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Australia$A1.20
Canaca $1.50
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The Most Advanced Spectrum Analyser

You've neverseen a faster, more accurate way
of measuring frequency response from 30Hz to110MHz

The TF 2370 Spectrum Analyser employs advanced button. All to an accuracy of 2Hz + reference frequency
technology to provide a complete system for measuring accuracy on high resolution and manual. Internal reference
response, level, frequency, signal purity, modulation and frequency provided with setting accuracy of | in 10"

much mere, with a speed and degree of accuracy previously ¢ Internal generator supplies synchronous signal source for

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

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

30 Hzto 10 MHz on a high brightness c.r.t. sk Automatic adjustment of amplifier gains to give optimum
s Electronic graticule, with a 159 variation of horizontal lowest-noise performance with full protection against input
divisions for pin-point positioning against waveform display. overloading.

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

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

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

frequency, reads any other frequency corresponding to

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

M. THE INNOVATORS

. MARCONI INSTRUMENTS LIMITED,
Longacres, St. Albans, Hertfordshire, England, AL4 OJN. Telephone: St. Albans 59292 Telex: 23350.
A GEC-Marconi Electronics Company

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

PORTABLE INSTRUMENTS

690

INPUY Qurpur

i
S —

SEE US AT THE LEEDS ELECTRONICS
EXHIBITION 29/30th June, ist July

A.C. MICROVOLTMETERS

VOLTAGE & dB RANGES: 15V, 50V, 150V . .. 500V
Acc. * 1% * 1% fs.d. = TuV at TkHz — 100, — 90
+50d8 '

Scale — 20dB/ + 6dB rel. to 1mW/600Q

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

4Hz to 1MHz 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 ()< 20pf.

On 504V to 50mV : > 5MQ < '50pf.

AMPLIFIER QUTPUT: 150mV at f.s.d

e £77 . £88
TM3A TM38

BROADBAND VOLTMETERS

D.C. MULTIMETERS

VOLTAGE RANGES: 3uV, 10pV, 30uV . .. 1kV

Acc. * 1% +1% f.s.d. =0.1uV. LZ & CZ scales.

CURRENT RANGES: 3pA, 10pA, 30pA 1mA (1A for
TM9OBP)

Acc. 2% *1% f.s.d. =0.3pA. LZ & CZ scales
RESISTANCE RANGES: 3(, 100, 300 1 GQ linear Acc.
*1% *+1% f.s.d. up to 100MQ.

RECORDER OUTPUT: iV atf.sd. into > 1k§ on LZ ranges.

w. £110 = £125

H.F. VOLTAGE & dB RANGES: 1mV, 3mV, 10mV . . . 3V D.C. MICROVOLTMETERS
Acc. *4%=1% fsd at 30MHz — 50dB, — 40d8B A T oV 0oV
— 1o + . Scale — 10dB/ + 3dB rel. to 1mw/ Acc. £ 1%, = 2% f.s.d.. = 1p STl
= S0 o Niks 16 SOMHz, = 3B frem 300KHz 16 CURRENT RANGES: 30pA. 100pA. 300pA ... 300mA.
400MH2 ' Acc. * 2%, * 2% f.s.d.. £ 2pA. CZ scale
" LOGARITHMIC RANGE:
%.;c.)RVANGES: As TM3 except for the omission of 15uV and + 5uVat = 10% f.s.d., * 5mVat = 50% f.s.d., = 500mV at
uv.

f.s.d.
AMPLIFIER OUTPUT: Square wave at 20Hz on H.F, with o
amplitude proportional to square of input. As TM3 on L.F. BRESH SRR LR =S IR IR e b= R

W £125 % £135 o £13

These 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 ELECTRON ICS 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—087 FOR FURTHER DETAILS
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The world over_ For high quality electronic valves,
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 serVIce 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 BR5 3QJ.

Telephone : Orpington 27099
Telex: 896141

’

WW—040 FOR FURTHER DETAILS
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Not awin onthe pools, atrip to
a Pacific paradise, or areduction
In income tax, but distortionless
“currentdumping”.

Z's 1104 are the four passive
components which interconnect the
currentdumpers, (the output
transistors which supply the
power), to the small high quality
amplifier which provides the
error signal, so that when the
above condition is met the
current in the load, the loud-
speaker, is independent of the
currentin the dumpers and hence
distortion is solely dependent

on the quality of the error
amplifier, which because it is
small can be very good

Wonderful indeed.

For further details on current
dumping and other Quad products
write to Dept. WW

The Acoustical Manufacturing Co.
Ltd., Huntingdon, Cambs.,

PE18 7DB Telephone (0480) 52561

“Something wonderful «
happens when Z1Z3=Z,2Z 4

sk Elektor Electronics
Magazine No. 8. Dec. 1975

QUAD

for the closest approachtothe original sound
for twenty-five years

y
QUAD ss a Regrstered Trade Mark
WW-—074 FOR FURTHER DETAILS
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Offers exceptlonal value; e.g. the 2 channel CR552 Yt Recorder has a comprehensive
specification (5 sensitives, 9 chart speeds electric pen lift, event marker, etc.)
at an inclusive ex works price of £396 (excludmg V.A.T.)
Improved PL100 XY/t Plotter now with increased Y axis writing speed.
New PL200 XY/t Plotter plus electric pen lift and vertical or horizontal mounting.

For industry, research and education, JJ offer rapid delivery of electrical reference, measuring-and
recording equipment in a wide range of prices and specifications.
Resistance Bridges; Galvanometers; Potentiometers; Decade Boxes; Dynamometers;
Machine Sets; Tensile Testers; Pen Recorders.

Send for our illustrated catalogues. '
' J.J. LLOYD INSTRUMENTS LIMITED
| Brook Avenue, Warsash, Southampton SO3 6HP, England.
) Tel: Locks Heath 4221 (STD 048 95)

INSTRUVIENTS Telex: 477042 - JAY JAY - SOTON. Cables: Eddymes, Southampton.
WW — 059 FOR FURTHER DETAILS

- Wayne Kerr's
top-selllng bridge

Meets modern requirements. Is accurate
t0 0.1%.

s self-balancing.Has 2.3 and 4-terminal
connections. Continuous readout of real
and guadrature terms. Overall range

10 micro-ohms to 100 gigohms,0.001pF
to 10 farads, 1 nanohenry to 10 megahenrys
and 10 picomhos to 100 kiltomhos.Built-in
source/detector (1592Hz).

Connectors for 200Hz — 20kHz manual
operation.

Comparator facilities. Analog outputs.
Adjustable sensitivity. Ask for B642

Data Sheet.

Wilmot Breeden Electronics Limited*

Durban Road, South Bersted, Bognor Regis, West Sussex, PO22 9RL
Telephone: Bognor Regis (02433) 25811 Telex: 86120
*Incorporating FERROGRAPH - RENDAR « WAYNE KERR

WW — 043 FOR FURTHER DETAILS
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3009+SL120

This turntable offers the mechanical excellence
of the SL110 in a more compact form.
Ideally suited to our precision pick-up arms,
its use is detailed in information sheet No. 15,
a copy of which will be sent to you on request.

Write to Dept 0638 - SME Limited * Steyning - Sussex - England

- —
SVl
The best pick-up arm in the worid
WW—064 FOR FURTHER DETAILS
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Now over to the

Type 2041 Type 2045

Three new additions to the Dymar
communications instruments team
make a perfect match. They are:

Type 2C 41 AF signal generator.
Frequency range 3Hz to 300kHz.
Maximum output 3W into 3 ohms.

A combination to ‘cover the field from
audio applications to vibration analysis.
Calibrated and stepped 600 ohms
attenuator gives adjustable output levels
from ImV to 3V (fsd). Auxiliary output
from oscillator for frequency monitoring,
Type 2045 AF two-tone signal
generator.

Full audio range, 30Hz to 30kHz, with
two simultaneous but independently
adjustable AF tones of high stability and
purity. For intermodulation testing, or for
evaluating communications circuits.

‘Ask Dymar for details or use the Reader

© Type2065

Constant source impedance of 600 ohms
and output levels adjustable from ImV fsd
to 1Vemf (3V for a single tone).

Type 2065 AF distortion factor meter.
Accurate measurement of noise and
harmonic distortion of AF waveforms in
the frequency range 6.4Hz to 64kHz.
Handles distortion measurements down
to 0.03%and can be used as atuneable
bandstop filter Sensitivity: 300mV to 10V.
Naturally, all three operate on mains or
optional internal rechargeable batteries-
for classic home or away performance.

Reply Service.

E instruments for communications

Dymar Electronics Limited, Colonial Way,
Radlett Road, Watford, Herts WD2 4L A, England.
Telephone: Watford 37321 Telex: 923035. '
Cables: Dymar Watford

WW — 073 FOR FURTHER DETAILS
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Where performance
is paramount, professionals prefer Gardners...

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

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

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

Cat impedance (OHMS) Turns Ratia Jperating Level Frequency

No. Input Qutput Sec/Pr dBm at 50Hz Response

MU 7501 0315 100k 83/188 1

MU 7503 0200 600 100K 137231 148

MU 7514 600 600/2 4k AL 8 50Hz 10kHZ

MU 7618 10k CT 10k 1a¢eT

MU 7521 3.75/15 600CT  6.32/12647

MU 7522 3.75/15 100k’ 82/164 1

MU 7524 150/600 600CT  1/2.%

MU 7525 600CT  300/1.2k 1+ 1 1. 1635) + 05d8

MU 7630 10k CT 10k a1 G0 30Hz-20kHz

MU 7634  50/200 100K * 22.474 2+ 198 at 20k Hz)
MU 7666 600 CT  10k/2.5k  4.08/2

MU 7567 600/150 50k 9.13/1

MU 7682 200/50  600CT  173/3 + 0.508 10Hz- 100k Hz
VM 7461 15/3.75 600 6.35/1

VM 7464 600/150 600 1721 + 1d8 30Hz 22kHz
VM 7466 €00 10% /2.6k 4.14/2

vM 7468 50/12.5 50k 32/64 + 1dB 30Hz—12kHz

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

All units described are normally
AVAILABLE FROM STOCK.

SPECIAL DESIGN SERVICE
{f your requiremants cannot
be mat by o1 standard
range. then wo will glagly
design for your

production needs

.

N~
(Gardners)

Gardners Transformers Ltd.
Christchurch Dorset BH23 3PN
‘ Telephone 02015-2284

m Telex 41276 Gardners XCH
Approved manufacturers of
electronic transformers, modular power supplies, inverters and
converters to Defence Standard 05-21

WW — 044 FOR FURTHER DETAILS

-3,

soldering iro
we have a slight
problem

ot £2.95" how
do we convince
youthatitisa

precision tool.

Ouwr reputation for professional
saldering equipment has been
built on our precision products,
sg we have taken extreme care
to see that our new ORYX
Super 30 iron at,

dare we repeat it, only £2.95,

is going to be the best at its
price.

,  plus /ATat 8%

A longiife element, .

: = Iron coated screw-on tip,

] Stainwess steel shaft,

} Styled handle,

1 < A two-minute element

, change, and a Stainless

! steetl clip-on hook.
You can have further
technical information, or by
ordering one now you will

4 see why we call it the
Super 30.

liiustragzon actual size.

Greenwood Electronics

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

WW — 027 FOR FURTHER DETAILS
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slot easily into this
odular age:::

GRAMPIAN REPRODUCERS LTD.

HANWORTH TRADING ESTATE, FELTHAM, MIDDLESEX,
ENGLAND. TEL: 01-894 9141

Lin

e

e Outpat

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
and not down to a price with its ultimate high cost of ownership.

All amplifying equipments supported by an extensive range of manufac-
tured microphones, loudspeakers and all items required for sound
installations by the firm of forty years standing in the sound business.

X222 WW067 FOR FURTHER DETAILS

Problem.

Where to obtain devices for push-pull audio
power amplifiers which give good linearity and
don’t blow up on the slightest overload.

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

up to 100\V.

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

EEVand M-OV

know how.

THE M-O VALVE CO LTD, Hammersmith, London, Engtand W8 7PE E
Tel- 01-603 3431, Telex: 23435 Grams: Thermionic London FGC
WW — 054FOR FURTHER DETAILS

ELECTRONIC
INDUSTRIAL THERMOMETER

MOKUTO ELECTRIC WORKS LTD

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

PRIGE £20.00 each (VAT 8% EXTRA)

Write for turther details to

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

WW — 021 FOR FURTHER DETAILS
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@ P.A. SYSTEMS FOR AIRPORT, HOTEL, FACTORY.
@ THEATRE AND LECTURE THEATRE AUDIO SYSTEMS

@ AUDIO MIXING EQUIPMENT

@ SIMULTANEQUS TRANSLATION SYSTEMS

@ RADIO AND T.V. BROADCAST SOUND CONTROL EQUIPMENT

@ MARINE INTERCOMMUNICATION AND ENTERTAINMENT EQUIPMENT

@ System design, manufacture and installation

AUDIX LIMITED
Wenden, Saffron Walden, Essex CB114L9
TEL. Saffron Walden (0799) 40888: TELEX: 81 7444

DIRECT DRIVE  § 3
TORQUE MOTORS _ T
TACHOGENERATORS B Toreerr ]
BRUSHLESS MOTORS '
SERVO MOTORS

for
Aerospace/Military
applications.

DC SERVO
AMPLIFIER

EM-1800 SERIES
25-300 WATT MIL SPEC DESIGN

Features:

Small size for package

flexibility Applications: Inland products are
Wide band-width for fastservoe  pC Torque Motors available from plants
RS Other DC Servo Motors in USA or Europe.

Voltage or current feedback to

q L Deflection Coils Motors for tapedrives,
provide low or highimpedance

Servo Valves capstandrives and

output. ¢
Adjustable gain for maximum Low Inertia Motors. instrumentsare
flexibility also available.

Current limiting to prevent
demagnetization of a DC torque
motor and for shortcircuit
protection.

] Inland UK Representatives
!I t@c 219 Kings Road, Reading RG1 4LS Berkshire
Telephone: Reading (0734) 68980/65929 Telex: 847032

COMPONENTS LTD.

WW—066 FOR FURTHER DETAILS

' * ' CALCULATORS
. NEW PRICES

" Built-in alarm : Tilt operated snooze
“D E LTA' ’ £9 00 ALARMS: AM/PM indicator: Power failure indicator
12 hour from L]
4 RED 0 6 LEDs “*ALPHA"
STD |ALARM| 4GREENO 5" DIGITS trom £I 0.00

Module Kit . . . .. .. ... ... (excl. case) 9.00 | 11.50 1224 hour
Module: Assembled .. ..... (excl. case) 9.50 | 12.00 STD [ALARM
Complete Clock Kit . . . . .. Perspex Case 12.00 | 15.00 Module Kit . . ... ....... (excl. case) 10.00| 13.00
Complete Clock Kit . .. ... .. Teak Case 12.70 | 15.70 Module Assembled ... .. (excl.case) 11.00| 14.00
Ready built Clock ... .. ... Perspex Case 17.00 | 21.00 Complete Clock Kit ... Perspex Case 12.50| 15.50
Ready built Clock . .. ... .. .. Teak Case 17.70 | 21.70 Ready-built Clock . . . . .. Perspex case 17.50| 21.50
Perspex Case Colours: Black, White, Red, Blue, Green, Orange. Available separately . . ...... ............. S

Built Alpha Units: State 12 or 24 hour 6 5"(‘)°VUS CALCULATORS ,  Smisac

2-YEAR GUARA N R ............. 0 ' [ | l

LIVEEY GLARR7 EUGEY SMOELS 850 .« araeic o pE pas £6.75 r:rng:mp“ Hugiit wlth Acceny

CWO. PULSE ELECTRONICS LTD (E.1). 202 SHEFFORD ROAD. CLIFTON. SHEFFORD. BEDS. Tel. Hitchin {0462) 814477

waannamaricanradiohisterv-com
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Type H3020 -1

Single pen
Specification
Basicerror............. 2.5%
Sensitivity ............. 8mA F.S.D.
Response . . ............ 0.2 sec.

Width of each channel . . . .. 80mm
Chart speeds. selected by

pushbuttons. .. ....... 0.1-0.2—05-1-2.5—
—5—12.5—-25mm/sec.
Chartdrive............. 200-250v 50Hz

Tel. 01-727 5641

FAST RESPONSE STRIP CHART RECORDERS

Made in USSR

Available for immediate delivery

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF

e L ey 3 R e
WW — 046 FOR FURTHER DETAILS
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Type H3020-3

Three-pen

Recording: Syphon pen directly attached
to moving coil frame,
curvilinear co-ordinates

Equipment:  Marker pen, Timerpen, Paper footage

indicator, 10 rolls of paper. connectors,
etc.

H320-1: 285x384x16.5mm
H320-3: 475x384x16.5mm
PRICE: H320-1 £108.00
H320-3 £160.00
Exclusive of VAT

Dimensions:

Telex: 261306

Autocrat

Tre absolute leader in its class

Farnell offer the only
DIGITAL MULTIMETER

with all these features

Y AUTSRANGING (with hold) Y AUTOPOLARITY
v AUTOZERO ¥ SIX RESISTANCE RANGES
v LARGE DISPLAYS ¥ A.C. & D.C. VOLTS & CURRENTS
v TEMPERATURE MEASUREMENT

mamsoanen) £173

§ Farnet Digital  Muitimeter

:?n:,l'n: g:weved £ I 47

Detaijs from : Farrell Instruments Limited - Wetherby - W. Yorks LS22 4DH
Tzlephone - 0937-3541 or 01-864 7433

WW — 053 FOR FURTHER DETAILS

special quality industrial
tool kits and cases

Send now for details of the superb Jensen range of tools,
meters and accessory equipment, all in the most handy and
robust cases — also available separately. Jensen products are
specifically designed for industrial use, perfect for all
engineers, technicians, electricians, instrument repairmen etc.
Choice of more than twenty kits and cases.

Write for free Jensen catalogue to:

SPECIAL PRODUCTS DISTRIBUTORS LTD,

81 Piccadilly, London W1V OHL. Tel: 01-629 9556. Cables: Speciprod London W1.

WW — 071 FOR FURTHER DETAILS
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LOW-COST INSTRUMENTS

SEENIE - | VALUE!

ox - CouUNTER - . ::':‘ ’m £82
L SR - 9 + £2.00 p.p.
= = + VAT

745 COUNTER TIMER
Measures frequency, period, time and totalises
32 MHz frequency range (DC coupled)
5-digit .3” LED display
6 Gate times/Time units, 10pusto 1 S in decades

Sensitive, protected FET input o4

’f-»x‘ - w7 At '_' :
.
_ e
T s r_eL
744 COUNTER TIMER 643 FUNCTION GENERATOR
£79 +£2.00 p.&p. + VAT|EBE + £2.00 p.&p. + VAT
Accurate, digital frequency setting
Measures frequency, period and time | .01Hz-1MHz

: Wide range external control of frequency
BUMHI '"’““'_’“Y range {DC cotfpled) Triangle, Squarewave and Low Distortion
5-digit, long-life incandescent display

Sinewave outputs
Sensitive, protected FET input 50Q + simultaneous outputs
WW 049

) DC offset ~ WW 050
Delivery is normally ex-stock—telephone for confirmation

Prices correct at time of going to prass, subject to change without notice

OMB ELECTRONICS

Riverside, Eynsford, Kent DA4 OAE
Tel. Farningham (0322) 863567

FREQUENCY COUNTERS

HIGHER PERFORMANCE INSTRUMENTS FROM
1/10 Hz to 1.2 GHz. MEASURING FREQUENCY,
PERIOD, TIME, FREQ./RATIO AND CALIBRATED
OUTPUT FACILITY. FAST DELIVERY.

TYPE 1001M

CRYSTAL OVEN
OPERATING MANUAL
TWO TONE BLUE CASE

£670 I -’2 GHz
Sensitivity 10mV. Stability 5 parts 10.”

301M 32MHz 5 Digit £82 | 401 32MHz 6 Digit £121
501 32MHz 8 Digit £178 | T01A 80MHz 8 Digit £195
801A/M  300MHz 8 Digit £305 | 901M 520MHz 8 Digit £375

801B/M  250MHz 8 Digit £262 | 1001M 1.2GHz 8 Digit £670

Start/Stop versions plus £12 | Memory versions available if not
suffixed M £25 extra
Type 101 1MHz 100KHz 10 KHz Crystal Standard £85
Type 103 Ofi/Air Standard £85

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

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

WW — 014 FOR FURTHER DETAILS
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Now nothing
can touch our
new standard
range of
encapsulated
toroids!...

WITH 5 POWER RATINGS

now available

- “OFF-THE-SHELF"

Our standard range of taroidal transformers are
now encapsulated to give full protection and
present a more attractive component

Power ratings from 15VA to 130VA.
Comprehensive range of secondary voltages to
suit most power supply requirements.

Aee-fwosers 1O
Full detauls from

Avel Lingberg Lto . Soutt: Qekendon. Essex RM155TD
Telephione Scuth Oclention 3444.Telex 897106

WW-—037 FOR FURTHER DETAILS
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NEAL STEREO
NEAL: 3 CHANNEL AUDIO VISUAL

INEAL 4 CHANNEL RECORDERS

140 Series
4 Channel

Wireless World, July 1976

Switching problems?
Rely on Zettler.

Producing 30 basic types

of relay and 15.000 variants

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

Our product range \
comprises:

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

components.

CASSETTE
RECORDERS

Stepping Relay AZ 170

FOR T™H E Contacts are mechanically
latched and thus unaffected
PROFESS'ONAL by supply interruption.
Regular contact configurations
USER g

trom 1 make up to 3 changeovers.
Heavy duty version with 1 make
or 1 changeover. Switching
capability: 3 Aat125v AC

Coil voltages: 610 110V DC

Special models
toorder

NEAL Rangeincludes
102.103 STEREODOLBY 140 SERIES
110 MONO AV DOLBY 104

102AV. 103AV STEREO AV DOLBY
4 CHANNEL
HEAVY DUTY REPLAY

/

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

ZETTLER
UK Division
Brember Road, Harrow, Middx. HA2 8AS. Tel. (01) 422 0061

Please look us up at
Leetronex, Leeds, 29 June-1 July, 1976
A member of the worldwide ZETTLER electrical engineering group, est. 1877
WW—008 FOR FURTHER DETAILS

TRANSCRIPTION GASSETTE RECORDERS

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

WwW—056 FOR FURTHER DETAILS

VALRADIO TRANSVERTORS ARE BEING USED ALL OVER THE
WORLD FOR MANY APPLICATIONS, INCLUDING: VIDEO TAPE
RECORDERS, SOUND TAPE RECORDERS, ALARMS
LABORATORY EQUIPMENT, TELEVISIONS AND MANY OTHER

TYPES OF EQUIPMENT IN-LINE WATTMETER

Measures power output from transmitter and reverse
power from antenna.

SOME TYPICAL TYPES ARE:
D24/500S 24v DC input 500 watts sine wave output 230v

AC ' . £217.20 Compact and light welght (approx. 1 1b)

D12/150T 12v DC input 150 watts square wave 230\/£3L;tp5u51 Frequency range 2MHz to 19Hz.

D24/60S 24v DC input 60 watts sine wave 230v output Measures RF power from 1W to 1KWwW.
£66.95

System includes a serles of wide range RF elements which
can be left permanently in-line in the transmission cable —
measurements ¢an then be taken without disconnecting
the antenna.

We also manufacture Frequency Changers, Power Supplies and
Standby Systems, and we are always happy to quote for your
special requirements. All prices plus VAT

Please send for fuil detaiis to

VALRADIO. LIVIITED, BROWELLS LANE, FELTHAM,
MIDDLESEX, TW13 7EN
Tel. 01-890 4242/4837:

MOTOROLA ELECTRONICS LTD.,
444 BATH ROAD, SLOUGH, BERKS.
TELEPHONE: BURNHAM 62427 TELEX: 847121,

WW-—036 FOR FURTHER DETAILS WW - 018 FOR FURTHER DETAILS
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DATEST 1: THE NEW TIME SAVER

Automatic device tester and identifier

DATEST 1 saves valuable repair time by automatically testing diodes. transistors, and all types of FETs, both in and
out-of-gircuit, plus common op amp. i.c.s out-of-circuit.

To carry out a test simply connect the device and switch on. If the display flashes its "No Go'". If you geta steady pattern it’s
‘Go’". No prior knowledge is required of device polarity or whether it is bipolar or FET.

On the contrary. the clear six-LED display teils you at a glance the polanty of the device (NPN. PNP. N-channel. P-channel} and
for out-of-circuit tests whether it is bipolar. depletion FET. or enhancement FET

If you then fiick the test current switch you can instantly place limits on current gain, leakage current, and FET parameters.
Finally if you need to you can even plug in a multimeter and . actually measure some of them

DATEST 1 with its advanced four i.c. and six transistor circuit (pat. appl. for) rapidly pays for ntself in skilled man hours saved
and in expensive mistakes avoided. For complete user confidence DATEST 1 even stops working abruptly and gives a special

display when battery voltage has dropped to too low a value.

DATEST 1 is available now and comes complate yith battery. easy-to-use probes for in-circuit tests, and detailed handbook.
Write for full details or send now for your own “'time saver ", Price £49 plus B% VAT, cash with order

DATONG ELECTRONICS LIMITED

11 Moor Park Avenue, Leeds LS6 48T
Telephone: 0532 755579

WW—035 FOR FURTHER DETAILS

THIS IS IT!

Fully built and tested
for immediate use In
ANY tuner using
Vari-cap control

NOW IS THE TIME TO BUY!

Qur prices were reduced in April. Now
VAT has been halved. Will things ever
be quite this good again? Make use of
your credit card and buy row with
confidence.

We give full after-sales service and
guarantee with all parts and kits.

6 channels plus manual.
{lluminated touch buttons.

20 volts supply.

Full instructions for use.

Fuily built and tested.

Available now, post free.

Introductory price £16.71 inc. V.AT,
See May’'s advertisement for full lists

TOUCH TUNE PRE-SELECT UNIT and prices, or write to:
Shown here with meter drive components from Kit K12
mounted on same P.C.B.
_Our Tuner is}n0w fully updated and improved. If you ‘Zn @;4%2
intend to build, you must buy our new booklet fully 33 Restrop View

= describing ourupdated tuner.

1 g pdate

“G-‘-:I:IJ (50p post free, refindable on orders over £10) Purton, WILTS.
= SN5 9DG

JES AUDIO INSTRUMENTATION

({, 2l . : lllustrated the Si453 Audio Oscillator
/ SPECIAL FEATURES:
=g %* very low distortion content—less than 0.03%
% an output conforming to RIAA recording characteristic
% battery operation for no ripple or hum loop
* square wave output cf fast rise time

£50-00
also available
Si451 Millivoltmeter Si452 Distortion Measuring Unit
* 20 ranges also with variable control permitting easy reading of * low cost distortion measurement down to 0.01% with comprehen-:
relative frequency response £50.00 sive facilities including L.F. cut switch, etc. £40.00
ALL PRICES PLUS VAT
I J.E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON. W. YORKS. BD19 5LA. Tel. 0274-872501

~ WW—078 FOR FURTHER DETAILS
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@ meAH-TERNt DN22 GRAPHIC EQUALISER

T 11 s 3 . 1 - L 41248
+648
3dB

[o3:] 04

~3d8
|- ~6de

- 348 —f— —
-~ % dB -

~1248- -—1 —R-. - B ot 1 - r-A . . — - —i2ds [

Hx 50 30 160 300 500 900 iK6 3K 5K 9K 16K Hx

Made ir Britain

Better Performance than any Graphic Equaliser onthe market

BUVBRITISH | BUY KLARK-TEKNIK RESEARCH LIMITED
‘ Summerfield Kidderminster DY11 7RE
Tel Kidderminster 64027

WW — 045 FOR FURTHER DETAILS

DATA AND
COMMUNICATIONS
TERMINALS

Teletype 28, 32, 33, 35, 40
TermiNet 30, 300 & 1200 (30 and 120 cps)
Teleterm 1030 & 1132 (portable 30 cps
with integral coupler and RS 232C)

Other page printers (by Siemens, ITT Creed, etc.)
TermiNet 120 line printer

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

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

VERSA

Strumech Engineering Limited Telephone 0442-82-4011

Coppice Side, Brownhills, Walsall, Wast Midfnds

Telephone: Brownhilis 4321 i Cabies RAHNO Tring

Telex 82362
A/B Batetcom Tring

Ww — 011 FOR FUTHER DETAILS
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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 0.05%, damping
factor of at least 400 from DC to 1 kHz, and the ability to operate into load impedances from 1 ohm to infinity even
into highly reactive loads.

M600 DC 300A D150A

RMS power out 750 watts into 8 ohms .

1,350 watts into 4 ohms 500 watts rms into 2.5 ohms (1 chan) 200 watts into 2.5 ohms (1 chan)
Power bandwidth DCto 20 kHz + 1 db — O db DC-20kHz + 1 db — O db DC-20kHz + 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, 162"’ Deep 19'" Rackmount, 7'’ High, 9%" 19’ Rackmount, 5%’ H, 8%’ D.

Deep

MACINNES LABORATORIES LTD. | MACINNES FRANGE

Macinnes House, Cariton Park Industrial Estate Paris 75019, France
Saxmundham, Suffolk IP17 2NL. Tel: (0728) 2262 2615 Tel: 203-30-01

WW—006 FOR FURTHER DETAILS

e~ W0 TAR/I]

TAM 805 @TRACK) OTARI DP-4050
MASTER RECORDER CASSETTE COPER

| 7

Ideal for one copy
. or ten thousand
\ " Eight times copy

speed. foolproof
operation for non-
skifled personnel,
modular construc-
tion, "~ servo-con-
trolled direct cap-
stan drive.

:» Fully modular elec-
tronics using plug-
in PCB’s through-
out. Separate sync
and replay amps
] give identical
" levels. Switchable
VU's with slow
decay. Individual
oscillator for each
channel. Dolby A
switching facility
Comprehensive
tacilities include
sync on all chan-
nels, servo con
trolled capstan
modularelectron-
ics, variable speed
{optional), relay-
solenoid operation
- Compact presenta-
. tion for easy porta-
bility.

£1 790 + VAT Full console optional extra. -
Compatible 8-output Mixer available

£1260 + VAT

Immediate delivery I

THESE ITEMS ARE INDUSTRIAL PRO-
DUCTS AND SUBJECT TO 8% VAT

5 Pratt Street, London NW1 OAE

lnduStrial Tape Applications Telephone: 01-485 6162. Telex: 21879

WA — 069 FOR FURTHER DETAILS
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Aeiw Bwadwoﬁug USA: CCA ELECTRONICS CANADA: CALDWELL AV.
) CORPORATION EQUIPMENT CO. LTD.
NEW JERSEY TORONTO
TELEX 84-5200 TELEX 06-963645

AM Series Broadcast

Mixing Consol s for o N '
Radio and Television ; e } NNH
r ” ‘

JAPAN: TAITO BOEKI LTD.
ol TOKYO 106
—— : TELEX J2-2498

20-channel Custom

Scund Console for ¢
Contact: ULSTER TELEVISION 1
Chris Walden or
Ted Fletcher at:
Windsor (07535) 561056/ 7

°
A&w {Stancoil Ltd.), Alexandra Road, Windsor, Berks. Telex 849323 AEGIS G

TPA SERIES-D

integrated circuit
power amplifier

Test Iquipment;

| Multimeters |

The Eagle range of multimeters |
covers every possible need of the
electrical or electronic engineer. |
They cost from about £6 to £58 |
(inc V.A.T.). There’s at least one

which suits your job precisely.

; . We have a lot of other test equipment too.

TPA 50 - D Specification Send the coupon and we’ll send you our
complete catalogue.

Power Output 100 watts rms into 4 ohms e s an an an e an an en e -

65 watts rms into 15 ohms IPIease send me details of all your test equipment

Freq Response £0-1dB 20Hz to 20KHz into Bovame
15 ohms. -1dB at 150KHz

Total harmonic Less than 0-04% at all levels up to [leconss R s '

distortion 50 watts rms .intO 15 ohms l .....................................................

Input sensitivity OdBm ' ...............................................

Noise -100dB I Eagle International Ltd., Precision Centre, Heather Park Drive, Wembley HAQ 1SU I

Rise time 2 u seconds | Tel(01)-902 8832

Price £77 plus V.A.T. i |

100V Line (C.T.) and balanced inputs available. | |

For full technical information contact: | |

H||H ELECTRONIC !
| |

CAMBRIDGE ROAD, MILTON, CAMBS | |

TELEPHONE CAMBRIDGE 65945/6/7 T S — A "

WW — 023 FOR FURTHER DETAILS WW — 030 FOR FURTHER DETAILS
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THE ‘MISTRAL’ 1 DIGITAL CLOCK

* COMPLETE KIT %

@ Pleasant green display - 12/24 Hour readout

@ Silent Synchronous Accuracy - Fully electronic
@ Puisating colon - Push-button setting

@ Building time 1 Hr. - Attractive acrylic case

@ Easy to follow instructions - Size 10.5x5 7x8 cm
@ Ready drilled PCB to accept components

KIT PRICE £10.25
+ 82p VAT P&P inc.

THE ‘MISTRAL’ 2 DIGITAL
ALARM CLOCK

* Fully Built, Tested and Guaranteed %
WITH SLEEP-OVER FEATURE

@® Soft Green Display

@® 24 Hour Alarm

@ 10 Minute Repetition

® Alarm Set Indicator

@ Accurate Silent Timekeeping
@ British Designed and Built

COMPLETE CLOCK
£12.99

+ £1.04 VAT P&P inc.

A \ Available direct or from: Henrys, Electro-
- value, Electrotime, Metac, Bywood,
" Crofton, Swanley, Orchard Radio Shop,

- Progressive, Radio, etc.

Cash, Cheque or Postal Order or if you wish to use Barclaycard or Access,
simply quote name, address and card number when ordering

—

An

L

WTNTECH PROUUECTS LU

IMP HOUSE, ASHFORD ROAD

ASHFORD, MIDDX. TW15 1XB W

telephone ASHFORD 44211 (4 lines)

telex 936291 WESSIMP ASHFORD
SOas R

oouw
Company

L

SUMMER S

DEDUCT 10% FROM THE PRICES

SHOWN HERE. OFFER CLOSES
JULY 31st1976 ... cwoer

LINEAR ICs DISCRETE

CA3089E 1.94 7805KC 1.75*  ZTX107n
KB4402 1.94  7805UC 1.55* ZTX108n
TDA1200 1.94 78L12 0.45*  ZTX109n
HA1137W 220 78M12 1.20%  ZTX212p
CA3090AQ 375 TDA1412 0.95* ZTX213p
MC1310P 220 7812 1.65*  ZTX214p
KB4400 220 7815 1565  ZTX413n
CA3053 040 78M20 1 20* ZTX551p
CA3088E 1.50 78M24 1'20, ZTX451n
LM1496 1.02 uA723 080* BF224n
N 80"
MC1350P 070 ESSO 0.80 ggglg”
LS8038 3.10* P
SN76660N 0.75 BD165n
NEB55 0.70*
TBA120AS 1.00 BD166p
TBA651 181 NES60 2.50
BD535n
NES61 2.50
uA720PC 1.40 BD536
NE562 2.50 P
uA753 0.99 BD609N
TDA440 1.75 mgggg %gg BD610p
LM380 1.00  NEBB? 5o« BD377n
LM381N 181 MVAM2 105 BD378p
LM3900 068" ga102 030  1N40OT
MC3401 0.68° gA127 030 1N4004
TBAB10AS 1.09 ; 0A91
MEM615 0.38
TDA2020 299 11C90 14.00* SLA1

ambit .o

General Terms: CWQ please, official bodies and companies please note min. invoice
£7.50. PP for CWO orders 22p per order. (UK and Eire). Qverseas customers please
include sufficient for postage. VAT is not included, and must be added at 12%%, but
where items are marked * only add 8%. In stock orders despatched within 48 hours.

25 High Street, Brentwood, Essex. Tel: (0277) 216029, Telex: 995194.

Modules, tuners

0.14 5600 Varicap Mosfet with 4 tuned RF ccts. 11.00
0.14  EC3302 Varicap FET/Bipofar min. tunerhead. 5.50
0.14 9001 Frequency meter, scale 88 — 108. 2.50
0.16 9002 Strength meter, scale 0 — 10. 2.50 |
0.16 9007 Tuning meter, scale 3 - 0 — 3 2.50
0.16 7700 ‘Off-air’ UHF TV sound receiver Varicap
0.18 tuned, with interstation muting, and sound
0.‘18 detection at 38 MHz (Built). inc. P.S.U. 26.00
0' 18 8011 6 station electrnic station selector for any

. positively tuned varicap tuner system,
0.22 incorporating a muting output, AFC lock
0.27 and scan tuning. Built. 14.99
0.30 7252 Top quality tunerset VHF to audio Varicap
0.50 tuned with 3 meter outputs. 24 00
0'54 7253 Tunerset with built-in stereo decoder.
0'52 Varicap tuned. 24.00

: 8319 Dual Mosfet tunerhead as used in 7252. 12.00
053 2020k  TDA2020 stereo amplifier kit. 785
0.70  2020HS  Heatsink for one TDA2020 (only with IC). 0.75
1.20 8001k B5kHz low pass filter (birdy filter) for
0.29 stereo radio (between detector and decoder). 1.75
885 Suffix ‘k’ indicates kit, otherwise supplied built and tested.
0.10 NEW MODULES (EDGE TERMINATED)
0.07 5619 6 stage, dual mosfet UHF tunerhead. £12.50
0.08 7020k 10uV FM IF system with muting, agc,
0.95* main tuning voltage AFC system. £4.50
1.05% 92310k Comprehensive 1310 decoder, with

notch filters and 5x gain. £5.35

wwwwLamericanradiohistorv com
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D.M.W
° ° ° STUDY—DESIGN
D.M.W. ASSOCIATES (E -
(ELECTRONICS) LIMITED ENGINEERING
Time code generators’ A comprehensive range of airborne and ground AND

based Time Code Generators, Translators, and
Tape Search Units. The equipment is used in
conjunction with instrumentation and- other types
of magnetic Tape Recorders, for efficient data
acquisition and analysis. Manually operated
equipment and fully computer controifled systems
are available. The computer controlled systems
include installation, commissioning and checkout
software. A design service for special time code
applications is also available.

translators, tape search
systems with manual or
computer control

INSTALLATION

High-power wideband
linear amplifiers

RESEARCH AND

%

0 £ A comprehensive range of wideband 0
Eﬁé?iﬁéi linear amplifier systems covering the DEVELOPMENT
: R A S R i e SICIEIES
val e. n

% available by combination of basic modules. COVERING A WIDE

Hybrid couplers for power splitting and

combining, sub-octave high power RANGE OF

switched filters, and automatic aerial TECHNOLOGY

¥

matching units are also available. The
company also offers a design and
development service for special systems.

HIGH SPEED VIDEO ANALOGUE TO DIGITAL AND DIGITAL TO ANALOGUE
CONVERTERS AND SYSTEMS.
VIDEO INSERTION UNITS

DMW Associates (Electronics) Ltd
6-8 Morris Road

Royal Oak Industrial Estate

Daventry, Northamptonshire

Great Britain, NN11 5PD

Telephone: Daventry (032 72) 71472

BIMBOARD

Stop Ruining Your 1.C.’s And Wasting Time Soldering
Plug Into The Revolutionary New

BIVIBOARD

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

Incorporates Bus Strips For Vcc And Ground

Why resist 2,

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

With a calibration accuracy of
5 ppm and a resolution better than 0.1 ppm, the
JJ BR150/10 a.c. bridge is particularly suited to precision
resistance thermometry.
The BR100 d.c. bridge will calibrate an eight decade
resistance box on every setting of every decade
to within 2 ppm in less than 5 minutes.

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

Resistance Bridges; Galvanometers; Potentiometers; Decade Boxes;
| Dynamometers; Machine Sets; Tensile Testers; Pen Recorders.

Send for our illustrated catalogues:

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

BOSS IN0USTAIAL MOULDINGS (TD

2 Herne Hill Road. London, SE24 04U, England
Teles 319653

Higogs Indu Lit
Tefephone 01

JJ. LLOYD INSTRUMENTS LTD.

Brook Avenue, Warsash, Southampton

S0O3 6HP, England.
ﬂﬂ Tel: Locks Heath 4221 (STD 048 95)

Telex: 477042 - JAY JAY - SOTON.
INSTRUMENTS Cables: Eddymes, Southampton.

WW—058 FOR FURTHER DETAILS
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The Semicon
International =
Transistor Index

Easy alpha-numeric reference to the ratings and characteristics
of some 24,000 transistors of international origin. European,
U.S.A. Japanese. Essential guide for all Engineers, Technicians,
and Buyers. Over 450 pages of basic information. By far the
best manual of its kind available anywhere to-day.

* EXTENSIVE SUBSTITUTION GUIDE
* CV & BS DEVICES & EQUIVALENTS
* TERMINATION DRAWINGS
* ALTERNATIVE SOURCES OF SUPPLY
Remit with order £ 9 60 Elsewhere £10.90
price. UK only. . Surface mailing

Name
Address .

1/ enclose cheque/postal orders for £......................
O My Access/Barclay/Interbank Card No. is

[T CITLITTTT] O]

Refund if not satisfied and 1>oOok 15 relurned within 14 days.

Semicon Indexes Ltd. 2 Denmark St. Wokingham. Berks. RG11 2BB.
TEL: WOKINGHAM ((Q734) 786161
WW—032 FOR FURTHER INFORMATION

brenell
PROFESSIONAL
TAPE TRANSPORTS

and multi-channel electronics
for studio and industrial use

25mm mode/

Tapewidths up to 25mm

Speeds: 3mm.’s minimum up to 152cm/s max
Finance 2 and 4 speed models
avail:l():le Reel Capacity up to 29cm

Remote Control Facility

Tape Tension Control

Automatic Interlock against misuse
Special models to customer requirements

BRENELL ENGINEERING CO LTD
231-5 Liverpool Road. London N1 1LY. Tel: 01-607.8271
—

* K X KX XX

19
(| RADFORD|
AUDIO HIGH SENSITIVITY
VOLTMETERS & NOISEMETERS
HSV1 Audio Voltmeter. Average reading . . . . . £125.00

"HSV2  Audio Voltmeter. True r.m.s. reading . . . £175.00
ANM1  Audio Noisemeter. Average reading . . . . £150.00

ANM2 Audio Noisemeter. True r.m.s. reading . . £200.00

Four instruments are now available for the measurement of
audio frequency signals including noise. They are derived
from a basic battery operated voltmeter design having 16
measurement ranges from 1CuV for full scale meter
deflection to 300V f.s.d. The Voltmeter has a high input
impedance and low inherent noise. It is fitted with a high
grade meter having a 5’ mirror scale of excellent Imearlty,
calibrated in volts and dBv.

The Audio Voltmeter (HSV1) becomes an Audio
Noisemeter (ANM1) by the inclusion of frequency
contouring networks having characteristics recommended
by international organisations concerned with specifica-
tions and measurement standards as being suitable for the
quantitative measurement of the subjective effect of noise
in audio systems. The HSV1 and ANM1 instruments
respond to the average or mean value of the waveform
being measured and are calibrated in r.m.s. values on a
sine wave.

in the HSV2 and ANM2 instruments an r.m.s. to d.c.
converter module is incorporated which provides a true
r.m.s. reading on waveforms with a crest factor in excess
of 10. These instruments are also provided with an
additional output socket giving 1.00V d.c. output
corresponding to 1.00V at nominal full scale meter

deflection to operate a chart recorder or d.c. digital,

voltmeter.

