

HS/N>1100B & 120x80x 25 mm & Fully protec ted & 250my/56hn & 12Hz - 35kHz -3dB & 14Trs 4D
It has recently been shown Lhat an amphifier with some traditionally desireable features feg heavy feedbach wide
bandwidlh) can actually sound worse than one with a poorer spec This has been attributed
to distortioncaused by transientsiT10 1Caretully positioned compensation a rise-time ot 10ps
settling time of 10Ps (8, 2pF) and slewing-rate of 6v/ps ensure mimmum 110, while THD (5
reduced to typically 01 O&max!at IkHzby uitra linear output triples not by excessive
feedback This approach has yielded one of the cleanest sounding
amphfiers available regardiess of cost
CEBO8 B0Wrms/Bna *35v £14 55
CE1004 100Wrms/de £35v £17 55
CE 1008 100Wrms/8e £45v £2155
H/sinks 50mm 85p. Hiduty 100mm £150

Cheque/ PO, to. CRIMSON FLEKTRIK -

“WW—058 FOR FURTHER DETAILS

SAE forfuitdetas 74STATION ROAD %
'\_n‘z_nsAsms.\.\-sm RATBY LEICFSTER %

WW—012 FOR FURTHER DETAILS

CE100H + Oomestic heaisink. (50mm)

P

S
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TRANSIPACK

NO BREAK POWER

SUPPLIES

NEW 2000 SERIES — FOURTH
GENERATION

1KVA TO 200KVA

24 HOURS WORLDWIDE SERVICE
2 YEARS’' GUARANTEE AVAILABLE

BRITISH MADE

VISIT US AT HASTINGS AND SEE OUR
STATIC INVERTER CENTRE

31

TYPICAL TRANSIPACK TYPICAL

NO-BREAK POWER SUPPLY TRANSIPACK U.P.S.

AS DELIVERED TO C.E.G.B. FOR COMPUTER
APPLICATIONS

Sales and Laboratories

INDUSTRIAL STANLEY RORD
INSTRUMENTS oioscsss
LlMlTED IMW::;:OETANslPACK. BROMLEY
ey
f THEAKLEN DRIVE
TRANSIPAC e e

Telephone: Hastings 427344

" "WW-——037 FOR FURTHER DETAILS
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by
JAYBEAM

% Satellite tracking

w Mobile radio telephone
% Marine TV reception

% Monitoring

“ Ship-to-shore

w Ground-to-air

% Point-to-point links

% Interference elimination

— Just a few of the areas of telecommunications where
Jaybeam have applied their expertise in producing some
of the finest antenna equipment today.

If you would like to benefit from Jaybeam's vast
experience in the Telecommunication antenna field, to
help solve your particular communications problem,
then getin touch with our Telecomm & Electronics
Division right away.

Jaybeam Limited
Moulton Park Industrial Estate,
Northampton NN3 1QQ

Telephone: (0604) 46611. Telex: 311101

WW—104 FOR FURTHER DETAILS

FOR TOSHIBA SAY ERIE

The Toshiba range of optoelectronic devices includes
GaP LED’s with various lens styles and sizes at very
competitive prices:—Red and Green colours in clear,
diffused, diamond cut and flat lenses.

LED's

Miniature Lensdia. 3mm, height4mm, |g25mA, VR4V, Pp 75mW
Medium Lensdia.4.9mm, height6.1mm, Ig35mA, VR4V, Pp 100mW
Large Lensdia.5mm, height8.6mm, I[r20mA, VR4V, Pp 90mW
7 Segment (GaP)

Character height 8.3mm, I 15mA/SEG, VR3V Pp 350mW Total
Character height 15mm, If 35mA/SEG, VR3Vs. Pp 750mW Total
Infra Red Emitting Diodes (GaAs)

Miniature package 3mm x 4nm |g 40mA, VR5V, Pp 75mW

Infra Red Emission @ 940nm

Photo Transistors (Silicon)

Mintature plastic package, Veeo 20V, [¢20mA, Pe 75mW

Light Current IL 1.5mA (TYP.) @ VCE 3V Irradiance £ 10mW/cm?

Also Opto Isolators

Send today for full details:—

ERIE ELECTRONICS LIMITED

South Denes, Great Yarmouth, Norfolk.

Tel: 0493 56122 Telex: 97421
Components ITT

WW—011 FOR FURTHER DETAILS

ANTENNA DESIGN & PRODUCTION

We are specialists in the
design, development and
production of all types of
antennas and controls,
including those to military
specifications.

We invite your enquiries

STRINGER GLARK ANTENNAS LTD.

CHILD OKEFORD ¢ DORSET e DT118EH
Telephone: 025886 - 8293

WW _ 068 FOR FURTHER DETAILS

QUADRAPHONIC KIT MODULES

The following modules. currently being described in Wireless World, are offered.
Each kit comprises of glass fibre PCBs and Components. Each module functions
independently. but a universal system may be constructed by means of a master switch

intc which the boards may be plugged -
£32 + VAT (£4.00)

€D DEMODULATOR

CD-4 is a registered trade mark of the VICTOR COMPANY OF_JAP‘AN LTD

VARIOMATRIX DEGODER
SYNTHESIZER £28 + VAT (€3.50)

QS. QS Variomatrix and QS Synthesizer are registered trade marks of
SANSU! ELECTRIC COMPANY LIMITED OF JAPAN

DECODER (Type L3A)

{(Variable Blend + Wave Matching Logic)
SQ is the registered trade mark of CBS INC

MASTER SWITCH KIT cs50 + var (£1.06)

Add £1 postage packing and insurance per parcel. Overseas customers neglect VAT, but
add £3.20 per kit to cover armail postage -ab
For enquiries please send S.A.€. to

COMPCOR ELECTRONICS LIMITED
9 DELL WAY, LONDON W13 8JH 4
or telephone 01-998 8221 on weekdays between 7.30 p.m. and 10 p.m. on y

£25.50 + VAT (€3.19)