All the instruments are fitted with a socket to enable an
external network of any weighting characteristics to be
introduced in the measuring circuit. This extends the use
of the instruments to vibration and acoustical measure-
ment as well as to the measurement of gramophone
turntable rumble, f.m. receiver noise, etc.

Brief Specification.

Frequency response as 4Hz to 500kHZ * 0.5dB at.
Voltmeter frequency limits.
Input impedance 1Mohm shunted by 30pF.
Attenuator accuracy 0.25%.
Meter scale linearity 1%. Typically better than
0.5%.
Waveform error in true
r.m.s. instruments 1% for crest factor 10.
Noisemeter included Wide band (flat response as
weighting characteristics voltmeter)

DIN. ‘Audio Band’
IEC/DIN. Curve ‘A’

CCIR
Size 11%" x 7% x 8%
- deep overall

Please write or phone for descriptive leaflet giving details of the
design and full performance characteristics of the above
instruments, together with a reprint copy of Dolby Laboratories
Inc. Engineering Field Bulletin No. 19/2 — 'Noise Measurement
on Consumer Equipment’.

RADFORD LABORATORY INSTRUMENTS I.Th.

Ashton Vale Road, Bristol BS3 2HZ Avon
Telephone 0272 662301

USA. Roth/Sindell. 540 Kelton Ave., Suite 102
Los Angeles, California 90024. Tel. (213) 473-3687

WW—068 FOR FURTHER DETAILS
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Contractors to H.M. Govt. P.O.

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 — 031 FOR FURTHER DETAILS
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0.30v
2A
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Servos
synchronous
steppers B
dc motors

gearboxes and - L

control systems %}
Stockists for IMPEX Motors molann

McLENNAN ENGINEERING LIMITED

Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8

WW — 005 FOR FURfHER DETAILS

PRECISION PETITE LTD.

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

Now with the:

eNEW MK. IIDRILLe

10,000 r.p.m., 120
cmg.

“MORE
POWER —
MORE
TORQUE”

12v. - 14v. DC
DRILL ONLY £8.00
(P.P. 35p)

STAND £3.76
(P.P. 35p)
Incl. VAT

(Together 50p P.P.)

SAE for illustrated
leaflet and order form
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ALL THINGS ARE
POSSIBLE

N
Things

are

‘W.‘/_ - [ ]

Anongineerlockaat Possible

E. R. Laithwaite

In this, Professor Laithwaite's seventh book, he again offers us a rich
mixture of controversial and always thought provoking articles. In the
manner that we have learned to expect, he conveys through his writings '
and experiments the excitement of engineering and invention, and

the ways in which man in his laboured progress has so often merely %\9-
mimicked nature's own engineering achievements. %@\afo
' S\
60(2?6\0 o
The author, famous in the academic world and for ' Sl e
Q.0 q A\
numerous television appearances, presents us with two bco\&’b fb\{?
series of articles, 44 in all, which will appeal to the ' .\o\«\;\o <3@0
engineer, scientist and all interested readers cg\foﬁ(\\& <&
equally. The price of the book is £2.85. o
Q\OOQ'\QQ ove
o S .
From leading newsagents and bookshops, or can be ordered ' @Q‘\*\c’ -~ o
direct by using the coupon below. ' OOOOQ
AN 7
S i L >
oo(o e - 6\’\0
<& @ g
N N S 0e®
Q,Q\ . 4@ \b o & QO‘Q\’
Q7 . (PP 0%,
9 R\ N\ 0% D S R &
e e NN
. O
' ‘Q ‘ﬁ\ OOb(}\ ? <€ 0%% '060 \Q’Qboe;o\zoo
60 @ ¢ > %0 o Q\Q A N 3
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COIL WINDING

Manufacturers of all wound components including
transformers, chokes stators and armatures.
Prototype and design service available.

.Electric Windings' factories are equipped to handle

large or small volume production. Vacuum
impregnation plants provide varnish impregnation
for all temperature requirements.

ELECTRIC WINDINGS (LONDON) LTD.
(Dept. WW) Avenue Works, Gallows Corner
Romford, ESSEX RM3 0AJ

Ingrebourne 46677

~

Wireless World, July 1976

IN SOLDERING

Iso-Tip Cordless
Soldering lron

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.

Thelso-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

Greenwood Electronics
Portman Rd, Reading RG3 INE, England,

Telephone: Reading (0734) 595844
Telex: 848659

WW — 026 FOR FURTHER DETAILS

METER PROBLEMS?

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 Information from:

HARRIS ELECTRONICS (London)

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

ELECTRONORGTECHNICA

carbon film
RESISTORS

s and Yaw 70°C 5% tol. E.12
EX-STOCK
£4.50 PER 1,000 PLUS
. OF ONE VALUE VAT,
Contact John Gingell
AERO SERVICES LTD.

44A Westbourne Grove .
London W2 5SF

z I TEL: 01-727 5641 TELEX 261306

WW—050 r OK r URTHER DETAILS

%

QuA
CRYSTALS
-ﬂISI | & ‘E L

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND
Tel: Horley (02934) 5353 -
Telex: 87116 (Aerocon Horley) - Cables: Aerocon Telex Horley

W\-V — 022 FOR FURTHER DETAILS
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'PRINTED CIRCUIT BOARD TRANSFER SYSTEMS

"

® >

Fge®

 C C

%

Acid resistant transfers for direct application to P.C. Board. This is a
new approach to printed  circuit board manufacture, giving a
professional finish with all details that an electronics engineer would
require, including all drilling positions automatically marked.

Ideal for single unit boards or small quantities. All at a very low
cost—for example an average 6’ x 4'' layout would cost less than
30p., and the time taken under one hour, including etching to

complete.
The system is simple, briefly it consists of 10 sheets of self adhesive
acid resistant transfers made in required shapes — i.e. edge

connectors, lines, pads, dual in line 1.C.s, 8-10-12. T.0.5 Cans, 3-4
lead transistors, etc., etc., which only require pressing into the
required positions on the printed circuit board before etching.

cec0000000000 )

Y 7 o

o o O N
90 9% 90 00 5.

E. R. NICHOLLS, 46 LOWFIELD ROAD, STOCKPORT, CHESHIRE
TELEPHONE NUMBER 061-480 2179

KUN

The printed circuit transfer system is a genuine offer to the public and
industry, A full money back guarantee is sent with each order, trade
prices on application.

List of Prices

Complete system including post and VAT. . . . .. ... ..... £2.95
Individual ShEBtS .« .« o v o oo et 30p
Sample sheet . . . .............. P 30p
Ex. UK. POSUEXIrA . .. oot “£1.00

Printed circuit board PCB transfer systems patent applied for

GROOVAC

vacuum record
cleaner

Clear visual evidence of ¥

ability to collect matter
Hi Fi News, May 76

Silent and most effec-
tive Hi Fi Answers, Aug ‘75

Can you hear the
difference? Definitely
yes Gramophone. Dec’'75
Exhaust silencer virtual-

ly eliminates noise
Gramophone, Dec ‘75

Price £15.95 inc VAT, p & p 75p

» BIAS FOR PERFECT
TRACKING

» NEW SILENGER

* STRONGER SUCTION

Supplied with -

both magnetic and

self adhesive mounting

nozzle cleaning brush

spare filter

adjustable height

Leaflets and Reviews avaiiable

Kernick Road. Penryn

WOW & FLUTTER Mefer

Fully transistorised
Pe for high reliability

Versatiie
Meets in every respect all current specifications
for measurement of Wow, Flutter and Drift
on Optical and Magnetic sound recording/reproduction
equipment using film, tape or disc
High accuracy
with crystal controlled oscillator

Simple to use
accepts wide range of input signals with
no manual tnning or adjustment

Two models available:
Type 1742 'A” BS.4847: 1672 DIN 45507
CCIR 409-2 Specifications
Type 1742 ‘B’ BS 1988: 1953 Rank Kalee
Specifications

For further information please address your enquury to
Mrs B.Nodwell
Rank Film Equipment, PO Bex 70

X

RI A l I D I O Cornwall TR10 90Q. England RANK FILM Great West Ruad, Brentiord
S Telephone: Penryn 72753 . Middlesex TW8 9HR
EQUIPMENT Tel: 01-568 9222: Telex 24408- Cabies Rankaudio Brentford

WW — 051 FOR FURTHER DETAILS
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MODEL 41
R.F.SIGNAL GENERATOR
Price £54.85

150 KHz — 220 MHz on fundamentals. PLUS VAT
8 clear scales — Total length 130mm.
Spin-Wheel Slow Motion Drive 11 — 1 ratio.
Overall Accuracy — 2}%.
Modulation, Variable depth and frequency.
Internal Crystal Oscillator providing calibration checks throughout all
| ranges.
Distributed by: fl : R B .
oSt B Elohics 1D, 100 Coon:be Lang, Mechanical scal(le adjustment for accurate alignment against internal
London SW20 0AY. Tel: 01-946 0033 U A G LT,
g ‘ N k. % Powered by 9V Battery.
Trade and Export enquiries welcome.
Send for full technical leaflets
Post and Packing £1.00 extra

about cartridges?

Looking for a new cartridge or replacing your old one?. .. then
undoubtedly Tenorel can help you. See your local Hi-Fi Dealer
for further details or fill in our coupon below:-

Prices start from as low as £5.45 up to £17.50 ex VAT.

LR IR R 2R 2R

*

s T 3 ¥ ¥ _F B __¥ ¥ N B 3 __} R _J X ]
to Condor Electronics Ltd., 100 Coombe Lane, London SW20 0AY

‘I Please send me :

H details on the Name NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET,

New Tenorel NEWTON ABBOT, DEVON, TQ12 1NE
§ Range o Address _ - Tel. Newton Abbot 68297
cartridges and
m local stockists ww7?

WW — 016 FOR FURTHER DETAILS
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PROFESSIONAL - FREQUENGCY COUNTERS RAD FO RD HD250

High Definition Stereo Amplifier

BY HOYMITZ

Up-to-the-minute design. All five of our range of
frequency-period-ratio counters .are directly gated. For
I best resolution — FAST

1 Stability. Electronic controlled crystal oven 3 parts 10*
Bright. .63’' character height display. (All Nine)

CHOICE. Filament or LED with Polaroid Filter.

All counters have suppressed leading zeros and auto
decimal point positioning for easy positive readings. The
memory is also standard.

Suffix F— Filament Suffix L— LED

il
Type DGI0OL i Type DGADOL A new standard tor sound reproduction in the home! We
ype I Type DGAOOF PRICE £349.0D believe that no other amplifier in the world can match the
g:,::\[,;,:(m]';uv | Sensitivity AMP 1.0C-150 Mhz. 10mV overall specification of the HD250.
Frequenc; 100 Mhz | Sgnsmvny AMP 240 Mhz-400 Mhz. Rated power output: 50 watts av. i per ch I into any imped:
PRICE £199.00 10mV from 4 to 8 ohms, both channels driven.

Typa DGSO0L Maximum power output: 90 watts av. per channel into 5 chma.

i Type DGSOOF PRICE £475.00 Distortion, preamplifier: Virtually zero {cannot be identified or measured as it is
Typa DG32L Sansilivily AMP I.UC-IS_U Mhz. 10mV below inherent circuit noise.)
Type DG32F l Sensitivity AMP 2.40 Mhz-500 Mhz. Distortion, power ampﬁﬁeg Typi;:ully O'O?B%f' 25) watts, less than 0.02% at
[8 dig“ nnly] 10my rated output (Typically 0.01% at ¥ Khz
Sensitivity 10mv SPECIALS TO ORDER Hum and noi;:n:vn);:f_,;aza:\?yﬂo::;;.'g of:’a:':;i'tgmns;n band width 23 Khz (ref
Fraquency 32 Mhz
PRICE £169.00 Telephone Today 0642-43124

Line —85 dBV measured flat {ref 100v)

—88d BV A" weighted (ref 100v)
Hoymitz Electronics Ltd.
7-9 Albert Terrace, Middiesbrough Hear the HD250 at

Tipe G100F e AR SWIFT OF WILMSLOW

Sensitivity AMP 1.0C-200 Mhz. 10mV. PRICE £569.00 5s Streot, Wil ‘Ll""“- W(V:"h hiFe (Tol. 26213)

= wan reet, imsiow, eshire .
Sanslllvlty AMP 2.40-700 Mhz. 10mV Mail Order and Personal Export enquiries: Wllmulov'v Audio. Swan Works, Bank
Square, Wiimsiow (Tel. 29599)

. . Aiso in stock: All Radford speaker drive units and crossovers, ZD22 preamp, Low
Prices exclusive of VAT Diatortion oscillstor LDO3 and Distortion Messuring set DM S3.

Telex No. 587238

——]
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Our loneliness and our leadership go back a
long, long time; they began with power linears.

In fact, right from the start we’ve done it all
ourselves; paving the way for the others. So that now,
when you talk about power linears you automatically
talk about SGS-ATES. And in all senses - from
experience to technological progress, from the
fullness of ranze to production know-how.

In 1968 we put the first audio amplifier on the
market - the 2 W TAA 611 - and since then we’ve
gone on being first at every new step along the
way. In 1970 we were the first to achieve S W
with the TBA 641 and TBA 800; in 1972 the first
circuit with thermal protection -the 7W TDA 810S.

In 1973 the first amplifier to achieve 10 W
with full protection - the TCA 940.

In 1974 the first real Hi-Fi, the TDA 2020 -

20 W with 1% distortion.

The development of these technologies has
also made it possible to make the first complete
sound-channel for TV; the first monolithic
vertical deflection system; the first complementary
Darlington integrated pair.

SGS-ATES power linears
it’s lonelyoglt the top

And now?

The TDA 200Z: the most robust and compact
audio amplifier. The very best of
our design experience has
gone into producing the #2752 ™
TDA 2002: in the chip and 7 %%
the package. It comes in .
Pentawatt® and it’s highly protected against
thermal overloads; against short-circuits; against
supply overvoltages including spikes.

With a 14.4 V supply it gives 8 W on 2 Q.

It is ideal for car radios and saves 50% on external
components and even more on space.

And that’s why

SGS-ATES (UNITEC: KINGDOM) LTD.

25
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EEV marine magnetrons?

- e ARiNE
a P EEV MAGNETRONS FM
5Mﬁffwﬁkwﬂwﬂ‘
N COMPLETE STO

RAD AR ,S."ZPP'-‘:»

s

P ALL TYPES-NOW

!VERIES$
TOCK DEL e

EXPANSIO

g dﬁngw&hma *

E STOP FOR EX >

;~AVKILABL

" QRDER NOW. ENELECTICO

8zv

To meet increasing world-
wide demand, we’ve stepped
up production of EEV marine

B than other makers’ glass types.
Get the best. Fast. EEV/N-OV
magnetrons, modulator tubes,

magnetrons. duplexer devices, CRTs - in fact, all
Now youcanorderall EEV P o the tubes you need for

typesand be sure of getting " marine radar.

them from stock. "~ FromEEV/M-OV

You'll be sure, too, of
getting the world’s best tubes.
EEV’sunique metal/ceramic
magnetrons can last 60% longer 4§

.~ International stockists
? everywhere Orifyou’'d
llke our equivalentslist,
ﬁ‘n contact Chelmsford.

EEVand M-OV know how.

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE. Tel: 01-603 3431. Telex: 23435.Grams: Thermionic London. E
ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777. Telex: 99103, Grams: Enelectico Chelmsford. SEC

WW—075 FOR FURTHER DETAILS
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Photographer Paul Brierley

Front cover introduces the article
on video discs in this issue and
shows colour patterns produced
by light interference effects on the -
surface of a Philips VLP video

29 Alien audio
30 Video discs?
32 Schmitt trigger design with op-amps by R. D. Tuthill
34 Circuit ideas
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There are precious few ceremonies, functions, meetings or entertainment
events that Shure Vocal Master Sound Systems can’t cover — regardless of
room size or apparent acoustic difficulties. The Vocal Master is designed to
project the voice with intelligibility and authority to the rear of large areas
without overwhelming the listeners up front. It’s versatile, easy to operate,
and totally reliable. It's the system that earned its reputation for superb
sound amplification by meeting the standards of professional entertainers —
and is now used in hotels, churches, schools, executive meeting rooms and
entertainment facilities from Land’s End to John O’Groats in preference to
built-in “custom” systems costing many times more.

ghure Electronics Limited ' ®
ccleston Road, Maidstone ME15 6AU F— i o LW — ¥ —
- Telephone: Maidstone (0622) 59881 i'g

WW—062 FOR FURTHER DETAILS
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Alien audio

We were recently talking to a man who takes published designs for audio
equipment (among other things), collects the components together and, after
attending to the mechanical design of the instrument, sells Kits of parts. The
finished appearance of the equipment was mentioned and he was of the opinion
that an extra few decibels of s/n ratio or another order of magnitude less on the
t.h.d. figure were as nought compared with a multitude of ‘facilities” and a
satin-finished front panel. Not that his Kits reflect this point of view — they are
extremely well done — but he is beginning to think in terms of a spurious
“technical” appearance, quite apart from high quality, to sell his products. The
conversation made us think about the imbalance in the hi-fi shops in favour of
foreign equipment and why it exists.

There are at least two main reasons for this imbalance. The first is advertising:
in a recent check in one of the high-fidelity magazines we counted 30 pages
(full-page, single-name ads) for foreign, mainly Japanese equipment, against 12
similar pages for British products. And that didn’t include the discount
companies who handle a very high proportion of foreign equipment. It is also
evident that the use of English-sounding names for many of these foreign
products is widespread. Secondly, the appearance of most foreign equipment is
designed to project a “scientific” look, often with superfluous controls and
indicators. The performance of these products is good, but is not better than that
of home-grown equipment, whose appearance is less deliberately contrived.
However, if the “mission-control” category of product is what the average
person likes and therefore buys, why not let him have it? It could pay British
designers to take more notice of the preferences of their customers. Or perhaps a
foreign name might help!

British sound reproduction equipment has always been in the lead for sheer
Jhigh quality and it seems stupid to let foreign companies take over the market by
means of high-pressure saturation advertising through their distributors.
Loudspeakers and electronics made in Britain have no peers anywhere, except
perhaps in presentation, and that shouldn’t present toc much of a problem to a
competent industrial designer who is prepared to cater for the demonstrated
taste of the equipment-buying public. i
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Video discs?

“Without doubt the video disc is not the end of the story”’

The quotation is how we ended our June
1975 view of the video disc scene. That
view made the point that everyone
seems to have taken for granted the use
of the domestic television receiver for
display of video records. It is of course
the existence of a huge number of tv
sets that prompts industrial and com-
mercial concerns to think in terms of
selling a home video unit to set owners.
The return on investment could no
doubt be enormous if things turn out
right for them. But it does bring into
focus the question of whether the
currently-promoted video disc systems
are the best way to achieve this.end; not
to mention the more fundamental
question of priority about whose needs
are to be met in the first place.

If an attraction for the electronics
giants is the sheer volume of produc-
tion, can it be achieved with the
precision mechanisms, by domestic
standards, that so far appear to be
needed? Video players are not like other
domestic products of the electronics
industry, many of which can almost be
thrown together and sold in millions at
rock-bottom prices. Not yet anyway.
They are precision machines, made
from close-tolerance and hence costly
components, and clearly fall into a
different category from the low pro-
duction-cost things we see around the
home. Cost reduction by quantity
.production has its limits for such
instruments and unless price can be
reduced to amounts within the pocket
of the ordinary citizen where is the
one-video-player-per-family market?
Teldec are not finding it easy to sell TeD
players at DM1500.

It is doubtful that the tv-type display
will be optimum for many applications.
All manner of new display devices are
currently being dreamed up, and it
seems unlikely that the television
line-by-line scanning system would be
optimum to these. (If scanning is at all
appropriate, a variable scanning rate,
depending on changes in information
density, may offer advantages.) To-
gether with developments in the newer
kinds of storage methods — for example
photochromic, photoplastic and ther-
moplastic materials, possibly linked
with holography — and possibilities for
spatial information processing, it would
seem unwise to limit the options now.

So we hope engineers will take a
broad view of the possibilities for video
records. The commercial pressures will
be there, but let’s continue to question
our priorities and ask whether we need
video disc players in our homes so soon.
The present situation could easily
produce a “bandwagon” effect — a
tendency for the pace to quicken for
fear of either being left behind in the
market place or of writing off large R &
D investments. Let’s take our time and
get it right, for everybody’s sake.

If we had rushed into a standardized
format at the outset for surround-sound
records, for instance, we might conceiv-
ably, commercial interests aside, have
got the best of the available systems at
the time. As it became clear only a short
time later, the initial attempts at
providing surround-sound codings fell
short of what was optimum - that is, of
making the best use of channel capacity
to portray sound direction.

THERE ARE SIGNS of consolidation
among those who were first in the
(optical) field. Following the collabora-
tion of Philips and MCA it now seems
that if Zenith opt for an optical system it
will be based on the same broad
specifications i.e. 1800 rev/min (NTSC)
to give one tv frame per disc revolution
and allowing “stop action”, spiral track
with direct NTSC coding by frequency
modulation, two sound channels with
subcarriers at 2.3 and 2.8MHz, and 8 or
12in reflective discs, either Imm rigid or
0.2mm flexible. (See WW 1973, pages

541-3 for details of European version.) -

Thomson-CSF, who with Zenith have
developed aerodynamic stabilization of
discs, have put in some effort to reduce
player cost. This stabilization means
that a focusing servo mechanism can
be eliminated. In addition, the method
used to correct radial tracking error
doesn’t require a separate motorized
mirror; the eérror signal is derived
instead from the photodetector array.

Bosch have developed a system along
similar lines to these optical systems
(WW August 1975, pages 364-5); with its
higher resolution — the disc spins at
3000 rev/min — application is in the
professional television and archival

" areas. RCA too have a synchronous

optical disc for picture storage though
this, like the Ampex magnetic ESS
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(electronic still store) and the Sony
magnetic card, is for broadcast use.

By adopting a mechanical guidance
method for the pickup, RCA avoid the
need for servo tracking in their Selecta-
vision system. But more significant in
terms of cost saving is the use of a
capacitance pickup from a metallic
electrode deposited on the stylus. RCA
claim the stylus is easy and inexpensive
to fabricate compared to other pickups,
and that it is capable of resolving signal
elements smaller than the wavelength
of visible light, permitting high density
recording with an electron beam.

A further point of difference is the
choice of speed, 450 rev/min. According
to RCA, effects of vibration due to
unbalance of rotating parts are reduced
compared to a rotational speed of 1500
or 1800 rev/min. Errors in signal timing
that result from warp or eccentricities
of the disc occur at a lower frequency,
making it easier for the synchronizing
circuits of the television receiver to
follow. More important, a simple and
inexpensive transducer can be used to
reduce time-base errors, permitting
playback into receivers with relatively
slow horizontal sync circuits without
requiring circuit modification. This
consists of a small moving coil element
which drives the stylus arm back and
forth along its long dimension, parallel
to the record groove. If the record runs
too slowly, the stylus is pulled toward
the transducer to increase the relative
speed, and if the record runs too fast,
the stylus is pushed away from the
transducer to reduce the relative speed.
Error signals are derived from the
colour burst frequency as the record is
played.

Luminance, chrominance and audio
signals are encoded on carriers and
recorded on the disc as variations in the
width or spacing of slots in the bottom
of the grooves on a master disc. Colour
information is encoded to give spectrum
peaks at odd multiples of half line
frequency to conserve bandwidth.

The master recording is made with an
electron beam to record the signal slots

'in a material similar to photo-resist, but

optimized for sensitivity to electron
beam exposure. Replication is similar to
conventional processes. After discs are
pressed, they are coated with three
40nm layers. First, a conductive metallic



www.americanradiohistory.com

‘Wireless World, July 1976

tracking
servo

laser

opticat
fibre

detector

distributor

photosensitive
plate

In the digital video record system, the
5% 7in record is stationary and the
scanner moves. A distributing prism
acts to switeh the beam from the end of
“one track to the start of the next.

coating is applied which serves as one
electrode of a capacitor. Then an
insulating coating is applied to act as
the dielectric, and finally a thin layer of
oil is added as a lubricant to prolong the
life of the disc and stylus. The tip of the
sapphire stylus is triangular in shape,
and a metal electrode is deposited on
the back surface. Signals are recovered
by detecting the variations in electrical
capacitance between the tip of the
electrode on the stylus and the metal
coating on the disc as the stylus passes
over the slots in the bottom of the
groove. Apart from the stylus, RCA say
the components are conventional and
have been used for years in consumer
products.

Whilst this electrostatic system may
be able to provide low-cost players, the
film-based systems claim the advantage
of potentially low-cost duplication. The
[/0 Metrics system is f.m. and based on
synchronous disc speeds, whereas the
DRC system, see below, is digital with
non-circular records. Full details of the
French SEPO technique aren’t availa-
ble, but in 1974 they quoted a disc
production cost of one franc!

Perhaps replication cost of the MDR
magnetic disc is being quietly forgotten,
as the system lends itself to home
recording. MDR say they will market
this year at DM2000. It started with the
aim of low-speed recording and replay
10 allow the use of ordinary turntables,
but a speed of 156 rev/min has had to be
accepted. We do not know how much of
a problem disc-head contact is going to
be.

-,

High-density
optical system is
digital
It is perhaps surprising that of all the
video disc systems announced not one
has been truly digital. Most .are
analogue systems relying on frequency
modulation of a carrier. Recently, we
learned of a video record system that
uses, in effect, photographic plates
digitally encoded. Developed originally
by a division of the Battelle Memorial
Institute, work on the system is now
sponsured by the Digital Recording
Corporation of Scarborough, New
York, whose president recently told
Wireless World of the system.
Applications for the digital technique
are seen in wide variety of situations.
In information storage and retrieval,
costs are expected to be lower than any
other storage technique and much
lower than any other system with
automatic access. In this application,
four possible information handling
schemes can be adopted depending on
the nature of the material to be stored.
For continuous tones the material
would be scanned with an 800-line
resolution system to digitize the image.
The digitized data can then be stored by
differential binary coding, giving a
linear reduction of 150 times. A two-
level (black or white) image e.g. line
drawings or text can be stored with a
linear ‘reduction of 270 times or, by
storing changes only, 460 times. Com-
puter coding could allow a reduction of
1700 times. On this basis, a reduction of
storage area can be about three million
times, compared with 400 times for
conventional microfilm or microfiche
techniques. In an archival system, a
storage unit of 1000 plastic 4X5in
recorgs is envisaged with an access time
of five seconds or so (milliseconds on

wWaass amoricanradighistons cam,
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the same record). Between 5 and 600
million frames could be stored in the
space of a four-drawer file, depending
on storage mode. Storage size could be
increased by a factor of ten if speed can

be sacrificed.
As a device for playback on home TV

receivers, a unit could cost $150 to
produce. It could make use of 5X7in
records loaded singly or automatically
from a stack. The storage medium
could equally well be a film cassette,
automatically wound-on. And accord-
ing to the company a playback unit can
be modified to provide a honie record-
ing unit, the optics and mechanics
being the same. Replication cost is said
to be low and a. production cost of
“much less than 25 cents” has been
mentioned.

As with other video storage tech-
niques, it would lend itself to audio
records. Use of a digital technique
allows a greater dynamic range,
elimination of various distortions, an
unwearable and more compact record.
An audio player, possibly small enough
to fit into a car, could store 30 to 60
minutes of surround sound on a 3 X 3in
record. There could also be applications
in the professional or studio television
area, especially for advertising spots.
Variable delay can be provided for
monitoring and editing, and loss-free
stop and start, stop-action, frame
indexing and computer-controlled
editing are a few of the more obvious
facilities, Freedom of jitter and of
errors in colour, together with high
signal-to-noise ratio come with the
digital format.

Although the patents held by DRC
cover a wide compass of configura-
tions, one type is described.to illustrate
the approach. Information on the
records is in the form of spots and
spaces distributed along a curved path
on a photosensitive glass plate. In
recording such a plate, the data are
scanned in serial order on to the plate
by a rotating scanning head with
several scanning apertures around its
perimeter (see diagram). An optical
distributing prism placed on-axis
switches the light beam so that when a
scanning aperture reaches the end of a
track, the light beam is cut off and
reinstated at the start of the next track.
Thus the track pattern is a series of
arcs, rather than the popularly used
spiral. To produce sequential tracks,
the scanning components are translat-
ed in the direction of the arrow. The
fixed-plate approach is claimed to
result in a simpler and less expensive
mechanism.

In playback, the light beam is
reflected from the dark ‘I’ spots, but not
from the clear ‘0" bits. Because the
same machine would not generally be
used for both recording and playback a
tracking servo (not operative on
recording) is provided to deflect the
beam slightly as required. This feature,

@ Continued on page 36
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Schmitt trigger design with

op-amps

Graphical technique eases design procedure

by R. D. Tuthill

The common form of a Schmitt trigger
design wusing discrete components
as shown in Fig. 1 has several disad-
vantages. If V,, is 0V, transistor Tr,
is switched off and Tr, will therefore
be switched on. It can be seen that V,,,
has a minimum voltage level, set by the
ratio of Ry and Ry values, which is the
first disadvantage. If the potential of V;,
is raised, Tr; will start to conduct and
the potential at the collector will fall.
This starts to switch off Tr, which
causes the voltages across R to fall and
Tr, to switch on. Although the change
of state is now complete, there is now a
current flowing into the base of Tr,
which changes the input impedance of
the circuit. This is also a disadvantage.
The basic Schmitt trigger in Fig. 1 is a
non-inverting type, and this can also be
a disadvantage.

Using integrated circuit op-amps
these disadvantages can easily be
overcome. From Fig. 2(a) and (b) the
only apparent difference between
inverting and non-inverting configura-
tions is the reversal of functions at the
two inputs. However, for the same
specified input and output conditions,
different values of R;, Ry and reference
potential are required. Note that when
using op-amps, switching always
occurs when there is virtually no
potential difference between the two
inputs. Secondly, because the input
impedance of an op-amp is high,
virtually all of the current in the
feedback resistor also flows through the
input resistor. Therefore, the potential
at the amplifier input can be caiculated
by knowing the voltage applied to R;,
the output voltage, the values of R; and
R; or just their ratio.

The design procedure relies on the
last-mentioned point. In the non-in-
verting configuration V4 is the upper
input voltage limit, V,, the lower limit,
Voy the positive output voltage, V, the
negative output and Vi the reference
voltage. When the voltage ranges have
been selected, a suitable voltage scale as
shown in Fig. 3, can be chosen. A
vertical line is drawn through Q and
using the same scale as that on the
left-hand side, Vo and Vy, are marked.
For the example shown Vg is + 10V,

Rs

R3

Try

Vout
oV

Fig. 1. Common form of non-inverting
Schmitt trigger.

Vo.—10V,V,,8V,and V;; —1V. Thisgives
hysteresis of V-V, which s
8—(—1)=9V. At the left-hand end of
the 0V line, point P is chosen and a
vertical line through P is marked with
Vi and V,, again using the same
voltage scale. Referring now to Fig.

Fig. 2. (a) Non-inverting and (b)
inverting Schmitt trigger both using a
single op-amp.

. I O
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2(a), the inverting input of the op-amp is

.connected to the reference voltage.

Note that the non-inverting input must
also be at potential Vi for switching to
occur. This potential is not yet known
but a line from Vy to Vg, , the conditions
which exist just prior to switching, can
be drawn. If the length of this line
represents the impedance R;+ Ry, then,
by knowing their ratios or values, the
value of R can be found. Unfortunately
neither of these are known but a second
set of conditions is, and this may have
the same reasoning applied to it, i.e. just
prior to the output switching from V,,
to V. the voltage at the non-inverting
input is also V. Therefore, a line from
Vou to V. can be drawn. The intersec-
tion of the two lines gives the value of
Vi when scaled vertically from the 0V
line. '

The ratio R¢:R; can be found as well as
the value of R; if a suitable value for R,
already exists. Using the scale of
resistance, R, is marked on the horizon-
tal axis, in this case 100k§2, and a line is
constructed from this point through R
to interset the vertical line at point X.
Using X as a starting point a second line
is constructed through W to finish at Z.

(b)

Re
A AA:
Ry
Vin VY +
~Vout
Vret p
(@) -
Re
M
Ry S
Vref_w
’ out
Vin p

Vi 7 ;

O

VoL Vout

VoH

vOL = Vout
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RESISTANCE (1)

On the same resistance scale the
distance V—Z gives the value of R;.

If necessary a resistance scale in the
horizontal axis can be used to begin
with. In this case, values for R; and R;
are marked off as point P and Q
accordingly, and the distance from Q to
the line vertically dropped from R is
‘measured to obtain Ry, and from this
point to P for R;. The only disadvantage
of this method is that there may be two
awkward values of resistance rather
than one.

This covers the graphical technique.
For the trigonometrically minded it can
be proved that k/l=n/m and from this a
mathematical formulae can be deduced.
The vertical component of k is V;;— V5, |
is Vo + Vi (Where V,,, is negative), n is
V. + Vg (where V is negative),and mis
Vou—Vr

. Therefore:

Solving for Vj gives

Vi - Voo=Vi - Vou
(Vi + Vo) = (Vig+ Vou)

It is also true that k/1=R;/Ry, therefore

k —_ (VIH - VR) |
R=R;. —=R——"———
I (=VoL+ Vr)
Once Ry has been selected it is a simple
matter to evaluate R;

For theinverting configuration more
care has to be taken in positioning point
P because the lines of construction may
be well to the left of this point. From Fig.
2(b) the voltage on the non-inverting
input of the op-amp changes every time
the output changes state. However, the
inverting and non-inverting ~inputs

\

-

Fig. 3. Graphical method for
calculating R, in the non-inverting
Schmitt trigger mode.

Fig. 4. Graphical method for
calculating R, in the inverting Schmitt
trigger mode.

must be virtually at the same potential
for a change in output voltage to occur.

A line can be constructed from Vgy to
Vy,; with its length representing only the
potential across Ry, and not R;+ R; as in
the non-inverting case. A similar state
exists for Vo, and V. The intersection
produces a point from which the ratio
RqR; can be obtained. Also, the value of
Vy is, as before, the vertical separation
of point R from the 0V line. Resistors R,
and R;can also be marked off as before.
From Fig. 4 it can be trigonometrically

proved that k/l=n/m, therefore
k/kR+1=n/n+m and, from deduction
Viu—Vz _ -V, +Vp

Vou—Vr - —VoL=Vg
Solving for Vj gives

— Vi - Voz._vu. 0 VOH
(VIH + VOL)“(VIL + VOH)

Vi

Also k/1=R;/R,, therefore

_n Vu=Vg)
R Vo= Vie)

Once R; has been selected it is again a
simple matter to evaluate R;.

wawwnwy americanradiohistory com

Linsley Hood
cassette deck

The final part of this article,
containing details of the motor-
control circuit, will be published in
the next issue. Readers who have
used Garrard mechanisms will find
that the motor-control unit is
supplied but we will provide the
information for the convenience of
readers who have obtained the
Goldring CRV mechanism.
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Circuit
Ideas

P.c.b. ammeter

This circuit allows measurement of
current in a single printed circuit

the 741 which was chosen for the merit
of low cost. '

The l.e.d. shown in the circuit has a
twofold use. Firstly, when there is an
offset voltage at the input, on shorting
all four wires of the probe on a dead
conductor, it will light or, alternatively,
the ammeter will show a reading.
Secondly, when the probe input is
reversed the l.e.d. will again light.
Diodes D, , and D, ¢ provide protection
to the circuit which may be floated from
voltage to voltage when in use. Finally,
the d.c. converter enables the circuit to

Wireless World, July 1976

Simple sine-wave

oscillator

This circuit provides a simple a.f.
sine-wave oscillator by using a
unijunction transistor as a negative
resistance in a RLC circuit. The poten-’
tial divider R, sets the peak point of the
emitter and should be adjusted for
maximum output consistent with a
good sine wave. The output is about
200mV and the circuit operates from
1kHz to 50kHz by using suitable values
of Land C.

use a single battery. R. P. Hart,
F. Andrews, Hadlow,
Southampton College of Technology. Kent.

+15V
conductor, without the necessity - of
breaking the track. The device uses a
probe of four wires and when all the 270

wires are in contact with a conductor a
p.d. appears at the input of a differential
amplifier. The two outer wires carry a
current of opposite polarity via an
ammeter. Because there is a negative
feedback loop in the conductor, the

brass wire
~0-5mm dia

'«——— Sleeving

Ra
50k

output’

differential amplifier input voltage will I SR WL
return to zero when the outgoing epoxy adhesive
current is equal to that of the unknown ©y
current, the former being read from the to inv. input
ammeter. The differential amplifier 10 non inv. input
offset voltage must be maintained to as - to earth
near zero as the twenty-turn preset », to ammeter
potentiometer will permit. An advan- v WW/\ L/
tage would be to use a 725C instead of
< - +2v
l L
1205 2N598 2k7)  J2K7 | onsgs  S120 100
{ 3 l 1YY
> ’
0‘1 x T|‘1 180 180
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Try (S 100n
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Electrostatic headphone
amplifier

This circuit has been used successfully
with a pair of headphones based on the
W.W. design Dec. 1968. The amplifier
can be driven from the headphone
output of most power amplifiers. Po-
tentiometers R; and Rq are used to set V,
and V, at half the supply voltage.

Resistor R, is required to compensate
for the small signal resistance of a diode
in the non-inverting input of IC,. If
headphones of greater capacitance than
150pF are used it is necessary to reduce
R, and R; to maintain the power
bandwidth. It may then be necessary to
heat sink the power transistors. The
+ 15V bias supply for IC,, and IC,, must
be well filtered. The amplifier has a

35

'small signal frequency response of

(—3dB) 10Hz to 40kHz, a power band-
width of 10Hz to 15kHz, and a total
harmonic distortion at 1kHz (almost
entirely second harmonic) of 0.1% at
50V pk-pk and 1.0% at 300V pk-pk
output.

N. Pollock,

Sandringham,

Australia.

g O +350V
Ra
68k
1p 1p 1w
27k il il [
-AAA vy
input 2K 10k " VYWN——4¢ 5n
o—HFH—— 330k oM i —
—AAA—
c 2N5657
B Ic1c 10M
l >$ Rs 470k
100k
+15V ,,L,
2l oM d\""
T A A—O——— IC4y LM3900N
R3
% 68k (ﬁ'
P p W
27k il | 1
—AA———
Va
AN 15n
M l
330k ° \ I
10k
——AAA——
ICqp 2N5657
—A—1 ICyq )
’\-1'2:)k R §10M emitter base
B [vgogk ALy | collector
F15V 7L 2N5657
Short-circuit protector be made partly variable and adjusted on
The short-circuit protector shown is }est. F{)(;Oa ZISV sul;;pl)(; LT Wh'.fhbzln +V
fast and cheap. The transistor is biased RS mA may be drawn, suitable constant

to saturation and the collector-emitter
voltage is therefore less than a volt. If a
short-circuit occurs, the collector is
pulled along the constant current line of
its output characteristic corresponding
to the ‘base bias current Iz. The
short-circuit current is therefore res-
tricted to some value say I,,,,. Suppose
that a maximum load current of I,;, is
to be made available from a supply of V,,
and the transistor has a current gain of
hy, then the base resistor is calculated
as follows. As Iy = I,../hg, and
because Vg is small, Ry~ Vs/I. There-
fore Rg~Vihg./I ... If the precise cur-
rent gain of the transistor is not known,
or if a variable I, is necessary, Ry may

components for the short circuit pro-
tector would be a silicon p-n-p transis-
tor with hge 100 (e.g. BC327) and a base
resistor of 12k(2. The output voltage will
then be 14.5V and the value which I,
reaches will exceed 100mA.

Under normal operation very little
power is dissipated in the protection
transistor. Under a short-circuited load
condition the power developed is VI,
watts. For negative supplies a n-p-n
transistor may be used in the same
configuration.

M. C. Hately,
Robert Gordon’s Institute of

Technology,
Aberdeen. -
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Thermistor controlled
thermostat

Essentially the circuit is a bridge formed
by the thermistor, R, Ry, R; and Rg with
an amplifier for sensing the unbalance.
The circuit switches a relay on when the
temperature is below a chosen level,
and by altering R, the operating tem-
perature can be changed. If the opposite
function is required the positions of the
thermistor and R, are reversed. The
sensing circuit uses a CA3046 which
supplies two matched pairs of transis-
tors in addition to the output transistor.
Tr, and Tr, act as a voltage comparator;”
the tail current being provided by the
current mirror Tr; and Tr,. The base
voltage of Tr, can be adjusted using Ry
which allows the switching tempera-
ture to be set precisely. Positive feed-
back via R, prevents chatter when the
switching point is reached. If the
thermistor is separate from the ampli-
fier, a 0.1pF capacitor should be
connected across R, to minimize pick-
up effects.

D. E. O'N. Waddington,

St. Albans,

Herts.

Wireless World, July 1976’

+6V
O

:’" BCY72
el.
g g—o
| —
L4 RLA
1N4148 t-%’é»
R < T-
)
1k5§
(4
R4
a4k7
Rg%
10k
< —0
' oV

Video discs

common to most analogue optical disc
systems, allows some tolerance on
record positioning and on hole align-
ment in the scanning disc.

An interesting point concerns the
limiting spot size. According to classi-
‘cal diffraction theory the focused spot
produced by a lens passing monochro-
matic light shows an intensity distri:
bution in.which the bright central area’
contains 84% of incident energy. The
diameter of the first dark ring sur-
rounding this area determines, at first
sight, the maximum achievable bit
density. But in practice, the spot size on
a photographic emulsion will be
smaller due to the gamma effect of the
emulsion. (Gamma is the maximum
slope of the log of exposure versus
density.) The intensity distribution of
the diffraction pattern is not
“mirrored” by the photographic density
distribution, and the slope of the
central peak in the diffraction pattern
is sharpened on the emulsion - in
effect a sharpening of the spot size,
allowing greater spot density. Spot
sizes of lum are produced on silver
halide emulsions at 633nm wavelength
and a focal length-to-aperture ratio of
two, allowing a bit density of 10
bit/cm.

Because of possible variations in
emulsion depth and position depth of
focus must be adequate. A technique
that avoids the expense of servo-con-
trolled focusing is to blank off the
central portion of the lens, in playback if

(continued from page 31)

not in recording. This-has the effect of
increasing the depth of focus, but at the
expense of more energy appearing in
the secondary rings of the diffraction

pattern. This is not very important in’

playback because of the way the
detector electronics respond to sharp
modulation represented by the central
spot. Depth can be increased from 20 to
40pm by occulting three-quarters of the
lens. (Actually, DRC say 10pm is
adequate for rigid records in commer-
cial form.)

For flexible records an holographic
lens — made by replacing the lens by a
transmission hologram after exposure
by sending monochromatic light back-
wards through the system which can
compensate for errors in the optical
system — could yield up to 120pm depth.

An advantage of a digital method is
that emulsion noise is much less
noticeable than in an analogue method

— only extreme fluctuations of grain *

density and size would show. In certain
applications, error-correcting codes
could be built into the system.

In demonstration apparatus, differ-
ential encoding has been used to
remove some of the redundancy in
normal tv pictures. Each picture ele-
ment is recorded as a four-bit word,
three bits for luminance and one bit for
colour. Instruction codes are recorded
instead of the usual blanking signals so
that audio signals can be digitized and
time multiplexed into the horizontal
blanking periods.

www americanradiohistory com

Square-wave generator
with single frequency-
adjustment resistor

When the circuit shown is switched on
C is uncharged and Tr, is non-conduct-
ing. Transistor Tr, is therefore fully on
and its emitter is at a potential near V,
Capacitor C therefore charges until Tr,
begins to conduct which causes Tr, to
rapidly cut-off, by regenerative action.
The emitter of Tr, falls to a level deter-
mined by the ratio of R; to R;, and C
discharges through R, until Tr, cuts-off
and the cycle repeats.

The transition times of the circuit are
rapid and it will work with small-signal
silicon transistors up to at least 0.5MHz,
and down to a frequency determined by
CR . The output is almost an equal
mark-to-space ratio over a wide fre-
quency range, though this can be
trimmed if required by the ratio of R, to
R;, or by a small resistor in Tr; base.

J. L. Linsley Hood,
Taunton.

+6to15V

10k to 47k

Trz
BC109

Eout
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IRCAM

Electronics at the Paris Institute for Research

and Coordination in Acoustics and Music

Under construction, just off the boule-
vard de Sebastopol in the heart of Paris
is the new Centre Beaubourg research
institute which is to form part of a
major contemporary art centre. The
Centre Georges Pompidou will house a
museum of modern art, a centre for
industrial design and an extensive

public library in which space will be’

reserved for displays on current events
and for the operation of audiovisual
facilities. The centre, to be officially
opened in April 1977, will also include a

fourth department, IRCAM - Institut

de Recherche et Coordination
Acoustique/Musique, built under-
ground next to the Centre Beaubourg.

IRCAM is to provide research faci-
lities for developing future aspects of
music. To do this the aid of digital
electronics has been enlisted as an
important tool in the processing of real
time electronic sound reproduction. At
the heart of the technical facilities will
be a Computer Automation PDP10 with
its associated 24k bit core store and a
peripheral number of interlinked visual
display units and input/output
keyboards. Nothing out of the ordinary
to those alréady involved in the use of
computer facilities, but the application
is unique and likely to cause initial
scepticism. Computers for making
music? What then will happen to the
composer and instrumentalist and the
essence of human expression? In the
words of Pierre Boulez, Director of the
research programme ‘“The musician
must assimilate a certain scientific
knowledge, making it an integral part of
his creative imagination. As to the
scientist, we are of course not asking
him to compose, but to conceive with
precision what the composer, or instru-
mentalist, expects of him, to understand
the direction contemporary music has
taken, and to orient his imagination
along these lines. At educational
meetings, scientists and musicians will
become familiar . with one another’s
point of view and approach. In this way
we hope to forge a kind of common
language that scarcely exists at present,
while traning a staff who will be
basically oriented towards musical
creation.”

Computer aided design
It has become clear that with the
appearance of synthiesized sound, tra-

ditional instruments no longer deter-
mine the limits of perception and
comprehension of music. The aim of the
research at IRCAM is to determine in
which direction these limits should be
pushed in widening the available scope
for composition ‘and performance. A
computer programme, Musik V, has
been developed over the last few years
to assist these aims. Its initial
application is in the examination of the
waveforms produced by musical instru-
ments in order to determine the para-
meters relevant to their accepted per-
ception. This is not as simple as it
sounds. Forinstance, a waveform of say
a trumpet can be reproduced easily
enough, but it was found that the result
still did not sound like a trumpet.
Further investigation showed the rea-
son to be that the decay of harmonics
was dependent on their frequency.
In other words harmonics of high fre-
quency decayed at a different rate to
those of lower frequency.

Using computer facilities to analyse
results such as this should be applicable
to the development of new instruments.
For instance a composer could stipu-
late the range and timbre of the sound
he requires by simulating them on the
computer, analyzing their component
parts and developing an individual
instrument that can produce them.
Another application is in ‘bending’ the
sound of a standard instrument so that
its range of timbre can be increased or
completely altered. It was demonstrated
at the centre how the waveform from a
violin could be fed to a computer which
gradually reshaped the signal to that
produced by a trumpet, the startling
result being a sound emanating from
the same instrument which gradually
changed from one type of known
instrument timbre to that of another.

Such flexibility provided by the
computer can be coupled in the IRCAM
centre with its ‘Espace de Projection’.
This area of the underground building
will be used for transmitting any sound
produced in the studios, for acoustic
measurements and also for direct
participation of concert audiences in
sound experiments. The acoustics of the
Espace de Projection will be mechani-
cally variable so that reverberation time
will depend on the position of moveable
absorption elements in the walls and
ceiling. Also it will be possible to lower
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and raise the ceiling and a system of
curtains across the area will provide
even more flexibility of the acoustic
environment, Other facilities in the
building will include two acoustically
isolated studios with ‘ideal’ reverberant
conditions and a department for the
study of psychoacoustic effects, Finally,

it will be the job of the ‘Diagonal

department’ (le departement Diagonal)
to coordinate the different branches of
research and instigate the transplanting
of techniques from one department to
another. It will also undertake research
work on the transmission, projection
and perception of sound as well as on
pure acoustics, music theory and their
relationships with other disciplines.

Common effort

Two aspects of the centre which it
was surprising to find were not being
considered in depth were the use of
video in composition and the use of a
computerised system for multichannel
sound recording. Lack of video applica-
tions was surprising as there is a lot of
interest in its use by many contempor-
ary artists in both the fields of music
and the visual arts. More importantly
however it was felt that recording
techniques are as complex in their
execution as the basic research of the
institute already mentioned. If results of
the work produced from IRCAM in
years to come are to be communicated
to as wide a public as possible then it
would be a pity if the subtleties of
compositions using new acoustic effects
were lost because recording equipment
was not developed to an equivalent
degree of flexibility . . . “Contemporary
music has at the moment less need of
individual souls and their vagaries than
of common effort to explore its own
innermost nature, to explore sound
itself, both with instruments and artifi-
cially, in order to unlock new sonorous
possibilities for composition, to explore
musical perception, in order to under-
stand why some tools function better
than others, to explore relationships
between music, performance and
listeners. This adventure will take place
in many ways: through the severity of
scientific analysis, through experimen-
tal testing of hypotheses, through all
manner of public presentation, and
through composition itself” — Gerald
Bennett. WEA
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F.m. adaptor for a.p.t. tape

recording

P.l.l. design overcomes replay amplitude variations :

by J. B. Tuke

Many earth stations receiving automa-
tic picture transmissions from satellites
use a tape recorder as an intermediate
link between the radio receiver and
picture printing equipment. This system
has advantages because some picture
printers need to be operated in complete
or semi-darkness, and many aerial
systems are manually tracked which
requires the operator’s full attention
during satellite transit.

The 2400Hz amplitude-modulated
signal which carries the picture infor-
mation can be recorded and reproduced
on a domestic type of tape recorder,
preferably running at 7% in/s. However,
the picture produced on replay shows
dark horizontal streaks, caused by
fluctuations in the replayed signal level.
These variations of about a decibel are
in the most critical part of the picture
level, where minute changes of inten-
tisy produce appreciable changes in the
shades of grey. If infra-red data is being
displayed using the intensification
process, deterioration can become
severe,

To overcome the amplitude varia-
tions a frequency modulated signal can

Fig. 1. (a) Block diagram of phase locked
loop, (b) signal path for the modulating
mode, (c) connections for the
demodulating mode.

be used. This technique is well known
and the Signetics NE565 phase-locked
loop i.c. is used, as shown in Fig. 1(a).
The v.c.o. frequency-determining com-
ponents are chosen to produce the
required carrier frequency, and the
modulation is applied to pin 7. The v.c.o.
output on pin 4 is then passed to the
recorder as shown in Fig. 1(b). On
replay, the f.m. signal from the tape
recorder is fed to pin 2 of the i.c., which
is connected in the conventional p.[L.1..
demodulator mode and the demodulat-
ed output appears on pin 7, see Fig. 1(c).

Choice of v.c.o. frequency is impor-
tant. The upper frequency limit of the
v.c.0. is set by the tape recorder and
experiments have shown that a carrier
frequency of 11kHz is quite satisfactory.
Remember that the f.m. sidebands on
both sides of the carrier must be
reproduced. For this type of recording,
using limited deviation and where
fidelity of the replayed signal is not of
primary importance, it is adequate to
consider the required bandwidth as
being twice the modulating frequency
either side of the carrier. With an 11kHz
carrier and 2.4kHz modulation, the tape
recorder should be able to deal with a
frequency band between about 6 and
16kHz.

As replay is only concerned with an
f.m. signal, this band does not have to be

replayed at the same level as long as
there is sufficient signal from the tape
recorder to lock the p.ll. A carrier
frequency which is an exact multiple of
2400Hz should be avoided to prevent
patterning on the finishéd picture.

Measurements of input amplitude
against output signal have shown an
almost linear relationship within the
dynamic range of the system. The signal
to be recorded may have a value up to
—3dBm. Higher values than this cause
excessive carrier deviation and_ loss of
lock on replay. If the weakest signal
(full black) is recorded at —30dBm, the
worst signal-to-noise ratio is 15dB and
the dynamic range is nearly 30dB which
is ample for a.p.t. signals.

When setting the record level
remember that in NOAA spacecraft
signals, peak-white occurs at the edges
of the picture and not in the picture
itself. Due to the global position of the
U.K., picture content rarely exceeds
80% of the peak value. Consequently the
input must be adjusted so that signal
peaks do not exceed —3 dBm otherwise .
the circuit will momentarily drop out of
lock. Although this may not be part of
the line scan carrying picture data, lock
takes a few milliseconds to recover andJ
causes a large black streak.

If the 2.4kHz signal were first rectnfled
to produce the video (f,, is 1.8kHz) and
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then applied to the NE565, the resultant Fig. 2. Practical circuit for modulator /
f.m. signal would be of a simpler nature demodulator using one p.l.l. and a )
and a lower carrier frequency could be d.p.d.t. switch. Tr, provides an overall
used. This system présents no problems gain of OdB in the replay mode, and
in the record mode but when amplifica- Tr, isolates the v.c.o. output in the
tion is required on replay, the d.c. record mode.
‘component would have to be preserved -
right through to the picture printing
device. Infra-red NOAA pictures indi- north Africa shows a steady darkening
cate temperature by the relative of the picture from north to south as the
intensity of black and white. A typical surface temperature increases. This
read-out from near the north pole to may be referred to calibration charts for _
exact temperatures and therefore the
d.c. levels must be maintained. This
¢ . complication is removed by retaining
el e S the 2.4kHz portion of the signal.
A practical circuit as in Fig. 2 consists
c1 100uF 25v  R1,2 7.5k of the NE565 together with two simple
2,3 100n 3.16 4.7k transistor amplifiers. In the record
4.8  470n 4 10k mode the v.c.o. output is isolated from
5.6.7 47n 5 22k the tape recorder by an emitter fol-
9 254F 6V 6 3.3k lower. In the replay mode a transistor Correction
10 In 7 33k amplifier is used to produce an overall The following apply to ‘Weather satellites
" 10n 8.-9, 10, gain of 0dB. A d.p.d.t. switch enables ground station — 3’ by G. R. Kennedy,
L 112, 1 one ic. to be used in both modes, January 1975: capacitors C,,,, and C,
13 200n 15 1k ‘although two devices can be used. should be 1,800pF and Ry, is a 5k@ ten-turn
14 100n 13 6.8k The unit may be built on Vero-board pot; in Fig.23, IC, output is from pin 12, IC,
14 68k and powered by an 18V regulated should have pin 10 grounded; Tr,, should t?e
17 20k Iv. Using this adapter. which can be 2N4061, 2N3702 or similar; S, is labelled in
18 2.2k supply. Using P T reverse; on page 25 for S and S read S,and S
19 10k built for aro_und £10, plctu.res' can b_e and in the appendix f9r R, read R, for C
recorded which are almost indistingui- read C; in the parts list add R, — 3902, for
shable from the original. RELSG5 read REC65 and C,, should be 1.5pF.
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Wireless across space

2 — Proximity of communicating civilizations in the Milky Way

by Tong B. Tang, M.Tech

St John's College Cambridge

That communication with extraterri-
torial intelligence (sometimes abbre-
viated to CETI) is possible with today’s
radio technology was postulated in Part
1. As further support of the thesis, we
will now consider an order-of magni-
tude calculation of the most probable
distance separating a civilisation from
its nearest neighbour, using today’s
knowledge and opinions.

There are at least 10!° galaxies, some
containing more and some less stars'
than the Milky Way, in the part of the
universe so far observed. But for our
present purpose we need only to
consider our own galaxy, the Milky
Way (Fig. 5); which from statistical star
counts has some 10! stars. (On the scale
‘of galaxy diameters intergalactic dis-
tances are two orders of magnitude
higher.) After Drake® the number of
civilisations which have the capacity for
interstellar communication can be
analysedas

N™=Rfnf ff T

Here R is the average rate of star
formation. The age of the Milky Way is
about 1.5x10'° years, and thus the
overall R will be seven stars per year.
However, the actual R in earlier times
must have been larger, and in later
times smaller, while those stars formed
in the earlier periods are’ likely to be
lacking in heavy chemical elements and
should be excluded because in their
absence advanced civilisations or per-
haps even life itself cannot arise. In view
of this, a reasonable value of R will be
one star per year.

f, is the fraction of stars possessing
planets. For a long time it has been
observed that stars whose temperatures
are similar to or less than that of our sun
*— and nine out of ten stars belong to this
category — are usually rotating much
less rapidly than the remaining stars;
the observation is deduced from the
much smaller amounts of the Doppler
broadening in their spectral lines. The
interpretation is that they have planets
to which most of their rotational
energies have been transferred. Furth-
ermore, in particular, the motions of
some nearby stars, “Bernard’s Star” for
instance, have been seen to “wobble,”
and this almost certainly shows that
they have dark companions (planets) in

orbit around them.? The mechanism of
planet formation is not yet well-estab-
lished theoretically ¥ but in all possibi-
lities it is consistent with that of star
formation, viz. the self-gravitational
collapse of a nebula of gas and “dust”
into a state where it is hot and dense
enough for the start of nuclear reactions
and the birth of the star. We shall be
conservative by taking f,as 0.5.

n is the mean number of planets in
each planetary system which have
environments suitable for life; or, in
astrobiologists’ jargon, which lie with:
in the ecosphere of the local sun. The
most important factor here is whether
the planet in question acquires by
outgassing its crust an atmosphere
which initially contains hydrogen
but not oxygen (where complex
molecules when formed will not be at
once oxidised) and a hydrosphere of
water. In our solar system Earth and
Mars satisfy the conditions, and we
shall use 2 as the value of n, by the
“assumption of mediocity”!! (that what
is true for us cannot be unique and is
likely to be the average for the whole
galaxy).

f,is the percentage of these planets in
which life does develop. It looks to us
that the abiogenic (spontaneous)
synthesis of probionts (self-replicating
molecular assemblies) is, given the
boundary conditions of a primitive
hydrosphere containing hydrogen,
methane and ammonia, forced by the
laws of physics and chemistry and
therefore a certainty. Given, in addition,
sufficient time and an environment
which is not entirely static, self-repro-
ducing organisms are bound to appear
later. (Incidentally, I mention the
speculation that the properties of
matter or even the physical laws
change, until they are such that the
appearance of life in the universe
becomes inevitable. We should there-
fore not be surprised that everything
seems to just fit in, so that in particular
we exist on earth, because when it is not
so we do not exist to know. We are here,
hence the world is being such that life
can exist — the “anthropic principle’;
and hence there is life “out there” as
well — the assumption of mediocity.) It
follows that f| is very nearly 1 and as a
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close estimation is taken as 1.

fnis the fraction of inhabited planets
in the biospheres of which life advances
to a high level, during the lifetime of the
local sun. A high-level life form means
one which will not become an evolution
cul-de-sac. It is, I think, one which can
form an internal analytical model of the
external environment, and which relies
mainly on this ability for the survival of
its species (or, more exactly, its genes).
On earth this occurred when the first
truly erect walking species,
Sinanthropus pekinensis, appeared;
that was 1.5 million years ago, accord-.
ing to the very recent fossil dating by R..
E. F. Leakey. Ample artefacts have been
uncovered to show that they were
tool-using and relied more on manipu-
lative skill than on structural
adaptations of the body for species
survival. We have, or at least think that
we have, reasons to suppose that, given
certain broad and fairly general initial
conditions, the appearance of such
species in due course is again a certain-
ty. Of course, there are many hurdles to
jump before its superiority over other
species, many of which are splendidly
adapted to specific environments so
long as they do not change, becomes
established (as is so for us, Homo
sapiens). Some species (e.g., the Nean-
derthal man) failed and went extinct.
However, eventually one species would
succeed. This is not so only if, for
example, the planet is covered entirely
by water, so that there is no land for life
to invade from the sea and to develop
stronger interactions.with the environ-
ment. From these considerations a
guess of f;, will be 0.5.

f.is the fraction of planets populated
by higher forms of life, on which
civilisations develop to the stage of
participating in interstellar communi-
cation. That is, they change from
“planetary” civilisations (civilisations
whose activities and modes of thinking
are restricted in their scopes to their
own planets) to extra-planetary
civilisations. This is precisely the thre-
shold over which we are about to step,
and it is difficult to imagine that we will
somehow regress. My considered belief
is that similar laws of technological and
social evolution apply in different
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planets, except where the natural
conditions differ fundamentally. Lower
life forms can be very unalike on
different planets or even on different

regions of a planet, because of the

multiplicity of planetary initial condi-
tions and of evolutionary accidents.
However, as they evolve further, the
influences of these boundary conditions
decrease in proportion to those dictated
by the universal laws of nature. Ac-
cordingly, the “psychologies” of differ-
ent intelligent races should in general
converge. With the conservative
assumption that the development of a
technological civilisation requires that
things like low melting-point alloys and
easily accessible fossil fuels are natur-
ally existing, we take f_as 0.2.

Finally, T is the lifetime of the
communicative stage of these civilisa-
tions. In our view the continued deve-
lopment and progress of a technologi-
cally advanced civilisation depend on its
social system, which is a matter of

“experimenting and choice, so that they
are not only possible but probable
because presumably they are its inten-
tions. We then judge that, say, one out
of ten civilisations lasts as long as the
local sun remains “healthy.” The aver-
aged value of T will be 10%years.

With these values, N* comes to be
(lyear ') x 0.5 x2x 1x 0.5% 0.2 X (10,
years)=10% In other words, on average
one out of a thousand stars will possess
on average one planet where there is a
civilisation in the interstellar communi-
cative stage. The mam uncertainties in
this estimation of N* lie with the last
three factors, namely f,, f.and T.

Using the mean density of stars in the
Milky Way, which is 1 star per 200 cubic
light-years, the mean minimum separa-
tion of communicating civilisations (i.e.,
the most probable distance between the
nearest neighbours) will be the radius of
the sphere of volume 2 x 10%light-years,
or roughly 40 light-years. In general, the
distance is 2Xx10*/*\/N* light years.

If direct radio contact is considered,
the civilisations have to exist in the
same epoch. A slightly more
complicated procedure gets 23/3\/T/T
light-years as the likely - minimum
separation between ‘contemporary’
civilisations, 2in which T, is the galaxy
time-scale, i.e. 10!® years. In our estima-
tion therefore it will be about 50
light-years. This is not much greater
than the previous estimation of 40
light-years, because we have taken T to
be not much smaller than T;. A more
exact assessment will have to take into
account the length of time required in
biological evolution ? but being much
less than 10° years it can be taken as
zero. '

The chance that a randomly selected
star is sending interstellar signals is
0.001. If and when the synchronisation
problem referred to previously has been
solved, we can be sure that, when we
look at it, its signals are beamed
towards us. In this case, the probability
of achieving at least one contact after
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Fig. 5. Schematic picture of the galaxy,
showing its shape and size and the
relative position of our solar system.

searching N stars is 1-(1-0.001)N or
approximately l—exp (—0.001N). A
search of a thousand stars will, assum-
ing perfect synchronisation, give us a
63% success.

Inevitability of participation in
interstellar communication

The feasibility of intentionally achiev-
ing communication by radio contact
with extra-terrestrial civilisations has
been shown. By way of conclusion |
would point out one more considera-
tion. We have been using u.h.f. radio
communication for some fifteen years.
Also, there must be now a few thousand
television stations on our planet which
transmit in channels 14 to 83 at a power
of something like 20kW on average, and
a lot of uh.f transmitters such as
maritime radio beacons and satellites’
telemetry and tracking. Earth is then
radiating nearly a tenth of a watt per

hertz into space at centimetre wave-

lengths. By the equation for L, we see
that these radiations can be detected,
over a distance of 50 light-years, by a
radio telescope of effective area 40km?
and listening to a bandwidth of one
hertz. If there is such a telescope on a

planet within this distance, the disco-

very of our presence in due course,

whether we intend it or not, is highly

probably.
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To build this telescope does not
necessitate fantastic technological so-
phistication. In fact, as investigated in
the Project Cyclops %, the construction
by us of a phased antenna array of ten
thousand parabolic reflectors, each 30m
in diameter. is feasible (it would cost six
to ten thousand million dollars but this
is less than half the cost of the Apollo
space programme.) Such an antenna
system would have an effective area of
20km? and there appears to be no
technological limitation to its
expansion, to a size of 100km?2 or more.
If we do build this colossal telescope, we
will be able to eavesdrop on our
neighbours. (A further feasibility study
after Project Cyclops is being
undertaken, and should be completed
by summer 1976.) The Cyclops concept
is already the basis of a very-large-array
telescope now under construction in the
plain west of Socorro in New Mexico.
When completed, it will have 27 para-
bolic dishes, each 30m in diameter, and
an estimated sum of seventy-six million
dollars will have been spent. Scheduled
for general radio-astronomical obser-
vations at 1.3, 2, 6 and 18-21cm wave-
lengths, it will be partially operating by
the winter of 1977.

I have not discussed the rationality or
even necessity of communicating with
axtra-terrestrial civilisations. Everyone
will form his or her own opinion, and it
seems out of place to argue here.
However, it does appear obvious to me
that it is wiser to devote our labours and
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resources to seeking out life outside
Earth, than to building things which
potentially destroy life on Earth and
which are no less expensive.

The table 3 published last month
listed projects to detect radio signals
from extra-terrestrial intelligence
which are still in progress. The complete
projected programme in the USSR has
been published *; it is perhaps at
present the country where (mainly for
political reasons) such work is taken on
most seriously.

References

26. Argyle, E.. “On the observability of extrasolar
planetary systems", Icarus, vol. 21, pp.199-201
(1974).

27. Huang, S.-S., “Extrasolar planetary system’.
Icarus. vol. 18. pp.339-376 (1973).

28. Shkovskii, 1. S., “Multiplicity of inhabited
worlds and the problem of interstellar communica-
tion”, in ibid Ref. 9, p.80.

29. Freeman, ], and Lampton. M., “Interstellar
archaeology and the prevalence of intelligence”,
Icarus, vol. 25, pp.368-9 (1975).

30. Oliver, B.M. et al, “Project Cyclops, a design
study of a system for detecting extraterrestrial
intelligent life”, NASA Document CR-114445, 1972.
31. Sagan, C., and Drake, F. D., “The search for
extraterrestrial intelligence”, Scientific American,
May 1975, pp.80-89.

32. U.S.S.R. Academy of Sciences, ‘The Soviet CETI
Program’, Soviet Astron.-AJ., vol. 18, pp.669-675
(1975).

Some readers interested in CETI and related
'subjects may like to read, among other magazines
and journals, Spaceflight and the Red Cover issues
of J.B.I.S.. both published by the British Interplan-
etary Society.

(Sixty Yeurs_ Ago

‘The follow'ing piece was printed, without
much comment, in our issue of July, 1916. It
was in the section “Digest or wireless
literature”, which contains a couple of fairly
imaginative accounts of inventions and
development, including a description of a
wireless-controlled boat of 30 tons, which
carried a torpedo at 50 mph and would turn
upon and destroy any jamming transmitter!

Radium and aerials

“The following abstract of an article by E.
‘Leimer in the Elektrotechnische Zeitschrift,
printed recently by the Electrician, will be of
special interest to our readers as it contains a
report of some experiments on new lines.

On the results of Szilard with radium-
coated lifhtning conductors becoming
knowntotheauthor he wasled to considerthe
possibility that radium might exert some
effect upon the reception of radio-telegraphic
signals.

The first experiments were made with an
indoor antenna consisting of a wood rod
closely wound throughout its length with
wire, the rod being directed towards a
sending station, FL, about 300 km distant
from it. This antenna was suspended in a
room. The receiving set used comprised a
galena detector, 4,000 ohm telephones, and a
tuning coil 50mm in diameter, and having 800
turns of enamelled wire. No signals were
audible from FL at any position on the tuning
coil. Signals were, however, at once distinctly
audible as soon as a sealed glass tube

containing radium bromide of 50,000 units.

(and thus very weak) was brought near.

liizruiure
Received

Television sound, off-air, is provided by the
Ambit 7700 «uner, which contains a u.h.f.
tuning head and therefore requires no pickup
coil. The tuner is compatible with 6MHz,
5.5MHz and 4.5MHz intercarrier frequencies
at aerial input levels of 10pV or more and is
provided with a four-channel selector and
indicator. A leaflet is obtainable from Ambit
International, 25 High St, Brentwood,
Essex ... Ww401

Multiway circular connectors, type 602GB,
are described by Amphenol in a new
catalogue. The connectors are intended for
military and civil aerospace use and are
resistant to most solvents and fluids likely to
be encountered, including salt spray. They
also meet the requirements of BS 2G 100 P2
Cll, Amphenol Ltd, Thanet Way, Whit-
stable,Kent...................... Ww402

Rare-earth cobalt alloys in powder form, for
the making of permanent magnets, are made
in a new process by T, H. Goldschmidt Ltd,
which is discussed in issue 4/75 No0.35 of
Goldschmidt Informiert, available from the
company at York House, 353a Station Road,
Harrow, Middx. ................. WWwW403

Aerials for domestic radio and television are
dealt with in a publication from the British
Aerial Standards Council. The booklet
describes methods of measurement, together
with the relevant electrical and mechanical
requirements. Available from the council at
27 Ingorsby Lane, Houghton on the Hill,
Leicestershire, the booklet costs £1.

Heathkit's new catalogue supplements,
containing the latest exotica, are now
available. Introductions are a pre-amplifier
(£94), an equalizer (£88), a 200W power
amplifier at up to £340, a l0MHz oscilloscope
at £270 and a digital i.c. tester at £49. But the
real mind-boggler is, we are informed, a
Digital AM/FM Stereo/Quadraphonic Tun-
er/Preamplifier at £550. The only thing we
couldn’t spot on the front panel was a handle
to wind it up. The supplements can be
obtained from Heath (Gloucester) Ltd,
Bristol Road, Gloucester ......... WW404

Precision metal pressing by Latham Manu-
facturing Co Ltd is briefly described and
illustrated in a brochure, now available from
Latham at Croxstalls Road, Bloxwich,
Walsall, Staffs .................. WWwW405

Audio accessories are listed by Ross Elec-
tronics in their enlarged catalogue, which
includes tape, headphones, microphones, test
meters and connecting leads. The catalogue
can be obtained from Ross Electronics, 32
Rathbone Place, London W1P 1AD (Trade

only.)

An X-Y recorder, the HR2000, is the subject
of a brochure from Gould Advance. The
instrument takes the form of a mainframe
with inputs and pen controls, with a range of
input modules to provide a choice of
sensitivity and speed. The brochure is
obtainable from Gould Advance Ltd, Roe-
buck Road, Hainault, Essex. . ... .. WWw406
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(HF predictions)

HPF (highest probable frequency) is the
frequency above which the probability of
ionospheric reflection is less than 10% and
FOT (from the French optimum working
frequency) is the frequency below which
reflection probability is greater than 90%.
Thus the skywave probability of any given
frequency can be found from the charts.
Although a skywave path may exist signals
can be below noise level and LUF (lowest
usable frequency) is the 90% probability
contour of signal level exceeding noise level
by a certain amount. Best operating fre-
quencies for consistent day to day working
will lie between FOT and LUF and this
applies when LUF is higher or lower than
FOT. The latter condition implies that the
certain amount referred to above cannot be
realised.
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Unfamiliar forms of temperature
compensated voltage reference

The Widlar diode and others

by K. C. Johnson, M A.

It is almost universal, at the present
time, to use zener diodes whenever a
constant voltage is required in an
electronic circuit. These devices depend
on the breakdown of a reverse-biased
junction between two semiconductors
and the characteristic voltage can be
varied over a wide range by controlling
the abruptness of the junction (width of
the ‘depletion layer) during manufac-
ture. If a very abrupt junction is made,
breakdown occurs at a low voltage,
while less abrupt junctions give higher
voltages. In low-voltage devices the
temperature coefficient is negative,
since the breakdown is predominantly
by the true zener action, while in
higher-voltage devices, where break-
down is due to avalanche action, the
coefficient is positive. In-silicon, the two
effects compensate at about 5.6V;
consequently a silicon diode with this
breakdown value has an almost zero
variation with temperature. At 3.3V the
variation matches that of an ordinary
forward-biased junction such as the
base-emitter of a transistor. Both of
these types of diode, together with
.others where compensation is obtained
by connecting junctions in series, are in
very wide use and will be familiar to
readers.

There are, however, two other ways
in which temperature-compensated
reference voltages can be obtained,
using only the forward conduction
characteristics of semiconductor junc-
tions. These arrangements are very
much less known, but offer advantages
in that they work at lower voltages and
do not require such precise control of
the abruptness of the junctions. In order
to understand their action one must
first consider the effect of temperature
on conduction under forward bias.

Forward-biased junctions

The usual Schottky formula for the
current flow i at an applied voltage V is

I=I(,lexp (QV/RT) - lI

where I, is the leakage current, q the
electronic charge, k Boltzmann’s con-
stant, T the absolute temperature.

From its appearance, this formula:

should also predict the changes of

current with temperature, as it clearly
contains T, but in fact any results it
gives will be wildly wrong. The trouble
is that I, is not constant but changes
rapidly with temperature.

To improve matters we must alter the
formula into the form

1=1G[exp(q(V— Vs)/RT)
- —exp(qVs/RT))

and choose a value for V5 so that I
really is essentially constant irrespec-
tive of temperature changes within the
working region. When this is done it
turns out that V; is approximately
equal to the energy gap of the semicon-
ductor material (1.2V for silicon) while

Fig. 1. Zener diode characteristics
indicating how the difference between
the voltage (V) across a diode at any
given current and the energy gap (V)
of the semiconductor expands in direct
proportion to the absolute temp. (T).

I; has a value far larger than any real
working current. ’

Suppose now that such a diode is
made to carry a constant current while
its temperature is allowed to change.
The second exponential term in the
formula represents the insignificant
leakage current only and so the first
term must remain virtually constant. It
can only remain constant if (V-V;)
changes in direct proportion to T, and
this is what happens in practice.

If, for example, a particular type of
silicon diode requires 0.65V to carry.
ImA at 25°C, the formula predicts a
temperature variation of

0.65-1.2 o
5107 = 0.00185 V/°C
which clearly agrees well enough with
the normally accepted figure of
-1.8mV/°C.

This behaviour can be represented
graphically as in Fig. 1. A diode behaves
as if cooling to absolute zero tempera-
ture would make it insulate at all

theoretical curves
for very large
currents

=

theoretical characteristic
at near absolute zero
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voltages below V; and then turn on
unlimited forward current, with an
almost superconducting slope resis-
tance, at that voltage. As the tempera-
ture is increased, the familiar
exponential characteristic appears and
expands linearly away from the Vg
ordinate.

The Widlar diode

The Widlar diode is really an assembly
of three transistors and three resistors,
as shown in Fig 2. All the junctions are
of the same semiconductor material and
are essentially at the same temperature,
but the circuit behaves as a compensat-
ed voltage reference as seen at the two
terminals. Temperature compensation
is obtained by exploiting the fact that a
forward-biased junction, carrying less
current in the same area, has a working
voltage further away from Vs and
hence has a greater temperature coeffi-
cient. In silicon, the effect is roughly a
10% increase for every reduction by a
factor of 10 in the current. This can be
verified from the formula given.

The three resistors in the circuit are
selected so that Tr, and Tr, each carry
ImA, while Tr, carries 0.1mA (all three
transistors being of the same type)
when the voltage applied is at some
value near 1.2 volts. Typically, the
values might be 540%, 57502 and 5.4k
respectively for R;, R;, and R;. There-
fore the whole assembly carries 2.1mA
at 1.2 volts.

If the applied voltage is increased
slightly, the current in Tr; will, of
course, increase. The stabilizing effect
of R,, however, makes the correspond-
ing increase at Tr, very much less, even
as a proportion. The voltage across R;
therefore remains almost constant and
a large part of the original voltage
increase is passed to the base of Try,
which is consequently turned on. The
overall effect is that the slope resistance
at the terminals is in the region of 302
while the intercept resistance is nearly
twenty times this value. The circuit
clearly gives a constant voltage action.

Suppose now that the temperature
rises slightly. The voltage at the base of
T, ' will fall, since the junction conducts

Ry
12V
reference
output
Try
1mA

Fig. 2. The Widlar diode circuit.

more easily, and the base of Tr, will fall
with it. The emitter junction of Tr,,
however, was carrying less current and
so has a greater temperature coeffi-
cient. The voltage across R, therefore
rises and increased current flows in Tr,
and Ry. If R; is large enough the
resulting fall of voltage at the base of
Try can be sufficient to cut the current
in that transistor by an amount greater
than the combined increase in Tr; and
Tr,, despite the warming of the emitter
junction. .

The magnitude of R; depends directly
on the value selected for the voltage
when the resistor values were deter-
mined. Selection of a large voltage
would therefore have given over-com-
pensation, while a small voltage would
have under-compensated. The value for
an exact balance depends on the precise
properties of the components used, but
is in the region of the figure of 1.2V
already quoted.

The fact that this arrangement uses
only standard transistors operating in
the normal way makes it much more
attractive than a zener for use in
integrated circuits. The lower voltage is
also more convenient if the incoming
power is from batteries or a standard 5V
supply. Many integrated circuits rely on
Widlar diodes for their voltage refer-
ences, but the three transistors are often
hidden in a complex circuit diagram
without any clear explanation of their
function.

The l.e.d. as a reference

Another, simpler, form of tempera-
ture-compensated voltage reference
can be obtained using the forward
conduction characteristic only. If two
junctions of different semiconductor
materials both obey the theoretical
formula reasonably well then it is
possible to select the devices and adjust
their current levels so that the values of
(V—V;) match to give equal variations
with temperature, while the actual
values of forward voltage are apprecia-
bly different. If the two voltages are
arranged to subtract in a circuit the
required effect can be obtained.

Silicon and germanium could
obviously be used in this way but the
resulting difference in voltage would be
rather small and might not be very
stable. A more attractive alternative,
which has only recently become possi-
ble, is silicon and gallium phosphide or
arsenide phosphide. Diodes made from
these new materials are now in large
scale production for use as l.e.ds and are
already no more expensive than zener
diodes. In spite of the fact that they are
designed primarily for making visible
light these devices have a surprisingly
low series resistance and obey the
Schottky formula well at currents in the
milliampere region.

A great many different types of
device are being made and the values of
(V—V;) can be expected to vary accord-
ingly, but some measurements of a few
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Fig. 3. A reference voltage using a
gallium phosphide Le.d.

commercial le.ds of various colours
were made by Mr S. G. Hale and all
showed values of temperature variation
within 10% of that of a typical silicon
transistor. There would appear to be
little difficulty in selecting devices to
match more accurately than this. The
value of V; for this material is about
2.4V, so the compensated reference
output will again be in the region of
1.2V.

The kind of circuit shown in Fig. 3 can
be used to obtain the necessary sub-
traction. The resistors R, and R, fix the
levels of current in the two junctions
and can be adjusted to give a fine
control of the compensation, since a
larger current gives a reduced variation.
If a really stable output is required the
lLe.d. should be shielded to avoid any
photo-cell action, but for most practical
applications this refinement is unlikely
to be needed and the device might even
do double duty as an indicator lamp.

If a constant current rather than a
voltage is required, then this can be
obtained from the collector of the
transistor in Fig. 3. Once the basic
principle is understood, there is no great
difficulty in arranging circuits for
multiplication of the voltage or any
other of a vast range of requirements.
This second system may well prove the
more useful to readers on account of its
simplicity, but it is unlikely to find
application in integrated circuits due to
the mixing of semiconductors.

’

Gravitational radiation
— a fruitless search

Another disappointment in the search for
gravitational radiation: the Glasgow Univer-
sity team working on the subject report a
negative result from further test runs. This
latest work was designed to test the
possibility that a series of short pulses of
gravitational radiation might produce a
cumulative response in a detector, big
enough to account for reported detections
elsewhere. This now seems likely.
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Wideband compander design

Simple square-law circuit gives 100dB dynamic range
by John Vanderkooy

University of Waterloo, Ontario

The wideband compander described can preserve the dynamic range of virtually any
input signal when recorded by a normal tape recorder. Operational amplifiers and matched
photocells allow accurate compansmn with no necessity for calibration or care in recordmg
levels. The unit can be used in compression mode for recording or playback in nmsy

environments, and for speech signals.

The dynamic range of tape recorders has
never been adequate for high quality
reproduction. If a high input level is used in
an attempt to decrease the effects of tape
noise, distortion results on loud passages and
‘transients are severely distorted. Reducing
the level to allow even moderate transients to
be captured with little distortion means that
small signals will be lost in noise. A good
quality half-track reel-to-reel machine can
expect a signal-to-noise ratio of about 60dB
and because normal audio signals vary more
than this, most recording is caught in the
compromise between noise and signal
- distortion.

Several commercial devices are available
to solve these noise problems. Dolby A
systems are compressor-expanders that
work in a number of frequency bands in the
audio spectrum. They are very virtuous but
are beyond the stage where home construc-

tion can be contemplated. The Burwen.

compressor-expander’ is a device that works
over the whole audio spectrum, using
cube-root compression and cubic expansion,
along with some equalization. Circuits for
this compander were not available to the
author, but the appeal of the basic system
was such that a design suitable for home
construction was sought and finally
achieved. A recent advertisement from DBX
indicates their companders may be similar to
the one described here. Recently, Self* has
detailed a circuit for compression only.
Stuart® has described several other active
systems but not the power law compander so
its basic merits will be given below.

If a compressor is designed to take an input
audio signal I of large dynamic range and
compress it to an output 6 in accordance with
the law

0=k "

where k| is a constant and n is a positive
integer (it could be fractional, but the
electronics is more complicated), then the
dynamic range of § can be such that a tape
recorder can faithfully record this signal. We
assume that the playback signal P is equal to
§ for a unity gain recorder. (There will be
some error and its effect will be discussed
later). Then if an expander is made which
gives a final output signal S given by

S=k,P",
then S§= kze —kz(k,l"" "
=r,R,"I

and hence except fof the constants, which
will vary if level controls are altered, the
signal S is a scaled version of the original
input I For domestic use it is argued that
n=2 is a good choice. An input signal of
100dB variation will be compressed to 50dB
at the tape, thereby achieving a good
performance with modest recorders. The
n=3 system used by Burwen' shows defi-
ciencies when used with domestic recorders
having considerable variations in response
with frequency. If the recorder has a
response error of XdB then the final
expanded signal will have an error of nX dB.
A wide spectrum signal such as normal audio
will relieve these difficulties, but if a 6dB
variation in response exists, the cubic system
is impractical.

Recent articles by Shorter*on the Wireless
World Dolby B noise reducer give much
useful information on compansion in general
and prompt a comparison between wideband
compansion and Dolby B. I have always
preferred the transmission of programme
material by simple 2:1 logarithmic compres-
sion, rather than Dolby B methods, because
the frequency response is then not altered by
receivers not equipped with standard
decoders. I fear the extra top will become so
enticing to people that the Dolby decoders
will hardly find use. In essence it boils down
to a preference for distortion in level as
opposed to distortion in frequency response.
An interesting view of Dolby methods from
the BBC recently appeared in a letter to the
editor®.

A real advantage of the Dolby B approach
is that only high frequencies are altered, and
gain changes can be made so quickly that no
noticeable noise modulation and breathing
exist. Present-day wideband companders can
partially solve these problems as well. Firstly,
the attack time can be very short, so that
extra pre-emphasis can be used with a
consequent reduction in noise. This however,
creates more incompatibility with existing
components and pre-emphasis is not used in
the present design. Secondly, by using special
filters to eliminate self-modulation distor-

-tion, but still retaining a rapid decay-time,

the effects of noise modulation and breathing
are subjectively reduced. This concept is
used in this design. A definite advantage of
wideband compansion is the much greater
degree of noise reduction for low-level

signals, as will be evident later. Professional
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assessments of companders and Dolby
'systems are given in recent reviews®. For the
moment it is to be appreciated that wideband
compansion prevents overloading the
recorder, reduces the effects of noise at low
signal levels, and virtually makes recording
level controls unnecessary. In addition an
accurate power law device will reproduce
faithfully irrespective of the settings of the
level controls. No reference levels are
necessary as in Dolby systems or other
non-linear companders.

Requirements

The heart of a compander is a gain-controiled
amplifier which can divide or multiply the
gain by means of a control voltage. It must be
capable of 50 or 60dB gain variation with an
accurate characteristic. A good audio band-
width must be maintained over the whole
variation, and the distortion should not
exceed 1%. The gain variation must be rapidly
programmable as well. A servo system
driving a potentiometer would be accurate
but too slow. A good figure to shoot for in
response time is several milliseconds. This
allows even transients to be respectably dealt
with.

A well-built transconductance multiplier
will satisfy the above characteristics, but it
has too much wideband noise. This is due to
the necessity of small signal levels at the
bases of the multiplying transistors to
prevent distortion.

As well as an accurate multlpher -divider,
the circuits which caliper the audio level and
produce a smooth rectified signal propor-
tional to the amplitude must be accurate and
have an attack time less than a few
milliseconds. The release time should be
rapid to prevent pumping but not rapid
enough to cause distortion by “self modula-
tion” of a low-frequency signal.

Experiments

Early experimental attempts at making the
multiplier-divider centred on f.e.ts and their
source-drain characteristics near the origin.
Distortion is high if the fe.t. is used in a
straightforward way. It can. be greatly
reduced if the gate is driven not only as a
control voltage but as an alternating voltage
which is midway between that of the source
and the drain as in Fig. 1(a). This gives the
device a drain characteristic of odd sym-
metry. Thus all even harmonics are entirely
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(a) 5 control
voltage
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R,
Vin Try
Vout
(b) A
470k 470k

470k

470k

Fig. 1 (a) The distortion of the f.e.t. as a
voltage-controlled attenuator can be
reduced by driving the gate with an
alternating voltage midway between
the source and drain voltages. (b} by
using a second matched f.e.t. the
variation of the gain can be made
proportional to V,./V .

‘removed by this “push-pull” technique, and
only odd harmonics, mainly third, occur at
higher signal levels. The problem still
remains that a large gain variation of greater
than 30dB is difficult to achieve, and the gain
is not a simple function of the control
voltage. The last-mentioned problem can be
alleviated by using one of a matched pair of
f.e.ts (a dual) to generate a specific resistance
using an operational amplifier.