WW—086 FOR FURTHER DETAILS
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Higher performance instruments from 1/10 Hz to 1.2 GHz. measuring
frequency, period, time, freq./ratio and calibrated output facility. Fast
delivery. Specials by arrangement.
7 : omeamrmrema— Gy 1 Suppliers of
HF to UHF RF Television Systems
7 TYPE 1001M TELEMETRY Remote Control
i I e670 1.2 GHz SULCIOIL eI
‘ ‘ Design and Development
Sensitivity 10mV. Stability 5 parts 10." Ranges to 20 Miles. Power to 100 Watts
30IM 32MHz 5 Digit £82 | 401 32MHz 6 Digit £121 A.D.F.
501 32MHz 8 Digit £178 | 701A 80MHz 8 Digit £195 - - o
801A/M  300MHz 8 Digit £305 | 90IM  520MHz 8 Digit £375 Radio Location LF RF Oscillators
801B/M  250MHz 8 Digit £262 | 1001M 1.2GHz 8 Digit £670 sPeciaI Purpose Ampliﬁers
Memory versions available if not
Start/Stop versions plus £12 | suffixed M £25 extra RPVs, Drones
Type 101 1MH < FIXED AND ROTARY WING WITH PAYLOADS UP TO 50Ibs. FOR
W Typle I]%%KH'Z'/IAI:I.K;;I?JZ?;ai:g?"dard ZES SURVEILLANCE, TARGETS, OR CROP SPRAYING.
SUPPLIERS TO: Ministry of Defence, G.f’.o., B.B.C.,_ Governmen_t Depts., Crystal Suppliers to U.K. and Overseas Governments for 1 5 years
Manufacturers and Electronic Laboratories world-wide
R.C.S. ELECTRONICS RCS. GUIDED WEAPONS I
6 WOLSEY ROAD, ASHFORD 6 WOLSEY ROAD, ASHFORD
MIDDX. TW15 2RB MIDDLESEX. TW15 2RB I
Telephone: Ashford 53661/2 Telephone: Ashford 53661/2
WW—072 FOR FURTHER DEFAILS ree——
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OVER 2,000 ELECTRONIC COMPONENTS INA

100 PAGE CATALOGUE

Please send me
the 100 page
Tandy catalogue

F
A
F/
/i
4

Name _

I Address.

| o
l Tandy Corporation (Branch UK), Bilston Read,
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D6ladualtrace
Lightweight
Oscilloscope

The 10 MHz *scope that makes others scem
expensive at any price!

It took vears of "I'clequipment experience and
intensive design etfort to arrive at that unique
combination of etfortless higher performance
and remarkable Tow cost which makes the D61a
so outstanding for general purpose duties in
the laboratory, the classroom and the "IV
service department.

Who else ofters an oscilloscope with two 1omV
vertical channels with a full 1oMHz band
width, PLUS automatically switched, chopped
or alternate display modes, PLUS automatically
switched 'I'V linc or field triggering, PLUS an
8 10 cm display driven at 3.5kV and the
choice of single trace, dual trace or X-Y
presentation ?

And who will send you full details on request ?

Who else but Telequipment

T'ektronix U.K. Limited,
P.O. Box 69, Beaverton House, Harpenden, Herts.
Tel: Harpenden 63141  Telex: 25559
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Co-operation for some

A cynic might say that people only co-operate reluctantly, from a realization of
their own weakness. All the same, it’s encouraging to be able to report on
technical achievements that result from co-operation between different
companies or organizations, especially when this.co-operation crosses national
frontiers. Whatever the motivation, one feels that successful co-operation is a
worthwhile thing in itself and that the “brotherhood of man” is not after all just
an empty phrase. Concorde is a case in point, regardless of the disagreements
that attended the aircraft’s development and the questions about its commercial
viability. More recently this year we have seen a British firm, Marconi Elliott
Avionic Systems, developing and supplying the flight control electronics for an
American aircraft, the Boeing YC-14 military transport. Apart from individual
projects, there are the continuous international technical programmes run by
such organizations as the European Space Agency, CERN and EUROCOP-COST
(European Co-operation and Co-ordination in Scientific and Technical
research). The last-mentioned, for example, has a committee of fifteen members,
including the British Post Office, studying the possibilities of radio
communication at frequencies above 10GHz.

A characteristic of most of these international joint ventures and programmes
isthat they are set up between the industrialized, highly developed nations of the
world. This is understandable since it is necessary for the partners to have com-
parable levels of technology, especially in “high technology” projects. But it is
also one of the factors which tend to widen the gap between the rich countries
and the poor countries of the world. The rich — those who have learned to apply
science and technology to economic and social development — get richer and the
poor remain poor. Although the developing countries support about two-thirds
of the world’s population, only two per cent of the world’s total expenditure on
research and development goes into them. Ninety per cent of the world’s
scientists and technologists work in the developed countries. So both talent and
money are concentrated on solving the problems of the rich countries, and the
gap between rich and poor becomes wider. It’s a sad fact that the electronics
industries of Western Europe and North America only “co-operate” with the
developing countries to the extent of using them for cheap labour (particularly in
consumer electronics) and as passive, dependent markets for their products.

The United Nations is concerned about this division among the world’s people
and has a committee that aims to help the developing countries to utilize modern
science and technology, but so far it has achieved very little. Only when the
individual national governments of the rich countries commit themselves to
participate in an active way will there be any real co-operation between all the
world’s peoples.
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Congestion in the shortwave bands

A topic for discussion at the World Administrative Radio

Conference, 1979

by Jim Vastenhoud, Radio Nederland

Shortwave broadcasting is of great
significance to millions of people, who
have to put up with a less perfect mass
communication system than ours;
without television and v.h.f.-f.m.
broadcasting, no long wave, and only
one or two transmitters within reach
on the medium-wave band. It is this
kind of situation that still prevails in
large parts of the world, especially in
Asia, Africa and to a lesser degree, also
in South America. For these people,
shortwave broadcasting may be their
lifeline to the centres of civilization, to
reliable and unbiased information, or
simply to their own type of music or
their own tongue.