In Fig. 1(b), Tr, has a resistance which is
determined by setting the input current of
the op-amp equal to zero with due respect for
the virtual earth, ie. V /R, =Va/R.
Transistor Tr, will have the same resistance
and the upper circuit, which handles both
polarities for audio, will obey a law
quul/R = Vin/Rl.e.l. = VMVin/VrefR' Thus Vou
= V,Vu/V. Division and multiplication
have both been accomplished! This circuit
technique must be remembered “for the
multiplier to be described later. It is not
suitable in the present form since not
enough-gain variation is available.

Another method attempted was to make a .

transconductance multiplier using f.e.ts as
the input active elements. They would not be
as linear as transistors on.a relative basis but
since the voltage scale on which they turn on
is about a volt as opposed to the 25mV for a
transistor, much less attenuation of the input
signal is necessary and this together with
lower f.e.t. noise would reduce the noise to
small values. Disadvantages of the design are
the difficulty of obtaining division and the
requirement of four well-matched f.e.ts.
Photoconductive cells were also consi-
dered as possible gain control elements for

the multiplier-divider. Initial experiments
indicated that when a light-emitting diode
was suddenly turned on the coupled photo-
cell would respond with approximately two
time constants, one a fast but rather small
relative behaviour, the other a slower rise of
about 10ms to a final conductance level. This
is not suitable for a fast-acting gain control
circuit. Also the final conductance value was
not properly proportional to the l.e.d.

current. Fig. 2 shows the characteristic of

resistance versus current for a CL904N
photocell coupled to an le.d. A straight line
of slope —1 would represent ideal behaviour.
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Fig. 2 Curve of photocell resistance
versus l.e.d. current for a Clairex
CL904N photocell when illuminated by
ared Le.d. The unbroken line is drawn
through the experimental points. The
dashed line represents ideal behaviour.

It was decided to employ op-amps to
linearize the cells using the technique
mentioned earlier. Fig. 3 shows the basic idea
for a multiplier. A divider can be constructed
by interchanging the resistor and the
photocell as gain-determining elements for
‘the amplifier A . The L.e.d. shines equally onto
both photocells. Tracking of the photocells is
essential for an accurate power law compan-
sion, but an error does not significantly affect
the overall characteristic, see later. From five
photocelis at least two would track well over
factors of 100 change in the resistance.

Experiments with this multiplier-divider
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Fig. 3 Photocells and a controlling l.e.d.
are used here as a multiplier using a

concept similar to that shown in Fig. |
(b). For this circuit V=V V, /6.

showed that a 60dB range was possible and
the attack time for a large step increase in the
control voltage was about one millisecond.
The feedback has thus considerably reduced
the sluggishness of the cell. At low light
levels the cell seems to have a longer time
constant and a nonlinear network placed in
series with the l.e.d. maintains good control
stability over all voltage levels.

Fig. 4 shows the rectifier circuit that was
adopted to produce a direct control voltage
for the multiplier-divider. Amplifier A, has
circuitry which creates an absolute value
circuit with a gain of 2/3. Diode D,is used to
create a virtual earth at the inverting input
for positive input signals'so that the upper 5k
-and 10K resistors can form a simple attenua-
tor. This diode also prevents‘op-amp satura-
tion and hence allows accurate response up
to the highest audio frequencies, a feature
which many precision rectifier circuits do not
have.

Amplifier A,is a peak detector in which D,
prevents saturation of the op-amp when the
input voltage from the absolute value
rectifier is lower than the voltage on C,.
Another advantage of this diode is more
subtle. If a rectified sine wave of constant
amplitude is fed into the peak detector, the

Fig. 4 Schematic of the circuit used to
obtain an absolute value of the audio
signal and produce a control voltage
proportional to the peak of the
waveform.

A S5k 10k

> ‘
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Fig. 5 Complete schematic of the
compander. Op-amps are assumed to
have * 15V power supplies. For best
performance amplifier A, should have
separately decoupled supplies. The
10k$2 resistor in the compensation
should be referred to the negative

supply.

droop at C, is much less than in a circuit in
which R, is returned to ground rather than
the inverting input terminal. This is so
because the negative input terminal follows
faithfully the input signal on the non-invert-
ing input terminal. However, if the audio
signal dissappears, then R, is effectively
returned to ground and the decay time
constant is short. For audio frequencies
>1/2aR C,thedroopisonly 1 -(2/m)=0.36as
large in this circuit as when R is returned to
ground. Components R,and C,provide extra
filtering and D allows the control voltage to
rise quickly in the presence of audio
transients. The input follower A | is necessary
because the input impedance of the absolute
value circuit changes with signal polarity.

Circuit description

The complete compander circuit diagram is
shown in Fig. 5. Switching allows the circuit
to be used as a compressor during recording,
and as an expander during playback. In the
compression mode, the control voltage acts
to decrease the audio gain as a divider. Hence
the output 8 will be related to the input by the
relations 6c< I/V . But V is derived from the
amplitude of the output signal, hence
Vo< 8. Thus 8<1/8 or 8¢ \/I, a square-root
compressor. When in the expansion mode,
the audio gain is precisely proportional to the
control voltage. Hence the final output signal
S is related to the playback signal by the
relation S<PV_but V_is derived now from
the audio signal P, hence V .°P. Thus SP?
and a square-law expander results.

If the photocells do not track well, the
division or multiplication factor must still be
the same function of control voltage, say
f(V), because of the way the photocell is
switched in the compress and expand modes,,
Hence 8=1/f(V ), and if we assume again that
P=6 (for a good recorder) then

S=Pf(V)=0f(V)=1.

Thus a perfectly complementary system still
results. Careful analysis shows that this is
true only if the recorder has unity gain,
because otherwise the playback signal would
produce a different control voltage than that
used during recording. Only a power-law
behaviour of the function f(V)) will preserve
the relative level differences. In the present
circuit f(x)=x, a simple function indeed.

The major circuit blocks in Fig. 5 can easily
be recognised from the earlier discussion, but
several features warrant special considera-
tion. The operational amplifier A, used in the
multiplier is used in a circuit in which the
gain is varied by up to 60dB. At unity
inverting gain, a compensation capacitor of
about 15pF between pins 1 and 8 (half of that
for a voltage follower) is necessary for
stability. But this is detrimental to the
frequency response when the gain is high (a
small amount of feedback), as for example
during small signal levels in compression. Pin
8 comes from the output circuit of the
op-amp. Pin 1 is a high impedance point
which has a signal referred to the negative
supply line. The difficulty occurs when the
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high level signal from pin 8 is injected into
pin 1 through the normal compensation
capacitor. The gain is drastically reduced at
high audio frequencies. But there is no
problem with op-amp stability at these
frequencies; instability only occurs near
IMHz. The 10k resistor between the two
50pF capacitors shunts the gain reducing
signal to the negative supply line thus
restoring the gain at audio frequencies while
not materially affecting stability considera-
tions at megahertz frequencies. .

An important point is the selection of
photoconductive cells. Impedances of 1kQ
are ideal for op-amp gain determining
resistors. Lower values might tend to cause
currént limiting at high signal levels. 1t is
therefore recommended that the photocells
have resistances of not much less than 1k
when illuminated by an led. carrying a
current of 10mA. The lLe.d. can be glued to
the two matched photocells (or dual photo-
cell) with clear epoxy.

In a stereo system one has a choice of
building a compander for each channel (the
best solution) or of combining functions
together. In a combined system it will be
necessary to control three photocells with
one Led. If matched l.e.ds are available then
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two double units can be used. But they are
not easily matched. Some require a threshold
current before they start to emit light. In any
event the right and left channels should be
summed before peak detection. The voltage,
follower in the rectifier circuit can easily be
rewired to act as an inverting summer. Of
course two separate op-amps will be neces-
sary with compensation as described earlier.

Due to the switching in the rectifier and
peak detecting circuits, it is recommended
that separate decoupling be used for the
supply lines to the signal op-amp. All input
and output connectors should have their
signal ground connected to the non-inverting
input of A, You may wonder why a
low-noise audio op-amp such as the Fairchild
739 was not used in the signal circuits. This is
because these do not have adequate reserve
gain for the multiplier — divider action
necessary here. They also draw more input
current, causing greater offsets when the
gain is high. It is wise to include the input
offset current adjustments for the signal
op-amps as shown in Fig. 5. The offset is
adjusted to provide zero direct output
voltage with a very low signal input in the
compress mode. If this is not done a low
frequency thump will occur when the gain
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changes quickly. Fig. 6 Curve indicates output level

Another point is that for no signal level in

the compress mode, the gain is very large and
is limited mainly by the rectified output
noise. This is not usually a problem since
most sources for recording in the home such
as discs and microphone arrangements have
enough background noise. An easy way to
eliminate such problems is the inclusion of a
resistor shown dotted in Fig. 5 which limits
the maximum gain, by preventing the l.ed.
current from becoming zero.
" Asshown, the compander responds to very
low frequency signals and has low phase
shift. Sometimes a turntable can have a large
low frequency. rumble which can modulate
the compressor gain. In such cases a filter
should be used to remove such low fre-
quencies. A simple solution is to decrease the
value of the 0.5pF record input coupling
capacitor to give an appropriate cut off
frequency. If a recorder with restricted
bandwidth is used, it is wise to restrict the.
input to the compander to the same extent.
This ensures that the rectifier circuits will see
similar signals on compression and expan-
sion.

The power supplies should be well regu-
lated for optimum performance, but unregu-
lated supplies with good ripple filtering are
acceptable. The transformer should supply
11V a.c. on open circuit and allow 70mA of
current drain.

All diodes can be silicon signal diodes, such
as 1N914, 1N4148, 1S44; only Ds in Fig.4
should be a germanium signal diode as this
will help reduce overshoots in compression.

Input impedances are simply given by the
values of the record and playback preset
potentiometers. The outputs are low impe-
dance, and perhaps 560X resistors should be
added in series with these outputs to prevent
damage if high signal levels are inadvertently
applied to these outputs.

Performance

The most important characteristics are the
compression and the accuracy of the whole
process. Fig. 6 shows the graph of output
level versus input level in the compression
mode of operation. The deviation of the
curve at very low input levels is due mainly to
photocell tracking error, and partially from
the amplified noise of the 748 op-amp. The
input voltage is not measured at these low
levels; it is inferred from the settings of an
accurate low impedance attenuator. Devia-
tion from a square root behaviour is never
more than 1dB for well over 80dB of dynamic
range. All levels are in dBm (0dBm = 0.775V
r.ms.).

versus input level wigen the compander
is in the compression mode. Note that a
60dB input variation is compressed to
30dB of output variation to be recorded
on the tape.
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Fig. 7 Output level versus input level in
decibels for the expansion mode. A
30dB input variation from the recorder
on playback would be expanded to an
output of 60dB to be fed to a power
amplifier.

Fig. 7 shows the output level versus input
level in the expansion mode. The curve again
shows almost no discernable deviation from
a square law. Output levels are difficult to
measure with standard a.c. voltmeters below
about —90dB. The complete characteristic
from recording input to final signal output is
linear to much better than 1dB because of the
exact complementarity discussed earlier.

Even the dynamic characteristics are
precisely complementary, because the audio
signal used to produce the control voltage is
derived from the output in compression
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Fig. 8 Oscillograph of the compressor
output when the l1kHz input signal is
suddenly increased by about 30dB by a
mercury wetted relay. (20ms/div
horizontally, 2V/div vertically.)

mode, and from the playback input signal in
expansion mode. These two signals should be
the same for a good tape recorder. An
overshoot in the compression mode, which
is very difficult to suppress completely
because of the time constants .of the
photocells and the peak rectifier, will not be
problematic because it will be exactly
undone in the expansion mode. Only the
leading edge of a transient sound will
perhaps not be faithfully recorded, but the
ear will forgive severe distortion for periods
of several milliseconds. Fig. 8 shows the
output signal to the recorder in compression

‘mode when the input signal is suddenly

increased by about 20dB. The signal fre-
quency is 1kHz. Notice that there is a slight
overshoot in the compression that lasts
about 10ms.” The transient edge dies away
with a time constant of about a millisecond.
There is some dependence in Fig. 8 on the
phase of the input signal at the moment of
switching in the higher level. One would
expect this in fast-acting circuits. A real
audio transient is likely to be less severe than
the instantaneous switching used here as a
test signal.

The release time constant is less than a
tenth of a second, giving a fast enough action

‘that even on a rapid reduction in signal level,

no noise is noticeable on replay. The rapid
release time is also advantageous if the
compressor is used on the output of an
automobile radio. The normally large varia-
tions in signal level will be reduced so that
low levels are not masked by the ambient
noise. (1 have often wanted something akin to
an engine-speed dependent volume adjust-
ment on my automobile radio.)

For high fidelity purposes the compander
must have low distortion. Fig. 9 shows the

- measured second and third harmonic distor-

tion versus frequency in compression mode
for an input level of +10dB. The rise at low
frequencies is due to the ripple from the peak
rectifier. The wideband distortion is due to
the photocell characteristic and is mainly
third harmonic.

Fig. 10 shows the second and third
harmonic distortion versus the output signal
level (the voltage across the photocell) at a
frequency of lkHz. Except at high output
level, the distortion quickly falls near the
noise limit of the wave analyser. There is
approximately 0.05% of residual third har-
monic distortion in the oscillator which may
slightly raise or lower the measured third
harmonic, depending on phase relationships.
Distortion level is low enough because it does. .
not represent a crossover distortion, only a
gently curving transfer characteristic. How-
ever, it would be unwise to be too defensive
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about distortion levels in photocell circuits.
Some cells have much larger distortion than
others. A number of different types were
tried. 1 admit 1 could not hear the difference,
but measured distortions of up to 2% at high
level were occurring for some cells. The
circuit whose measured low distortion is
shown in Fig. 9 and 10 uses quite inexpensive

cells, type VT-833, manufactured by Vactec,

Incorporated.*

Any reasonably fast CdSe photocell could
be- used with resistance characteristics as
described earlier. A quick check on distortion
can be made by applying 10V r.m.s. at 1kHz
to a divider made up of 10k resistor and the
cell, illuminated to a resistance of about
10kQ. If no appreciable curvature exists on an
X-Y oscilloscope display or cell voltage
versus oscillator voltage, the cell has suitable
characteristics.

In Fig. 11 the clipping characteristics of the
compander are shown in compression and
expansion modes. The break point is due to
current limiting of the amplifier A, in Fig. 5
which drives the l.e.d.

The final test of performance of an audio
circuit must be the human ear. In micro-
phone arrangements using the compander
there is dead quiet at no signal level. This is
far from true without the compander. Replay
sounds natural and the ‘settings of the level
controls on either recording or playback are

*U.K. agents Teknis Ltd, Teknis House,
Meadrow, Godalming, Surrey GU7 3HQ. The
gells cost around £1.

OUTPUT VOLTAGE (Vrms)

Fig. 10 Distortion of the compressor
versus output voltage level at a signal
frequency of 1kHz. There is a residual
distortion of about 0.05% third
harmonic in the oscillator which may
alter the third harmonic results
somewhat at low levels.

unimportant as long as overload is prevent-
ed. Using good discs as a source there is no
noticeable difference in the dynamics even
on piano music when the compander is used.
This is impressive performance for such a
simple circuit.

How can the audio enthusiast use the
compander? If his tape recorder has a

signal-to-noise ratio not much worse than
the sources at his disposal, then it is hardly
worthwhile using it to preserve dynamic
range. However, modern stereo cassette
recorders have signal-to-noise ratios of
around 50dB, whereas a live f.m. broadcast
can have 70dB. Then 20dB of increased

dynamic range will result. In a live micro-

phone setup with a low noise preamplifier the
increase in dynamic range is greater than
40dB, and here the compander allows almost
complete disregard of the level controls.

If master tapes and discs were made with a
square root compressor and radio stations
would broadcast these directly, then an
expander in the receiver could bring back the
full dynamic range of the original s1gnal
Another use for the compander occurs
whenever there is a high background noise
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Fig. 9 Distortion of the compressor
versus frequency for an input level of
+ 10dB. Curves are substantially
constant beyond 800Hz with a small
increase beginning beyond 10kHz.

clipping level
._________- Qe — —— O
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Fig. 11 Characterisucs of the
compander for high level signals.
Clipping level in the compression or the
expansion mode is determined by the
supply voltage of the operational
amplifiers. Deviation from square-root
compression and square-law expansion
results from the current limiting of the
amplifier A, driving the l.e.d. These
levels were obtained by setting the
record and playback present
potentiometers to 10k{. Altering these
values will alter the point at which the

.behaviour saturates.

level, such as in an automobile, workshop, or
a home with children. The unit can be use to
process a signal using compress mode, so’
that the dynamic range of the signal stays,
sensibly above the noise level. It is wise to,
include the dotted resistor of Fig. 5 in such
setups to reduce the noise output when the
signal level is very low.
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Printed circuit boards

Wireless World has arranged a supply of
glass fibre p.c.bs. The board is a stereo
version but using a common control circuit.
(Two boards are needed for a two-channel
version with separate control circuits.)
Provision has been made for board-mounted
leds and photocells, and connections are
brought to one edge. One-off price is £3.50
inclusive from M. R. Sagin, 11 Villiers Road,
London NW2.
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News of |
the Month

Video-plus-data
recording

The Japanese are using a teletext type
of method to record simultaneously on
video tape pictures and measurement
data from industrial or other processes.
The idea is that in investigating certain
processes it is useful to be able to
correlate pictures of events with mea-
surements of the variables (e.g. temper-
ature, pressure) that are significant in
these events. At the 7th IMEKO con-
gress held in London in May, H. Soga
and co-authors described a system for
multiplexing television pictures and
data that has been applied to blast
furnace operation and human body
movement patterns. It uses an ordinary.
closed-circuit television camera and
magnetic-tape video data coder.

The c.c.t.v. camera signals are sent by
coaxial cable to the video data coder,
and at the same time measurement
signals from transducers on the process
are fed in via an analogue-to-digital
converter. The a-d converter produces
the measurements as 10-bit digital sig-
nals, and after storage in a register the
successive pulses of these data signals
are fed out sequentially from the regis-
ter and combined with the camera’s
video signal. Each data pulse is
accommodated in an extended blanking
period, following the line sync pulse and
colour burst and before the video signal
proper. Addressing is done by means of
an additional identifying pulse, called a
“group bit pulse”, inserted at intervals
also into the blanking period. Finally
the composite video-and-data signal is
recorded by the video recorder. On
playback the data pulses are picked out
of the composite signal by gating,
converted back to analogue signals by a
d-a converter and passed to pen
recorders or other display instruments.

This process monitoring technique is
said to be particularly useful when an
experiment cannot be artificially
repeated, or is expensive, time consum-
ing or dangerous, or when a fully
explanatory record is required for
educational purposes.

—_— ]
Brake regulator

eliminates locking

A new brake regulator system which
allows car drivers to brake hard at high
speed without risk of the wheels tocking
has been developed in Sweden. Many
accidents are caused by cars going out
of control because the wheels have
become locked as a result of abrupt
brake application at high speed, espe-
cially on icy or wet roads. The new
system has a toothed rim mounted
inside each wheel hub. The rim’s rate of
rotation is continuously monitored by a
photocell which feeds data on every
change in speed to an electronic control
unit. When the brakes are applied and a
wheel is about to lock, the electronic
unit actuates a valve mechanism which
causes the brakes to be released for a
short time and then to be applied again.
This process can be repeated up to 15
times per second and the brakes retain
full effectiveness without locking the
wheels. The inventors, two Linkoping
technicians, believe that, if the new
system can be manufactured on a
sufficiently large scale, it could be
supplied at “reasonable cost” either as a
spare part or as a component for
installation during manufacture.

Microwaves for Ireland

The Republic of Ireland is to be provided
with a new microwave communication
system that will replace the country’s
existing television distribution network
and provide additional TV coverage to
new areas. The system will utilise 22
repeater stations over approximately a
750-mile route and will provide two
main television channels which will
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each have an 1800-channel capacity.
Originating from Dublin, the system
will provide high-quality television
broadcasting to Ireland’s most populat-
ed areas which include Cork and the
south coast, Galway and the west coast,
Donegal, Athlone and Dundalk.

The 3.5m dollar contract to provide
and install microwave equipment was
awarded to GTE Telecomunicazioni
S.p.A., Milan, GTE International’s
Italian subsidiary, by Ireland’s Depart-
ment of Post and Telegraphs. The
system is expected to become opera-
tional in early 1977.

Tributes to
Arthur C. Clarke

Arthur C. Clarke may not have received
the first L. M. Ericsson prize for his
significant contribution to telecom-

“munications (see “Who thought up the

synchronous satellite?, April issue, p.68)
but he did get an appropriate material
tribute for his work from the Indian
Space Research Organisation. A party
of their engineers arrived at his home in
Colombo, Sri Lanka, one day and fitted
up a complete installation for receiving
the Indian television programmes now
being broadcast from the ATS-6 satel-
Jlite (March issue, p.68). The 15ft anten-
na, mounted on a balcony, is shown in
the picture. The 22-inch monochrome
set was made in India.

Also, Dr Harold Rosen of Hughes
Aircraft, on receiving the Ericsson prize

Arthur C. Clarke and the 15ft paraboloid of
the ATS-6 television satellite receiving
station presented to him by the Indian Space
Research Organization. The feed unit con-
tains an 80MHz three-stage low-noise
pre-amplifier (see news item).
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in Stockholm in May, made a graceful
reference to Arthur Clarke in an address
on the history of geo-stationary com-
munications satellites. Earlier this year
Mr Clarke was awarded an Honorary
Fellowship of the American Institution
of Aeronautics and Astronauticsin New

" York. In fact he made history by being
promoted from Member to Fellow and
then to Honorary Fellow all in the same
year.

Radio relay above
13GHz

A radio relay system has been deve-
loped to operate in the frequency range
above 13GHz and to transmit informa-
tion by means of digital phase modula-
tion. Modern radio relay systems using
frequencies up to 13GHz fulfil their
functions in analogue long-range com-
munication networks, Nevertheless,
factors such as the increasing
digitization of communications traffic,
future transmission capacity require-
ments and economic considerations
have made the new relay system
necessary.

The PSK 120-240/15000, developed by
Siemens, operates with differential
four-phase shift keying of the carrier,
information being contained in the
phase shifts at 0°, 90°, 180° and 270°.
This type of modulation permits a good
compromise between immunity to
interference, bandwidth requirements
and technical complexity. On the basis
of rainfall figures for Germany, radio
path lengths of 22 to 28km were found
advisable, so that the system is suitable
for dense radio relay networks whose
nodes have several links radiating from
them and which have relatively short
transmission paths of between 25 and
50km. Such network structures and
corresponding transmission capacities
can be found for instance at the
short-haul level of the Federal German
communication networks. This is where
the PSK radio relay system (see photo)
will probably be used first when it
becomes necessary to transmit large
numbers of digital signals such as p.c.m.
speech bands or coded videotelephone
signals.

Open University's
telecommunication
course
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Clean room at Mullard Hazel Grove, a Philips Industries semiconductor components

factory. Instead of having large open areas serviced with cleaned and filtered air, the
working stations are fitted into modules that can be put together to form an open-endea

tunnel.

improved communication systems have
a special interest for the University. A
part of the course which is therefore of
particular interest is a case study of the
use of tutorials by telephone and an
examination of current developments in
the transmission of graphical informa-
tion over telephone lines with visual
displays at remote terminals.

The course which is part of the
University’s  ‘Post-experience’ pro-
gramme for 1977, deals mainly with the
way in which various elements of
telecommunication systems are select-
ed and combined, the functions they
serve, the way they interact and the
effects which inherent imperfections
have on the overall system perfor-
mance. Application and further infor-
mation on the course can be obtained
from the Post-experience Student Of-
fice, the Open University, PO Box 76,
Milton Keynes, MK7 6AA.

TV deliveries down

An understanding of technical
advances and their practical application
for the present and future, form the
basis of a one-year course ‘Telecom-
munication Systems’ being offered by
the Open University. With over 55,000
students spread throughout the UK,

Deliveries to UK distributors of UK
made and imported colour television
receivers reached 109,000 in March, a
fall of 22 per cent on March 1975
(139,000), according to the latest statis-
tics compiled by the British Radio
Equipment Manufacturers’ Association.
This brought the total for the year to
309,000, a fall of 35 per cent compared
with the same period in 1975 (475,000).
Total monochrome TV deliveries for
March were 96,000, an increase of 55 per
cent compared with March 1975
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(62,000), bringing the year’s total to
244,000 compared with 212,000 last year.
These figures include deliveries to
rental and relay companies.

IBA's 300th transmitter
opened

The opening of a local television relay
station at Beacroft Hill near Leeds,
which came into full service on April 30,
1976, brings the number of IBA tele-
vision and radio transmitting stations to
300. Of these, 200 have been opened in
the four years since April 28, 1972, when
a television relay at Brighton, Sussex,

~ brought the IBA’s total to 100. There aré

now 213 u.hf. 625-line television trans-
mitting stations, including 46 high-
power ‘main’ stations, serving just over
96 per cent of the population of
England, Scotland, Wales and Northern
Ireland; 39 v.h.f. and medium-wave
sound transmitting stations for the 19
independent local radio companies; and
47 v.h 1. television transmitting stations
which continue to provide television
services for viewers with older 405-line
receivers or who are not yet in range of
the u.h.f. services.

The introduction by the IBA of
unattended transmitters at all power
ratings has meant that the 300 existing
transmitting installations are operated
and maintained by approximately the
same number of field engineering staff
as were needed before 1969 for the
original ITV v.h.f. television network of
under 50 transmitting stations.
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World of
Amateur
Radio

More u.h.f. repeaters
During April the Home Office licensed
20 u.h.f. “talk through” repeaters in
England, Scotland and Wales and
within a week or two the installations at
Corby, Manchester, North Wales and
some near London were operating. The
introduction of these repeaters between
433 and 435 MHz has, however, caused
some consternation in amateur tele-
vision circles and it is to be hoped that
arrangements will be worked out to
enable both services to operate without
mutual interference. Many other ama-
teurs are perturbed at the deliberate
interference to and abuse of the 144
MHz repeaters (particularly the GB3LO
repeater in London) and the whole
subject of repeaters is still creating a
highly charged atmosphere. _

Some 40 u.h.f. repeaters are planned,
conforming to a 33km square grid
covering the UK. There are now some
2,000 amateur repeaters in the United
States and the FCC has recently auth-
orised repeaters in the 28 MHz band,
between 29.5 and 29.7 MHz with a
suggested 100 kHz separation of input
and output frequencies.

Experimental retransmission of
625-line amateur television vision and
sound signals through a u.h.f. repeater
has been reported from Adelaide, South
Australia, with 441 MHz input and 579
MHz output. Pictures from the 1.5W
repeater transmitter can be received on
standard u.h.f. domestic TV sets.

Interference suppression
Both amateurs and broadcast listeners
have learned how difficult it can be to
cope with two intractable sources of
electrical interference: car ignition
systems and domestic TV.

A team at Stanford Research Institute
have come up with a suggestion that
could do much to reduce ignition
problems: a modified form of sparking
plug that by increasing capacitance
between the centre electrode and the
resistive lead to about 10 pF provides, in
effect, a built-in low-bass filter. In JEEE
Transactions on Vehicular Technology
(February 1976) the team — R. A.
Shepherd, J. C. Gaddie and D. L. Nielson

— report that such plugs, if a manu-
facturer would produce them, could
result.in 13 to 20 dB additional suppres-
sion, compared with conventional tech-
niques, over the range 30 to 500 MHz.
Earlier research by the same team drew
attention to the wide variation in
ignition noise radiated by different
vehicles and even between different
firings of the plugs. Some “super-noisy”
vehicles were found to radiate 40 dB
more interference than others.
Interference radiated by television
sets (sometimes called reverse-tvi or
“ivt”) seems to have risen with the
increasing use of switched-mode power
supplies and greater deflection power in
colour receivers, often ruining broad-
cast reception below about 800 kHz and
producing whiskery signals at line-fre-
quency separation throughout the h.f.
spectrum. While various ‘“braid-
breaker” high-pass filters in the aerial

leads of the TV sets can ‘sometimes’

reduce radiation from individual sets,
urban areas appear to be increasingly
heavily polluted during popular TV
viewing hours.

ARRL and Citizens’ Band

Although one still finds among Ameri-
can amateurs a deep dislike of many
aspects of the CB scene, a notable
attempt to heal the breach has been
made by Richard Baldwin, WI1RU,
general manager of ARRL and secretary
of IARU. He admits, in a QST editorial,
the widespread interference caused by
CB to television but also pays tribute to
“some fine public work” by CB opera-
tors. He believes that the big expansion
has now brought into existence “a new
breed of CBers interested in CB because
it is a way of talking to someone — not
because it is radio — to relieve the
boredom of long trips and to keep
posted on traffic conditions”. No longer,
he suggests, is the bulk of CB operation
from frustrated would-be radio ama-
teurs who wanted to be on the air
because of a hobby interest in radio but
who did not want to learn the Morse
code or pass examinations. He feels,
however, that there are still some CB
enthusiasts who become interested in
radio communication as radio and who
should be encouraged.

This distinction between amateur
radio and CB communication is
something not always appreciated in
the UK. The Council of the RSGB has
stated that the Society will give no
support to a 27 MHz communications
band, partly because the press does not
differentiate between licensed radio
amateurs and the 27 MHz users.

In the United States CB has reached
the stage where the radio stores carry
large stocks of mobile and hand-held 27
MHz transceivers and the bookshops
carry more CB publications (including
dictionaries of CB slang) than books on
amateur radio. It has become very big
business but clearly both CB and
amateurs would gain from keeping the
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two types of activities entirely distinct.
FCC are to attempt to move very low
power CB hand-held operation to
frequencies around 50 MHz.

In brief

One little known fact about that
supreme recluse — the late Howard
Hughes: at one time he held the
amateur callsign W5CY ... The revival
of an RSGB Radio Communications
Exhibition this year in the London area
has already been promised considerabie
trade support: it is to be held at
Alexandra Palace from 10 a.m. to 8 p.m.
on July 30 and 31, and 10 a.m. to 4 p.m.
on August 1. .. For the first time in its
63-year history, the membership of
RSGB has exceeded 20,000 . . . The 1976
convention of the British Amateur
Television Club will be held on Satur-
day, September 18, at Parkinson Court,
Leeds University ARRL are
appealing for 100,000 new US amateurs
by 1979, now that those who graduate
from training courses held by affiliated
clubs and societies will be able to obtain
licences without the usual issuing
delays . . . Combined operational life of
the Oscar 6 and Oscar 7 satellites now
exceeds five years with Oscar 6
clocking up 3% years in service in April
and Oscar 7 12 years in May ... Total of
UK amateur licences had reached 22,789
(class A 15,819; class B 5,843; class F
(mobile only), 21; and television, 306) by
the beginning of March . .. Novice and
Technician licences first came into force
in the United States 25 years ago on July
1, 1951. A current proposal for novice
licences in Canada would provide c.w.
only between 3700 to 3725, 7100 to 7150,
21,100 to 21,200, 28,100 to 28,200 kHz
with 150-watts input. Licences would be
issued for two years only and require 5
w.p.m. morse, knowledge of regula-
tions, adjustment, operation and care of
radio apparatus; tests would be admin-
istered by Advanced Class amateurs not
related to the applicant. . . A German
international “hamfest” is being held
this year in a new location at Friedrich-
shafen on Lake Constance between
June 25 and 27 (details DARC, PO Box
1155, D-3507, Baunatal, Federal Repub-
lic of Germany) . . . The “National
Wireless Museum” has opened, under
the auspices of the Wireless Preserva-
tion Society at Arreton Manor, near
Newport, Isle of Wight, with early radio
and television receivers, crystal sets,
early loudspeakers, etc (10 a.m. to 6 p.m.
on weekdays, Sunday afternoons) ... In
the USA a new electronic-communica-
tions museum at East Bloomfield, New
York, contains over 25,000 pieces of
equipment, including 7,000 valves (with
an original 1905 Fleming diode given by
The Marconi Company) and including a
number of replicas of early amateur
stations (including a 1923 station,
W2AN, which operates on 1.8 MHz);
early ship and coast stations are also
reproduced. It is run by the Antique
Wireless Association.

PAT HAWKER, G3VA
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Analogue to digital meter

Circuit using l.e.ds or 1%2-digit display

by G. Kalanit, B.Sc., M.|.E.E.
Rediffusion Engineering Ltd

In level measurements such as signal
strength in communication, an accur-
acy of about = 10% and a resolution of
about 5% may be sufficient. For such a
requirement an l.e.d. array may replace
a conventional meter. The level is
displayed as a moving bright dot,
calibrated with an appropriate scale.
The advantage of such a circuit is its
clarity and its instantaneous display of
varying levels. Mechanically it is robust.
Its main characteristics are a resolution
of half a digit, and a minimal consump-
tion of supply power. The current drain
is almost constant and used mostly
(about 80%) to illuminate the array
l.e.ds. For applications where a digital
display or level warning is also required,
an output from the meter is described.
Initially when the d.c. input level is
low, Fig 1(a), transistors Tr, Tr, and Tr;.
are cut off and transistors Try,;, Try, and!
Trg; are in a saturated state. Hence the
l.e.d. for 0 is illuminated. Because of the

voltage drop across Try base-emitter
junction, there is not enough voltage
drop across l.ed. 1, and therefore it is
not switched on. By the same reasoning
l.e.d. 2is also off. When the input direct
voltage is raised sufficiently to switch
transistor Tr, on, Fig. 1(b), transistor
Try, cuts off and le.d. 0 is switched off
This results in l.e.d. 1 being on. With a
further increase of input voltage, Fig.
1(c), transistor Tr, comes into satura-
tion and cuts off transistor Try, and l.e.d.
1. This results in l.e.d. 2 being switched’
on. Hence, in the final state transistors
Tr,, Tr, and Try are switched on, and
only led. 2 is illuminated. The circuit
may be described as a column of
transistor pairs.

The switching from one led. to
another is not a snap action, and
illumination from 0 to 1 to .2 is
continuous. This means that halfway
between 0 and 1, both l.e.d. 0 and l.e.d. ]
are lit together. Similarly halfway
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between 1 and 2, l.e.d. 1 and 2 are lit
together. Because of the constant-cur-
rent feed, the level of the illumination is
halved for each l.e.d; however, the total
level remains constant and the visual
effect is to give a resolution of half a
digit.

A complete meter circuit is given in
Fig. 2 for an eleven-l.e.d. array. A

-constant-current source of 20mA gives

a fairly bright display. Fig. 3 gives a
calibration curve of the circuit in Fig. 2.
The curve slope is the meter sensitivity
which may be defined as the increase in
input voltage required to change one
digit, i.e. iXR,+ Vs (Tr,), where i,
is the constant current through R ,and
Veesany (Tr,) s the saturation voltage
drop across transistor Tr,. In the circuit,
Fig. 2, for n values 1 to 10, sensitivity is

20mA X 1502 + 0.15V = 0.45V

The fact that the sensitivity of each

+12V
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Trog

input
Dto 1V

h 3-45V
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Fig. I Circuit for an Le.d. array display for use as an output level meter, e.g. signal strength meter, showing how the Le.ds
switch on in sequence as the input voltage is increased. Voltage conditions assume V,, of 0.6V and V_, of 0.1V.
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Fig. 3. Calibration curve for the display in Fig.
2 showing the input voltages required to light
Le.ds numbers 0 to 10. Points X represent a
single Le.d. when lit, points 0 represent two
adjacent lLe.ds when equally bright; e.g. at an
input of'5.6V both l.e.ds 5 and 6 are equally on
and the error is about 0.12V. Full scale is 3.5V
d.c. therefore error at full scale is 0.12 x

100/3.5 = 3.4%
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digit can be controlled with the value of
the corresponding resistor, means that
the meter may be easily employed in
non-linear requirements. It was adg}pteﬂ_
to a newly developed r.f. calibrated level
receiver. Response of the receiver
detector output was plotted against a
decibel varied input, shown in Fig. 4.
The slope of Fig. 2 circuit was then
adjusted with a new set of Ry to Ry,
resistors, values of which are given in
the table (see Fig. 4). Fig. 5 shows the
total response of the receiver input r.f.
level against the le.d. meter display.
Hence the meter reads decibels with a
resolution of %dB. The lLe.d. display
array is shown in Fig. 6. Adjacent to the
10dB scale are the voltage level scales.
Each display l.e.d. requires two n-p-n
transistors. The circuit of Fig. 2 requires
a total of 24 n-p-n transistors. Arrays of
n-p-n transistors are the obvious
solution for a reduction in number and
cost of active elements in the circuit.
RCA type CA3086 is a suitable example,
containing 5 n-p-n transistors. Because
one of the transistors in the array has to
be wired to the earth rail, only four out

2
DETECTOR OUTRUT (V) 8]

Fig. 4. Graph showing how the
selection of the resistors Ry to R,
allows the circuit in Fig. 2 to be used
for a non-linear application; in this
case an r.f. calibrated receiver.
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[ &
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RF INPUT (4B rel 100mV )

Fig. 5. Graph showing the response of
the receiver input r.f. level against the
lLe.d. display when using the
parameters described in Fig. 4.
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of the five transistors can be used.
Hence, six units of CA3086 must be
employed, making a worthwhile reduc-
tion in number and cost.

The meter can be arranged to have
digital outlets for systems which require
level limits warnings. The basic circuit
is givenin Fig. 7. The 4.7-ohm resistor in
series with the diode, together, sense
the l.e.d. current, and develop a voltage
which switches on the p-n-p transistor.

The 1k Q resistor in series with the p-n-p
transistor emitter limits the transistor
current to 0.1mA, and therefore does
not load the 20mA current source and
disturb the l.e.d. chain switching action
which depends on constant current, i.e.
only 0.5% (0.1mA/20mA) of the con-
stant current is drained away by the
p-n-p transistor. In the circuit, the p-n-p
collector current switches on a t.tl
drive transistor (Try).

www americanradiohistorvy com

Fig. 8 demonstrates the use of the
outlets to drive a display of 1'% digits. A
drive transistor is on when the corre-
sponding l.e.d. number n is on, hence
output D, = 0for l.e.ds being on. As the
digit display units may also require a
zero voltage to drive them on, it is
convenient to use negative logic for the
Boolean expressions of logic require-
ments, as folléws: The 0.5 digit B is on
only when two adjacent l.e.ds are on
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together, otherwise 0.0 is displayed.
Hence for zero input into Bs

B;=0=D, +D,.D, +. ..+ Dg.D,

also B, = B;. For the A digit, the
requirement is that, number A, is on
only when A, is switched off. Hence
A, = 0 = D, D,. For the 10 display,
Ay, is fed via a buffer to A, input i.e.
digits 1 and 0 are on, and the decimal
point is switched off.

Automatic brightness control

The light emitting diodes, in the meter
example of Fig. 2, are driven with a
constant current of 20mA to give a
bright display suitable for outdoor use.
Indoors, however, it would be desirable,
to reduce the l.e.ds’ current consump-
tion to improve their life span. Also, the
power of the battery source, in the case
of portable equipment, may be saved.

Wireless World, July 1976
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The earth rail of the meter circuit
(Fig. 2) is lifted and re-connected to
earth via a saturated transistor Trg
(Figs. 9-& 10) which acts as an on/off
switch. Transistor Trg is switched
on/off by astable multivibrator Trj, Try,

atarate of 66Hz to 630Hz. The on time is
fixed to 1.5ms duration (see waveforms
in Fig. 9). The off time is variable and is
inversely in proportion to ambient light.
‘Thus, we have a pulse-width-modulated
multivibrator controlled by ambient

_ _ +12V d.c.
L
1000 220 g ott
i 2 L]
o= 470n DARK on
3k9 (10%0n) | 1. 13-6ms -
y . |
Bkzg DARK Ry S e i
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220K N3906 2 Fig. 9 Light modulated
L AN violet astable designed to provide
m Teg : outest display brightness to suit
Tt B8C109C Bk2 ambient light conditions
) 0s " Tre and reduce power
220k \_y 87 consumption to a minimum
?E 100 e by altering mark-space ratio
of the meter supply.
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RA BRIGHT :
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a BC109C.
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it's top removed

R S

Fig. 10. Modification to Fig. 2 to include
supply switching for power saving.
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light with a variable mark to space ratio
from about 5% to 98%. In practice it was
found that a ratio range of 10% to 95%
was adequate.

Transistors Tr,, Tr, are connected d.c.
wise as a Schmitt trigger with input at
junction C,, R|. The off/on switching
voltages at C,, R, are approximately
+8V and +10.5V. The timing of the
sawtooth which occurs at C;, R, is
controlled by C, and the independent
mark and space charging and discharg-
ing circuits. The mark time is determin-
ed by the discharge resistor R, only, and
lasts 1.5ms. The space time is controlled
by the charging current through Tr; and
Tr,. The current amplitude depends on
the ambient light affecting the light
sensitive transistor Tr,. The brighter the
light, the larger the charging current
and the shorter is the space time. The
space ‘dark’ charging current is
determined by R, to be 13.5ms (Tr; is cut
offy.

During the mark time, when Tr, is on,
D, is on and Tr; is off. During the space
time, when Tr, is off, D, is off and Tr; is
on, giving complete independence of
mark and space time control. Potentio-
meter R, controls the direct voltages at
which the on/offs occur; this it controls
the ‘dark’ mark-to-space ratio. Poten-
tiometer Ry controls the d.c. gain of
transistor Tr,; thus it controls the
‘bright’ mark-to-space ratio.

The astable current consumption is
0.4mA indoors at 10% duty cycle and
2mA outdoors at 95% duty cycle. The
total meter circuit consumes only 2.6 to
3.3mA indoors at 10% duty cycle, and 23
to 27mA outdoors at 95% duty cycle.

The lowest frequency of the astable
was chosen to be 66Hz to avoid flicker
effect. The cycle length is 15ms, there-
fore the maximum mark time of 10%
duty cycle is 1.5ms. .

To see how well the l.e.ds follow the
input waveform, a photosensitive probe
(see inset in Fig. 10) was placed in front
of an illuminated le.d. in the meter
array. The waveform was then display-
ed on a double-beam ’scope together
with Trg collector waveform. The
waveform from the probe was delayed
by about 0.1ms with a rise and fall time
of about 0.1ms.

Acknowledgment. The astable circuit
was suggested by Messrs. H. L. Baker
and J. W. Sinclair of Rediffusion
Engineering Ltd., who used an op-amp
type LM3900. The above design follows
the basic circuitry of the LM3900 but
consumes less current. A similar circuit
employing an op-amp is also shown by
A. Cantori in Electronics Letters vol. 9
1973 no. 7, p.158.
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FM tuner designs

Further details of construction

and alignment
by D. C. Read, B.Sc.

As the result of experience gained in
building what might be termed produc-
tion models of the f.m. tuners described

recently in Wireless World (March and-

April), the following information on
construction and alignment is given,
together with suggestions for possible
modifications and: component
alternatives, and some corrections to
details already published.

As a board layout was arranged to
take specific capacitor types, further
details are:

C,,Cs, Ci5 — polystyrene 2 per cent types
were used originally but disc ceramic
capacitors are also suitable;

Cu0r Carar Caip, — polystyrene;

Cy, Cys, Cy¢ — polystyrene (these
low-pass filter components need to be
as accurate in value as possible);

C,, Cy3, C33 — 10 per cent polyester, e.g.
Mullard type 334.

On the p.c. board supplied for the tuner
there are two positions marked for each
of C;, and C;;. This provides for
additional components to be installed so
that the theoretical 75us de-emphasis
time-constant can be obtained very
accurately if necessary. Unless other-
wise specified, the remaining capacitors
are either disc ceramic or tantalum
types, the last-mentioned being marked
with polarity on the circuit diagrams.