The shortwave, or high-frequency
(h.f.) range, running from 100-10
metres (3-30 megahertz), is the only
portion of the electromagnetic spec-
trum which has the property of being
able to propagate regularly over large
distances, providing the frequency is
lproperly chosen. Because of these
propagational benefits the h.f. range is
popular with many users: the
‘aeronautical people, the maritime peo-
ple, the amateurs, the armed forces, the
national telecommunications adminis-
trations (PTT) and the international
broadcasters, who value the ability to
air their programmes (culture, political
views), to compatriots overseas,
seafarers and last, but not least, to
people who might otherwise be denied
free access to information. When you
think about it for a moment, you will
recognize one of the great values of
shortwave broadcasting, namely, the
possibility of being able to listen to
different views on international affairs
and of forming, one’s own opinion, a
proven asset in periods of internal
turbulence in a nation’s existence.

Shortwave reception

‘However, it may be said that short
waves are difficult, not least because
propagation conditions tend to change
with the hour of day and night, with the
season, with the geographical location
of the transmitter and the receiver, and
periodically, over the so-called sunspot
cycle. The varying propagation condi-

tions have led to the allocation of a
number of shortwave broadcasting
bands, the most important of which are:

49 metre band: 5.950- 6.020 MHz
41 metre band: 7.100- 7.300 MHz
31 metre band: 9.500- 9.775 MHz
25 metre band: 11.700-11.975 MHz
19 metre band: 15.100-15.450 MHz
16 metre band: 11.:700-11.900 MHz
13 metre band: 21.450-21.750 MHz

11 metre band: 25.600-26.100 MHz
Since propagation characteristics

depend on the condition of the ionos-
phere, which in turn is dependent on
many factors, one of which is the
position of the sun at the point of signal
impact, it can readily be understood
that not all frequency bands are availa-
ble for use all the time. In fact, the
highest frequency band (11 metre band)
is barely used at all at the moment: its
usage is restricted to daytime periods
under medium or high sunspot condi-
tions. We shall have to wait a couple of
years for such a situation to return, as
we-are at present in a low sunspot
period. The solar cycle lasts about
eleven years, with the maximum usual-
ly following the minimum in about four
years.

After this brief look at the varying
availability of the shortwave broad-
casting bands it may be worth while to
give some rules of thumb for those who
want to listen to shortwave broadcast-
ing stations. Generally speaking, the
highest-frequency bands — 19, 16 and
13 metres — are valid for long-distance
daytime propagation, between 2000 and
9000 km (1400-6000 miles). The longer
wavelengths, such as 25, 31, 41 and 49
metres are either for short-distance
daytime coverage, or for medium and
long-distance night-time usage. A
shortwave broadcasting band is, on the
average, about 275kHz wide and the
total available bandwidth for interna-
tional shortwave broadcasts in Europe
is 2350kHz or less than 10% of the entire

spectrum. That is comparable to the

frequency space allotted to the radio
amateurs. Other users usually have
more frequency space available and the
fixed bands (used for point-to-point
traffic by the telecommunications

authorities) top the list with 48% of the
frequency space.

Channel width

A shortwave broadcasting station is
allowed a total frequency occupancy of
10kHz. As the signal consists of a centre
carrier frequency and two side-
bands of equal width, it means that
audio frequencies between, say, 30Hz
and 5000Hz (5kHz) can be transferred
from studio to receiver. The 10kHz
width per channel rather limits the
number of stations that can operate in a
band. If we take the 25 metre band, the
lowest usable channel is 11705kHz, the
highest being 11970kHz. Keeping a
channel separation of 10kHz to avoid
mutual interference would leave us
with 27 usable frequencies.

This is the theoretical- minimum
because, viewed on a world scale, it
must be possible to achieve
interference-free reception on more
than 27 frequencies in the 25 metre
band, e.g. by two widely separate
transmitters operating on the same
frequency to equally separate receiving
areas and by using directional aerial
systems. An example could be the BBC
usage of a 25 metre channel to Africa,
with a North American station broad-
casting to either South America or the
Pacific Area at the same time and on the
same frequency (co-channel).

Separations of 5kHz are possible, if
the frequency usage is coordinated
properly between the users, or if
geographically - separated properly,
whether coordinated or not; this so-
called interleaving is done on a large
scale by shortwave broadcasters, as the
frequency-separation of an adjacent
5kHz channel provides the extra inter-
ference protection that is needed in
terms of signal-to-noise ratio, given a
reasonable receiver selectivity.

So the frequency grid in the
shortwave broadcasting bands is 5kHz,
and an estimated 400 channels are
available during favourable propaga-
tion conditions (high sunspot numbers).
At present, at the minimum of the
sunspot cycle, we are left with approxi-
mately 300 usable channels, and it is a




Wireless World, November 1976 B3

HU/BI OCCUPANCY CHART 1 MK BAND DATE L. JUN 1876

GMT 2400 2200 2000 1800 1600 140 1200 1000 0809 gene 1400 0200
; I N
11700 s S .'-75@
- (RS
4 51// :
o 2
2 =A%, URS e
- e —
40 <
g
60
90 =
nsbo
3
- — 5
: - —4
i
i
L0 X
60
{
— 7—J
80 - ol
| I Lo ] | A5 E
n3m b 2 ! = J#~ , el — ol
| Ry o Jes
V . . I . , DS ‘(7)
== o 572N
| FR———— —Q;A
7 opg S i
l e ) iy :
bl 4 TN oo
T el e
LQov BAL 2py
L . X &ZG 1o ¢
| s
A
1oere
<
'y ). - - y"
.‘M/ P - = .-ﬂ“a.
MRV BT
75,0
i




40

difficult task for the international
shortwave broadcasters to service their
respective target areas satisfactorily,
not only because of the limitation of
propagation towards the lower fre-
quency ranges, but also because the
number of shortwave transmitters is a
multiple of the number of available
channels and is growing continuously.
The estimated number of shortwave
transmitters operating in the world
today is about 1500 and even if trans-
mitters do have limited daily operating
hours, the overload factor will still be
more than 2. This means that in a
particular spot on earth, at least two
transmitters can be expected to be
operating simultaneously on every
available s.w. broadcast frequency — in
Europe, there are periods when three or
four broadcasters are on the same
frequency simultaneously. The chart
shows the state of the 25m band on June
4, 1976, on which the lines show stations
heard.