Push-button assemblies

Push-button switch assemblies may be
used, but remember that as these are
generally equipped with high-value
adjustment resistors (100k{ per sec-
tion), the reservoir capacitors, C,, to C 4
in Fig. 1, would not then be suitable
because tantalum capacitors are sub-
ject to considerable variation of leakage
current with change in temperature.
They are unsuitable for use in a
high-resistance circuit within an a.f.c.
loop; given a modest change in temper-
ature, the resulting frequency bias
created by the consequent change in the
tantalum characteristics could so offset
the a.f.c. system as to prevent it giving
satisfactory overall control.

As a compromise, disc ceramic capa-
citors of, say, 220nF could be used in
these positions to provide a small but
useful reservoir effect. Note, however,
that without the decoupling action of
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the 22uF components, the tuning-vol-
tage feed to the LP1186 module is more
liable to pick up hum and noise inter-
ference and hence allow spurious
modulation of the received signal. Thus,
if a push-button unit remote from the
tuner is installed, it is good practice to
screen this feed and/or ensure that it is
kept well away from possible sources of
interference, e.g. mains wiring. When
loaded with the high-resistance selec-
tion circuit, the tuning voltage regula-
tor diode, D,, may be fed with much
more current than is needed to carry out
its control function. In this event, Ry,
could be increased, say to 10082. '

AFC circuit

In Fig. 5 (April issue) a 3.3uF capacitor
was specified for Cgin the a.f.c. line from
pin 7 of the CA3089E demodulator. This
is an unnecessarily large value because
the feed only carries an appreciable
audio component under off-tune condi-
tions. A smaller, and hence cheaper,
component, say a 470nF disc ceramic or
polyester capacitor, would suffice.

Too large an a.f.c. range can be a
disadvantage because of station-jump-
ing. If four diodes, arranged as two
series pairs connected back-to-back in
parallel, are placed across points 1 and 2
in the afZ. circuit, the positive and
negative voltage excursions are limited
each to about 1.2 volts so that the
maximum possible tuning frequency
change under a.f.c. action is always less
than the minimum channel separation.

The other modification concerns
extension of the a.f.c. sensitivity control
as a front panel facility. This can be
done by making Ry a variable compon-
ent, still connected between points 1
and 2, but with Ry taken to the slider.
Such an arrangement then enables
reduction in sensitivity to be carried out
manually whenever necessary but does
not prevent the voltage changes
appearing across Ry from being used to
operate the le.d. indicator circuit
detailed in Fig. 4 of the March issue.

Muting circuit .
In at least one of the advanced tuners so
far built and aligned, the CA3089E
muting output from pin 12 took the
form of amplitude-clipped noise instead
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3dB +300kHz stopband
Filter type bandwidth rejection loss
Vernitron FM4 235kHz 30dB 40dB
Toko CFSA 300kHz 20dB ) 30dB

of varying d.c. The interconnecting
circuit feeding the muting input on pin 5
then produced an average of this output
which was not sufficient to operate the
mute when required. As the i.c. gave a
satisfactory performance in all other
respects, it was worthwhile making a
suitable circuit change to correct for the
abnormality. The circuit published in
the April issue was therefore modified
to give an increased output by discon-
necting the existing circuit between
pins 12 and 5 and connecting a 1N914
and 50k potentiometer in series
between pins 12 and 5 (anode to pin 12).
Connect C, between pin 5 and the
zero-volt line,

Aerial coil

The aerial coil, L}, used to feed incoming
signal to the- tuned r.f. stage in the
“advanced version is constructed as
shown below. Note that the total
number of turns on this coil is 7, not 8%
as stated on page 50 of the April issue.

Cut Neosid 6mm former to about
14mm.

Wind on 7 turns 22 s.w.g. tinned
copper wire, equally spaced out to
11mm.

Remove former, tap at 1% turn
from start, open turns adjacent to tap
to avoid shorting.

Re-insert former and centralise.
Screw in core together with p.t.f.e.
tape. Coat with Denfix or nail var-
nish.

In some examples of the advanced

version, C; may not be required because
stray capacitance and the input capaci-
tance of Tr; added together are suffi-
cient.

direction
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Ceramic filters
Difficulty has recently been found in
obtaining the Vernitron filters specified
for F; and F, in both versions. Fortuna-
tely, ceramic filters from the Toko type
CFSA 10.7 range are readily available.
These replacement components offer a
performance which is not quite as good
as that of the Vernitron FM4, but it is
generally adequate for the tuners
described. The Toko units are also
cheaper — about half the cost.

If these alternative filters are used, a
small change in Fig. 1 circuit values
would be required because the amount

of overall phase response correction’

given by Cy and Ry in the- Try/Try
amplifier is no longer suitable. The
values should be changed to 3.3nF and
2.4k(2. Resistor Ry; can be adjusted on
test to obtain up to 38dB channel
separation from 1 to 5kHz.

Adjustment of L3

The quadrature-phase signal derived for
both demodulators, TAA661B in the
simple version and CA3089E in the
advanced version, could optionally be
produced by means of a double-tuned
coil at L;. When setting the two cores of
L; so as to take the best possible

advantage of the linearizing effect of

current in the dummy coil, it is essential
that the cores be kept as far apart as
possible in the former, thus minimising
changes in coupling between the coils
when adjustment 'is made. The lower
core is used to tune the mail L, coil; it
should initially be screwed in just
enough to give as symmetrical an
S-curve as possible. When this has been
set satisfactorily, the upper core is
added and screwed in enough to
straighten the bend in the transfer slope
as in the left hand trace of Fig. 2. More
precise adjustment would require the
use of a wave analyser or distortion
meter.

Corrections

In Fig. 1 of the March article, R, should
be 1k not 100k and Rg; should be 10k,
not 12k$2. The switch shown in broken
line at pin 14 of IC; is an optional
component which operates as a can-
cel-stereo shorting contact when
closed. Note also that the common-cir-
cuit line mainly joining Tr,, Try and IC,
should be labelled ‘0V’ — it is not a
continuation of the +4.5V line in the
tuning selector circuit. In Fig. 5 of the
April article R3; should be 472 not 470%2.
In the p.c. board/layout diagram, R,
(top, centre) should be shown as R,; and
the unmarked component immediately
to the left of Ry; (centre, toward r.h.s.)
should be marked D,.
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Receiving
weak TV
signals

by W. H. Jarvis,

Rannoch School, Perthshire

With the aid of a grant from the Royal-
Society, we have been studying for
years various approaches to the prob-
lem of weak TV reception in a remote,
mountainous area of Scotland.

Some years ago, two licensed ama-
teurs (one pupil and one teacher) set up
a }0W f.m. transmitter operating on
145MHz at a local beauty spot known as
Queen’s View, and showed that it gave
good signal levels to about 800 potential
listeners or viewers who at present have
little or no signal.

In tackling the problem of using the
existing very weak signals, we have
until recently been without a calibrated
signal strength meter, so we modified a
12V portable dual-standard TV receiver
to give a meter indication of relative
strengths (Physics Education, vol. 16 No
2, p86). We bought a 44-element J-Beam
for channels 10 and 11, and, whilst we
failed to get an “enjoyable” IBA signal
from either Kirk O’Shotts or Angus
(Dundee), we did get consistent enough
results to show that in highly wooded
areas, the average signal falls in spring
when foliage begins to appear, and rises
in autumn when the leaves fall. In a

rseparate experiment on amateur v.h.f.
bands, we showed that horizontally
polarised signals travel better through
woods than do vertically polarised
signals, and we attribute this to a

. -greater average conductivity in the

vertical direction when one is sur-
rounded by damp trees.

Intermittent work on trying to
improve reception for local residents led
to the installation of 3-channel colour
through a piped system using 7 in-line
amplifiers; unfortunately only one
householder benefited, and no-one
connected with the school could be
served.

In establishing a v.h.f. TV relay at the
school (School Science Review, Sep '71),
we found that even high-grade low-loss
coax deteriorates rapidly as damp
diffuses through the coating and die-
lectric.

We are now experimenting with a
Signetics NE5S61 p.L.l.i.c, hopingto find a
demodulating circuit which will give a
higher signal-to-noise ratio with exist-
ing signals (about 15;/V).

In addition to thanking the Royal
Society and Professor L.amb of the
University of Glasgow, we would
gratefully acknowledge the help of the
BBC and the Post Office, and the loan
of a signal strength meter from the locat
firm of K. Atter and Partners.
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Earthquakes examined

A satellite which looks like a giant golf
ball has been launched by NASA into a
5,900-km high orbit to obtain informa-
tion on the Earth’s polar motion and
crustal movements. The Laser Geody-
namic Satellite (Lageos) will use laser
satellite tracking techniques to make
extremely accurate measurements
which include minute movements of
large land masses, called tectonic plates.

Lageos carries an array of 426 prisms
called cube-corner retroreflectors, giv-
ing it the dimpled appearance of a golf
ball. Retroflectors are three dimensional
prisms that reflect light (in this case a
laser beam) back to its source, regard-
less of the angle of incidence. A laser
pulse beamed from a ground tracking-
receiving station to Lageos initiates a
timing signal at the ground station that
continues until the pulse is bounced
back from the satellite and received at
the station. By measuring this length of

/.7// 7 ] r:' :

time, the distance between the station
and the satellite can be calculated and in_
this way movements detected of the
Earth’s surface.

New ESA ground
stations network

The European Space Agency ground
stations network, controlled by .the
European Space Operations Centre is
now composed of two types of station;
the v.h.f. stations (Redu and Fairbanks)
and the “specialized” stations (Oden-
wald, Fucino and Villafranca del Castil-
l0). The Redu (Belgium) and Fairbanks
(Alaska) stations form part of the
network set up by ESRO in 1966 in
relation to the orbits of the first
European satellites which were mainly
low and polar. The stations at Ny
Alesund (Spitsbergen) and Port Stanley
(Falkland Islands) which also formed
part of this network, are now closed.

Satcom Il during
tests of the
antenna system
at RCA’s
Astro-Electronics
.Division,
Princeton, New
Jersey. The
domestic
communications
satellite has
recently joined
Satcom I in orbit.
It is capable of
providing a
communications
service to 50
North American
states.
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At present Redu is performing track-
ing, telemetry and v.h.f. telecommand
operations for COS-B, launched in 1975,
and ANS, a Dutch satellite also
launched in 1975. This will be the main
v.hf. station for GEOS tracking and
telecommand (due for launch in 1977)
and back-up v.h.f. for Meteosat (1977),
OTS (1977) and Marots (1978). Fair-
banks is also participating in support
operations for COS-B.

The Odenwald station (Michelstadt,
Germany) will acquire S-band data
from GEOS. It will also collect, process
and disseminate raw meteorological
data from Meteosat.

The Villafranca del Castillo station
near Madrid will perform the acquisi-
tion, scientific processing and control as
well as the main support of the in-orbit
operations of the maritime satellite,
Marots (1978) and the aeronautical
satellite, Aerosat (1979). The Fucino
station near Rome, which is to perform.
the control of the operations of the
telecommunications satellite OTS
(1977), is already equipped with its main
antenna and will be operational in 1977.

First Comstar in orbit

The firstt Comstar 1 communication
satellite that will relay telephone and
television traffic within the United
States, Alaska, Hawaii and Puerto Rico
was launched from Cape Kennedy at
the beginning of May. Each Comstar 1
will be able to handle approximately
14,400 telephone conversations or about
twice the capacity of the satellites pre-
sently operating. This has been
achieved by a cross polarization tech-
nique which allows re-use of the same.
frequency bands and therefore more
efficient use of the r.f. spectrum. The
British Aircraft Corporation has manu-
factured a large part of the structure,
solar arrays, cable harnesses and bat-
tery packs for these massive satellites
which stand 20ft tall. Cylindrical solar
panels, covered with nearly 17,000 solar
cells, provide the satellite with primary
power of 570W.

International
magnetospheric study
underway

An international magnetospheric study
is now underway which is to last several
years and is expected to help scientists
understand more about the magnetic
field surrounding the Earth. Geos, the
first geostationary research satellite of
the European Space Agency is due to be
launched this autumn and will contri-
bute information to the study. The.
antenna of the Earth station for this
project was erected near Michelstadt,
Odenwald by Siemens and was recently
handed over ready for service to ESA.
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TRAFFIC
BROADCASTING

I have read your very interesting article in’
News of the Month (Wireless World May
1976) concerning the BBC traffic service
proposal. [ should like to amplify a statement
made in the final sentence, which deals with
international aspects.

The European Broadcasting Union,
through both its Technical and Programme
Committees, has been studying the use of
broadcasting in helping the motorist for
some time. The requirements vary consider-
ably from country to country, and lack of
precise knowledge on this aspect has so far
precluded a firm recommendation for any
particular system. However, their technical
sub-group (of which I am a member) regards
the West German v.h.f. system as suitable in
the short term. They have also said that in
the longer term where a dedicated service is
required, the t.d.m. (BBC) system might be
feasible. The BBC has now demonstrated
that, technically, this solution is feasible. It
also represents a cheaper and more efficient
approach for the United Kingdom, although
the full technical implications of interna-
tional operation have not yet been examined.

The proposal has clear advantages, but
obviously to be successful it depends upon
the organizations which obtain and process
traffic information. This aspect and the
interface with the broadcasting network are
now being examined by the authorities
concerned. This will, one hopes, lead to a
public experiment.

R. S. Sandell,

BBC Research Dept.,
Kingwood Warren,
Surrey.

OUR DAILY BREAD '

The pay and status of engineers has been an
issue — amongst engineers — for some time,
but no amount of criticism of employers, or
of railing at an unjust world, can alter the
fact that we are paid what we are worth, at
least in the eyes of the world. The unpalata-
ble truth is that the supply of engineers
balances the demand at the prevailing rates
of pay: we are not, in general, seen as
demonstrating any particular sense of
responsibility, and we must face the fact that
the standard of education necessary to
function to a satisfactory level is not
particularly high, in spite of pious attempts

by our own establishment to make people
believe so. If the pay demanded by a
chartered engineer is too high, then his job
can, and will, be done by someone else, with
very few exceptions.

I believe we have not accepted sufficient
responsibility for the end uses to which our
products are put, we tend to be too short
sighted, too involved in the immediate
problems of how to make something work, to
worry about implications for the future. The
engineering profession is very inward look-
ing; we seem to split into two camps which
seldom meet. The one camp concentrates on
the job in hand, meeting the employer’s
specification, cost and delivery, but never
worrying about the use of the end product;
and the other camp sits on committees, in
institutions, universities and colleges, consi-
dering the engineering profession; its status,
training and qualifications, occasionally
handing down a sermon: “the engineer must
be broadly educated”, which is done by the
addition of a class on *“the engineer in
society” or some such preterice: or perhaps
“the engineer should join a trade union”, the
latest edict!

I suggest that we shall gain nothing from
joining a trade union since we shall still be
over-ruled by the giant manual unions, the
power of which will continue’to grow. They
will not allow themselves to become the dog,
wagged by the professional engineers’ “tail”.

The true answers, [ submit, are two-fold.
Firstly, we shall raise our status by demon-
strating our responsibility and concern at the
purpose and uses of those things which
would not exist were it not for engineers; and
secondly, we shall raise our pay, relative to
the unskilled, only if we enter the political
arena and join the battle to reduce the power
of the unions, to get us out of the terrifyingly
unstable situation we are now in. After all, if
the pay of manual workers continues to
increase at the expense of the professional.
engineer, we shall reach the stage where we
simply refuse to become professional engin-
eers and all become manual workers, and our
civilisation cannot exist in those conditions.
J. C. Taylor, M.I.LE.R.E.

Heywood,
Lancs.

CURRENT DUMPING
AUDIO AMPLIFIER

I have had many enjoyable discussions with
P. J..Walker, M. P. Albinson, P. Blomley and
R. C. Bowes in the quest for the ideal audio
amplifier which would be totally free from
audible distortion, have no adjustments of
any kind, and be economical and straight-
forward to manufacture. Numerous fascin-
ating schemes have been considered, and
assessing their overall relative virtues has
been quite difficult — and indeed, at times,
very perplexing.

When the Quad 303 circuit was first
evolved, it was evident that the very good
linearity of the individual triples, resulting
from their internal feedback, was, in a sense,
being partially wasted, because the existence
of some residual crossover distortion in the
transfer of current from one triple to the
other necessitated a large amount of overall
feedback in addition. A superb performance
is, of course, thus obtained, but one was left
feeling that if only a circuit could be devised
that would sense when both triples were on
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together and apply extra negative feedback
to prevent the gain from increasing, then a
more economical design, preferably free from
preset adjustments, might be possible.
Countless hours were spent scratching
around trying to solve this and related
problems, and there were moments of elation
when it was thought that an answer had been
found. But then it turned out that the
proposed solution, to work ideally, involved
the concept of infinite loop gain — camou-
flaged, maybe, as a requirement for a zero
source impedance at some internal point in
the circuit. In other words it turned out
merely to be an example of Mr Halliday's
“familiar assertion that the distortion can be
made negligible by huge amounts of feed-
back™.

Then Peter Blomley's fundamental and
excellent new idea came along' — a class B
amplifier in which both halves of the output
stage retained their full mutual conductance
throughout the whole audio cycle. This
seemed to me at first to be the total answer to
the problem of an adjustment-free amplifier
with first-class performance, and I did a good
deal of very encouraging experimental work
leading to simplified circuit designs. It
became evident, however, that though the
technique is basically absolutely sound, the
major practical problem is to ensure that, in
the absence of any kind of adjustments or
selection of transistors, the quiescent current
will fall within reasonable practical limits,
albeit quite uncritical ones, without wasting
too much output power in highish-valued
output-stage emitter resistors, or requiring,
somewhere in the circuit, transistors having
closely-matched V,, values at a given
current. Circuits using dual transistors, or
ics, in the quiescent-current-determining
circuitry, were inclined to become undesira-
bly complex, though excellent results were
obtainable.

I tried to persuade Peter Walker, at an
early stage, that Quad would do well to
develop an amplifier based on the Blomley
idea, but he and Michael Albinson, with
remarkable intuitive wisdom, sensed that the
economics of such an approach might well be
less than ideal, and they continued to
investigate other techniques. The current-
dumping scheme as conceived and developed
by them seems to me to have an impressive
elegance and economic “rightness” about it.
Much of the practical success of the 405
design is due to the master-stroke of making
the class A amplifier into an integrator, with
an inductor elsewhere in the circuit, but
there is also the ingenious economy of
making the integrator output transistor (Tr;
in Fig. 4, page 562, December 1975 issue)
function in addition as the driver for one of
the dumper transistors. (For practical
reasons the dumpers-off regime is displaced
to one side of the zero-load-current state.)

For therecord, it may be mentioned that R,
C. Bowes independently put forward a
proposal for a current-dumping amplifier
circuit, in which the current fed by the
dumpers to the load was monitored not by a
resistor directly in series with the load, but by
small resistors in the collector leads of the
dumpers. A negative-feedback voltage was
derived from the sum of the voitage drops
across these resistors, and values were so
chosen that the gain of the system was
independent of whether or not the dumpers
were in action. So far as I can recollect,
however, nothing comparable with the
integrator-and-inductor scheme was
envisaged.

Having just completed a, chapter on
amplifiers for the forthcoming Butterworths
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publication “Radio, TV and Audio Technical
Reference Book”, I thought some Wireless
World readers might be interested in the
simple explanation there given of the Quad
current-dumping technique. It seems to me
that this rather different approach has the
virtues (a) that it is more directly related to
very familiar ideas and (b) that it provides a
simple and convincing physical argument
that the scheme must work, without
recourse to any algebra. I believe that it is
always very much worthwhile to seek the
simplest possible, sound, non-mathematical
explanation of any circuit, to supplement the
algebraic analysis which may already have
been done.

Consider first diagram (a). In the absence
of overall feedback via R, and assuming for
convenience a resistive load, the transfer
characteristic will be as at (b), giving gross
distortion. With overall feedback, the
transfer characteristic is much better, as
shown at (c); but however much feedback is
applied, it can never be quite perfect. Clearly
what is wanted is to apply a little more
negative feedback in the AB and A'B’ regimes
than in the AA’ regime, thus equalizing the
slopes in the three regimes. This is achieved
with the (d) arrangement, in which R,
receives a small extra voltage component
(the voltage drop in R) only when the
dumpers are in action. If R, is made too large,
there will evidently be too much extra
feedback, and the gain will then be less in the
AB and A’'B’ regimes than in the AA’ regime.
The correct value of R, will thus give exactly

R2

" equal slopes,'and there is clearly no need for

infinite gain to exist anywhere in the circuit
for this result to be obtained.

If R, is made yery large, the system will
have a large forward gain and there will then
be a lot of overall feedback. Consequently,
even with R,=0, the characteristic shown at
(c) will have nearly equal slope everywhere,
so that a very small value of R, is all that is
then required for perfect slope equalization.
Thus, if R, is replaced by a capacitor, giving
high forward gain at low frequencies only,
the impedance element replacing R needs to
have an impedance which is very small at low
frequencies but which increases in propor-
tion to frequency to offset the effect of the
falling forward gain introduced by C. An
inductor is therefore required, as shown in
(e).

When the circuit shown at (e) is handling a
high-level sine-wave signal, the voltage
waveform at ‘P’ is, of course, very non-sinu-
soidal, and it is therefore necessary for the
class A integrating amplifier to have a clean
performance up to much higher frequencies
than the upper limit of the audio band. A very
simple circuit is capable, however, of giving
the required performance.

One way to arrive at the correct choice of
values for distortionless results with circuit
(e), assuming a perfect integrator, is as
follows. Consider first the ideal limiting case
that the dumper stage is not only on, but that
it has infinite mutual conductance. Then the
incremental output impedance of the com-
plete circuit is clearly that of R; and L in

6.

“parallel, for at the left-hand side of both of

these elements we see the zero output
impedance of an ideal feedback circuit. Now
consider the other limiting case, where the
dumpers are completely off, and work out the
output impedance (or, more conveniently,
admittance) of the circuit which then applies.
It will be found that if L is made equal to
R R .C, this output impedance is equal to that
of L and R, in parallel, as before. Now any
system with a distortionless no-load output
voltage, and an output impedance indepen-
dent of loading, must be distortionless.

P. J. Baxandall,

Malvern,

"Worcs.

1. Blomley, P., “New Approach to Class B
Amplifier Design”, Wireless World, Feb.
1971, pp. 57-61 and March 1971, pp. 127-131.

‘(Also in Wireless World “High-Fidelity

Designs” book.)

In the April issue of Wireless World, Mr P. G.
Walker tries to prove that the feed-forward is
linear, referred to the input. It would then be
possible for the A gain (or G,) to be
arbitrarily low and the current dumping to be
linear at the same time. This is not the case.
The error in the top figure on p. 55 is that it
does not show the interaction between G,
and G, If G,..is nonlinear it is impossible for
G,, (or A) to have a linear voltage and
current gain consistent with linear load
current. During the cross-over instant, when

"the power-section is cut-off, the total gain is

only A-R/(Z3+R). During the remainder of
the cycle the gain is A, because the
power-section has approximately unity
voltage gain. This causes some cross-over
distortion if the gain of A is not infinite. No
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more proof is needed to show that the
feed-forward is not linear, referred to the
input terminals.

One may look a little closer at the
non-linear feed-forward, or shall we say,
non-linear gain, assuming the existence of
one of the following extremes of A and the
power-section. Independent of how the
amplifier A is fed back, it may have one of the
extremes of voltage or current feedback or
no feedback at all. Amplifier A may thus, by
design, have a constant-voltage or con-
stant-current output.

Constant-voltage output in series with Z,
gives a constant G,,, — as long as Tr, and Tr,
take no input current. But when they draw a
base current comparable to the current in Z,
the G,, is no longer constant. Constant
current generated by A has the same error.
The conditions for constant G,,, do not exist
as long as Z,is connected in parallel to the
variable input impedance of Tr, and Try In
other words there is no way to make A linear,
which was required to make term I, disappear
from the equations. Since there is no linear
relationship between the output voltage and
the output from amplifier A, the “rigidity of
interconnection” is missing, as pointed out
by Mr A. Sandman.

The current dumping method acquires a
linear feedback current, i.e., it is proportional
to the total output current, but this goal can
with the same merit by arranged by common
voltage feedback (assuming constant load)
as shown by Mr J. G. Bennett. The feedback
from each output path is made proportional
to the output current in that path. This holds
both statically (feedback resistors only) and
dynamically (feedback resistors, capacitors
and inductors are used) because of the design
rules suggested by P. J. Walker:

feedback current_ Z; Z,
output current Z, Z,

That is: 1 mA of output current (or 1 mA/ps)
causes k'1 mA feedback current, whether the
current is sensed by Z; or Z,. In addition,
there is only one summing point. The audio
amplifier can not sense from where the
feedback signal originates — all the output
current branches being equally weighted by
the rule of design. The forward linearity will
not be changed by the divided feedback
loops, since the same input voltage-differen-
tial V' is needed to drive the current I ;,and the
base current of Tr, and Tr, -irrespective of
how the feedback is taken.

The current dumping method would be
unique if the feedback network could
separate the different output paths. But it
cannot, and the mode of operation is not
different from one feedback resistor sensing
the output current or output voltage or parts
of both. The use of reactances, as in Fig. 2 in
Walker’s first paper, causes the feedback to
increase with the frequency in the same way
as if the single feedback resistor is shunted by
a small capacitor. There is one implicit
feature — that of current continuity, accom-
plished by Z. If Z, has a low impedance, any
non-linear amplifier would be less non-linear.
The existence of Z, causes an improvement,
but not a change of nature of the amplifier.

One arrives inevitably at the conclusion
that the current-dumping scheme has the
same forward nonlinearity and identical
feedback collection of output current infor-
mation, as an ordinary amplifier with zero
bias current and with the same amount of
feedback. In fact there is no difference at all.
Bengt G. Olsson,

Xelex AB,
Stockholm.

THE WALLTENNA

Any reader who is offended by unsightly
roof-top TV antennae should consider
another alternative before starting to strip
the wallpaper (The “Walltenna”, Ww May
1976 pp 57-59) — the screened loop. This gives
me excellent colour TV reception in condi-
tions where a commercial wide-band Yagi
array (folded dipole, reflector, and 21
directors) gave excessive ghosting, and gross
deterioration of the picture in bad weather.
My house is about 50 km east of Crystal
Palace, ‘on high ground but surrounded by
tall trees, which clearly provided most of the
multiple-path interference. A two-turn
screened loop mounted horizontally in the
loft below the ridge-beam of the roof solved
all my problems, and was very easy to make.
The last two metres of the coaxial cable to
the receiver were coiled to form two turns,
and lashed with adhesive tape. A short length
of the outer insulating sheath adjoining the
loop was removed to expose the braided
screen, and a copper-foil clip clamped round
it: the free end of the cable was stripped and
the screen cut back, the centre conductor
being connected to the clip. The result is a
loop antenna, having two turns fully elec-
trostatically screened from each other and
from interfering sources. The improvement
in picture quality was sensational, and my
chimney stack is now unadorned. The feeder
to the receiver was dropped inside a cavity
wall to a flush socket in the living-room, so
the installation could not be neater. It is
baffling that screened-loop antennae are not
more widely used: in areas reasonably close
to a transmitter they offer a far tidier
roofscape, and less chance of ghosting from
mutual interference.

David T. Broadbent,

Chatham,

Kent.

PHASE AND SOUND
QUALITY

1 hesitate to proliferate the correspondence
on phase distortion, but there were letters
published in the April issue worthy of
comment.

Analogies between eye and ear can be
interesting, although I am not sure that they
are always constructive; specifically, the
suggestion that parallels may be drawn
between colour perception and the analysis
of chords (even “broadly speaking”) is quite
wrong. | assume that when Mr Gamble refers
to the presentation of a harmonic interval,
such as a major third, he means that the
tones are to be played simultaneously,
otherwise the analogy will bear even less
resemblance to the mixing of primary
colours. If two notes, reasonably separated in
frequency, are played simultaneously, the
ordinary observer can pick out the two
components making up the chord. If he
cannot do this he will most easily hear the
upper note, but there is certainly no
perception of some kind of average fre-
quency, half way petween the two. In vision
the situation is entirely different. With
suitable choice of intensities a mixture of red
and green light, of wavelengths around 600
nm and 540 nm respectively, will look
indistinguishable from a pure yellow of
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intermediate wavelength and the spectral
components will be invisible, g

A far better analogy is to be drawn
‘between the way in which we hear auditory
frequencies and see spatial frequencies, such
asaregion covered by stripes. There is strong
evidence (e.g. Campbell and Robson, Journal
of Physiology, 1968) that the visual system -
analyses such stimuli in a manner equivalent
to Fourier Analysis and it has been shown
that a visual square wave (i.e. alternating
dark/light stripes of equal width and with no
merging through grey) invokes sensations at
the third harmonic, as if there are stripes
present three times as close. If stripes of high
spatial frequency, with brightness varying
sinusoidally, are displayed on a c.r.t. the
contrast can be amplitude modulated at a
lower frequency. This is exactly equivalent to
amplitude modulating a high pitched tone
with a lower frequency. In both cases,
although the fundamental is not physically
present, the low frequency, whether visual or
auditory, is perceived.

In the same issue Mr Hodgkinson points
out the many other sources of phase
distortion that modify the wave form of a
signal, apart from the loudspeaker. One that
he does not mention is the outer ear flap or
pinna. The little folds of the pinnae produce
delays ‘and echoes in the sound, particularly
at higher frequencies, where the wavelength
is comparable to the fold size. Far from being .
a nuisance to the auditory system the
distortion of the waveform is a valuable
direction-finding cue, since the effect varies
with source/head angle. To extract a clear
signal, when it is followed by multiple
reflections, we use both ears. If readers care
to listen to sounds in a fairly reverberent
room and then cover one ear they will
observe an increase in “boomyness.” How-
ever, they will still be able to judge source
direction fairly well. If those keen enough
now fill in the folds of their exposed ears with
plasticine they will find a marked decrease in
localising ability! Some listeners to dummy-
head recordings do not at first find them
particularly convincing, but with continued
listening the reality grows. This occurs as the
listener learns to hear with a new set of
pinnae. Of course, surroundings will modify
the spectrum of a sound too, but the
distortion remains constant for a given
frequency and source direction and the
auditory system seems very quickly to cope
with this, learning to treat it as a constant. As
long as the phase distortions introduced by
loudspeakers do not fluctuate arbitrarily
over short time intervals, then there is no
reason to suppose that we cannot listen
comfortably to the results, which is not to say
that, given the opportunity to make fairly
quick alternate comparisons, we cannot hear
a difference between two loudspeakers of
differing phase linearity.

Peter Naish,
University of Reading,
Berks.

Being a hi-fi enthusiast myself I have
followed the arguments for and against the
audibility of phase distortion in audio
program material with much interest. To
some extent I was hoping that this illusive
but controversial effect may explain the
differences in sound from systems which are
not borne out by differences in specifica-
tions. The case for phase linearity in
loudspeakers is obviously dubious by virtue
of the preceding stages in the process from
recording to the output terminals of the
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amplifier, none of which (with possible
exception of the amplifier) are performed
with phase linearity as a subject of cause.
However it has intrigued me as to whether,
given phase linear material applied directly
to a loudspeaker, any phase difference gave
rise to a difference in overall sound exper-
ience of the listener. In the absence of any
phase linear material it is possible to obtain a
signal source from two sine wave generators
and feed these directly into a loudspeaker via
a mixer network whilst monitoring the

waveform on a c.r.t. It must be realized that -

this configuration obviates any of the
negative arguments put forward by linear
phase optimists that the effects are masked
by the use of phase distorted program in
subjective tests. It must be accepted that the
sine waves from both generators, however
pure or impure, are constant and phase
distortion in a loudspeaker cannot exist
(relative to constant listening position) when
it is fed by a single sine wave without any
fixed reference.

If the levels of both generators are the
same and they are set at 1kHz adjustment of
generator B will cause enhancement and
cancellation effects at a critical point on the
scale. If generator B is then increased to
2KHz and is offset sufficiently to allow it to
drift gently in and out of phase with respect
to generator A, the tone remains constant
and apparently absent of aberations due to
the constant drift of phase between signals! |
have carried out this experiment at all
harmonic multiples and at various levels and
ratios of level with various loudspeakers and
have so far failed to hear any relationship
between the relative phase of the generators
and the actual sound of the resultant
waveform.

However, if the resultant signal is seriously
distorted by introducing a diode across the
loudspeaker terminals, regular changes in
sound, at the rate of changes in phase, can
be heard at a few apparently arbitrary
harmonics of the fixed generator A. It seems,
therefore, that phase relationships of signals
is only audible when the resultant composite
signal is wildly distorted! This leads me to
believe that, since all musical waveforms are
made up of a complex combination of a wide
range of sine waves, phase linearity cannot
be heard or appreciated unless the output
stages of the amplifier are clipping or half
waving. And that the sound is then produced
by the effect of the waveform meeting an
insufficient threshold and is consequently
incomplete?

Paul A. Furindle,
Norwich.

“

Television tuner design

ﬂ

Just a few points about the coil winding for
D.C. Read’s TV tuner, With regard to the pile
wound centre-tapped coils, | presume it is
best to wind them with a double strand of
wire and make the centre tap the start.
Secondly, 1 would like to mention ways of
making a single layer unframed coil very
firm. Of course one winds on a simple jig, as
in Fig. 1. To give the coils extra firmness
either double-sided sticky tape folded back
over the coil or a double looped technique
using dental floss can be used. Wire is started
through loop E and wound over the 3 strands
of floss and to finish passed through loop F.

\ _threaded
rod

coll

n’ay tformer a

«———dental tloss

«———sticky tape

Then pulling end A will tighten the finish of
the coil and pulling end B will tighten the
start. It may help to attach the dental floss to
the end with double sided sticky tape to start
the coil. This makes a very firm coil.

J. Rankin,

Harpenden,

Herts.

Mr Read replies:

I thank Mr Rankin for his helpful coil-con-
struction hints, particularly the one given for
making secure winding ends. The doublé-
loop, draw-through process will be well
known and perhaps fondly remembered by
any ex-Scout (or ex-Guide, for that matter)
as the means to produce tidy ‘whipping’; the
extension of this technique to coil-winding,
iespecially with dental floss as the draw
'string, is a very useful idea.

I must, however, correct Mr Rankin's
wrong supposition regarding the winding of
‘centre-tapped coils. As the tuner circuit
diagram (Fig. 2 Part 1) shows, the sense of
winding in each instance is ‘series-aiding’,
and for such an arrangement it is necessary
to have the centre tap at a finish/start point
(assuming the coiling sense to be the same on
both sides of the tap). It would be possible to
use bifilar winding on these coils much as Mr
Rankin suggests, but the double start could
not be used as a centre tap because the two
halves would then be in series opposition. In
fact, with the coils parallel wound like this,
the centre tap must be formed by cutting the
double start and joining one of the resulting
free ends to a winding finish.

But as most of the centre-tapped coils are
used in the group-delay equalizer and this
circuit is operating at an unusually high
impedance of 750 ohms, this is not a
satisfactory winding method because it
results in excessive self-capacitance, with the
danger of in-band self-resonant coils.

As explained in the follow-up article.

(Wireless World, April, page 83), pile
winding is the best way to reduce coil
capacitance and can be used for tapped as
well as single coils. The diagram shows how
the winding order is modified to enable the
tap.to be brought out.
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_ Thetuned circuits L,,(110pH) — Cjzand Ly,
(14uH) — C,, should resonate at 3MHz and L,
(3%uH) — Cj, and Lj; (12uH) — Cy shrould
resonate at 5.5MHz. Wind L,; with 23 turns,
and not 31 as given in the parts list. The
correct tuning for these inductors should
obtain when the cores are turned back
between 1 and 4 turns from the fully-in
position. In case of difficulty in resonating Ly
Ly, the shunt capacitors can be reduced.

The group delay network, Lj, — L3 may
add a small amount of stray shunt capaci-
tance and cause a slight droop of the video
characteristic — between 1 and 2dB — which
can be compensated by adjustment of the
optional equalizer circuit in parallel with Ry
(see broken lines at Trs in Fig. 2, October
issue page 450).

A pack containing all the parts required for
the tuner inductors is available from Manor
Supplies (excepting the rubber cushion
shown on page ‘83. Cut this from rubber’
1-2mm thick to a size of 13mm square).

Finally, a small but important aspect of
reception inadvertently not covered in the
earlier articles should be mentioned. It

concerns the high-order vision and sound

carrier harmonics generated by carrier

clipping diodes in the MC1330 demodulator
‘and the discriminator circuit. Some of these

harmonics, specifically from the 12th to the
20th, fall in bands IV & V, and, if picked up on
the aerial input, could cause considerable
interference. Obviously, it is good practice to
have efficient screens at all low-level circuit
points, especially at the ELC1043 aerial input
connection. For this particular purpose, a
Mullard accessory — called an immunity
shieJd (part number 4313 132 01910) - is
available. A satisfactory home-made alter-
native can be constructed, however, by
suitably stretching the screening braid of the
incoming aerial co-ax so as to form a hood
over the connection. As illustrated in the
diagram below, this is most easily done by

i ® ®
Q—2—~|-1—2 P‘
- ® -

last
turn
slanting ———= | T
layers )’

'VZ turn brought |
out as c.t. and —returned as

(Vo+1) tuen

braiding expanded cable strap

and soldered

wire frame with feet
soldered to tinned casing

centre conductor
to input

bending a small piece of wire (about 20
s.w.g.) into an omega-shape and soldering

this to the tinned cover. The braid end is then

pulled over and round the frame as shown

and then soldered, allowing small amounts of
solder to run over the braid to strengthen the

hood.
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Digital multipliers and dividers . -

Summary of circuits in set 31 of Circards
by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams

Paisley College of Technology

Many transducers used in the measure-
ment, or as a monitoring function, of
physical processes deliver digital signals
in the form of a pulse-rate. This sort of
information is usefully processed by
rate-multipliers which are available as
m.s.i. circuits, both in t.t.l. and c¢.m.o.s.
Their range of application is wide,
covering numerical control, digital
filtering and frequency synthesis, to
name a few. When combined with
up-down ‘counters, rate-multipliers
may perform arithmetic functions such
as multiplication, division, square-root-
ing and integration.

Basically, a rate-multiplier generates
an output pulse-rate or frequency
which is proportional to the product of
two inputs, one of which is a clock
frequency f., and the other, an n-bit
binary or binary-coded-decimal integer.
M is the programmed number, with
N=2r—1, and the output pulse rate is
foM/N where N>M, so that the
output rate is always less than the input
pulse rate. Usually the rate-multiplier
produces a train of unevenly-spaced
pulses, but this is not too critical when
the output rate is time-averaged to the
correct fractional rate of the input pulse
train.

This type of multiplier is useful under
conditions where variable input pulse
rates are to be multiplied or divided
on-line. For example, an unknown input
frequency can be compared against a
rate-multiplier output and on the result
of the comparison, a counter can be
made to count up or down until a stable
result is acquired, which will relate to
the unknown quantity. This is usually a
counter/multiplier closed loop which
allows fairly straightforward imple-
mentation. Discrete and m.s.i. forms
with applications are covered in three of
the cards of this set. .

Card 8 considers a simpler frequency
ratio ratemeter to provide an analogue
ooutput signal proportional to the ratio
N;/N,, where N, and N, are the average
rates of two input pulse trains, but this
requires additional constraints on the
ratio that can be recognized. Normal
frequency division with m.s.i. counters
provides output pulse trains which are

not symmetrical, whereby with fairly
simple externa] gating, card 7 summar-
ises techniques for obtaining a range of
dividers which always produce symme-
trical outputs.

Stochastic multiplication is reviewed
in card 4, with a novel delta-sigma
modulation technique using probabilis-
tic principles being discussed on card 6.
The specific application arranges for
squared and cubic outputs proportional
to an analogue input, but demanding a
synchronous clock-drive. Another m.s.i.
package for implementing cellular-ar-
ray structures provides for 2 bit by 2 bit
multiplication, and is shown to be
extendable to increased bit manipula-
tion by straightforward interconnection
of the i.c. packages. To conclude this
short summary of Set 31, a digital/ana-
logue monolithic 8-bit d-a converter is
shown to provide a fairly simple tech-
nique for multiplying two-binary
numbers and giving an analogue output
voltage or current proportional to the
result.

Titles of cards in this set are:

monolithic d/a multiplier

2 x 2 bit binary multiplier

binary rate multiplier

stochastic multiplication

dual-slope a/d multiplier

AX modulator probability multiplier

symmetrical programmable divider

pulse ratio measurement

applications of rate multipliers/
dividers — I

applications of rate multipliers/
dividers — II

O o0~ b WK —

—
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How to get Circards

Order a subscription by sending £18 for
a series of ten sets to:

Circards

IPC Electrical-Electronic Press Ltd

General Sales Department, Room 11

Dorset House

Stamford Street

London SE1 9LU

Specify which set your order should
start with, if not the current one. One
set costs £2.00, postage included (all

waasanLamericanradiohistorns com

countries). Make cheques payable to
IPC Business Press Ltd.

Circard sets available

1 active filters
2 switching circuits (comparator
and Schmitt circuits)
3 waveform generators
4 a.c. measurement
5 audio circuits (equalizers, etc.)
6 constant-current circuits
7 power amplifiers (classes A, B, C,
D).
8 astable multivibrator circuits
9 optoelectronics: devices and uses
10 micropower circuits
11 basic logic gates
12 wideband amplifiers
13 alarm circuits
14 digital counters
15 pulse modulators
16 current-differencing amplifiers —
signal processing
17 c.d.as — signal generation
18 c.d.as — measurement and
detection
19 monostable circuits
20 transistor pairs
2] voltage to frequency converters
22 amplitude modulators
23 reference circuits
24 voltage regulators

25 RC oscillators-1

26 RC oscillators-2

27 linear c.m.o.s.-1

28 linear ¢.m.0.s.-2

29 analogue multipliers

30 non-linear circuits

31 digital multipliers and dividers
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Surround sound decoders — 2

Assembly, setting-up CD-4 unit, cartridge notes
David Heller, B.Sc.(Eng.)

This article includes performance details of a CD-4 decoder using the QS| i.c., which
includes preamplifier, phase-locked loop demodulator, a.n.r.s. expander and muting circuits.
Spectrum analyser traces show performance of record-cartridge-decoder system for various
extended-response cartridges. Subsequent articles by the same author will give circuits for

QS and SQ surround sound decoders.

The construction of the demodulator is

straightforward, but note the following
points. Solder the link wires whose
positions have been silk-screened on
top of the board after soldering resistors
into position, but before soldering the
remaining components. Do not apply
too much heat to the polystyrene
capacitors; these 30 volt devices are
closely wound and excessive heat will
short the layers together.

The 12mH, 15mH and 18mH inductors
are variable inductors which have been.
preset. They are either marked with
their values or colour coded with paint
(red — 12mH, green — 15mH and grey
— 18mH). On no account should the pot
cores be adjusted and each coil should
only be handled by its case so as not to
disturb the core.

Use insulated wire to connect
remaining links (marked A to A, B to B,
CtoC,DtoD,EtoE,FtoF,Gto G and
Hto Hon the board). These connections
are best made on the copper side of the
board.

In connecting the signal input to the
board (points h and i on the switches to
points h and i on the board), use
screéned cable but only earth one side
of the lead. To stop possible r.f.
breakthrough, loop small ferrite beads
with three to four turns of wire and
solder one end of this wire to the points
on the board (marked h and i) with the
other end going to the audio lead.