Power race

Serious interference has resulted from
this, and in trying to keep their services
to the listeners at a reasonable level,
shortwave broadcasting organisations
have increased their transmitter carrier
powers: 50kW was considered to be a
reasonable power during the second
world war, 100kW was considered
“standard” in the fifties, and 250kW was
introduced during the sixties, only to
see the 500kW shortwave transmitter
type emerging in the seventies. In terms
of signal-to-noise (interference) ratio,
the increase from 100 to 500 kW is only
7dB, but in terms of protection ratio it
usually tips the balance at well above
20dB in favour of the high power
station.

High-power shortwave transmitters
are favourite items on the shopping list
of nations that can afford them, and the
order books of high power transmitter
manufacturers show interesting deli-
very destinations: Libya, Iran, Brazil,

" Nigeria, Iraq, South Africa and Vatican
City. Many responsible broadcasters
feel that we must try to find a way out of
this “power race”, which leads to
increasing cost for everybody con-
cerned if they want to keep their
services at an acceptable level. One way
could be to set a maximum transmitter
power by international agreement, but
experience tells us that this idea is
Utopian. It is impossible to enforce any
international agreement made on a
voluntary basis.

A solution?

An alternative may be to allocate more
frequency space to the broadcasters,
thereby decreasing the congestion in
the s.w. bands and allowing everybody a
reasonable breathing space. Assuming
this to be possible, three other questions,
emerge: (1) how much new space is
needed? (2) who will supply the addi-
tional frequency space? and (3) for how
long will it remedy the situation? Apart

from these “technical” questions, there
is the consideration that it would bring
more fairness in the current situation. A
number of countries (e.g. Albania,
China, Egypt, Israel, Soviet Union and
Vietnam) allow their international
shortwave broadcasters to operate “out
of band” in frequency ranges allotted to
other services, whereas many other
countries stick to the currently allocated
s.w. broadcasting bands, thereby
reducing their own technical effective-
ness. So it is the feeling of many
international shortwave broadcasters
that they need more frequency space,
since the present situation leads to
continuously-deteriorating services
where only the strongest broadcasters
survive and, in the end, to organisations
giving up, reducing listeners’ choice and
eventually detracting from the value of
shortwave broadcasting itself.

Yet, the questions still stand, and they
will undoubtedly form important topics
at the next World Administrative Radio
Conference, scheduled to start in Sep-
tember, 1979, in Geneva. This confer-
ence of the ITU (International Tele-
communication Union), comprising the
representatives of those countries
which are members of the United
Nations, will consider a reallocation of
the radio spectrum, and many partici-
pants and frequency users have already
been studying this subject for some
time in preparation for the conference.

Many of them feel that the fixed
services, .to which almost half the
spectrum space is at present allotted,
could give up a reasonable portion, as
new frequency space has become avai-
lable for the fixed services through the
telecommunications satellites and is
still growing by extension into still
higher frequencies. It is no secret that
other frequency users, notably the
maritime mobile services and the ama-
teurs, also plan an extension of the
frequency space allotted to them. On
the other hand there is as yet no sign
that administrations are willing to give
up frequency space in the fixed bands
voluntarily, although most of the traffic
which used to be in the fixed h.f. bands
has now been shifted to more reliable
satellite communications, leaving
registered frequencies unused for the
time being. :

If the conference can reach a com-
munis opinio on the extension of the
shortwave broadcasting bands at the
expense of the fixed services, the
questions of how much space and which
bands rernain. It is not possible to give a
definite answer to these queries yet, but
it seems reasonable to expect the
broadcasters to want to double the
available frequency space from 2350 to
4700 kHz. The feeling is that this could
solve the problem of band congestion
foraconsiderabletime, perhaps 15years,
a period during which developments in
the field of telecommunications will
probably cope with future needs, either
by the introduction of new receiving
techniques or by a shift from h.f.
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broadcasting to satellite broadcasting
directly to the home. At the moment,
however, this is all wishful thinking.

To conclude this survey, a few .
thoughts on the division of the extra
frequencies. One of the apparently
logical suggestions would be to extend
the existing bands to cover some
550kHz instead of 275kHz, but that is
not considered to be a good solution
from the engineering point of view,
because the congestion problems are
more stringent in some bands than in
others. It is especially the lower fre-
quency ranges that need our particular
attention, mainly for two reasons:

(1) the 49 metre band (6MHz) has
turned out to be too short a waveband
to cover nearby areas (200-1000 km) in
the evening period during low or
below-normal sunspot conditions. A
longer waveband, probably in the
vicinity of 4MHz is badly needed.

(2) The 49 metre band has been virtually
the only frequency range that can be
used during winter darkness conditions
for east-west or west-east h.f. commun-
ications .over long distances. The
shortwave broadcasts from Europe to
North America can serve as an example.
The number of channels available in the
49m band has been inadequate to cope
with the load of programmes from
Europe alone, resulting in chaotic
conditions. These could be avoided
partly by a suitable extension of the
6MHz band, but many broadcasters feel
that the 7MHz band (41 metres), now
prohibited for broadcasting into the
American region, should be made
available to the broadcasters on a
world-wide basis, just like the other
broadcasting bands.

So, generally speaking, there is less
need for band extension in the shorter
wavebands than there is in the longer
wavebands.

Let us hope that the delegates from
the eighty or so countries broadcasting
on the shortwave bands will have the
wisdom to settle their differences at the
1979 WARC, differences which have
been occupying them since 1933! It
should be possible, now that technology
has opened up new prospects for highly
reliable point-to-point communications
via satellite relays plus greatly expand-
ed cable facilities. It would put an end to
the power race and to the energy waste
that goes with it, it would settle
controversies on’out-of-band operation,
and millions of listeners all over the
world would benefit from it.

The above is the personal view of the
author and does not necessarily reflect
the views of the broadcasting organisa-
tion in which he is employed.
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Advanced preamplifier design

A no compromise circuit with noise gating

by D. Self, B.A., Electrosonic Ltd
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This preamplifier design offers a
distortion figure of below 0.002%,
an overload margin of around 47dB,
and a| signal-to-noise ratio of about
71dB for the disc amplifier. A novel
noise gate mutes the output when no
signal jis presented to the disc input
and conversely, by using the subsonic
information present on record press-
ings, leliminates the problem of
mutind‘ low level signals.

|

This artxcle describes a  stereo
pre- amphfler that equals or exceeds the
performance of many of those available.
The circuit incorporates a novel method
of muting the signal path, when the disc
input ls\qmescent by using a noise gate
that never mutes a wanted low-level
signal. “

Many; of the important performance
factors, | such as signal-to-noise ratio,
overload margin, and accuracy of the
RIAA equalization, are essentially
defined by the design of the disc input
circuitry. This therefore merits close
attentlop The best attainable s/n ratio
for a magnetic cartridge feeding a
bipolar ‘transistor stage with series
feedback is about 71dB with respect to a
2mV r.m.s. input at 1kHz, after RIAA
equalization. This has been clearly
demonstrated by Walker'. The equiva-
lent amplifiar stage with shunt feedback
gives an inferior noise performance
over most of the audio band due to the
rise in cartridge source impedance with
frequency. This limits the maximum s/n
ratio after equalization to about 58dB.
These facts represent a limit to what the
most advanced disc input stage can
achieve. |

Overload margin appears to be
receiving little attention. The maximum
velocities recorded on disc seem to be
steadily increasing and this, coupled
with improved cartridges, means that
very high peak voltages are reaching
disc inputs. Several writérs have shown
that short-term voltages of around 60 to
80mV r.m.s. are possible from modern
discs and/cartridges, and higher values
are to be !expected This implies that to
cater for signal maxima, a minimum
overload Targm of 32dB with respect to

|

2mV r.ms. at 1kHz is essential. Ob-
viously a safety factor on top of this is
desirable. However, most pre-amplifiers
at the top end of the market provide
around 35-40dB only. There are certain
honourable exceptions such as the
Technics SU9600 control amplifier
which achieves an overload margin of
54dB, mainly by the use of a
staggeringly high supply of 136V in the
disc input amplifier. The Cambridge
P50/110 series offers a margin in excess
of 60dB by the artifice of providing
wnity-gain buffering, for correct car-
tridge loading, but no amplification
before the main gain control. This
allows the use of an 18V supply rail, but
does limit the maximuni s/n ratio.

The overload margin of a pre-ampli-
fier is determined by the supply voltage
which sets the maximum voltage swing
available, and by the amount of ampli-
fication that can be backed-off to
prevent overload of subsequent stages.
Most pre-amplifiers use a relatively
high-gain disc input. amplifier that
raises the signal from cartridge level to
the nominal operating level in one
jump. Low supply voltages are normally
used which reduce static dissipation
and allow the use of inexpensive
semiconductors. The gain control is
usually placed late in the signal path to
ensure low-noise output at low volume
settings. Given these constraints, the
overload performance is bound to be

mediocre, and in medium-priced equip-
ment the margin rarely exceeds 30dB. If
these constraints are rejected, the
overload margin of the system can be
improved.

Two separate gain controls remove
the most difficult compromise, which is
the placement of the volume control.
This approach is exemplified in the
Radford ZD22 and the Cambridge P60
circuitry. One gain control is placed
early in the signal path, preceded by a
modest amount of gain. Cartridges of
high output can be accommodated by
the use of this first control. The second
is placed late in the pre-amplifier and is
used as a conventional volume control,
see Fig. 1.

The other performance criterion
which is largely defined by the disc
input circuitry is frequency response, as
defined by the accuracy of the RIAA
equalization. Assuming that the rele-
vant amplifying stage has sufficient
open-loop gain to cope with the bass
boost required, the accuracy of the
equalization depends entirely on the
time constants within the feedback
loop. Careful design, and the use of
close-tolerance components can assure
an accurate response to within *£0.2dB
from 30Hz to 20kHz.

Pre-amplifier distortion seems to
have received little attention compared
with that generated by power ampli-
fiers, perhaps because the former has
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traditionally been much lower. How-
ever, power amplifiers, with such low
t.h.d. that the residual harmonics can no
longer be extracted from the noise at
normal listening levels, are now com-
monplace, particularly with the advent
of techniques such as current dumping.
This desirable state of affairs unfortun-
ately does not extend to pre-amps,
which in general produce detectable
distortion at nominal operating levels,
usually between 0.02% and 0.2%. In this
design the t.h.d. at 1kHz is less than
0.002% even at 25dB above the nominal
operating level of 0dBm. A Sound
Technology 1700A distortion measure-
ment system was used during develop-
ment.

At this point it is convenient to
.consider the noise gate principle. When
the pre-amplifier is being used for disc
reproduction the output from each
channel is continuously sampled to
determine -if a signal is present; if
nothing is detected within a specified
time interval, dependent on the
previous signal levels received, the
pre-amplifier is muted by the opening of
a reed relay in series with the output
signal path. This allows only power
amplifier noise to reach the loud-
speakers and considerably reduces the
perceived noise generated by a
quiescent sound system. Noise in the
quiescent state is particularly noticea-
ble when headphones are in use. The
reed relay is also used to prevent
switch-on transients from reaching an
external power amplifier. So far this
circuit appears to be a fairly conven-
tional noise gate. The crucial difference
is that signals from disc that have not
been subjected to rumble filtering are
always accompanied by very low fre-
quency signals generated by record
ripples and small-scale warps. Even disc
pressings of the highest quality produce
this subsonic information, at a surpris-
ingly high level, partly due to the RIAA
bass boosting. The Lf. component is
often less than 20dB below the total
programme level but this is quite
sufficient to keep the pre-amplifier
unmuted for the duration of a l.p. side.

normalization

Wireless World, November 1976

vu green red
lLe.d. lLed.
VU peak clipping
buffer detect detector
+hold + hold

{ t

amplifier
- tone
control
—>»1 rumble
> gate ~
power-up
delay
input select from other

rhannat

Fig. 1. Block diagram of the complete
circuit. Two gain controls are used in
the signal path to allow a substantial
increase in overload margin.