Connect the points on the switch
positions to the similarly marked points
‘on the board using insulated wire.
Again it is preferable to make the
connections on the underside of the
board. (The positions to be connected
arebtob,otoo,ctoc,xtox,dtod, m
tom,etoe ltol. Points f,k,aandp are
left unconnected.) The signal input
leads to the selector switches are: tuner
input to v (left) and w (right); auxiliary

input to s (left) and t (right); tape input

to g (left) and r (right), and disc input to
g (left) and j (right).

Care must be taken not to create an
earth loop; in particular the input
socket earth must not touch the chassis.
A separate earth line should be run from
the mains socket earth to the earth of
the power supply. And the board should
only be earthed in one position i.e. an
earth wire is run from the earth point on
the board to the power supply earth. A
100nF capacitor should be soldered
between the input socket earth and
chassis. Run an earth wire from the
chassis to the power supply earth

terminal.

Connections for switches S, are best
“hard-wired”, depending on whether a
magnetic or semi-conductor cartridge is
used. (Note that on the p.c. board, the
marking “S1E” correspond to Siv in the
circuit diagram. S4 on the board corre-
sponds to S, in the circuit.)

When wiring is completed (do not
forget the l.e.d. — anode to supply rail)
mount the board in its box and connect
up a regulated 13 to 14 volt supply line
to the supply rail, but do not turn on. (A
power supply is included in the kit
available from Compcor; a circuit will
be given with the next part and is
suitable for the CD-4, QS and SQ
decoders.)

Setting-up procedure

Connect the record player fitted with
extended-response cartridge to the
input jacks of the demodulator using
low-capacity TV cable of approximately
50pF/metre. Limit the cable length to
maintain a total capacitance of 100pF or
less. Run a separate earth wire from the
chassis of the demodulator to a screw or
chassis of the turntable.

Switch on the equipment and place
the pickup on band 2 of side 2 of the test
record. If the demodulator is function-
ing and either of the two phase locked
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loops are in-lock, the l.e.d. should glow.
Adjust the 4.7kQ v.c.o. potentiometers
so that the le.d. glows brightest. By
turning the v.c.o.-adjust potentiometer
(Rs7,157) to either of the extreme posi-
tions, the l.e.d. will either go off or vary
in intensity depending whether the
other v.c.o. is in lock or out of lock.
Turn the test record to side 1, band 3.
This gives the same music played
sequentially out of each speaker. Turn
down the front volume controls of your
amplifier. Adjust the 1k separation
potentiometer (Rgp9) Of the preampli-
fier for minimum loudness out of the
respective rear channels. when the
announcer states the front channel
sound. The announcer will state “left
front channel” and music will follow.
Adjust the left separation adjust to get

‘minimum loudness from the left rear
‘channel. Disregard the announcement

of the rear channel music. Repeat the
process for the right front channel
announcement, this time tuning for
minimum right rear channel loudness.

Alternatively, the white noise source
on band 2 can be used. This is fully
explained on the test record. Return to
side 2 of the test record and piace the
cartridge anywhere from band 2
onward. Turn the balance control first
to the left side and adjust the left hand
side v.c.0. control for minimum distor-
tion. Repeat the process with the
balance control set for the right hand
side.

Extended-response cartridges .
The following nine cartridges were
tested: Tenorel 2001SD, Audio Technica
12S, Nagaoka JT322, JVC 4MD20X, B &
0 MMC5000, B & O MMC6000, JVCXI,
Pickering UV152400 and Pickering
XUV4500. Each cartridge was tested in
an SME arm with detachable headshell.
Tracking weights between lgm and
3gm were chosen depending on the
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various manufacturers’ recommenda-
tions. Using side 1, band 3 of the test
record, the separation control was
adjusted for minimum level out of each
of the rear speakers.

Side 1, band 2 of the test record
contains CD-4 encoded white noise.
With the aid of an audio spectrum
analyser, kindly loaned by Hewlett-
Packard, the spectrum level of the front
channel was measured and stored on
the display. The analyser was then
connected to the rear channels and the
same passage of white noise was
replayed and the spectrum level
recorded on the lower trace.

The accompanying photographs, Fig.
11, show the relative levels between
front and back for the left hand
channels only, the top trace being the
front channel and the lower trace being
the rear channel. The difference in level
is thus the separation obtained from the
disc encoded material through the
cartridge and demodulator.

Performance
Input
level . 0.7tw014mv
Input impedance
magnetic 100k
semicon-
ductor 2.2k2
Output
level 300mVv
Output
impedance less than 200§}
Amplitude
response
baseband
system 30Hz to 15kHz, —3dB
carrier .
system 30Hz to 12kHz, —3dB
Harmonic
distortion
baseband less than 0.2%, at 150mV output
(typically 0.05%)
carrier
channel less than 1%, at 150mV
output, 1—10kHz
Power .
supply 12 to 15V, 130mA max
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Fig. 13. Front-back separation

measured using test bench generator.
Sum signal delayed by 45us with
reference to the carrier signal.

Separation
front-
back >30dB at 1kHz. See Fig. 13
for system separation
left-
right 60d8B at 1kHz
S/n ratio® >60dB

‘Measured using a virgin test record,
containing an unmodulated and modulated
(1kHz) carrier together with 1kHz baseband
signal.

Components

Resistors All aW 5%

carbon film
Ry 101 47k
Ry 102 100k
R3 103 10k
Ra 104 150k
Rs 105 15k
Re 106 15k
R7 107 15k
Rg 108 2.2k

Re 109 Tk pot
Rio 110 20
Riv 2.2k
- Rizan 20
Rz 113 330
Ria 114 3.3k
Riys 150k
Rie 100k

Riz 117 6.8k
Rig 118 8.2k
Rig 119 7.5k
Rao 120 15k
Row 1 4.7k
Ry2 122 4.7k
Rox 123 4.7k
Row 124 B.2k
Ras 125 4.7k

Ras 126 Tk
Ry 127 27k

28 128 4.7k
Rag 129 15k
R 130 220k
Ra]‘ 131 15k
Rax 132 4.7k
Ras 133 10k

Ris 13a 220k
Ris 13s 3.3k
Rig 136 4.7k
Rin 137 4.7k
Rig 136 4.7k
Ris 130 4.7k
Ri 120 470k
RM' 141 18k
Raz 102 4.7k
Ry 13 4.7k
RAA: 144 47k .
Ras 1as 47k

Rae 145 4.7k
Raz 147 4.7k
Raia 148 4.7k
Ras 149 47k

Rso 1.8k
Rsi 15 560k
Re, 330
Rs3 153 2.7k
R541 154 1k
R55¢ 155 330

Rse 156 56k
Rsz 157 4.7k

preset

Rsa 158 10k

Rss 159 10k

Reo 160 10k

optional

Re1 161 1Ok_
Capacitors

Types E are electrolytic. PC Siemens B32540
polycarbonate, PE polyester, PS 30V polystyr-
ene, and DC disc ceramic.

Ci 1on 33p 16V E
Cy 102 200p 10V E
Cs 103 4.7n PS
Cs 10a 22n  PC
0.47p E
Ce 106 33n PS
Cs 107 2.2n PC
Cs 1ws 2.2n PC
Co 100 8n PE

Cpe 126 0.47n 16V E

C27. 127 2.2n PC

Cyo 125 0.68 PC

Cy 129 4.7p 16V E

Ci 130 960p PS

C3|. 131 3.9n PS

Csz 132 3.1n  PS

33y 16V E

Cis 13 330 16V E
Cus 1004 10V E

Cie 136 10n DC

Ci2 137 6.2n PS

Ci 133 800p PS

33, 16V E

Cs 141 100 DC

Cap 142 6.2n  PS

Csz 143 800p PS

Car 1aa 33p 16V E

Cus 145 68p DC

Cs 146 10n  DC
Cuz 100p 10V E

j 100p 16V E

Cso 149 33p 10V E

Cso 150 6.8n PS

Csio 10 10p 16V E

100n DC

Csy 15 68p DC

Csu 15s 10n  DC

Css 155 10n L&

Cse 156 68p bC

Cio 110° 450p PS
Ci 11y 1.4n PS
Cip 12 1.6n PS
Ciz 11z 10n DC
Cia 3.3p 16V E
Cis 115 2.7n PS
Cie 116 2.1n PS
Ciz 117 960p PS
Cig g 3.9n PS
Cio 119 6.8n PS
Cow 120 3.3p 16V E
Coi12r 7.2n PS
C, 122 10n DC
Coy 423 3.3p 16V E
C2s 124 100p PS
Cys 125 100p PS

Semiconductor
devices

1C,, IC 1 Signetics QS5022
Try — Tra Tryg, — Try0, BC208A
Dy Doy D, Do, TNA148

light-emitting diode TIL209,. MLED650,

similar

tnductors

Ly 01 15mH Toko 80016
L, 102 18mH Toko 80016
L3 403 12mH Toko 80016
Ly 104 15mH Toko 80016
Ls, 105 100mH TDK 104J

or
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A 10kHz bandwidth is displayed
because, in all but one case, the

separation fell below 5dB after 10kHz.

The only exception was the B & O
MMC5000 where 10dB of separation
extended to 13kHz Fig. 12.

In addition listening tests were car-
ried out using difficult CD-4 records.
The following is a brief assessment of
each cartridge.

Tenorel 2001SD. Separation of 18dB
was attained at about 2kHz, but disap-
peared totally at 9kHz and reversed at
9.25 kHz. In the listening tests, carrier
dropeut occurred frequently with
annoying results. Playing weights of
close on 3gm were required with the
result that the cartridge base nearly
touched the record.

Audio Technica  12S. Peak
separation of 18dB occurred at about
2kHz, decreasing to 5dB at about 8kHz
and remained at such to 13kHz,
where the low-pass filter in the demo-
dulator started to take effect. A track-
ing weight of 1.8gm gave good results
with little carrier dropout. This car-
tridge is available at discount stores for
about £17 (including v.a.t.) and is the
low cost cartridge I would recommend
for the system.

Nagaoka JT322. This cartridge dis-
played 15dB separation at 2kHz, but this
disappeared at about 9kHz. Its output at
2gm tracking weight was on the low
side and it did not track difficult
passages as well as the ATI2S. This
cartridge is available from its distribu-
tor in The Netherlands at a cost of about
£22. The ATI12S is a better bet.

JVC 4MD20X. This cartridge gave
essentially similar results to the AT12S,
but is about twice its cost. I would go for
the AT12S in preference as I found little
to choose between the two in perfor-
mance.

B & O MMC6000. The MMC6000 has a
recommended tracking weight of 1gm. [
tried three of these cartridges and none
functioned satisfactorily. The devices
suffered from carrier loss particularly in
the left channel. The latest sample I
tried was found to be defective when
played through B & O’s own demodula-
tor. I believe the cartridge should only
be used in the tangential player for
which it was designed; the SME arm has
too much mass for such a delicate
‘cartridge.

B & O MMC5000. The MMC5000 gave
excellent separation results, as the
extended separation trace of Fig. 12
shows. However, the maximum practi-
cable tracking weight was 1.5gm and
this was inadequate for an SME or
similar type arm. The cartridge is ideally
suited for the B & O 3400 unit which has
a low-mass arm and can thus track at a
lower weight more effectively. A pity,
because this cartridge showed signs of
excellence, but carrier breakup was too
frequent for comfort. On consulting B &
O they agreed that a low-mass arm
would be needed to ensure effective
tracking.

JVC XI1. This cartridge gave 20dB

8n
2n2
T L2@18mH

67

Ls
12'm
C11 Ci3
1n4 100n o
I Cpin??
450
P L, Cr2

15mH T1n6

Fig. 10. Linear phase filter with delay
of 32us, 1945kHz. Two of these filters
are used in the circuit of Fig. 9.
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Fig. 11. Spectra of the left front and left
back demodulated signals from a white
noise CD-4 encoded disc through
selected cartridges and the
demodulator.
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separation between 2 and 5kHz, settling
to about 5dB at 9kHz. Its tracking of
CD-4 records at 1.8gm was excellent
and its clarity was unequalled by any
other cartridge except Pickering’s
XUV4500. This is indeed an excellent
CD-4 cartridge and is available at some
discount stores at about £50. For those
who have the money, this represents
very good value.

Pickering UV152400 and XUV4500.
Both of these cartridges are very
expensive. The UV152400 displayed
similar separation characteristics as the
ATI12S but was clearly superior in tonal
quality. However, it is more expensive
than the JVC X1.

The XUV4500 was an excellent car-
tridge. Admittedly the separation exhi-
bited in the photograph looks poor
(about 10dB over the bandwidth dis-
played), but it is likely that this is

www americanradiohistory com
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Fig. 12. Separation of 10dB or more
extends to 13kHz in the case of the
B&O mmc5000 cartridge.

because the delay time of this cartridge
is shorter than that of the other
cartridges tested (12ps for the XUV4500
against 25us for the majority of the
others). The demodulator is designed
for a 25ps delay through the cartridge
and any deviation from this will reduce
separation. In listening tests I was not
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able to perceive any less separation
through this cartridge when compared
to the JVC X1. It performed equally as
well as the X1 and proved superior on
stereo discs to the X1. Both cartridges
were tested using the difficult band of
the Hi-Fi Sound 75 test record. The
XUV4500 tracked this band perfectly,
while the JVC X1 displayed some slight
‘mistracking.

After carrying out extensive tests on
the cartridges named, I would recom-
mend the AT12S for budget systems and
the JVC X1 for those who can afford it.
In both cases a tracking weight of
between 1.8 and 2.0gm proved optimal.

Correction. On page 45 of the June

‘One format of the surround-sound
decoder incorporating CD-4 unit (left).
A two-board SQ decoder is shown
right, and a two-board QS decoder
middle. There is space for a
rear-channel, preamplifier and tone
control, above the switchboard.

issue, the reference to C,; should be to
Cys

Acknowledgement. I should like to
thank Lou Dorren of Quadracast Sys-
tems Inc. for the valuable help and
guidance given in the preparation of
this CD-4 project. Thanks too to
Hewlett Packard for the loan of the
audio spectrum analyser.
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A kit of parts {except metalwork) may be
obtained from Compcor Electronics Ltd, 9 Dell
Way, London W13 8JH for £37 inclusive of
v.a.t.,, packing, postage and insurance. The
same price applies to overseas readers, and
covers the cost of airmail postage. A test record
produced by Quadracast Systems Inc is
available for £4.20 inclusive from the same
supplier.

A specially constructed case is available
from Bazelli Instrument Cases, St. Wilfred's,
Foundry Lane, Halton, Lancaster LA2 6LT for
£10 (including v.a.t. and carriage) with fully
punched panels or £8 unpunched. This case
will house CD-4, QS and SQ decoders and
power supply. A suitable case for the CD-4
module only is type B304, available from the
same company for about £5 (unpunched)
inclusive of delivery and v.a.t.

Announcements

Panduit Ltd of Sittingbourne, Kent, manufacturer
of cable ties and DIN connectors, has announced
the appointment of Vero Electronics Ltd.
Chandler’s ‘Ford, Eastleigh, Hants, as the UK
stockist and distributor for the Panduit range of
DIN 41612 and 41613 one-piece and two-piece
connectors.

Gould Advance Ltd has appointed J. Sinclair Ltd, 8
Dixon Place, College Milton North, E. Kilbride,
Glasgow, G74 5JF, as the Scottish agent for Gould
Advance power supplies and Gould Brush oscillo-
graphic recorders.

Ferrograph, Ferrograph Professional, Rendar and
Wayne Kerr, formerly operating as separate
companies within the Wilmot Breeden (Holdings)
Ltd, are to trade collectively as Wilmot Breeden
Electronics Ltd. Manufacturing facilities for the
various product groups will remain at South
Shields, Burgess Hill and Bognor Regis.

Laskys, one of Europe’s leading hi-fi retailers, has
announced a new service. All of Laskys' 35
branches will offer a repair service for any hi-fi
equipment, provided that spare parts are available.
You do not need to have purchased the equipment
from Laskys.

Boosey & Hawkes Ltd has formulated a new
subsidiary Boosey & Hawkes (Electrosonics)
Limited. This follows the acquisition earlier this
month of 50 per cent of Hammond Organ UK Ltd.
Hammond will continue tp be run by its existing
management team who will also manage Boosey &
Hawkes (Electrosonics). Boosey & Hawkes (Elec-
trosonics) will market a range of electronic musical
products both in the UK and overseas. It will be
exclusive distributor of Leslie Speakers in the UK
and will operate from new premises at St Albans,
Herts.

Steatite Insulations Ltd, Hagley House, Hagley
Road, Birmingham, B16 8QW, have announced
their entry into the field of semiconductor devices
in co-operation with Toshiba (UK) Ltd. The aim of
the agreement is to broaden the UK penetration of
Toshiba's semiconductors and to enable this by
forming a semiconductor marketing department at
the Steatite Group’s headquarters in Birmingham.

wawww americanradiohistory. com

In keeping with their involvement with the military
electronics industry, Sealectro Ltd, Walton Road,
Farlington, Portsmouth, PO6 1TB, manufacturers
of precision coaxial connectors, insulated terminals
and programming devices, have received approval
by the Ministry of Defence to the recently
introduced standard 05-21.

The UK agency for Fuki Film magnetic tape has
been given to Belmont A/V Ltd, a member of the
Pyser Group, at Fircroft Way, Edenbridge, Kent,
TN86HA. The range of Fuki Film cassette and open
reel tapes is available to the public from mid-May,
1976.

Uber Werke Munchen have announced that with
effect from April Ist, 1976, a wholly owned
subsidiary company, namely Uher Ltd, 24 Market
Place, Falloden Way, London, NW.11, will transact
all business in the UK and Channel Islands under a
distribution agreement.

Jermyn Industries, Vestry estate, Sevenoaks, Kent,
will programme all National p.r.o.ms free of charge,
providing the memories are purchased from them.
They will also consider programming memories of
other manufacture free of charge dependent on
type of memory, application and complexity.
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Most portable cassette decks are quite happy
recording the odd pop song.

But give them something truly challenging.
and you soon realize their shortcomings. Fine, if
you're content to be unambitious. But at Nakamichi
we think you should be able to record any sound
you want. Which is the reason why we produced
the:'Nakamichi 550.

From a mouse
squeak to the triumphant
sounds of Beethoven,
you can record it all on
a Nakamichi 550.

[ts peak level
meters have a range of
45dB. Its signal-to-noise
ratio is more than 60dB.
[ts microphone inputs
have a dynamic range
of 125dB.

Wider ranges than
any other portable
cassette deck in the world.

And that's not all.

The 550 is also the only
portable cassette deck
with 3 microphone
inputs. And a tape
end alarm with
pre-set timer.
The only one
too.with a button
that shows how
much of your
cassette you've used.
And Nakamichi's
exclusive record/playback
head. And it's the only one
with a battery life that can give
you up to 15 hours centinuous playing.
ot When you try the Nakamichi 550,
e vou'll know why it costs £274-50 including VAT at 12%:%.
Suddenly, other portable cassette decks look like toys.
- :

;;"\gﬁf“'& 5 ; L

AR LT NAKAMICHE

THE WORLD'S MOST VERSATILE PORTABLE CASSETTE DECK
Natural Sound Systems Limited,
Pt Strathcena Road, North Wembley, Middx. HA9 8QL..01-904 0141.

WW—065 FOR FURTHER DETAILS
v americanradiohistorv.com

i
; )


www.americanradiohistory.com

PLESSEY

You know the name

but did you know that we
supply electronic
components from stock?

24 hour
turn round.

No post or
packing charges
in the UK.

~ Forpriced stock catalogue |

and terms of business,
contact:

DISTRIBUTORS

Vicarage Lane liford Essex 1G1 4AQ
Telephone: (01) 478 3040 Extn 3391
Telex: 23766

WW — 072 FOR FURTHER DETAILS
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The new 2320 series
Microwave Coaxial Switches
provide efficient and accurate signal rerouting
for Television, Radio and
telegraphic communications
inthe 2 — 4 GHz
range. They have
low VSWR, P~
low crosstalk,
single-pole ;(
2to 6—way
switching.
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Low priced 2700 series %
Coaxial Relays
provide single pole switches of 2, 4 or 6 ways.
Exceptionally low insertion loss with high isolation.
Versions available for12 or 24 volt operation,
Contact rating (non switching) 100 watts C.W.
50 or 75£2 terminations.

Hatfield 6 and 11

Coaxial Switches

are designed for selective
switching of R.F. signals
without mismatch.
Specifications extend to

500 MHz. Alternative versions
incorporate automatic
terminations of unused ways
in to 50 or 752,

For more complex
applications,

ask for details

of Hatfield,

26 way TTL
Compatible Reed
Relay Switch.

> ay -
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HATFIELD

forward thinking in electronics
HATFIELD INSTRUMENTS LIMITED,
Burrington Way, Plymouth PL5 3LZ, Devon.
Telephone: Plymouth (0752) 772773.
Telex: 45592. Grams: Sigjen, Plymouth.

L
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Binary counting

71

Explanations of terms used in today’s techniques

by C. Jones

As digital techniques continue to spread
to increasingly diverse applications so
the ranks of those obliged to keep
abreast of developments in logic design

are swelling accordingly. It is lamenta-.

ble that this area of most rapid change is
also surrounded by the heaviest ele-
ment of mystique, perpetuated to a
large degree by excessive and often
cynical use of jargon in much of the
associated literature.

While it is true that current trends in
logic design are quickly reflected in
additions to the integrated circuit lists,
there is a tendency for the various
manufacturers to favour differing ter-
minology when referring to what are, in
fact, identical circuit types and func-
tions. This is particularly marked in the
case of the binary counter which, as the
most versatile of the digital building
blocks, has spawned so many varia-
tions.

Counters now attract such terms as
“programmable”,  “variable-modulo”,
“parallel access”, and ‘carry looka-
head” while clocking arrangements are
described as synchronous, asynchron-
ous or even semisynchronous.

The implications of these and many
other circuit descriptions are certainly
of more than just academic interest and
are considered in this review of current
binary counting techniques.

Basic counting and the JK flip-flop. The
basic counter arrangement Fig.1, which
isincluded for the sake of completeness,
consists of a chain of four JK edge-trig-
gered bistables with the count pulse, or
“clock”, applied to the first stage only.
Each successive stage accepts the (Q)
output of the preceding one as a clock

Al
pulse input and will change stage each
time this preceding stage is reset.

Note that the leading (least signifi-
cant) stage does not change state until
the trailing edge of the clock pulse —
this is a feature of the JK class of
flip-flop which is the bistable most
favoured in integrated logic design. The
adoption of the JK flip-flop as the
preferred micrologic bistable is based on
the versatility obtained by combining
the best features of alternative confi-
gurations to form one multipurpose
design suitable for all applications.

Functional differences between the
more familiar RS (set/reset) flip-flop
and the JK type are illustrated by
comparison of the truth tables (Tables 1
and 2). The troublesome indeterminate
condition resulting from a *1” level
being presented to both R and S inputs
simultaneously is overcome in the JK

arrangement by ‘“back-priming” con-’

nections (Fig. 2) which force a straight-
forward change of state for the double
“1” input condition. However, as the
changeover will normally take place

well within the width of the clock pulse

the effect of simple back-priming con-
nections will be to allow the circuit to
tumble between one state and the other
until the clock pulse ends. This problem
is overcome by adopting the slightly
more complex arrangement (Fig. 3) in
which two RS flip-flops are connected
in cascade with clock pulse inversion
and gating in such a way that the
second flip-flop (slave) is prevented
from following the first (master) until
the trailing edge of the clock pulse. In

Fig. 1. Basic JK count chain.

Qo Q, Qs Qs
? O o) T
5 «a J a J  af J a
g[ﬁg:o— c.p. c.p. c.p. c.p.
— k aF Hx aF —Hxk aF Hx a}

‘the back-priming

effect, a delay has been introduced on
lines to prevent
unstable operation.

It is this characteristic two-stage
transfer action that has added the term
“master/slave” to the JK flip-flop
description in which J and K have been

clock
pulse

Fig. 2. Simple back-priming of RS
flip-flop.

R s|{& Q|a a
o 119 Q@lo 1
1 @) v 1 @)
o ol -~ @ Q&
11 9 * ok
Table 1. RS flip-flop..

K J18 Qla a
O 112 adlo 1
1 0 " 1 0
0 0 + 1Q a
11 - Q Q'
k indeterminate

_— !
Q Q outputs before clock
Q Q outputs after clock

Table 2. JK flip-flop.
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taken to correspond to S (set) and R
(reset) respectively. In the binary
counting application the J and K inputs
of each stage are internally tied to the
logic “1” level so that the required
binary sequence is followed.

Reduced counts. When the internal
organisation of the various counter
types is studied it becomes evident that
certain basic configurations have been
generally preferred, mainly to ensure
that each device meets the widest
possible field of applications.

To this end it will be found that
standard four-bit counters have no
internal connection between the first
and second stages and separate access
is provided to the clock input of the
second stage (Fig.4).

By splitting the count chain into two

distinct parts, three count modes are
made available with an external con-
nection required for the full division
‘by sixteen. When operating in the
split-count mode, the first and final
three stages are able to function quite
independently of each other in the
divide-by-two and divide-by-eight
modes, even when working at widely
differing clock rates. However, as the
reset-to-zero facility has not been
similarly split the dual count mode is
restricted to those applications which
either do not use a reset or those that
can tolerate common resetting.
* The split-count method of providing
for shortened counts is purely orga-
nisational and cannot be regarded as a
true reduced count in the same way, as,
for example, the decade counter which
involves a premature reset-to-zero.
Retaining the split-count format will
now result in separate divide-by-two
and divide-by-five modes or a full count
which is held-doWwn to ten.

The divide-by-twelve counter, alth-
ough apparently similar to the decade
format, has important functional differ-
ences which show clearly when the
count patterns are compared. The

Fig. 3. JK (master/slave) flip-flop.

output lines of the decade counter are
allowed to follow a true binary coded
decimal (b.c.d.) progression from 0 to 9.
By comparison, the method used to
produce the divide-by-twelve count is a
combination of premature resetting and
count knock-on logic which, in effect,
causes two count states to be skipped.
This forcing-on technique inevitably
results in count patterns appearing at
the output pins which do not accurately
relate to the true count. The sequence
diagram (Fig. 5) shows that this occurs
during the second half of the count
cycle with counts 6 and 7 being skipped
and the reset being forced at the
appearance of 14. The divide-by-twelve
counter is therefore unsuitable for the
direct driving of count displays any
further than the 50% duty cycle point.

Synchronous working. The counting
scheme so far outlined (Fig. 1 and 4) in
which the clocking pulse is applied to
the first stage only is generally known
as ripple or asynchronous counting and
is only acceptable provided that speed
of operation is not of primary impor-
tance. If, however, the total count
length has been greatly extended by a
stringing together process, then the
time taken for a resetting edge to
“ripple” through the entire counter
length could well prove to be prohibi-
tive. This would apply particularly to
uses in which various processing steps
are initiated or otherwise controlled by
the count sequence, and would there-
fore need to be inhibited for a period at
least equal to the worst-case settling
time following each clock pulse.

The time penalty involved in avoiding
thé effect of spurious counts during
settling is largely overcome by the
technique of synchronous counting, in

Fig. 4. Split count chain.
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Fig. 5. Divide-by-twelve sequence
diagram.

which all stages are clocked simultan-
eously but via interstage gating (Fig. 6).
The steering gates ensure that the clock
pulse only reaches those stages having a
full count in the preceding (less signifi-
cant) positions. By this method all
change-of-state switching is synchron-
ised with the trailing edge of the clock
pulse with no false count patterns
appearing between one condition and
the next.

Semisynchronous format. The split-
count configuration in which the first
and second stages are not internally
coupled cannot be combined with fully
synchronous working but results in a
hybrid action classed as semi-synch-
ronous (Fig. 7). With the external link in
place the second, third and fourth
stages do not receive the clock pulse
direct but are simultaneously clocked
by the output of stage A. The only
difference, therefore, between full and
semi-synchronous working is the
switching time of the first stage.

Group carries in synchronous counting.
Providing for synchronous operation
over a four-bit counter is perhaps
deceptively simple due to the function-
ally straightforward nature of the clock’
steering logic. In fact, a problem still
exists in providing a system arrange-
ment which will allow something
approaching true synchronous opera-
tion when a number of packages are
cascaded to form an extended chain.
Although functionally straightforward,
the clock gating commitment for
synchronous working rapidly becomes
unwieldy as the number of stages



www.americanradiohistory.com

Wireless World, July 1976

increases so that even the improved
package count lengths of Ls.i. do not
provide an altogether effective answer.

Advancing the count state from one
package to the next is referred to as a
“group carry” and the design require-
ments of the synchronous counter will
always include additional gating to
generate the group carry signal for use
by the following counter group(s). The
group carry output will be typically
labelled by different manufacturers as
"terminal count”, “ripple clock” or
simply “carry”, but in each case will be
the product of a full (terminal) count
condition plus the group carry level
from the preceding counter.

The resulting scheme (Fig. 8) pro-
vides a reasonable compromise in
counting speed but one which still
imposes a heavy restriction on the
maximum count rate possible. The
restricting factor hinges on the series
enabling line only being held active for
the time that the first (least significant)
counter is actually holding a full count.
This allows only one clock period for the
group carry to propagate (trickle)
through to the final group(s) as the total
count reaches the full reset point. Any
carry operation not completed before
the arrival of the next clock pulse will,
of course, result in a false count.

Greater group carry speed is possible
using a modified version of the trickle
method (Fig. 9) but one that requires
each counter to include an additional
enable input which controls only the
clock pulse and not both clock and
carry output. The least significant
counter is now only permitted to
control the clock enabling of the
remaining counters via this additional
input, which is usually labelled “‘parallel
enable” as distinct from the trickle
(series) enable, It is now the full count
of the second package that has the
‘longest trickle path forward but with the’
rcomplete count cycle of the least
“significant counter effectively acting as
a time buffer.

To remove the remaining restriction
on count rate would require external
“look ahead” logic, probably in the form
of carry look-ahead packages which are
actually intended for the generation of
fast carries in parallel adding schemes
and can operate in a similar manner
across blocks of four counter packages.

counter 1

Reversed counting and parallel access.
As the counting down process is
invariably concerned with the reduc-
tion of a preset count level to zero
rather than with a repetitive count
cycle, it would be most unusual for the
reverse count feature to be incorporat-
ed into the design of a counter without a
.parallel loading facility also being
included. The resulting combination
offers the convenience of being able to
force the count to any desired state
independently of the clock style
(asynchronously) and for the count to
then continue up or down from this
point.

Qqp Qy
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A reducing count sequence will be
obtained if the “reset” output of each
tlip-flop is used as the clocking line
(ripple), or clock controlling influence
(synchronous) in place of the “set”
outputs. The reversible, or up/down
counter, must therefore include both
types of interstage connection with
either one or the other enabled to decide
the direction of count.

Two types of direction control logic
are used: the dual clock method in
which separate ciock inputs control the
count direction, or the single clock
scheme with direction being selected by
a separate up/dewn control line (Fig.

Qp Q3

, i
! T

lock ~1J Q
e |T ®

J Q
®
c.p. _D—]-— c.p..

Fig. 6. Four stage synchronous
clocking.
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Fig. 7. Semi-synchronous format.
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Fig. 8 Trickle group carry scheme —.skeleton logic.
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Fig. 10. Reversible count logic—single
clock.
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Fig. 11. Basic Johnson counting.

TABLE 3
stage outputs two input’
count octal

Q @ Q; Q3 decode
0 |0 0 o0 of QG
1 1 0 0 © Q,.G,
2 1 1 0 0 Q,.Q,
3 1 1 1 0 Q,.Q,4
4 |1 1 1 1 Qy.Q,
5 (0 1 1 1 Q,.Q,
6 [0 0 1 1 g,.Q,
7 /o 0o o 1 0,.Q,

Table 3. Four-bit johnson count
sequence,

10). Both methods are straightforward
in operation but result in slightly
different cascading arrangements.

The cascading requirement for a
reducing count is virtually identical to
that of the forward count but the group
carry function now becomes a “group
borrow” and must reflect zero count
states rather than the full counts of a
carry line. Use of the dual clock method
of direction control dictates separate
carry and borrow lines which are
controlled by the appropriate up or
down clock input. Alternatively, the
single clock system allows both carry
and borrow functions to share a com-
mon “max/min” output which is quite
independent of the clock line and which
signals the full or zero condition as
selected by the count direction (up/
down) input.

In addition to the max/min output it
is common to have a “ripple clock”
output which allows the equivalent of
the trickle group carry scheme, while
fast operation is possible by using the
max/min output in conjunction with
external look-ahead logic.

From the crop of exotic-sounding
circuit descriptions used to refer to the
parallel loading facility, those most
likely to be encountered are the terms
“parallel entry”, “parallel access”,
“side-loading”, “programmable” or
“presettable”. All are used to describe
the arrangement in which a set of
inputs, under the control of a “data
load” line, may over-ride an existing bit
pattern by forcing each count stage to
follow its appropriate parallel data
input. This load function can be refer-
enced to the clock cycle for synchron-
ous working or be left to operate in the
more flexible asynchronous mode.

Variable modulo. The terminal (full)
count output of the synchronous
counter is especially useful in serving as
the data load input when forming a
variable count length without the need

Fig. 12. Johnson-based
counter/divider (octal).

clock

|

Jornson fcounter
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for external sensing logic. The count
length of the resulting variable-modulo
configuration is equal to the normal full
count, minus the bit pattern set up on
the parallel data lines and to which the
counter resets. In this manner, a
continuously variable count length is
possible by manipulation of the data
input lines.

Purpose designed variable-modulo
counters use various methods of modu-
lo selection and often no individual
stage outputs are provided, particularly
when the maximum count length is
extremely long. In these instances
output information is limited to a single
divide-by-N pin which flags the termin-
al count condition.

Johnson counters. Octal and decade
counter/dividers in which a four or five
stage Johnson format is used as a basis
for obtaining a set of linear spike-free
outputs are now quite common.
Basically a ring counter, the Johnson
sequence follows the bit pattern of a
back-primed shift register with the
clock input acting as the shift pulse (Fig.
11). Decoding each count state of the
Johnson sequence (Table 3) to produce
a linear one-of-eight or one-of-ten
output is particularly straightforward
and involves a simple two input gating
function for each linear output line (Fig.
12).

The advantages of this type of
counter are the high speed operation
resulting from not having to follow true
binary 1,2, 4, 8 code and the spike-free
outputs taken via decoding gates.

Unlike standard binary counters, the -
Johnson counter must be guarded
against unwanted codes which, once
established, lock “holes” into the
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sequence with the inevitable output
errors. It is also possible for certain
types of Johnson logic to lock up
completely in some circumstances and
anti-lock logic is necessary to ensure
that only valid codes can exist.

Tomorrow’s counters. As fuller use is
made of the high density logic families
so the present building-block approach
to digital system design will take on a
more concealing blackbox character.
For the counter, this trend will not be
restricted to extending package count
lengths but will result in much decoding
and look-ahead logic being included as
part of the counter packaging. A
ccurrent forerunner to this level of
inclusive counter logic is the full four
decade counter with a single time-
“shared b.c.d. output, and the variable
modulo concept has now been taken to
the stage where the maximum divide-
by-N factor equals 16,000.

As the existing logic families expand
and new lists appear so the task of
technical monitoring becomes more
unmanageable but at the same time
even more vital. Hopefully, keeping tabs
on state-of-the-art counting techniques
will at least go some way in maintaining
a foot in the door of the digital
skyscraper.

Commercially available i.c. counters
grouped under general function headings

BASIC ASYNCHRONOUS COUNTERS
(RIPPLE CLOCK)

TEXAS MULLARD
4 bit binary SN7493 FJJ211
decade SN7490 FJJ141
divide by 12 SN7492 FJJ251

SYNCHRONOUS COUNTERS (PRESETTABLE )

TEXAS MULLARD

4 bit binary SN74161
SN74163 FJB9316

decade SN74160
SN74162 FJB9310

REVERSIBLE COUNTERS (SYNCHRONOUS)

TEXAS MULLARD
SN74191
4 bit binary SN74193 FJBY366
decade SN74190 FJB9360
SN74192

ASYNCHRONOUS PRESETTABLE COUNTERS

TEXAS MULLARD
4 bit binary SN74177 FJB93177
decade SN74176 FJB93176

VARIABLE MODULO COUNTERS

RCA MULLARD
4 bit binary —— FJB9305
four decade CD4059 —_
{cmos)

JOHNSON-BASED COUNTER/DIVIDERS

{CMOS)
MOTOROLA NATIONAL
octal MC 14022 MM 4622A
decade —— MM 4617A
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Semiconductor developments

Power f.e.t. and improved bi-polar transistor

Audio power f.e.ts were first reported in
Wireless World in June 1974. These
devices were developed by Yamaha
under a commission by Japan Techno-
logy Development Foundation. At the
same time, Sony started a separate line
of development concerned with power
f.e.ts and as a result produced versions
which differed in detail from the
Yamaha device. Interestingly, Yamaha
produced only one polarity of f.e.t., the
n-type f.et., whereas Sony developed
complementary pairs. The structure of
the Sony fe.t. is shown in Fig. 1 and
consists of a drain of n* doped silicon
mounted on a substrate, a grid of p*
gates diffused into n~ drain area and a
source also selectively diffused through
the inner silicon oxide layer between
the grid of the gate. The structure is
completed by a metal connecting bridge
to the gate and the source. The com-
plete chip of the power fe.t. is 3mm
square and has approximately 1500
rectangular source areas. The comple-
mentary version of this f.e.t. is produced
by reversing the polarity of the impur-
ities used in each layer.

The difference between this device
and the Yamaha device reported earlier
appears to be largely one of detail
design, and also of power dissipation.
The Sony devices are rated at consider-
ably lower powers than the Yamaha
versions, the former having a total
dissipation of 63 watts for both types.

Fig. 2 shows the output
characteristics of two power f.e.ts,
showing a strong resemblance to the
characteristics of a triode valve. These
devices are known as vertical fe.ts
(v-f.e.t.) because current flows from the
substrate area through the thickness of
the chip to the metal connections at the
top. The advantages to be obtained

gate

source

through this form of construction are a
greater current density, coupled with a
high input and low output impedance
characteristic. Other advantages
claimed for the v-fe.t. are a fast pulse
response originating from the low
capacitance due to the thick insulating
layer separating the source from the
drain, and a voltage rather than a
current controlled response.

In a paper presented to the AES at the
recent 50th Convention, a speaker
reported on the characteristics of two
devices developed and used by Sony,
the 2SK60 and the SJ18. These are
complementary power devices with a
voltage amplification factor 4 = 4-5, a
mutual conductance, g,, = 250mS, and
an output resistance Rp = 16Q. Unlike
its bi-polar counterpart, the v-f.e.t. has
no area of second breakdown and this,
coupled with its extremely fast switch-
ing response, indicated to the equip-
ment designers that it was particularly
suitable for a Class B or similar power
output stage.

Several power amplifiers have been
designed by Sony using these v-fe.ts.
However, only two have appeared here
in the UK, these being mentioned
above. The version described in the AES
paper mentioned is not available yet in
the UK, though it is believed that the
design techniques described are similar
to the models new available. The model
described is the TAN-8550 power
amplifier which utilises three n-channel
and three p-channel devices in parallel,
complementary arrangement to pro-
duce a 100 watt per channel output into
an 8Q) load at any frequency in the audio

Fig. 1. A cross-section of the Sony v-f.e.t.

gate

F

HL{:J-l
= E
| Ert= E

n+

ol 4

=

R E T

\ 3

g

waann amaricanradighictanz cam



www.americanradiohistory.com

76

spectrum. The output stage is driven
from a Class A stage consisting of three
direct coupled differential amplifiers.
The total open loop gain of this circuit is
approximately 82dB with a distortion
that has been held to below 1% over the
audio spectrum, before negative feed-
back is applied.

In designing the v-f.e.t. power stage,
two alternatives offered themselves, the
first of which was a source follower, the
second being a drain follower. The
source follower suffers from a gain loss
by the mount of the offset bias poten-
tial; the drain follower circuit provides a
gain proportional to the amount of the
actual amplification factor uz. The main
disadvantage of the drain follower is
that the power supply voltage needs to
be rather higher than that for source
follower. A simplification of the bias
circuit is obtained by using the source
follower design and this in fact is a
version used in the Sony TAN-8550
" amplifier. The open-loop frequency
response extends to a roll-off point of
about 35kHz before negative feedback
is applied. This initial wide frequency
response is said to bring an improved
transient intermodulation performance,
an improved stability and a reduced
high order harmonic distortion, com-
pared with a similar bi-polar output
stage.

There appeared to be some disadvan-
tages to the use of v-fe.t, these being
principally associated with the values of
voltage required from the power
supplies. In the case of the Sony

Fig. 2. Output characteristics of two
complementary v-f.e.t. devices.
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amplifiers at least three supply rails are
provided, and, in addition, the idling
current in the output stage produces a.
high order of power dissipation in the
static, no-signal condition. In one
amplifier designed by Sony, the static
dissipation is in the order of 65 watts for
a 100 watt amplifier.

A further disadvantage of the type of
design approach utilising the parallel
arrangement of output devices is that
should one break down and require
replacement, the complete six need
replacement since the six v-fe.ts are
matched in characteristics.

Sony have also produced a lower
powered version of the v-f.e.t. which is

:used elsewhere in voltage amplification
‘stages in at least one of their v-fe.t.

amplifiers.

A second semiconductor device
developed by Sony and used in some of
their v-fet. integrated amplifiers is
known as the le.c. bi-polar transistor.
The abbreviation le.c. stands for low
emitter impurity concentration, which
describes in elementary form the struc-
ture of the emitter area of what is
otherwise a conventional bi-polar tran-
sistor. In a recent paper the Sony-
engineers described the general design
of the le.c. device, which appears to
have arisen from a study designed to
investigate the noise characteristics of
small signal transistors.

Conventional transistors, in order to
obtain a high emitter efficiency have a
higher emitter impurity concentration
than that of the base region. The reason
for this is to keep the value of the
injected minority carrier current from
the base into the emitter as low as
possible. Any attempt at reducing the
emitter impurity concentration below
that in the base results in a reduced,
emitter efficiency because there is an
increase in the ineffective minority
carrier current being injected into the
emitter which is inversely proportional
to the emitter concentration.

The lLe.c. transistor does not suffer
from this disadvantage because the
emitter region is double diffused to
produce a secondary junction. This
junction divides an area of high emitter
impurity concentration from an area of
low emitter impurity concentration
and thus is an n*n or a p*p junction.
The purposes of this barrier is to reflect
unwanted minority carriers injected
into the emitter and thus retain higher
high emitter efficiency.

The n*n junction is not the only type
of barrier which is capable of reflecting
injected minority carriers. Other bar-
riers listed in the original paper are as
follows; surface barrier, m.iss. (sic)
barrier, p-n junction barrier, hetero-
junction barrier and the Schottky
barrier. An example of one application
of the m.i.s. barrier application is where
a- metal gate device with such a
structure, is designed to control the
surface recombination velocity and
thus the gate so formed can change the

wway americanradiohistory com
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amplification factor by changes in its
bias.

However, the l.e.c. transistor
described has the singular advantage of
having high current gain with very low
noise and in particular the flicker noise
and burst noise is reduced below that

normally found in conventional bi-polar
devices.

Doppler shifts analyse

Chinese ceramics

The aesthetic appeal-of ancient Chinese
ceramics is enhanced by their coloured
glazes which are found in a variety of
forms with names such as Tea Dust,
Coral Red, and Mirror Black. It would
be of interest to know how the potter
produced these effects — without
destroying the specimens in the course
of finding out.

A stepin this direction has been made
at the Research Laboratory for Ar-
chaeology and the History of Art at
Oxford. R. E. M. Hedges reports some
preliminary work on measurements
based on Mdssbauer spectroscopy. This
applies an effect, discovered by Méss-
bauer in 1957, concerned with the way
in which very short electromagnetic
waves (gamma rays) are emitted and
absorbed by crystalline substances. The
processes of emission and absorption
are tremendously frequency-
dependent, and each element has
characteristic frequencies. For iron,
the selectivity of the effect corresponds
to a Q-factor of about 3 million million.
The frequency of emission is slightly
different from the frequency of absorp-
tion, and because of the high Q the
emission frequency falls outside the -
absorption passband. The emission and
absorption frequencies can however be
made to coincide by moving the emitter
relative to the absorber, so that the
emission frequency is Doppler shifted
by the right amount. This is the basis of
Mossbauer spectroscopy. If a specimen
is believed to contain a certain element,
its absorption of the gamma rays from a
moving emitter is measured. By chang-
ing the velocity of the emitter different
absorption peaks can be tuned in. The
interest to the physical chemist lies in
the fact that the shape of the frequency
response is modified by the way in
which the element is chemically bound
in a crystal. This enables the structure
to be deduced and, in the case of the
Chinese glazes, makes possible intelli-
gent guesses about the original produc-
tion processes.

The work done at Oxford so far used
iron-containing glaze ground off the
surface of pieces of broken china
(sherds) but an improved instrument,
now under construction, based on
reflection rather than absorption should
enable non-destructive measurements
to be made, and with luck reveal the
secrets of the potters’ techniques.
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Electronic systems — 4

More about modulation and transmitting signals

by W. E. Anderton Assistant Editor, Wireless World

Further considerations in an amplitude
modulation system include the depth of
modulation. We must not over modu-
late the carrier as this would be like
asking for more than full output or less
than no output and the effect would be
to distort the transmitted and thus the
received signal. Fig.l illustrates this
principle with examples of the wave-
forms expected for 0%. 50%, 100% and
more than 100% modulation.

Figure 1 also shows the quantities
which must be measured in order to
calculate the depth of modulation. The
amplitude labelled b represents the
mean carrier level, i.e. the unmodulated
carrier amplitude. The quantity labelled
a is the peak modulation amplitude on
the resultant modulated carrier. Depth
of modulation is given by the relation-
ship depth of modulation = (a/b) X
100%.

If we examine the case where a = b
then we can see that the carrier will be
100% modulated.

Spectrum of an a.m. signal

The transmitted signal involves multi-
plication of the carrier and modulating
signals. The multiplication process
produces a complex output signal
which contains the sum and difference

frequencies of the two input signals. If’

we are to transmit the baseband speech
signal previously described, the sum
and difference components will form
two bands of frequencies on either side
of the carrier frequency. These bands of
frequencies are known as “sidebands”,
each of them having a bandwidth equal
to the bandwidth of the modulation
signal.

If our am. system is to transmit
baseband signals up to 4kHz, then each
sideband will have a bandwidth of 4kHz.
The total bandwidth of the transmitted
signal (accounting for both the upper
and lower sidebands) will be 8kHz. The
spectrum of such a system is shown in
Fig.2.

Channel allocation

The long-wave and medium-wave
amplitude-modulated broadcast bands
have all been split into 9kHz channels.
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Each radio station is allocated a channel.
in which it is allowed to transmit so that
each of these stations is located at an
allocated frequency in each band. Now,
because the channel bandwidth is only
9kHz, each station can only transmit
baseband signals up to the maximum of
4.5kHz. If a station were to transmit
outside its allocated channel, the people
receiving adjacent channels would,
experience interchannel interference. In’
an attempt to alleviate this problem,
adjacent channels are allocated to
stations as far removed geographically,
from one another as possible. Figure 3
indicates the type of allocation of
channels one could expect over a small
portion of the medium wave band.

Advantages and disadvantages

of am.

One of the main advantages of an a.m.
transmission system is that it is simple
both in design and implementation at
both the transmitter and the receiver,
making the system relatively cheap to
operate and maintain.

The disadvantages of the a.m. sys-
tems are all concerned with quality of
reception. We started this section by
describing how early experiments were
conducted using spark transmitters
(now illegal, incidentally). All sparks
cause propagation through space on a
wide range of frequencies and hence
amplitude-modulated systems are sub-
ject to impulsive, wideband noise.
Impulsive noise can be generated by car
ignition systems, electric motors, arcing
switch contacts, etc. The received
impulsive noise is so intrusive in some
locations as to make concentration on
the received programme extremely
difficult.

The second disadvantage is again
concerned with quality; this time it is
the low bandwidth which is considered
an impairment. Two sidebands are
accommodated within a narrow chan-
nel and transmitted bandwidth is
necessarily limited.

Frequency modulation
'Frequency modulation (f.m.) was deve-
loped in an attempt to overcome the
limitations of an a.m. system. The-
transmitter again supplies a sinusoidal
voltage to an aerial, but this time the
frequency of the sinewave varies in
sympathy with the modulation signal,
the amplitude of the transmitted signal
being kept constant (see Fig4, part 3,
April issue). The receiver is designed in
such a way that the demodulated
output is insensitive to impulsive
amplitude changes of the carrier wave.

When there is no modulation signal,
‘the carrier wave is at a fixed frequency.
The modulation signal causes a fre-
quency deviation of the carrier and this
deviation is proportional to the
instantaneous amplitude of the modu-
lation signal.

The spectrum produced by this f.m.
signal is extremely complex. Mathema-

This series of articles is based on a
proposed Advanced Level course for
schools and is prepared in consulta-
tion with Professor G. B. B. Chaplin,
University of Essex. The next article
will deal with reception and demodu-
lation.

tical analysis shows that there exists an
infinite number of sidebands, each one
of less amplitude than the previous one.
To achieve full modulation in the
receiver one can argue that you would
require to transmit and receive a signal
of infinite bandwidth, but in practice , it
is found that the bandwidth required is
‘given by 2(f; + f,) where f, is the
maximum deviation frequency and f,, is
the maximum modulation frequency. If
we remember that lack of baseband
available bandwidth was one of the
criticisms of an a.m. system, then our
f.m. system must attempt to improve
this situation. Very high frequency f.m.
transmissions can be modulated at up to
at least 159kHz and achieve a quality
comparable to hi fi record reproduction.

The bandwith required to transmit a
broadcast f.m. signal is greater than
100kHz; consequently f.m. stations are
only found on the v.hf. band where
these large bandwidths can be accom-
modated. (The v.h.f. fm. band, known
as Band [], is from 87 to 10MHz). The
v.h.f. transmissions have a disadvan-
tage in that the transmitters and
receivers are complex and thus relati-
vely expensive. Coupled with this
disadvantage is also the fact that v.h.f.
transmitters have a limited range; often
no more than about 50 miles. Thus more
transmitters are required to provide
national coverage than would be the
case with an a.m. system.

Contrast of a.m. and f.m.

In am. the amplitude of the carrier is
varied, whereas in f.m. the carrier
frequency is varied. Frequency modula-
tion gives a much better signal-to-noise
ratio than a.m. under similar operating
conditions. Frequency-modulated sys-
tems are usually more sophisticated and
expensive than a.m. systems.

Appendix 1

Derivation of a.m. sidebands. Let the
modulation signal be represented by

Vimod = COSA
and the carrier be represented by
V.= cosB.

Modulation will be the product of the
two input signals plus a function
representing the carrier itself. Thus the
output (the transmitted signal) is

V,

out

=cosB + kcosBcosA

where k is a constant chosen to ensure
that the expression 1 + kcosA never
becomes negative. Alternatively,

Vou = c0sB + (k/2)(cos(A—B) + cos(A + B).

W americanradiohistons com

K i -

Wireless World, July 1976

Appendix 2 :
‘Representing the f.m. carrier wave. To
obtain an expression for an f.m. wave,
let the instantaneous carrier wave be
represented by

v, =V sinwt =V sin 2nf;t

where fis the instantaneous frequency.
For a positive increase in frequency we
have
fi=f.+ Af.sinw,t

where f_is the carrier frequency and Af,
is the frequency deviation of the
carrier wave due to the modulating
signal of frequency f,,.

If the instantaneous carrier phase is
®,then

1 do; .
I = + »
7 di fi=f.+ A sine, t

or (ij;(t)l; 2nf ;= w +2nAf sinw .t

By integration and a correct choice of
the phase angle, we obtain

d;= wct—ﬂcgcosw mt

fon

O =w t-mgosw,t
where my=Jf,/f,, is called the modula-
tion index. Since v, = V_sin¢; we obtain

or

v.=Vsine t-mgosw ,t

which represents an.f.m. carrier wave.
This article was prepared in consulta-
tion with Professor G.B.B. Chaplin,

- University of Essex.

Further reading

Obtainable from Mr. R. A. Smith, Depart-
ment of Electrical Engineering Science,
Universtiy of Essex, Wivenhoe Park,
Colchester CO4 3SQ, Essex, are the teaching
texts for the electronic systems pilot A-level
course, price £4.50; communication systems
section only, £2.00; computer systems section
only, £2.00; feedback systems section onty,
£2.00; basic electronics section only, £1.50.

Teletext at
Birmingham

Our demonstration of teletext at the IEA/
Electrex exhibition during May was not:an
undiluted success and for this we apologize
to those people who went to the exhibition
for the express purpose of seeing the decoder.
We were rendered hors de combat by an
obscure fault in the television receiver and
were unable to either rectify it or obtain
another, modified receiver in time to go on
with the demonstration, in spite of rapid
assistance from the set makers.

Correction

In the article “Some factors in loudspeaker
quality” by H. D. Harwood, May 1976,
reference & should be accredited to D. E. L.
Shorter and A. Gee.
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IEA New Products

Seen at the IEA/
Electrex exhibition,
Birmingham 1976

-

Digital counter

A range of low-cost digital frequency
meters was one of the highlights of the
Marconi Instruments stand. The
meters, designated TF2430, TF2431 and
TF2432, cover the ranges 10Hz to
80MHz, 10Hz to 200MHz, and 10Hz to
560MHz respectively. Large-scale-inte-
gration component design and automa-
tic production methods have enabled
the instruments to be manufactured for
reliability, and at low cost. Frequency
measurements are made directly,
requiring no prescaling, and switching
allows a maximum resolution of 0.1Hz.
A feature of this range of meters is the
simplicity of design. Each instrument
has as few controls as possible and
incorporates automatic gain control on
the input channel, which will accept
from 10mV to mains voltage, to cut out
the need for a sensitivity control. The
readout, which is in the form of a l.ed.
display, is operated from a memory so

e

IEA

that only the last measured value is
displayed and the blur of the digits
during counting is avoided. This facility,
together with an in-built leading-zero
suppression, ensures that the meter is
easy to read. Attention has been paid,
during design, to the construction and
layout of the meters to give good
servicing accessibility. Marconi Instru-
ments Ltd, Longacres, St Albans, Herts
AL4 OJN.

WW 301 for further details )

Programmable power

supply
Two digitally programmable power
supplies, types GXP25/25 and

GXP10/50, were among the major items
displayed by Gresham Lion Ltd. These
power supplies provide outputs which
may be controlled by a binary-
coded-decimal logic input. Type
GXP25/25 has arange up to 24.975V and
2.475A, and minimum settings of 25mV
and 25mA. The GXP10/50 covers a
range up to 9.99V providing up to 4.95A.
Minimum settings for the GXP10/50 are
10mV and 10mA. The input, which can
accept up to 50V without damage, is by
standard p.c.b. connector. Gresham
Lion Ltd, Twickenham Road, Feltham,
Middlesex TW13 6HA.

WW 302 for further details

Low cost oscilloscope

The model 4S6-LS oscilloscope has a
vertical amplifier sensitivity of
10mV/cm with a 6MHz bandwidth and
an accuracy of £5% A major difference
between the 4S6-LS and previous
models is in. the timebase sweep range
which has been extended to ls/cm at
+5% accuracy. To ensure that the
oscilloscope produces a good display
with the low-speed sweep a P7 long-
persistance cathode ray tube is fitted as
a standard. As an optional extra the
cr.t. graticules may be treated with
Glarecheq, a non-reflective acrylic
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coating which helps to reduce the
amount of reflection from the screen. At
the time of release the oscilloscope,
treated with Glarecheq, was priced at
£106. Scopex Instruments Ltd, Pixmore
Industrial Estate, Pixmore Avenue,
Letchworth, Herts SG6 1JU.

WW 303 for further details

Programming aids

A collection of programming aids for
microprocessor systems design were
exhibited by Osprey Electronics Ltd.
The aids, produced by Stag Electronic
Designs Ltd, offer a system which, it is
claimed, avoids the problems of time
consumption and inconvenience result-
ing from the large number of changes
and trial runs inevitable in software
development. Each system may consist
of a range of r.om. and p.r.o.m.
simulators, a simulator programmer, a
p.r.o.m. eraser, and a p.r.o.m. program-
mer. Pin-compatible simulators are
availabie for the 1702, 2704 and 2708
series of ultra-violet erasable p.r.o.ms,

WW 302 for further details
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as well as an equivalent of the Motorola
MCM6830L. mask programmed r.o.m.
The SP2 simulator programmer is a
manually operated data entry device
capable of programming any of the Stag
range of p.r.o.m. or r.o.m. simulators.
This programmer can be used to modify
individual locations or load complete
programmes — by keyboard for data

entry and by thumbwheel switches for.

address selection. Two p.r.o.m. erasers
suitable for electronically program-
mable r.o.ms are available, the SE4
which will take four p.r.o.ms and the
SE15 with a capacity for 15 p.r.o.ms. The
p.r.oms are placed in a tray, within the
eraser, and are thep exposed to high
intensity ultra violet light for a pre-
scribed time, preset on a timer dial. Two

p.r.o.m programmers exist, the PP2 for .

the 1702 series and the PP8 for the 2704
and 2708 series. These programmers are
suitable for electrically programmable
r.o.ms and are capable of transferring
master p.r.o.m. or simulator data dir-
ectly into a pr.o.m. Stag Electronic
Designs Ltd, Northaw House, Potters
Bar, Herts EN6 4PS.

WW 304 for further details

IEA

Multimeters

The Dolomiti has 39 ranges and mea-
sures current, voltage, resistance, capa-
citance and decibels. This meter has a
sensitivity of 20k{2/volt, with an accur-
acy of £2.0% on d.c. ranges and *2.5%
on a.c. and resistance ranges. Operating
frequencies on the a.c. ranges are from
20Hz to 20kHz. The meter, which
measures 130 x 125 x 40mm, requires
two 1.5V batteries and one 22.5V
battery and incorporates diodes, a
cutout and a fuse for automatic over-
load protection. Optional extras include
a 30kV probe and a signal injector.
Carlo Gravazzi (U.K.) Ltd, North
Crawley Road, Newport Pagnell, Bucks,
MK16 9HF.

WW 305 for further details

Avometer model 73 is a pocket sized
multimeter measuring up to 750V and
up to 3A on both a.c. and d.c. ranges.
On resistance ranges the meter will
measure up to 20MQ using internal
batteries. This meter has a sensitivity of
20kS2/volt d.c. and 1k§2/volt a.c. and an
accuracy of +2.5% on direct voltage

WW 304 for further details

WW 309 for further details
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and current ranges. On a.c. ranges the
model 73 will operate on frequencies up
to 75kHz. Fuse protection allows the
application of up to 250V r.m.s. for 10
seconds on any range. Avo Ltd, Arch-
cliffe Road, Dover, Kent CT17 9EN.

WW 306 for further details

Sanwa N-501 has a 2pA movement,
enabling resolutions of 0.05mA or ImV,
and measures current, voltage, resis-
tance and decibels. This meter has
current ranges up to 12A a.c./d.c. and
voltage ranges up to 1.2kV a.c./d.c.
with an accuracy of +2.0% on the d.c.
ranges and *2.5% on the a.c. ranges.
Operating frequencies on the a.c. ranges
are from 20Hz to 50kHz. The N-501,
which measures 252 x 191 x 107mm, is
protected by diodes and a fuse. Quality
Electronics Ltd, 24 High Street, Lydd,
Kent TN29 9AJ.

WW 307 for further details

Miselco Tester 20 is a 20kQ/volt, 40
range meter measuring current, vol-
tage, resistance and decibels. This
general-purpose unit can measure-d.c.
current up to 10A, has an accuracy of
2.0% on the d.c. and resistance ranges
and 3.0% on the a.c. ranges. Operating
frequencies on the a.c. ranges are from
20Hz to 20kHz. The Tester 20 measures
105 x 130 x 35mm and requires two 1.5V
batteries. Optional extras ‘include a
15kV/30kV d.c. probe. Alcon Instru-
ments Ltd, 19 Mulberry Walk, London
SW36DZ.

WW 308 for further details

Display modules

Compact 7-segment l.e.d. display
modules, with integral push-button
decade switches for preset counting,
were featured by Contraves Industrial
Products Ltd. The displays, called

* Multicount modules, may be assembled’

into multi-decade display and switching
banks, for instrument and control panel
mounting. Each module occupies 10mm
x 50mm of panel space, and end
brackets, for push-in front-of-panel
mounting, add a further 10mm to the
width. A variety of functions are
available in the Multicount range; these
include a built-in-memory, an up or
down counter, a comparator and a sign
display. Dummy modules can be sup-
plied for incorporating additional func-
tions such as push-buttons, key-
switches or electronic circuits. The
bidirectional decade switches have
binary-coded decimal outputs which
can either function independently from
the digital display, or may be connected
to the display logic. Contraves Indus-
trial Products Ltd, Times House, Station
Approach, Ruislip, Middlesex, HA4 8LH.

‘WW 309 for further details
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Base stations for f.m.

systems

Burndept Electronics have introduced
two f.m. base station transceivers, the
BE454 for u.h.f. and the BE458 for v.h.f.
The u.h.f. station operates within the
range 420 to 470MHz, with channel
spacings of 25kHz, and has a transmit-
ter output of 5 watts with a spurious
output of less than 2.5uW. The v.h.f.
station operates in the bands 68 to
108MHz and 132 to 174MHz with
channel spacings of 12.5 or 25kHz.
Receiver sensitivity for both trans-
ceivers is 0.35uV for 20dB quieting.
Crystal stability is +5 parts in a million
over the temperature range —10 to
+60°C. The transceivers, which can
also be used for repeater operation, are
designed to be operated either locally or
remotely in a communications network.
Remote control is achieved by tone or
d.c. signalling over two or four wire
systems. A range of quick-change
modules are available allowing both
versatility and ease of maintenance.
Both transceivers can be used in single
or two frequency simplex, or duplex
modes and are available in single or
multichannel versions. Optional extras
include tone squelch and selective
calling controls. Burndept Electronics
(E.R.) Ltd, St Fidelis Road, Erith, Kent
DAS8 1AU.

WW 310 for further details

Cam switch

Adjustable cam switches, suitable for
up to 700 rev/min, have been intro-
duced by Barden Corporation. These
miniature switches, in the PAl and PA2
series, give infinitely adjustable shaft
and dwell angles between 3° and 357°.
The units, which can be adjusted while
the shaft is fixed or rotating, can be
mounted in series to provide from 1 to
10 independently adjustable switches.
Features include precision ball bearings
and low inertia and operating torque for
fast and accurate switch operation at
minimum power. Operating character-
istics are: 115/230V a.c. for 5A inductive
and restive load, 30V d.c. for 5A resistive
load or a 3A inductive load with an
inrush capacity of up to 24A. The
Bardon Corporation (UK) Ltd, Western
Road, Bracknell, Berks, RG12 1QU.

WW 311 for further details

Digital cassette recorder

A digital cassette recorder, known as
the Raycorder, is claimed by its
makers, Raymond Engineering Inc., to
be a highly reliable instrument suitable
for minicomputer, telecommunications,
and research applications. The recorder
is designed primarily for use in data
terminals and data logging systems, but
may also serve as a digital interface. A

e ae—n ———i — —

number of versions are available,
including single or dual-channel ma-
chines with either read-write or read-
while-write options. The reels and
capstans are driven directly by four
motors, eliminating clutches, belts and
flywheels to give maximum reliability
and performance. Mean time before
failure has been rated at 5000h. The
motors have low-mass ironless arma-
tures and are controlled by a servo-
system which enables the tape to be
accelerated uniformly and accurately.
Preferred tape speeds are factory set
between 3in/s and 30in/s with varia-
tions not exceeding +2%. Typical
acceleration and deceleration times are
20ms at 3in/s and 60ms at 15in/s. Trend'
Telecommunications Ltd, St. John’s
Estate, Tylers Green, High Wycome,
Buckinghamshire, HP10 8HW.

WW 312 for further details

Microprocessor kit

The SC/MP Introkit includes a SC/MP
central processing unit — the
ISP-8A/500D,a 512 x 8 r.o.m. (MM5214),
a 256x8 ra.m. (MM2112-1), a 1MHz
crystal, interface circuits and discrete
components. It is claimed that these
components can be assembled on to the
100 x160mm Introkit printed circuit
board in one hour, providing a practical
method of familiarising users with
microcomputer characteristics. Small
programmes can be developed and
entered into the r.a.m. using a teletype
keyboard or a compatible terminal.
These programmes can then be run and
their performance monitored by the
Kitbug programme which is stored in
the r.o.m. Applications for this kit could
include automatic control systems,
domestic appliance programmes, traffic
light sequencing. and machine tool
control. The kit, which includes a data
sheet and technical manuals, was priced
at £54.50 at the time of release. DTV
Group Ltd, 126 Hamilton Road, London
SE27 9SG.

‘WW 313 for further details

Recorder-calculator

The SX4500 cassette recorder, intro-
duced by Hadley Sales Services, has a
built-in calcutator. The two-track
recorder, which can be operated from
either the mains supply or internal
batteries, will take C30, C60 and C90
cassettes, has an audio output of
300mW, and uses a built-in condenser
microphone. Calculator functions
include addition, subtraction, multipli-
cation, division, constant multiplication
or division, power calculation, a
memory and a percentage calculation.
Calculations may be made to seven
decimal places. The overall size of the
instrument is 4 X 1% X 8in. Hadley Sales
Services, 112 Gilbert Road, Smethwick,
Warley, Birmingham B66 4PZ.

WW 314 for further details
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WW 311 for further details

Audio switching system

A system of modules for audio mixing
and switching have been introduced by
Prowest Electronics Ltd. The system
consists of a five channel input buffer, a
ten by one switching unit, a twin output
amplifier and a d.c. controlled fading
amplifier. Four field effect transistors in
a series shunt configuration are used as
the switching elements and a further
series switch on each board reduces
'system crosstalk to approximately 90dB
at 20kHz. Maximum level through the
system is +26dBm and distortion is less
than 0.03% at all levels up to + 20dB.
The modules are all based on 7in printed
circuit boards, are built into standard
Imhoff 19in racks, and use a common
+ 18V power supply. The switching can
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be controlled directly or by a binary-
coded-decimal address. Prowest Elec-
tronics Ltd, Alma Road, Windsor, Berks.

WW 315 for further details

Resistance standards

A range of 4-terminal resistance stan-
dards have been manufactured by
Croydon Precision Instrument Com-
pany for values from 0.00018 to 100k€.
The standards, type RS3, offer accur-
acies between =*=0.005% and =*0.02%
depending upon the resistance values.

Each standard is designed to have the’

maximum permanance of calibration
combined with a good load coefficient,
and is suitable for use in air or in a
temperature controlled oil bath. Croy-
don Precision Instrument Company,
Hampton Road, Croydon, CR9 2RU.

WW 316 for further details

Tantalum capacitors
Thomson-CSF have introduced a range
ol solid-tantalum electrolytic resin-
dipped capacitors. The capacitors have
values ranging from 0.1pF/35V to
100uF/3V with tolerances of *20%.
Case dimensions vary from 6.5 X 4mm to
10 x7mm. The leads are 0.6mm diameter
and are spaced 5.08mm apart. Thom-
son-CSF (UK) Ltd, Ringway House, Bell
Road, Daneshill, Basingstoke, Hants
RG24 0QG.

WW 317 for further details

Dual-in-line switches

A series of subminiature switches for
printed circuit applications has been
introduced by Secme. Three basic types
of switch are available within the range;
one to eight single-pole on/off, one to
four double-pole on/off, and one to four
single-pole change-over. Other func-
tions may be combined in the same body
if required. The switches, which are

rated for 0.5A at 12V, have a contact
resistance of less than 30m{2, and can be
stacked end to end in any number on
standard 0.lin pitches. The bases are
sealed to prevent the ingress of mois-
ture. Souriau (UK) Ltd, Shirley
Avenue-Vale Road, Windsor, Berkshire.

WW 318 for further details

All purpose stroboscope
A compact portable stroboscope has
been made available by ESI Nuclear for
use in industry, research, education and
medicine. The 202, as it is called, has
three ranges covering from one to 250
flashes per second with an accuracy of
+2%. A feature of the 202 is its
flexibility; two or more units may be
coupled to flash simultaneously while
controlled by one dial, external sockets
may be used to drive an external
frequency meter, and there is also a
provision for external triggering. At £64,
the 202 is claimed to be amongst the
most inexpensive instruments of its
kind. ESI Nuclear, 6A Holmesdale Road,
Reigate, Surrey RH2 0BQ.

WW319 for further details

Line impairment

simulator

A new release at the “All Elec-
tronics Show” was the model 770 line
impairment simulator from Axel. The
simulator is claimed to be cheaper and
more compact than previous models,
and capable of simulating most of the
line conditions common in data trans-
mission systems. These conditions
include those in voice-transmission-
type telephone lines which, when used
for data transmission, degrade the
digital data — especially at speeds above
2400 bits per second — switch-selection
enabling simulation of the worst cases
of Bell Cl, C2, C4 and 3002 lines. A user

WW 318 for further details
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may also add to the simulation certain|
steady-state disturbances such as var-
ious random noises, phase jitter, fre-
quency shifts, and harmonic distortion.
Transient disturbances such as impulse
noise and sudden amplitude changes
can also be added. The disturbances
may be selected individually or simul-
taneously, as required. A built-in
random noise generator with a cali-
brated attenuator allows selection of
the desired signal-to-noise ratio, having
output levels from ~16dBm to —88dBm
in 1dBm steps. At the time of going to
press the model 770, which weighs 16 Ib
and is suitable for bench or rack
applications, could be obtained for
£2,650. A portable version, the model
771, is also available. JVN Components,
204-206 High Street, Bromley, Kent BR1
1PW. .

WW 320 for further details

High Q bandpass filter
Pulse Engineering has introduced a
high Q bandpass filter, PE 86 030, that
can be tuned to any frequency from
67Hz to 3kHz. Each tone frequency is.
actively trimmed to better than +0.15%
and Q factor is typically 150. Deviation
from the specified centre frequency
over a temperature range 0 to 50°C is
less than =#0.25%. These filters can
replace tuning forks in paging applica-
tions and two-way transceivers for the
detection of specific tone frequencies
and are claimed to eliminate reliability
problems and shock sensitivity. Aurie-
ma Ltd, Components Division, 442 Bath
Road, Slough, Berks.

WW 321 for further details

| Digital thermometer

A pocket-size thermometer, introduced
by Kane-May Ltd, is claimed to give a
rapid digital reading, to a resolution of
0.1°C, over a temperature range from
—30°C to 199.9°C. The device, called the
Digitherm “Universal” electronic ther-,
mometer, is also available for a wider'
range from -50°C to 1100°C, to a
resolution of 1°C, Built-in circuitry
compensates for ambient temperature
and also for loss of battery voltage,
which can be checked as required, the
accuracy being maintained until the
battery potential drops away sharply.
The thermometer is intended for food
processors, plastics manufacturers and
in other industries where fast transient
temperature changes must be mea-
sured. Kane-May Ltd, Burrowfield,
Welwyn Garden City, Herts.

WW 322 for further details
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~ SWEEPER MODELS®
1001A 0-5MHz to 300MHz

1002 1MHz to 500MHz
1004-1 450MHz 950MHz
1004 500MHz to 1GHz
1005 700MHz to 1 4GHz
1801A '1MHz to 950MHz.
2000 1MHz to 1 4GHz
2001 1MHz to 1 4GHz

*We also offer a complete line of attenuators and

£830
£830
£830
£830
£830
£1145
£1120
£1330

detectors covering the same frequency ranges.

83

\ One thousand one...

"~ one thousand two...
one thousand four-one...
one thousand four...

" one thousand five...

/ | one thousand eight
/ hundred one...

two thousand...
/ | two thousand one...

/ that’s how you count
/ to 1.4 GHz in sweepers.

It's also how to tell the story of the most
complete line of sweepers in the
business. Our latest additions include the
1801A for CATV equipment testing
and the 2000—a less expensive version
of the spectacular 2001. All of our
sweepers have rugged, solid-state designs
and are suited for laboratory, production
and systems use. They are available
with both 50-ohm and 75-ohm calibrated
RF outputs and feature pin-diode leveling,
crystal-controlled markers and excellent
display linearity characteristics. All include
remote programming of frequency and
sweep width, and can be AM or FM modu-
lated. If you'd like more information,
use the reader service card or get in
touch with us directly. You can count on
an immediate response.

WAVETEK:

Wavetek Electronics Limited,

109, Crockhamwell Road,

Woodley, Reading, Berks RG5 3JP

Tel: Reading (0734) 694944. Telex: 849301

WW—088 FOR FURTHER DETAILS
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nome teducer

Wireless World Dolby“noise reducer

Trademark of Dolby Laboratories Inc

We are proud to announce the latest addition to our range of matching high fidelity units.

Featuring: i
uring Typical performance

@® switching for both encoding (low-level h.f. compression) and decoding Noise reduction: better than 9dB weight-

. . . d
@® aswitchable f.m. stereo multiplex and bias filter e¢
Clipping level: 16.5dB above Dolby level
@® provision for decoding Dolby f.m. radio transmissions (as in USA) ‘Qgﬁ?j‘;{f" B8 U LGl WEImEHS
@® no equipment needed for alignment Harmonic distortion 0.1% at Dolby level
quip
typically 0.05% over most of band.
@ suitability for both open-reel and cassette tape machines nsing to @ maximum of 0.12%
. . . . . Signal-to-noise ratio: 75dB (20Hz to
@ check tape switch for encoded monitoring in three-head machines g (

20kHz, signat at Dolby level) at Monitor
output
Dynamic Range > 90dB

30mV sensitivity.

The kit includes:

—complete set of components for stereo processor

—regulated power supply components
—board-mounted DIN sockets and push-button switches
-—fibreglass board designed for minimum wiring

-—solid mahogany cabinet, chassis, twin meters, front panel, knobs, mounting screws and nuts

PRICE: £34.40+ VAT

Calibration tapes are available for open-reel use and for cassette (specify which) . . Price £1.80+ VAT"

Single channel plug-in Do|by®PROCESSOR BOARDS (92 X 87mm) with go|d plated contacts are available with all

COMPONENTS .« . . . . o o .. ... Price £6.50+ VAT
Single channel board with selected fet. . . .. . ... ... ... ... .. .. S . . . Price £2.00+ VAT
Gold plated edge connector . . . . . i A Ao = ¢ A2l .. . Price £1.27 +VAT"

Selected FET's 54p each+ VAT, 96p+ VAT for two, £1.76 + VAT for four

Please add VAT at 12%% unless marked thus”, when 8% applies
We guarantee full after-sales technical and servicing facilities on all our kits

Please send SAE for complete Iists and specifications
Portwood Industrial Estate, Church Gresley,
I NT EG R E X LT D Burton-on-Trent, Staffs DE11 9PT
" Burton-on-Trent (0283) 215432 Telex 377106

WWW.americanradiohistorv.com
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INTEGREX

S-2020TA STEREO TUNER/AM PLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button

FM Varicap Stereo Tuner combined
with a 20W r.m.s. per channel Stereo
Amplifier. 7 . A e, - B, ¥ H 7
Brief Spec. Amplifier: Low field Toroidal transformer, Mag input, Tape In/Out facility (for noise reduction unit, etC)
THD less than 0.1% at 20W into 8 ohms. All sockets, fuses, etc., are PC mounted for ease of assembly. Tuner
section: uses Mullard LP1186 module requiring no RF alignment, ceramic IF, INTERSTATION MUTE, and
phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range 88— 104MHz. 30dB mono S/N @

1.8uV.THD typ. 0.4%
PRICE: £48.95+ VAT
NELSON-JONES STEREO FM TUNER KIT

A very high performance tuner |
with dual gate MOSFET RF and . Yor. X e
Mixer front end, triple gang ' Mw RAASC 008 T
varicap tuning, and dual ceramic
filter /dual IC IF amp.

N Mawe

Brief Spec. Tuning range 88—104MHz. 20dB mono

quieting @ 0.75uV. Image rejection — 70dB. IF Mono £26.31 '
rejection—85dB. THD typically 0.4% £ VAU
IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £30.58 + VAT
tuning and AFC unit. Choice of either mono or stereo with .

a choice of stereo decoders. With Portus-Haywood Decoder
Compare this spec. with tuners costing twice the price £32.81+ VAT

: STEREO MODULE TUNER KIT

- A low-cost Stereo Tuner based on the Mullard LP1186 RF
module requiring no alignment. The IF comprises a ceramic
filter and high-performance IC Variable INTERSTATION MUTE.

Sens. 30dB S/N mono @ 1.8pV PLL stereo decoder IC
THD typically 0.4%
Tuning range B8—104MHz PRICE: Mono £25.55+ VAT
sig. strength and stereo indicator S
tereo £28.65+ VAT

S-2020A AMPLIFIER KIT

Developed in our laboratories from the highly successful
“TEXAN’’ design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Typ. Spec. 20+20W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N
72dB. Headphone output. Tape In/QOut facility (for noise reduction unit, etc.). Toroidal mains transformer

PRICE: £30.94 + VAT

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT . £13.13+VAT PHASE-LOCKED IC DECODER KIT . . . £4.47 + VAT
BASIC MODULE TUNER KIT (Mono) . £13.25+ VAT PUSH-BUTTON UNIT .. . .. .. ... ... £3.50+ VAT
BASIC MODULE TUNER KIT (stereo). £15.25+ VAT

PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT , DG £7.93+VAT
WW-—020 FOR FURTHER DETAILS
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Texan Amplifier

as featured by
PRACTICAL WIRELESS
SOLE U.K. DISTRIBUTORS — HENRY'S

B #Fyoe ek 1or ony’ pmpmm

£3 KIT PRICE inc. vAT + £1.00 p&p g:';:;?;:ge

Builtand tested £42.00 inc. VAT + £1.00 p&p. Ask for

Build the Texan stereo amplifier, then you can be Iea”ets 5.
doubly proud ! For a start, you'll own a superb home * Everythi
entertainment unit. And have had all the pleasure of ecessar i
doing it yourself, with the Henry's kit. n ke y
Look at the Texan specification supplied.
Incorporating fully integrated stereo preamp and poweramp, Full after
with 6 1C’s, 10 transistors, 6 rectifiers and zener diodes. Plus I
stabilisied, protected circuitry, glass fib pcb ; Gardeners sa 85
low-field low-iine mains transformer ; ail facihties and service and
contiols. Slim design, chassis 141" x 6" x 2" overall. 20 watls

perchannel RMS_ less than 0.1% distortion a guarantees'

|ovte s £28°)

inc. VAT + 50p pBp

Built and tested £28.50inc. VAT
+50p pBp

Build the matching Texan stereo tuner !

Features advanced varicap tuning. Phase | ANUDP-10-1he

lock loop decoder. Professionally MtNute game.

designed circuit. Everything you need 1s Plugsinto Your own Ty

in the kit. From the glass fibre pcb to the Swiich on, And you e ; aeualsocker.
cabinetitself. Excellentspec: 2.5 uV Choose Your game €away !

aerial sensitivity. 500 mV output
(adjusiable). Tuning range 87-102
¢ MHz. Mains powered

THE NATURAL FOLLOW-0ON

10,000
ALREADY sqLp

Henry’s latest * IDEAL GIFT

ELECTRONIGS
CATALOGUE

For this latest edition, we have
made hundreds of changes and
additions. Features now include:

Wireless World, July 1976

LECTROVALUE

b!\!j\se buyer’s first choice

I CATALOGUE 8

ISSUE No. 2
® 144 pages

@ UP-DATED PRODUCT
& PRICE INFORMATION

@ 40p POST PAID +
40p REFUND VOUCHER
s

We have made it just about as comprehensive and up-to-the-minute as possibie
Thousands of items from vast ranges of semi-conductors including 1.C.s to components,
tools. accessories. technical information and diagrams are included as well as a refund
voucher worth 40p for spending on orders list value £5 or more. SEND'NOW FOR YOUR

OPY OF CATALOGUE 8, ISSUE No. 2 BY RETURN It's an investment in practical
money-saving and rehability!

+E.V. PRICE STABILIZATION POLICY

This 15 one of reviewing prices every 3 months rather than trying to keep up with day by
day changes as they occur We have on the whole held prices better than anticipated in
following this plan Next review period starts July 1st

+E.V. DISCOUNT PLAN

Applies to ail nems except the few where prices are shown NETT § % on orders fromt5
1014 99 10% on orders value £ 15 or more

+FREE POST & PACKING

Tn UK tor pre-paid mail orders over £2 If under there is an additional handling charge of
15p

+ QUALITY GUARANTEE

All goods are sold on the understanding that they conform to makers’ specifications. No.
rejects. seconds or sub-standard merchandise

ELECTROVALUE LTD

All communications to Dept. 4/6

28 ST. JUOES ROAD. ENGLEFIELD GREEN. EGHAM. SURREY Tw20 OHB

Tetephone Egham 3603. Telex 264475, Shop hours 9 5 30 daily, 9-1 p.m Sats
NORTHERN BRANCH: 680 Burnage Lane. Burnage. Manchester M19 1NA
Tetephone (061) 432 4845. Shop hours Daily 9 5 30p m . 9-1 p.m Sats

In U.S.A. you are invited to conlact ELECTROVALUE AMERICA. P.0. 337 Peterborough NHO3458

* over5000items * over 200 pages
many nNew % easy-to-use, complete

% free 50p voucher inside alphabetical index
every copy section index

% virtually everything % everything at
needed by amateurs competitive prices
and professionals

*

FREE to Educational Establishments when +20p
ordered on official headed notepaper arfpace

_FENRy's All mail to: Henry’s Radio

i) 303 Edgware Rd. London W2

LONDON WZ: 404/6 Edgware Road. Tel: 01-402 8381

LONDON W1: 231 Tottenham Ct Rd. ;,/z; 70, Tel: 01-636 6681
FNOTTINGHAM : 94/96 Upper Parliament St. Tel: (0602) 40403
}EREADING, BERKS: 130/131 Friar Street. Tel: (0734) 583230
J}HARROW : 190/4 Station Road. Tel: 01-863 7788

*(]:‘EIOYUQI(-)GNB 1313[!”;‘0"'] End. [Pleasé Note: Mail Order Customers

VAT DOWN 55 st

% NEW STORE

WW — 041 FOR FURTHER DETAILS

HART
ELECTRONICS

Audio Kit Specialists since 1961

J. L. Linsley-Hood
High Quality
Cassette Recorder

Full kits of parts for this outstanding design, including
metalwork, cabinet, low humfield mains transformer
and all other parts. Please send SAE for full data

Cassette Mechanism only complete with Erase and
Record/Playback head, £19.10 + 12%2% VAT

FURTHER INFORMATION ON ALL KITS FREE if you send us a 9 in. x 4 in.
S.AE.

REPRINTS Post free. no VAT

BAILEY 30w 18p.

STUART TAPE RECORDER. All 3 articles under one cover 30p.
BAILEY/BURROWS /QUILTER Preamp circuits, layouts and assembly notes 15p.

All prices exclude VAT @ 1272 per cent except for reprints which are exempt

Penylan Mill, Oswestry, Salop

Personal callers are always welcome, but please note we are closed
all day Saturday

WwWW.americanradiohistorv.com
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LOW PRICI

Top

D

Ou

COMBINED PRECISION

COMPONENTS LTD.
Good People to Deal With’

Around the
World Export Service

VA BT106  £1.20
BF185 30
Qty Type Price (pP) Qty Type Price (p) BF194 ;B BU105/02£1_60
_ Dv87 370, PCF802 480 BF195 8 BUT0B  £1.80 Qty Type Price (p)
___ DYso2 370 PCL82 54.0 BF196 10 BU208 £2.20 2TQ 950MK2 1400 £2.05
—= Eﬁa?z 31‘8 ,ESLLS; —;3'8 BF197 i €1222 38 2DAK 1500 (17" x19") £1.85
EF183 390 PCLB6 __50.0 LA o ML 2TAK 1500 (237 x 247) £2.05
EF184 390 PFL200  65.0 gg?g fg 6677 16 : g -
ELSONINA0' REICHI630 BF224 20 R20088_ £1.90 EHT MULTIPLIERS COLOUR
PCB6  58.0 BLE4 :7‘2-8 BF258 26 R20108 E1.90 Quy Type Price sach
RCICENERNSS 0| g food B0 BF336 27 RCA16334 80 1 TAQITTCVC1,2&3  £5.10
Foces 0 T BF337___ 35 RCA16335 80 ITN GEC Sobell ] £4.50
—_— z BF355 50 TIP31A 52 ITAZ GEC 2110 T fas0
RCEOOME8'0 YOS W30 BFXB6 28 TIP32A_ 62 — T (6 45
PCF86 440 PYS00A £1.00 ——— ) ___ !ITAM Philips G8 4.50
PCFBOT 460 PY8OD 420 dagl IR TI AN IITBD Philips 550 £4.65
: : BFYS2 20 TIPa2A 75 ,
BSYS2 30 ZN3055 55 3TCW Pye 691/693 349
SEM[ CONDUCTORS _ ITH Decca 30 Series  £4.60
AC127 20 BC135 15 ~ 11HAA Thom 8000 £1.99
AC128 5 BC137 20 Each ppnch __ 11HAB Thorn 8509 £4.31
AC141K__ 2¢ BC138 30 s SV s e UTCP Bush 823 £550
AC142K 25 | BC142 20 32145 % vo% o
AT Bl o BATE 16 “oA% 6 "ew BLACK & WHITE TUBES
AC1ES 18 el BA154/201 12 ~0A202 8 with.Fuli Years Guarantee
BY126 11 T INE0/OAST 7 b
T — s 3 | i 77| weorenst ] |
BY199 25 IN4002 5 20" CME 2013 £13.90
— AL 2 BC1s3 20 24" CME 2413 £15.95
AC187K 30 BC154 20 o :
AC188 18 BC157 11 INTEGRATED CIRCUITS :
AC188K__ 30 BC158 10 TOSHIBA TUBES
AD142 62 BC159 1 Each Each with 12 months in service guarantee
AD149 45 BC173 15 Qty Type . Price (p) Qty Type  Price (p) : oa
AD161 38 ~ BC178B 20 ETTR6016 TBA120AS 60 i Price oach
AD162 38 BC182L 12 £2.00 TBA120SQ 19" A49-191X equivalents
2 RIAER25 BC183L 12 | . MCIBIP_ 70 o HL00 A49-192 and A49-120X  £52.00
AFT15 22 BCI187 25 SN76003N TBA4B0Q _A49-192 and A49-120X  £52.00
AF116 22 BC214L 15 £2.35 - £1.40 20" 510DJB22 equivalent
AF117 20 | BC328 28 SN76013N TBA520Q AS1-110X  £54.30
ETTER LS Beasy 5 [l — £1.43 £2.40 22" A56/120X £55.40
AF139 35 BD124 75 SN760T3ND TBASI0Q . o
AF178 45 BD131 35 SNT6023N Teassio0 | *K All goods subject to
AF180 a0 132 9 _ 0 .
AFIB1 40 CEiEoMEl SEET T TBAB50Q settlement discount of 57,
AF239 45 | BD235 50 £1.20 ) eoc—émo 7 days and 2’ monthly.
AF240 20 8D237 60 SN76033N TBAS i i
BC107 10 BDX32 _£2.40 £215 £240 | 3 Prices subject to 127 VAT
Sei08 10 | BEE 7 SNTeZZIN TBABOO £1.10 e i) B ok
BC109 12 BF160 35 ' TBAS20Q oo
BC109C 14 | BFI67 24 STEEAT EATo L >k No Postal Charges
BC113 15 BF173 25 SN76660N_ 60 £2.50
BC116A 25 BF178 33 SNT6666N 90 TCA270Q sk C.PC.-Price - Quality - Service
BC117 14 l BF179 38 ASSGREE} £2.90
BC1258 18 BF160 31 — hog
BF181 31 VEAED) (D * NO M'n'mum OrderS

| enclose cheque/PO to the value £

C.P.C. supply many large Multiple Organisations in the U.K. Contact our .
Export Division for special prices NOW. Or send your order with this page. (/ ;/ ;

/
<

....p for the goods as specified above.