The pre-amplifier is unmuted as soon as
the stylus touches the disc, and muted
about a second after it has been raised
from the run-out groove. This delay can
be made short because the relative quiet
at the start of the run-out groove is
sensed and stored. The rumble perfor-
mance of the record deck is largely
irrelevant because virtually all of the
subsonic information is generated by
disc irregularities.

Audio circuitry

A detailed block diagram of the pre-
amplifier is shown in Fig. 1, and Fig. 2
shows the main signal path. The disc
input amplifier uses a configuration
made popular by Walker, but the

Fig. 2. Circuit diagram of the signal -
path. Constant-current sources are
biased from a lL.e.d./resistor chain for
improved thermal stability.

— 24V

)
___________________ / muting
refay

VOLUME

collector load of the second transistor is
bootstrapped. This increases the
open-loop gain and hence improves the
closed-loop distortion performance by a
factor of about three to produce less
than 0.002% at an output of 6.5V r.m.s.
(1kHz). This stage gives a s/n ratio (ref
2mV) of about 70dB and a gain of 15 at
1kHz. This is sufficient to ensure that
the noise performance is not degraded
by subsequent stages of amplification.
The maximum output of this stage
before clipping is about 6.5V r.m.s. and
the nominal output is 30mV r.m.s.
Because this is the only stage before the
input gain control, these two figures set
the overload margin at 47dB. To ensure
that this overload margin is maintained
at high frequencies, the treble-cut RIAA
time-constant is incorporated in the
feedback loop. This leads to slightly
insufficient cut at frequencies above
10kHz because the gain of the stage
cannot fall below unity, and hence fails
to maintain the required 6dB/octave fall
at the top of the audio spectrum. This is
exactly compensated for outside the
feedback loop by the low-pass filter R,
C,, which also helps to reject high
frequencies above the audio band.

E
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For convenience I have referred to
the 'next stage of the circuit as the
normalization amplifier because signals
leaving this should be at the nominal
operating level of 0dBm by manipula-
tion Iof the input gain controls. Separate
controls are provided for each channel
to allow stereo balance. A later ganged
control is used for volume setting and
causes no operational inconvenience. In
the disc replay mode, the normalization
amplifier provides the RIAA bass boost,
by the feedback components R, 3 and C,.
Two line inputs are also provided; line
low requiring 30mV and line high
100mV to give 0dBm from the normali-
zation stage with the input gain control
fully advanced. When these inputs are
selected, the feedback networks are
altered to adjust the gain and give a flat
frequency response. Ultrasonic filters
are incarporated to ensure stability and
aid r.f. rejection. Capacitor C; in the
feedback arm reduces the gain to unity
at d.c. for good d.c, stability. If a fault
causes the amplifier output to saturate
positively the capacitor is protected by
a diode which has no effect on the
distortion performance.

The circuitry of the normalization
amplifier is complicated because its
performance is required to be extremely
high. The harmonic distortion is far
below 0.002% at the maximum output of

to level
monitoring system
<
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—O+24V
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220k
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Fig. 3. Tape output circuit. The smallest
allowable load impedance for an
undistorted output is about 2.2kQ. Line
inputs of the pre amplifier are suitable
for playback purposes.

14.5V r.m.s. which is 25dB above
nominal operating level. This large
amount of preamplifier headroom
allows gross preamplifier overload
before clipping. The input stage of the
amplifier is a differential pair with a
constant-current source for good com-
mon-mode rejection. The operating
currents are optimized for good noise
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performance, and the output is buffered
by an emitter-follower. The main vol-
tage amplifier, Try has a constant-cur-
rent collector load so that high voltage
gain at low distortion can be obtained.
This performance is only possible if the
stage has very little loading so it is
buffered by the active-load emitter-fol-
lower. The various current sources are
biased by a l.e.d.-resistor chain because
the forward voltage drop of an l.e.d. has
a negative temperature coefficient that
approximates closely to that of a silicon
transistor V. drop. Hence, this method
provides exceptionally stable d.c. con-
ditions over a very wide temperature
range. ,

After the normalization stage the
signal is applied to a tone-control circuit
based on the Baxandall network. The
main limitation of the Baxandall system
is that the turnover frequency of the
treble control is fixed. In contrast, the
bass control has a turnover frequency
that decreases as the control nears the
flat position. This allows a small amount
of boost at the low end of the audio
spectrum to correct for transducer
shortcomings. The equivalent adjust-
ment at the high end of the treble
spectrum is not possible because boost
occurs fairly uniformly above the
turnover frequency for treble control
settings close to flat. In this circuit the
treble turnover frequency has been
given three switched values which have
proved useful in practice. Switch 2
selects the capacitors that determine
the turnover point. The maximum
boost/cut curves are arranged to shelve
gently, in line with current commercial

ractice, rather than to continue rising
or falling outside the audio range. In
addition, the coupling capacitor C, has a
significant impedance at 10Hz so that
the maximum bass boost curve not only
shelves but begins to fall. Full boost
gives +15dB at 30Hz but only +8dB at
10Hz. The tone control system has a
maximum effect of +14dB at-50Hz and
+12.5dB at 10kHz.

The tone-control amplifier uses the
same low distortion configuration as
the normalization stage, but it is used in
a virtual-earth mode. The main differ-
ence is that the open-loop gain has been
traded for open-loop linearity by
increasing the emitter resistor of the
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main voltage amplifier from 1k to
10kQ thus increasing local feedback.
Resistor R, has been increased to 5.6k to
maintain appropriate d.c. conditions.
This modification makes it much easier
to compensate for stability in the
unity-gain condition that occurs when
treble-cut is applied.

Level detection circuitry
From the tone-control section the
signal is fed to the final volume control
via the muting reed-relay. Note that this
arrangement allows the volume control
to load the input of the external power
amplifier even when the relay contacts
are open, thus minimising noise. The
signal level leaving the tone-control
stage is comprehensively monitored by
the circuitry shown in Fig.4. Each
channel is provided with two peak-de-
tection systems, one lights a green lLe.d.
for a pre-determined period if the signal
level exceeds 1V peak, and the other
lights a red Le.d. if the tone-control
stage is on the verge of clipping. Each
channel is also provided with a VU
meter driver circuit. Transistor Try,
forms a simple amplifying stage which
also acts as a buffer. Voltage feedback is
used to ensure a low-impedance drive
for the meter circuitry. The first peak
detector is formed by IC, and its
associated components. When the vol-
tage at pin 2 goes negative of its
quiescent level by one volt, the timer is
triggered and the l.e.d. turns on for a
defined time. The relatively heavy l.e.d.
current is drawn from an unstabilized
. supply to avoid inducing transients into
any of the stabilized supplies.

The clipping detector continuously
monitors the difference in voltage
between the tone-control amplifier

output and both supply rails. If the
instantaneous voltage approaches
either rail, this information is held in a
peak-storage system. Normally Tr,, and
Tr,; conduct continuously but if the
junction of D, and Ry approaches the
'+24V rail then Tr,, and hence Try;
tyrn off. This allows C; to charge and
turn on Try, and Tr,; and hence the
l.e.d. until the charge on C; has been
drained off through emitter-follower
Try. If the measured voltage nears the
—24Vrail, thenD, conductstopullupthe
junction of R; and R;, which once again
turns off Tr,s. In this way both positive
and negative approaches to clipping are
indicated. This comprehensive level
indication does of course add signifi-
cantly to the task of building and testing
the preamplifier. If desired, any or all of
the three sections may be omitted.

Noise gate

The final section controls the muting
reed-relay. At switch-on, the + 12V rail
rises rapidly until stablized by the zener
diode. Pin 2 on IC, is, however, briefly
held low by Cg, and the 555 is therefore
immediately triggered to send pin 3
high. This saturates Tryg which prevents
Try from turning on. At the end of the
time delay, pin 3 goes low and relay
driver Tryg is no longer disabled.

The noise gate uses two amplifiers
with gains of about 100. These sample
both channels at the output of the
normalization stage and the inputs are
clamped with diodes so that the norma-

Fig. 4. Level monitoring circuitry.
Although three separate circuits are
shown, these may be omitted as
required.

Wireless World, November 1976

lization amplifiers may use their full
voltage swing capability without
damaging the 741s. Due to their high
gain, under normal signal .conditions
the op-amp outputs move continuously
between positive and negative satura-
tion which keeps the storage capacitor
C, fully charged. In the silent passages
between 1.p. tracks the 1.f. signal is not
normally of sufficient amplitude to
cause saturation but will usually
préduce at least +3 to +4 volts across
C,; which gives a large margin of safety
against unwanted muting. To facilitate
this the response of the amplifiers is
deliberately extended below the audio
band. When the stylus leaves the record
surface and the lf. signals cease, C;
slowly discharges until the non-invert-
ing input of comparator IC, falls below
the voltage set on the inverting input.
At this point the 741 switches and its
output goes low to cut off the base drive
to Try, and switch off the relay. When
the stylus is replaced on a record, the
process takes place in reverse, the main
difference being that C,; charges at once
due to the low forward impedance of D,.
To prevent the relay sporadically
operating when the preamplifier is
handling signals presented through the
line inputs, an extra wafer on the
source-select switch is arranged to
override the rumble-sensing circuit, and
provide permanent unmute. This is
achieved by pulling the inverting input
of comparator IC; negative of the + 15V
rail by the 10kQ resistor so that even
when C; is fully discharged, IC; will not
switch. In addition, S; provides a
manual override for testing and compa-
rison purposes.

The power supply is shown in Fig.6.
Regulators are used to provide stabi-
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lized +24V rails. The unregulated
supply rests at about *35V. The signal
circuitry has been designed to with-
stand *35V appearing on the supply
rails, so that even in the unlikely event
of both regulators failing, no further
destructicn will arise. Each regulator
i.c. requires about 7cm? of heat sink
area.

Physical layout of the preamplifier is
no more critical.than that of any other
piece of audio equipment. In general it is
“wise to use a layout that places the disc

|
+35V

input amplifier as close as possible to its
input socket, and as far as possible from
the mains transformer. Screened cable
should be used between the disc input
stage and its input socket, and between
the final volume control and the output
socket. The earthing requirements are
straightforward and the circuit com-
mon O0V. rail is led from the input
sockets through the signal path to the
output volume control, and finally to
the OV terminal of the power supply.
This arrangement minimises the possi-

unregulated
|

Fig. 5. Noise gate and delay switch on
circuitry. The noise gate is provided
with an override switch for use with
line input signals. The delay switch-on
overrides all of the circuitry.
Amplifier IC, is repeated for a stereo
system.

Fig. 6. Power supply. Two regulator i.cs
are used which should be mounted on
heat sinks.
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Component notes

All unmarked diodes are 1N914 or

equivalent.
Red bias l.e.ds are TIL209 or
equivalent.
Green bias l.e.ds are TIL211 or
equivalent.

Resistors marked with an asterisk
should be metal oxide types

Try to Trg and Try; to Tr,g are BCY71
Try. 8. 9.16. 17 18- 22- 23 25+ 26+ 28 Ar€
MPS AO6.

Trio- 11. 12, 19 20 21+ 24. 27 are MPS
A56

Trq is BFX85 or equivalent.

The muting reed relay should be a 2
pole make type with an 18V coil. if a
different coil voltage is used, the
value of the dropper resistor should
be adjusted.

The VU meter should have a TmA
movement.

If an internal diode and series
resistor are fitted, the external
components should be omitted.
Switch 1 (source select) is a 5 pole 3
way

Switch 2 (treble frequency) is a 4
pole 3 way ,

bility of spurious e.m.fs arising between
stages. The only problem likely to be
encountered is the formation of an
earth loop when the preamplifier is
connected to a power amplifier. There-
fore, it may be satisfactory in a per-
manent installation to have the pream-
plifier circuitry connected to mains
earth only through the signal lead to the
power amplifier. The preamplifier case
must of course be connected to the
mains earth for safety reasons. It is
preferable to define the potential of the
preamplifier even if the power amplifier
1s disconnected. In the prototype the 0V
rail was connected to the mains earth
via a 22Q resistor which stops the
formation of an earth loop and prevents
the signal circuitry from taking up a
potential above earth due to leakage
currents etc.

Testing is relatively straightforward,
providing the preamplifier is construct-
ed and checked stage by stage. Dynamic
parameters such as t.h.d. are not
accurately measurable without expen-
sive test gear, but it has been found in
the course of experimentation that if
the d.c. conditions are correct then the
various signal stages almost always
show the desired a.c. performance. The
non-signal circuitry should be relatively
simple to fault-find. No problems should
be encountered with the noise gate
section which has proved to be very
reliable throughout a protracted period
of testing. The only preamplifier
adjustment is for the VU meter calibra-

tion. This should be set to 1V rm.s. =
0VU, which is completely non-standard
but very useful in terms of the dynamic
range of the signal path. For normal
operation the input gain controls should
be set so that the meter indications do
not exceed OVU, to preserve a safety
margin in the later stages. This com-
pletes the preamplifier design.
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Printed circuit boards

Wireless World has arranged a supply
of glass fibre boards for the advanced
pre amplifier. Two boards are available,
one accommodates two audio channels,
the other accommodates the stereo
level detection and noise gating cir-
cuitry. The set of boards is priced at
£7.00 inclusive. Available from M. R.
Sagin at 11 Villiers Road, London
N.W.2.

Literature
Received

“Service planning and propagation” is No. 7

in a series of Technical Reviews from the

IBA, which deals with the initial planning
stage of new transmitters for sound and
television broadcasting. Seven articles,
concerned with service areas, field strength
surveys, television microwave links and the
business of negotiations with land interests
are contained in the 64-page book, which is
obtainable from Engineering Information
Service, IBA, Crawley Court, Winchester,
Hants SO212QA ................. WWwW401

A cross-reference guide between CV, BS8000
and Nato semiconductors is available from
Swift Hardman, containing currently-availa-
ble types. Copies are obtainable from
Semiconductor Sales Department, Swift
Hardman Ltd, PO Box 23, Baillie Street,
Rochdale, Lancs. .. ............... WWwW402

A new GDS catalogue is now ready,
containing lists and application information
on a wide range of semiconductors, including
Fetrons and integrated circuits.
Components, tools and accessories are also
covered and all prices are included. GDS
Sales Ltd, Michaelmas House, Salt Hill, Bath
Road, Slough, Berks SL13UZ .. .. .. WWwW403
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We have received another weighty tome in
the Eurolec series, this time No. 50, seventh
edition of the guide to UK electronic
components. In 507 pages, the book lists
component manufacturers, importers and
distributors, with company information and
contracts, in both alphabetical order and by
location. People in the industry are listed and
there is a section in which associate
companies are linked with their principals. A
buyer’s guide completes the book, which is
available from Eurolec, Little Waltham,
Chelmsford CM3 3NU, at £15.80 by post.

Modular telemetry outstations in the Serck
Flex-C-Mos range are described in a four-
page leaflet, from Serck Controls, Queens-
way, Leamington Spa, Warks. .. ... WW404

KGM have sent us a folder illustrating the
principle behind the M-range edge-lit indica-
tors. Characters of any form in sizes from
4mm to 150mm can be displayed. KGM
Electronics Ltd, Clock Tower Road,
Isleworth, Middlesex TW7 6DU . ... WW405

“All in one package” is the title of an
application booklet, produced by Marconi
Instruments, on their TF2008 a.m./f.m. swept
signal generator, which covers the frequency
range 10kHz to 510MHz. Copies can be
obtained from Publicity Department, Mar-
coni Instruments Ltd, Longacres, St. Albans,
Herts. .......... ..., WW406'

A series of leaflets, produced by Omron,
provides full electrical, mechanical and
application information on the E3N range of
photoelectric switches. The leaflets can be
had from IMO Precision Controls Ltd, 349
Edgware Road, London W2 1BS. ... WW407

Counter/timers with maximum input fre-
quencies of 32MHz to 1.2GHz are described
in a brochure from RCS Electronics. Specifi-
cations of six instruments are included.
Copies from 6 Wolsey Road, Ashford, Middx
TWIS2RB.......... ... . WWwW408

A list of UK-produced bibliographic data
bases (abstracts, lists, reviews, information
services, etc.) has been compiled by the
British Library. The inventory is the basis of
the UK contribution to the European
information network and covers an enor-
mous range of scientific and technical
subjects. A subject index is provided. The
“Inventory of bibliographic data bases
produced in the UK” is available at £2.50
from Publications Ltd, British Library
Lending Division, Boston Spa, Wetherby,
West Yorkshire LS23 7BQ.

Ferranti have sent us leaflets on six new
integrated circuits, an i.c. price list and an
application report on the ZN417 analogue
processor, which comprises three operation-
al amplifiers and a voltage regulator in one
package. The other i.c.s are the ZNI1084E
oscillator-divider timer, the ZN423T 1.26V
reference source, the ZN10404 up/down
counter, a gated linear amplifier, the ZN424,
and an 8-bit a.-d./d.-a. converter type
ZN425E. Ferranti Ltd, Electronic Compon-
ents Division, Gem Mill, Chadderton, Old-
hamOL98NP.................... WWwW409

Technical Bulletin 7a-123 (UK) from Alpha
Metals is entitled “Alpha M.E.G. Resin-based
Solder Creams”. The range of materials
available is described, with methods of
application and the removal of residues. The
bulletin is obtainable from Alpha Metals Ltd,
457 Kingston Road, Ewell, Surrey .. WW410
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News of
the Month

- A

More BBC surround-
sound

The BBC has kept secret their use of the
matrix H surround-sound encoding
system for two concerts during the
recent promenade series. The first
occasion was the Salzburg Mass for
eight choirs and orchestra from West-
minster Cathedral, on August 5, and the
second was the Beethoven “Emperor”
Concerto and the Shostakovich Sym-
phony No 10 from the Royal Albert Hall,
on August 30.

In a statement issued on August 23,
the BBC said that the H matrix had
undergone “very rigorous testing and
comparison with other systems already
known to broadcasters and the public.
The tests have been judged by panels of
engineers, acoustic experts, musicians,
and producers of all forms of radio
programmes, and little doubt remains
that the BBC’s experimental matrix
system . . . is superior for broadcasting
to other systems tested.” The BBC laid
particular stress on its co