Send this coupon NOW to:
C.RC.. Dept.w, 194-200 NORTH ROAD, PRESTON, LANCASHIRE, ENGLAND.
Phone: Preston {STD 0772) 55034. Telex 677122

New price hst 1.4.76

Name_ Position
Company _ — - — .
Address __ . -

Tel. No. — .

www_americanradiohistorvy com
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Get'a great deal from
arshalls

A Marshall (London) Ltd Dept WwW
40742 Cricklewood Broadway, London NW2 3ET. Tel: 01-452 0161/2
& 85 West Regent St Glasgow G2 2QD Tel 041-332 4133

& 1 Straits Parade Fishponds Bristol BS16 2LX Tel 0272-654201/2
& 27 Rue Darton Issy Les Moulineaux Parns 92
Call in and see us 9-5.30 Mon-Fr1 9-5.00 Sat
Trade and export enquiries welcome. Catalogue price 35p (30p to callers)

Wireless World, July 1976

Telex: 21492

OUR RANGE COVERS OVER 7,000 ITEMS THE LARGEST
SELECTION IN BRITAIN TOP 200 IC'S, TTL, CMOS & LINEARS

CA3020A 1.80
CA30284 0.79
CA3035 1.37
CA3048 0.70

€04030
€D4031
CD4037
CDa041
C04042
CDA0A9
CDADSO
CD4510
€D4511
CD4s516
CD4518
€D4520
LM3014
LM308

LM309K
LM 380

LM381

LM702C

0.52
1.98
0.88
0.70
0.83
0.45
0.45
1.25

LM7815P 1.80
LM7824P 1.80
MC1303L 1.50
MC1310P 2.50
MC1330P 0.90
MC135IP 0.80
MC1466 3.50
MC1469 2.75
MC14553 4.07
NESS5V  0.48

FEONEONNNDOTTT

H!-'hlihb--u!mao-m_._._.

0.40
040
0.38
1.05

0.44
0.41
0.61

00O OCCPO0000000000000C0

=~ 00 Em iz i
IR
-

2
)

&
~

a7
£04028 1.60
C0Ap29 LM7812P 1.60 | =:7412

LONDON, GLASGOW,

(|

PARIS — AND

N7413 0.28 | SN7486 0.29 | SN74190 1.86
SN7416 0.28 | SN7490 0.42 | SN74191 1.86
EN7417 0.28 | SN7491 0.75 | SN74192 1.15
X SN7492 0.45 | SN74193 1.15
SN7493 0.45 | SN74196 1.60
SN7494 0.75 | SN74197 1.58
SN7495 068 SN74198 1.80
SN7496 0.68 | SN74199 1.80
SN74100 1.10 | SN76003N2.92
SN74107 0.30 | SN76013N1.95
SN74118 0.85 SN76023M1.60
SN74119 1.75 | SN76033N2.92
SN74121 0.32 TAA263 1.20
SN74122 0.42 | TAA300 1.84
SN74123 0.65 | TAA350A 1.96
SN74141 0.75 | TAAS50 0.32
SN74145 0.72 | TAA611C 218
SN74150 1.20 | TAA621 2.03
SN74151 0.68 | TAAG618 1.03
SN74153 0.68 | TBA6418 1.32
SN74154 1.20 | TBA6S1 1.69
SN74155 0.78 TBABOO 0.89
SN74157 0.76 | TBABIO 0.98
SN74160 0.88 | TBAS20 0.80
SN74161 0.88 | TBA920 1.79
SN74162 0.88 | 8DILSKT 0.12
SN74163 0.88 | 14DILSKT 0.14
SN74164 1.60 | 16DILSKT 0.16
SN74165 1.60 | DINPLUGS18p
SN74167 3.30 | DIN CHASSIS
SN74174 0.99 | SOCKETS 11p
SN74175 0.70 | 3way. 4-way
SN74176 1.1 | 5.way 180°
SN74180 1.10 | S-way 240° and
SN74181 1.95 | 6.-way spkr

NOW BRISTOL

iT’S OUR SERVICE THAT MAKES US GROW

POPULAR SEMICONDUCTORS

2N696 .22 | 2N3716 1.80 | AC153  0.35
2N697 01 | 2N3771 2.20 |AC176  0.41
2N699 058 | 2N3773 2.85 [AC187K ©0.35
2N706 14 | 2N3789 206 |AC188K 0.40
2N708 1 F | 2N3819 037 | AO161 69
2N916 .28 | 2N3820 029 [Api62 089
2N91B  m32 | 2N3904 019 .
2N1302 0.185 | 2N3906 0.19

2N1306 0.31 | 2N40S8 018

2N1308 0.47 | 2N4062 015

2N1711 ©0.27 | 2N4921 083

2N2102 0.60 | 2N4923 100

2N2148 0.94 | 2N5245 029

2N2218A 0.47 | 2N5294 048

2N2219A 0.52 | 2N5296 048

2N2220 0.25 | 2N5458 ©0.26

2N2221 0.8 | 2N5459 0.29

2N2222 0.20 | 2N6027 0.5

2N2369 020 | 3N128  m.FA

2N2646 055 | 38140 100

2N2905 047 | 3N141 08

2N2906 0.33 | 3N200 749

2N2907 0.22 | 40361  0.40

2N2926G 0.12 | 40362 045

2N3053 0.25 | 40406 44

2N3054 0.60 | 40407 @3S

2N3055 0.65 | 40408 1050

2N3391 0.28 | 4D409 @A

2N3392 0.15 | 40410 @2

2N3393 0.15 | 40411 zom

2N3440 0.59 | 40594 @4

2N3442 1.40 | 40595 @B

2N3638 0.15 | 40636 110

2N3702 ©0.12 | 40673 @73

2N3703 0.13 | AC126 @20

2N3704 0.15 | AC127 D40

2N3706 0.15 | AC128  ©35

2N3708 0.1a | AC1S1 @27

2nN3714 138 | AC152 @49

Prices correct at June 1976, but all exclusive of V.A.T. _ .

0.16 ©.30 | TIP36A  3.70
0.17 030 | TIP41A  0.79
0.34 030 | TIPA2A  0.90
0.17 030 | TIP2955 0.98
0.15 D28 | TIP3055 0.50
0.20 030 | 11S43 orE
0.23 048 | ZTX300 @13
0.22 0.20 | ZTx301 @13
n17 038 | ZTXS00 s
[ 011 [ ZTxs01 s
; 0.95 | ZTX502 i@
1.20 | IN914 0.0r

1.05 | IN3754  0.36

145 | IN4OO7 0.10

100 | INa148  0.07

048 | INaS04  0.22

0685 | IN5408 0.30

0.75 | AA119  0.08

080 | BA102 025

o [ BA14S D&

120 | BA1S4 (Rl 3

0 75 | BA15S [ Rl

0.47 | BB1038 0.23

013 | BB104B 045

0378 | BY126 027

011 | BY127 [ ]

011 | ByZ11 0.1

031 | 8YZ12 0.5

0.1 | 0A47 0.0%

148 | OAf" (8.3

80 | QAC 0.0

.32 | 0A91 0.0%

049 | 0A200 0.0

0:40 | BY164  0.57F

0:82 | ST2 diac 0.20

24 | 40669 1,00

1.8 | nicay 038

1.51 | C106D 0.85

BFX30 290 | OPR12Z _0.80
Post & Packing 30p

MARCONI
TF 867
SIGNAL
GENERATOR
Range. 15KHz to
30MHz Output
O4uVio 4vat 13
or 75 ohms Impe-

dance with termin-
aton  (supplred)

"‘;5 i =5 Budi i1n crystal
3 Ul A
L —1 . check tacihity with

- handbook €138

HEWLETT-PACKARD

AUDIO GENERATOR MODEL 208-A. Freq
20c¢ to 20.000c. matching impedance 50 160
600 ohms Prce £85.00 carnage £4 00
OSCILLOSCOPES 175A with 17504 dual trace
vertically plug-n and 17818 delay time base
plug-in, 50MHz min-meter band switch at 50
Mv/CM Modes of operation Single mixed.
delaying Full spec and price on apphcation

ncluding carnage

DIVERSITY SWITCH TYPE MA188B. Solid siate

£€45.00.

REDIFON SSB TRANSMITTER/RECEIVER TYPE
GR410. Full particulars and price on request
SOLOTRON REGULATED PSU MODEL SRS 152,
0 170v DC 10 200mA 160-340v 330-500v and AC
6 3v 5 amp £35.00. Carnage £5 00

RACAL RECEIVERS MODELS. RA17 n fully
working and tuned condiuton Prices on
application RA9BA ADAPTOR £85.00.

AACAL FREQUENCY COUNTEA SA 550.
Measures freq up to 100MHz also penod and
ume £135.00 carnage £4 00

5248 FREQUENCY COUNTER. Measures
basically to 10MHz Display on neon lamp 8
decibels P D A

PHILIPS AUDIO GENERATOR TYPE GM 2308.
0-16ke/s Attenuator 0 0001 00003 0001 10 1

BRUEL & KJOER RANDOM NOISE GENERATOR
TYPE 1402. Freq resp 20-20 000 c/s time constant
0§ 15 5 15 sec Matching mped 6 60 600
6 000 ohms and attenuator 004 012 04 12 4
4 000 output fevel ¥ to 10 Pnce £155.00 carnage
+3 00
TRIGGERED VACUUM SPARK GAP TYPE ZR
7512. Capable of switching 15 000 joules at 45KV
€50.00 carriage £ 2 00
LOW RESISTANCE HEADPHONES TYPE CLR
£2.50. 40p postage VAT 25%
CINTEL TYPE 1873 SQUARE WAVE & PULSE
GENERATOR. Freq 5c/s to 250KHz Pulse 0 5 usec
0343 Outpur 10 50v for 10002 & to Sv for '00L}
0A

RADIOMETER TYPE MS111 SIGNAL GENERA-
TOR. High quality Damsh production T0KHz 110MH?
£200 carnage +5 00

CT480 SIGNAL GENERATOR 7 KMC/S 1o 12
KMC/S mod CW F M Pulse £160 carnage t 5 00
AVO NOISE GENERATOR CT 410 £30 carrage
+2 00

BRIDGE IMPEDANCE No 5.0 112 10ML} 1pF 1 uF
\«H-H €85 carnage £4 00

E£DISVWAN STABILIZED POWER UNITS. To 100v
50MA  Type R1280 1o 300v 150MA and
300v 75mA .

TEKTRONIX OSCILLOSCOPES 535, 545 & 545A.
With plug in unis CA {(33MHz double heam)
G(20MHz differential 50mV 20v) and D (high gain
diiferential 1MV-50vi

Price on apphcation

TECHNICAL MATERIAL CORP EXCITER/
TRANSMITTER MODE SELECTOR. Freg
2 32MHz M 0 and 10 crystal posimons Vermer
turing USB LS8 var carrer insertion eic £200
carriage £.10 00

FSK EXCITER. Freq ! 6 5MHz 0 100Hz
continued frequency shit up to 600H? switched
treq correction Modes FAX FS MSC Cw
£50.00 cariage £5 00

AMPLIFIER UNIT TYPE 1430. Dynatron
Production Pulse ampltier with contiol
Oitferential  and  [ntegration time constant
0 08us to Bus Anenuation to 20db P O A
PULSE ANALIZER. Made by Dynatron with
discriminator  all meter reads channel width
threshold level P O A

with output asym & sum and matching d 5
250. 600 & 1000 ohms Price £120.00 carnage
£4 00

FERRANTI SWEEP GENERATOR LF Mk 2. 02 10
20 cps Band sweep 15 10 15MHz Carner freq
10-220MH:z £€55.00 carnage £5 00

BOONTON

AM/FM SIGNAL GENERATOR.
TYPE 202F & 202H. 54-216MHz
in 2 ranges £275.00.
SIGNAL GENERATOR TS.
497/URS 2-5Mz, 13MHz.
30MHz, 78MHz, 180MHz.
400MHz. 0.1v-1uv £150 carriage
£3.00.

Open Monday to Friday
9-12.30, 1.30-5.30 p.m.

RHODE & SCHWARZ. Zg OiAGRAPH TYPE
ZDU 30 42DMHz 50 Directly measures
muttiterminal  Net works  phrase shift  phrase
angle with comphmeniary POWER SIGNAL
GENERATOR TYPE SMLM high freq resolutson
internal external mod up to 3v out £750.
FREQUENCY SYNTHESIZER TYPE XUA.
30Hz-30MHz with FREQUENCY INOICATOR
TYPE FKM 15 30MHz 30 10DMH:z €1,000

SIGNAL GENERATOR NO 16. 8cm 1lcm €85
camage 4 00

SIGNAL GENERATOR NO 13 20MH7 BOMHs AM
FM CW 1.y 1v £65 carriage t 4 00

KAHN SSB ADAPTOR YYPE RSSB — 62 — 18.
Designed for receivers with 465 500KHz IF a1 100mV
(max) input  Features electronic AFC carrer treq
diversity to combat fading 20 sce RC memory 1o
maintain tumng during severe fading tndividual carner
meters nuvishers  I0W distortion production
demodulator £65 carnage 15 00

TF 801B/2. Spec as for 801D but minor circunt
differences Few only lett €120 carnage 5 00

BEST PRICES PAID FOR TEST AND COMMUNICATION
EQUIPMENT. Single items or quantities. Private or Industrial.
B e

TF 801D/1/S SIGNAL GENERATOR. Range
10 485MHz 1n 5 ranges RF output 0 1.V IV
Source CM Dl calibrated n voits decibels and
power relative 10 thermal noise Piston type attenuator
50.) output impedance Internal modulation at 1KHz at
up to 90% depth also external sine and pulse
modulation Buit 1n SMH:z crystal calibrator Separate
RF and mod meters P O A

TF 1066 SIGNAL GENERATOR. Freq 10 470MHz
with atienuator EMF from 50! square  -6dB Pnce on
applcanon

TF 1060 SIGNAL GENERATOR 450MH:z 1o
1200MHz with attenuator  Output tor 0 14V 10 4V
CW Int AM & Ext Pulse £200.00 carnage t 5 00
TF 1041 B VALVE MULTIMETER. General purpose
measuring DC vohtage from 300mV 10 1000V AC
voltage from 300mV 10 300V at up to ' 000MH2 and
resistance up 10 500Mobms Price £65 carriage t 3 00
TF 1370 R.C. OSCILLATOR FOR SQUARE & SINE
WAVE. Freq -31 6V rms 10Hz 1MHz square wave
073 2pp 10Hz 100KHz Attenuator range - 50db to
+ ‘gdb impadance 75 100 600¢ £145 carnage
15 0

EMI OSCILLOSCOPE WMB8 AC/DC 10 15 mc's
Time base 0 15Msec 15Msec £40 carnage + 5 00

HR 23 TRIPLE DIVERSITY SSB RECEIVERS. Freq
3.275MHz VF O at 6 Xtal positions Recepton of
independent single or double sde band transcervers
Fult spec on application £350 carriage + 35 00

TF 885A/1 VIDEO OSCILLATOR. 0 30KHz SMH:
1My 31 6v €85 carnage 1 4 00

TF 934 DEVIATION METER. 250MH: €55 carnage

TF 13005 DOUBLE PULSE GENERATOR WITH
TM 6600 SECONDARY PULSE UNIT for testng
radad oucleoncs scopes counters hiters etc £175
carnage +5 00

500/250 MEDIUM WAVE BROADCAST
TRANSMITTERS. Export only Price and details
on application

VAT FOR TEST EQUIPMENT
8%  PLEASE ADD 8%

PLEASE SEND STAMP
WITH ENQUIRIES

COLOMOR

(ELECTRONICS LTD.)

170 Goldhawk Rd., London, W.12.

TF 995A/1 or
A/2 or A/2M or
A5 SIGNAL
GENERATORS.
Very high
AM FM 1 5MHz
to 220MHz  De-
watled spec and
price on apphca
ton

TF’?SB VALVE VOLTMETER. AC voltage 1 5 150v
atup to 100MHz DC voiltage 1 5 150y £2§ carrage

" PLEASE NOTE

Uniess offered as ~as seen’’

ALL EQUIPMENT

ordered from wus is completely
overhauled mechanically and elec-
trically in our own laboratornies .

SOLOTRON CD 1220
OSCILLOSCOPE

Wath plug in umits up to 40MHz single beam or
20MHz doubte beam €175.00 plus £6 00

carage
SOLOTRON

DIGITAL VOLTMETERS
(M 14202 2-25uv=1000v n 6 ranges
Accuracy 0 05% of range (e =1 dgn
sensitivity 2 Suv per digit £320.
LM 1426 25mV 1D00V i 6 ranges Acc range 1t
n 002% €170,
Alsa available
CD 1420 £170.
CD 1440.2 £220.

ARS8 D & LF SPARES. We hold the largest stock in
UK write tor hist

RF METERS. 0 8 amp 2% (USA) brand new £1.50
P&P 25p

TELEPHONE TYPE "“J" troprcalised

10 LINE MAGNETO SWITCHBOARDS

50 UINE AUTOMATIC PRIVATE TELEPHONE
SWITCHBOARDS

CABLE LAYING APPARATUS No 11.
Production PO A

FOR EXPORT ONLY
RCA ET 4336
TRANSMITTERS

Also modified version of ncreased output to

New

700W

COLLINS TYPE 2310 4 5KwW TRANSMITTER
10 channel Autotone and manual tuning

€13 TRANSMITTERS 3B 62 TRANSCEIVERS
NO 53 TRANSMITTERS REDIFON 100W SSB
TRANSCEIVERS MULLARD C11 HIGH POWER
INSTALLATION {1 QOOW)

Tel. 01-743 0899

waany americanradiohistorns com



www.americanradiohistory.com

Wireless World, July 1976

89

KINNIE COMPONENTS

10, NELMES WAY, HORNCHURCH
ESSEX RM11 2Qz
HORNCHURCH 45167

CIRCUIT BOARD
P.C.B. 1/16. 1 oz. COPPER

FORMICA =
Dim. 8.4 x 7.7 in 3 pcs., 80p
Dim. 9.4 x 8.1 in 3 pcs., 80p
Dim. 10.1 x 7.9 in 3 pcs., £1.00
Dim. 13:1 x 9.4 in 3 pcs., £1.20
Dim. 17.0x 9.0in 2 pcs., £1.20
BARGAIN PACK

10 pes. 10.1 x 7.9 in. Plus free 2lb etching
Xtals £3.10 P.P. 65p.

FIBRE GLASS P.C.B.

Dim. 6 x 6 in. 50p each
Dim. 12 x 6 in. 75p each
Dim. 12 x 12 in. £1.30 each
Equals less than 1p sq. in.

FIBRE GLASS P.C.B. DOUBLE SIDED
Dim. 6 x 6 in 40p each

Dim. 12 x 6 in. 65p each } P.P. 15p
Dim. 12 x 12 in. £1.30 each

ETCH RESIST PENS
Pens 55p, P.P. 5p

RESIST COATED P.C.B. FORMICA
10.1 x 7.9 in. 65p ea.
13.1 x 9.4 in 75p ea.

RESIST COATED P.C.B. FIBRE GLASS

6 x 6in. 65p ea.

12 x 6in. £1.35 ea.

12 x12in. £2.00 ea.

BLUE P.C.B. INK

Etch resist use with any pen. Much cheaper
than ready loaded pens.

50 c.c. 55p. P.P. 10p.

FERRIGC CHLORIDE ETCHING XTALS
11b- 1 litre pack, 70p P.P. 35p.

51b - 5 litre pack, £2.20 P.P. 65p.
PRINTED CIRCUIT KIT

The no frilis all value kit. Containing 4 pcs 8 x
7 Formica laminate. 1 pce 6 x 6 Fibre glass
laminate, 1 b Etching Crystals, 50c.c.
Resist ink, with instructions.

£2.40 P.P. 65p.

BARGAIN PACK FIBRE GLASS P.C.B.
200 sq. in. alt usable pieces £1.25 P.P.25p.

p.p. 35p

P.P. 15p

UNISELECTORS
(New) 25 way. 12 Bank (Non bridging). 68
ohms. £6.50 P.P. 50p.

MINIATURE UNISELECTOR

(Ex. Equip.) 6 Bank (5 non bridging. 1
bridging) 100 ohms 24-30 V.D.C. £1.50
P.P. 50p.

1,000 TYPE KEY SWITCHES

Single 2 x 2 c/o Locking. 50p. P.P. 10p
Bank of 4-2 x 4 ¢/ 0 each switch (one biased),
£1.20 P.P. 25p.

MULTICORE CABLE

6-core (6 colours) 14/0076 Screened P.V.C.
30p per yard; 100 yards at £16.50 P.P. 2p
a vyard, 7-core (7 colours) 7/22 mm.
Screened P.V.C. 30p per yard; 100 yards
£16.50 P.P. 4p per yard.

P.T.F.E. CONNECTING WIRE
1/20 Black or White 100 m. Drum £2.50
P.P. 30p. .

| o
SIEMENS MINIATURE RELA¥S
6v.4 c/0 68p. 24v.2 c/o0 50p.
MINIATURE RELAYS
(1% x 1% x V2) 24 v.4 c/0 35p. P.P. 5p.

MAINS RELAY 240v.a.c.
3 ¢/0 10 amp. contacts-80p. with base P.P.

20p

24v a.c. RELAY (PLUG IN)
3 polec/o 75p. P.P. 15p.
2-pole c/0 55p. P.P. 15p.

MINIATURE REED RELAY
(1 x %) 12v. 1 ¢c/0 50p. P.P. 10p.

S-DECS AND T-DECS B

S-DEC £1.90. SRy
U-DEC A £4.20. = red
T-DEC £3.60. =" R
U-DEC B £6.90. ‘/

OVERLOAD CUT QUTS
Panel mounting 800 M/A 1.8 amp. 10
amp. 55p ea.

H.D. ALARM BELLS

6in. Dome. 6/8v. d.c. Heavy cast housing
for exterior/interior use. £3.75 P.P. £1.
Connecting wire (twin/twisted) 220yd. reel
£3 P.P. 75p.

S.T.C. CRYSTAL FILTERS

(10.7Mhz) 445-LQU-901A (50 Khz spac-
ing), £3. P.P. 20p.

445-LQU-901B (25 Khz spacing). £4. P.P.
20p. 10.7 Mhz Canned |.Fs. Size 1 x V2 x V2
in. (with data) 65p. P.P. 10p.

3 GANG TUNING CAPACITOR
8.5 PF. to 320 P.F. 80p. P.P. 20p.

V.H.F./U.H.F. POWER TRANSISTORS
(type BLY 38). 3 watt output at 100-500
Mhz. £2.25. P.P. 10p.

HIGH CAPACITY ELECTROLYTICS
250mfd/ 63 volt, 20p P.P. 8p.
1.000mfd/ 100 voit, 70p P.P. 25p.
2,200mfd/ 100 volt, 90p. P.P. 25p.
4,700mfd/ 25 volt, 65p. P.P. 20p.
6.800mfd /16 volt, 50p. P.P. 15p.

.10,000mfd/ 25 volt, 75p. P.P. 25p.

25,000mfd/40 volt. £1.25. P.P. 30p.
47.000mfd /40 volt, £2.00. P.P. 50p.
100.000mfd/ 10 volt, £1.50. P.P. 50p.
160,000mfd/ 10 volt, £2.00. P.P. 50p.

BULK COMPONENTS OFFER

Resistors /capacitors 600 new components
£2.75. P.P. 36p.

Trial order 100 pcs 75p. P.P. 20p.

AM/FM TUNING METER
125-0-125 uA Edgewise 12 x V4, £1.10

SIGNAL STRENGTH METER
250 wA (illum.) Edgewise 1% x V2, £1.10

OUTPUT METER CLEAR PLASTIC
500 uA 1% x 1%, £1.30

MINIATURE METERS

500 micro-amp (level stereo beacon, etc)
scaled half back /half red. Size 1 x 1 in. 65p.
P.P. 15p. {

EDGE CONNECTORS. 54 WAY

.1 Vero size etc. Can be cut to any length,
55p P.P. 10p. Side Guides to suit above 15p
each.

SMITHS GEARED MOTORS 240V AC
3 rev. per min. £1.50. P.P. 25p.
4 rev. per min. £1.50. P.P. 25p.
6 rev. per min. £1.50. P.P. 25p.
2 rev. per hour. £1.50. P.P. 25p.
6 rev. per hour. £1.50. P.P. 25p.

TELEPHONE DIALS

(New) £1 P.P. 25p.
EXTENSION TELEPHONES
(Type 706). Various colours.
£3.95 P.P. 75p.

12V MINIATURE
UNISELECTOR

11 ways. 4 bank (3 non bridging, 1 homing),
£2.50 P.P. 35p.

HIGH-SPEED MAGNETIC

COUNTERS

4 digit (non reset) 24v or 48y

(state which)

4x1x1in. £1.P.P. 20p.

5 digit (non reset) 24v £1.50. P.P. 20p.

3 digit 12v (Rotary Reset) 24 x 1% x 1'%
£1.40. P.P. 15p.

6 digit (Reset) 220v. a.c. £3.50. P.P. 25p.

RESET COUNTER (BRAND NEW)
6 digit 24v. 25 |.P.S. €6 P.P. 25p.

PANEL METERS
2% in.x1% T8 500mA
T1  50uA T9 1Amp

T2 100&A T10 50v.a.c.

T3 500xA  T11 300v.a.c.
T4 1mA T12 50/0/50fIA

75 10mA T13 100/0/100kA

T6 50mA T14 500/0/500 kA

T7 100mA  Allat £3.75. P.P. 15p.

PANEL METERS

4% ins. x 3% D3 200kA

D1 50uA D4 500uA

D2 100uA  All at £4.60. P.P. 15p.

S.C.R. — THYRISTORS

1 amp. 400 P.1.V. 35p
5amp. 400 P.1.V. 40p

MINIATURE “ELAPSED TIME™

INDICATORS
(0.5000 hours) 45 x 8mm 75p. P.P. 15p.

H.T. TRANSFORMERS. Prim. 110/240v.
Sec. 400v. 100 M/A £3. P.P. 65p.

L.T. TRANSFORMER. Prim. 240v. Sec.
27-0-27 at 800 M/A. £2.35. P.P. 50p.
LT. TRANSFORMER. Prim. 110/240v.
Sec. 50v. at 10 amp. £10. P.P.£1.50.

L.T. TRANSFORMER. Prim. 240v. Sec. 18v.
at 1.5 amp. & 12v. at 1 amp. £2.25. P.P.
65p.

L.T. TRANSFORMER. Prim. 240v. Sec. 18v.
1 amp. £1.10 P.P. 35p.

L.T. TRANSFORMER. Prim. 240v. Sec. 12v
at 1 amp. £1 P.P. 25p. .

L.T. TRANSFORMER. Prim. 110/240v.
Sec. 23/24/25v. at 10 amps £€7. P.P.£1.
LT. TRANSFORMER. Prim. 110/240v.
Sec. 20/21/22v. at 8 amp. £€6. PP ¢ 1.

TRANSFORMERS

L.T. TRANSFORMER. Prim. 110/240v.
Sec. 0/24/40v. at 1v2. amp. (Shrouded).
£1.95. P.P. 50p.

L.T. TRANSFORMER. Prim. 200/250v.
Sec. 20/40/60v. at 2 amp. (Shrouded) £3.
P.P. 70p.

L.T. TRANSFORMER. (H.D.) Prim.
200/250v. Sec. 18v. at 27 amp; 40v. at
9.8 amp; 40v. at 3.6 amp; 52v. at 1 amp;
25v. at 3.7 amp. £17.50. P.P.£2 50.

L.T. TRANSFORMER. Prim 240v. Sec. 20v.
at 2.5 amp. £2. P.P. 65p.

LT. TRANSFORMER ('C"" CORE)
200/240v. Secs. 1-3-8-9c. All at 1.5 amp.
50v. at 1 amp. £2.50. P.P. 50p

L.T. TRANSFORMER ('C'~ CORE) Prim.
120v/120v SECS. 1-3-9-20v. 10 amps
£7.50. P.P. £1.25.

L.T. TRANSFORMER ("'C"" CORE)

200/240v. Secs. 1-3-9-27v. All at 10 amp.
£7.50. P.P.£1.50

L.T. TRANSFORMER (*'C'° CORE)
200/240v. Secs. 1-3-9-20v. All at 4 amp.
£5.50. P.P. 75p.

L.T. TRANSFORMER ('C’* CORE)
120/120v. Secs. 1-3-9-9v. All at 10 amp.
£6.50. P.P.£1.50"

L.T TRANSFORMER ("'C'* CORE)
110/240v. Secs. 1-3-9v. 10 amp. 35v. 1

amp; 50v. 7560 M/A. £6.50. P.P. £1.50.
MAIL ORDER ONLY. PERSONAL CALLERS BY APPOINTMENT
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TRATIPLS

-8 B eLecTROMaS LT, WINBSOR

NEW FAS? SERVICE . LOV PRICES,
MONEY BACK IF NDT 8ATIGFIED,
ALL BSRAND NEW TOP GRADE FULL
SPEC DEVICE3,CALLERS WELCOME
NEW CATALOGUE LIS} FREE SAE.
BARCLAYCARD & ACCESS 8Y PQST
OR TELEPT(ONE OR 25 M[NIW

58-60 GROVE RD.
WINDSOR, BERKS.SL4 1HS.
ADD 8% VAT TO PRICES MARKED #»
ADD 124% VAT TO ALL OTHER PRICES
SEND CWO (EXCEPT GOVT. DEPTS.)
POST & PACKING 20p FOR THE UK

EAST SERVICE IC’s  LOW PRICES

703 RF/TF  “ép  MC1303 €147
ALL FULL SPEC, 709 T0G9 LERt MC1310 €2 09
DL707 COM.ANODE & 709 DIL 14 28p* MC1312 SQ €1.50
| DL704 COM.CATHODE 710 DIL 14 31p® 4C1318 £2 50
0.3" 0-9DP 89p.ea * 723 Regul'r 45p* wMC1330 75
.
747 JUMBO 0.6" CA 141 D1} o ffﬁ MCragn (1 s0%
LED DISPLAY £1.75¢ 3Lp*  MC1350/1/2 75g
741 Tr99 Ip* MC1466 /9 £
3015F 0-9DP £1.25 « 5
| 747 2x741  67p*  MFC4000 W 59p
DISCO etc STROBE 748 DIL B 27p* NE536 FETOPA £2*
ZENON TUBE €5 ea + 7805 LV £1.39% NF540 £1,10%
7812 TV £l.5* NE550 2vR' (1 @
[L:E DS [T@@] HQ[@D 7815 13V £1.50% NF555 TIMER 41p+
7900 Series i1 * NL556 2x Biq
209 STYLE OR 0.2" NO CLIP llp* 76013 AW AF 7 p NES60 PLL €4 1
TIL209 or 0,2?'RED & CLIP 13p= CA3n4 p NES61 PLL €4 1
GREEN LARGE s%4iLL & CLIP 22;# CA3048 £€2.: NE562 PLL €4,
ORANGE LARCF /Z¥ALL & CLIP 227+ CA3054 {5 NES5A3 £2,25
ORP12 57p* unn{77 33p* TEC12 &i® ICLB038  £2.69* NE565 €2,
4 LM300 £1,%0* NF566 ¢1,88
DIGITAL CLOCKS MM5316 £5 LM301 OPA a1p* NESR7 e
MM5314 €3.39* MM5311 ¢5¢ LM304 0-40V  €3* SN72741 741 2ine
AY51224 £3.49* PCB ¢1+ LM308 H1 Bo 95p* SN76660 IF i
CAPACITORS LM309K 5V £1.75¢ SN76611 IF ¢1
CERAMIC 22pf-0.1uf 50v 5p, LM372 IF £2.00 TAD10O &¥P €2
ELECTROLYTIC:10/50/100 uf 10 or LM377 2x2F €3  TBAROD 89p
25V 7P. 50V 9p. 2uf/10V 6p._ LM3BO £0745 qu TBAB10 7WAF nﬂp
1000uf 25V 18p.200/500uf 9p 1M381 TBAR20 1,
POTENTIOMETERS LIN/LOG 16p ea LM3900 40PA F“U‘ 7N414  RX "Gp
PRESETS 6p. RESISTORS 1 P ea
HEATSINKS TOS5/18 7p.T03 15p. ‘ 1qn TTL
SWITCHES: SPST 19p.nPDT 24p 1 1! FULL SPEC. 5% off 100MIX
DIN PLUGS ALL 12p. SOCKETS 9p 7400 7471 Tp*
ALICASES: A75/AR7 S0p AB13 65p 7401 176 27p*
TRANSFORMERS ,100mA 89p ea* 7102/3 100 37ps
3A/1A 6/12 or12/24 €2 each 74041 191 A0
NEW AUDIBLE WARNING BLEEPER 1 7105/6/7 “ap* 027931 1
7408/9/10 aps 1104 13p°
TRAMPUS FULL SPEC PAKS ALL £1 ea oana ke L dor c8ne
PAK % 10 7¥D LEDS our cholce (1% 7420730 (e 71100 il
Pan 2 711C OD AMP 8 PIN g1+ 7140 1ipe il R
PAE 4 2N3055 11,1 12 BC100¢1 e 7111 1p* 1123 i
ik 2 10 BC182 ¢1.F 11 2N3704 €1 7417 Tpe i ot
Fak o 8 BFYS! ¢1¢.11 9 2N3R19etl 7470 pe i 17y
PAK 79 2V3053 C1*.K 40 18914 (1 717 ope L7 D21
HT® TAK M 4 PLASTIC 3055 90 ¢1+ 71173 cp- LRAT el

—— e
WW — 052 FOR FURTHER DETAILS

TRANSISTORS TELEPHONE 54525

PRICE EACH - MATCEING

AC127 & 128 10p*  INS.BUSH SET (I))Afl(l)g)g,\sgl GERMANIT™  5p
AC176 15p®  TIP29 & 30 INADOT 1AS0V & 1N4002 5p*
AC187 & 188 18p*  TIF31 & 32 IN40N4 Bp* 1NAOO7 9p*
11149 . Aspe,, TIDAL ! 1N4148 % 1N914 SILICON 1gn
MIlAL & 162 33p%  TIP42 1Pt ZENERS HZYBR 400mW i
111107 7+ TIP2955 “i* ZENERS 14W 17P Z1Jnoisetr:
1'107B [#p#  TIP3055 ~ #Vp*  BRIDGE RECTIFIER 1A50 1&=
108 tpe 11543 UJCT' Zia* 18400V 25p. 4A100V i
111088 150 ATX107 11/9 F
BC109 e ZTX300 1,304 SCR’s TRIACS
BC109C trps ATX500 5504 T 00 T a0y SO
BC147/8/9 AR NIOS R D 8 1Agnv 3Rp‘/lA eogv 70p* i
BC157/8/9 ipo 22640 UJT C106D 4A400V SCR ONLY 47p*
BC167/8/9 12' 252p04 - & 1) TRIAC SC146D 10A400V £1°
BC177/8/0  1kn  2N29262royg TRIAC DISCO 16A400V €1,75%
BC182/3/144L105  2N3053 DIACS:ST2 20p.BR100  25p
B(212/3/444L127  2N3054

BCY70/1/2  16a¢  2N3055 115W ver\ o

BDI31 & 132 39pe  2N30S5 RCA Gipe  gon ooFol LpRRE rrpniope
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MUIRHEAD D-858 18" MUFAX CHART TRANSMITTERS (Model GA).
Further details on request. For 110/250v a.c. operation £325.00

MEGGER (Record): 500 volts £20.00 £1.00 post

MEGGER (Evershed Vignoles): 250 volts £17.50 £1.00 post

R218 Receiver MANUAL (photostat copy): £1.50 inc. post

RACAL 1.S.B. ADAPTOR RA-95A: £65. Carr. £2.

MUIRHEAD ATTENUATORS: 75 ohms 0-8 Mc/s 3V MAK 3 ranges 0-5, 0-25,
0-50 DB £3.00 + 75p post.

CREED MODEL 54 TELEPRINTER: £37.50 each. Carr. £4.

CREED MODEL 75 TELEPRINTER: Receiver only £30.00. Carr. £3.
EDDYSTONE TELEPRINTER ADAPTOR TYPE 937: £45. Carr. £1.

WILD BARFIELD ELECTRIC FURNACE MODEL CCIL22X: With ether
indicating temperature controllers Model 990. 0-1400° C. £250. Carr. £5.
METROVAC IONIZATION GAUGE MODEL V.C.3: £55. Carr. £3.

AVO VALVE TESTER CT.1680: (Portable) similar to Avo Mk. 3 Characteristic
meter. Good condition, £45.00. Carr. £2.00.

REDIFON TELEPRINTER RELAY UNIT No. 12: ZA-41196 and power supply
200-250V a.c. Polarised relay type 3SEITR. 80-0V 25mA. Two stabilised valves’
CvV 286. Centre Zero Meter 10-0-10."Size 8in. x 8in. x 8in. New condition. £10.
Carr. 75p.

SOLARTRON PULSE GENERATOR TYPE G1101-2: £75.00 each. Carr. £2.00.
TELEPRINTER TYPE 7B: Pageprinter 24V d.c. power supply, speed 50 bauds per
min. second hand cond. (excellent order) no parts broken. £20 each. Carriage £3.
AUTO TRANSFORMER: 230V 50c/s, 1000 watts. Mounted in strong steel case
5” x 6%4" x 7". Bitumen impregnated. £12.00. Carr. £1.50.

CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range
3000-10.000K Hz. Mains 230V 50Hz. Measures crystal current under oscillatory
conditions and the equivalent resistance. Crystal freq. can be tested in
conjunction with a freq. meter. £25. Carr. £1.50.

SOLARTRON VARIABLE POWER UNIT S.R.S. 1535: 0-500 volts at 100 mA and
6.3 volts C.T. 3 amps d.c. 110/250 volts a.c. input. £18.50. Carr. £1.50.

ADVANCE A.F. SIGNAL GENERATOR HIE: Sinesoidal or square wave output.
15-50kHz. Adjustable level between 200uv and 20v. Overall distortion less than
1%. Output adjustable 1.4mV to 140V. Waveform ratio 50:50 up to 25kHz.
Standard A.C. mains input. As new condition £40.00. Carr. £2.00.

ADVANCE A.F. SIGNAL GENERATOR H.L: Same frequency and characteris-
tics as above. Earlier model. Secondhand condition. £25.00. Carr. £2.00.
ANTENNA MAST: 40ft. aluminium 1%4” dia. in 5ft. sections complete with guys.
etc. £25.00. Carr. £3.00.

PULSE GENERATOR PG21: Pulse width variable 15nS to 200msec in 7 ranges.
Delay variable 40nS to 200msec with respect to sync pulse output in 7 ranges.
Jitter less than .1%. Repetition rate 1Hz to 10MHz in 7 decade ranges. 20MHz
available in double pulse mode. Pulse mode: normal. square wave and double
pulse. 240v a.c. As new condition. £125.00. Carr. £2.00.

CLASS ‘D’ WAVEMETER NO.
meter covering 2-8 MHz. Power supply 6V d.c. Good secondhand condition.
£8.50. Carr. £1.50.

PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1-15MHz in 5 ranges.'
Variable time delav microseconds 0-0.1c. 115V input. £55 each. Carr. £1.

MW-59 UNIVERSAL KLYSTRON POWER SUPPLY: £85. Carr. £3.
TF-1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2.

ranges. £30. Carr. £1.

CAWKELL REMSCOPE TYPE 741
MANSON SYNTHESISER Q115-URC: 2-30 mc/s. £175.00.
FIREPROOF TELEPHONES: £25.00 each, carr. £1.50.

POWER UNIT: 110/230 voits a.c. input. 28 volts d.c. at 40 amps output. £30.00
each, carr. £3.00.

SMOOTHING UNIT (for the above): £10.00 each, carr. £2.00.

X-BAND MODULATOR CALIBRATOR TYPE MC-4420-X: Mnfr. James Scott.
£125 each.Carr. £1.

BACKWARD WAVE OSCILLATOR TYPE SE-125: 6.3 heater,
7.9mA. Mnfr. Watkins & Johnson. £85 each. Carr. £1.

TEKTRONIX TIME MARK GENERATOR TYPE 180-S1: 5, 10, 50 MHz. £65.
Carr. £2.

ROTARY INVERTERS: TYPE PE.218E — input 24-28V d.c., 80 Amps. 4.800 rpm.
Output 115V a.c. 13 Amp 400 ¢/s. 1Ph. P.F.9. £20.00 each. Carr. £2.50.

FREQUENCY
calibration charts. Checked out, working order £20 + £1.50 carr.

SORENSEN VOLTAGE REGULATOR: [nput 190/260 volts a.c. Output 220/246
volts a.c. 1000 watts. £40.00, carr. £3.00.

EVERSHED SAFETY OHM. METER: Max 10Ma. Test pressure 30v. Complete
in leather case. £25.00 each, post £1.00.

FYLDE AMPLIFIERS TYPE 154 BDM: Rack mounted 3v d.c. and power supply
FE.500.TP. £65.00, carr. £2.00.

AUTOMATIC VOLTAGE STABILIZERS: Input 207-242v a.c. Output 230v a.c.
at 2.80 amps. £17.50, carriage £1.50.

ALL U.K. ORDERS SUBJECT TO VALUE ADDED TAX.

1: Crystal controlled heterodyne frequency

RING TOROIDAL DUST CORES: Size 2% outside 1% inside 5/16" thick. Box of
two £1.00. Post 30p.

MUIRHEAD PHASEMETER TYPE D729: A.M. £95.00. Carr. £3.00.
CT.420 SIGNAL GENERATOR: 200-8000c/s Variable tuning. Two fixed

frequencies 9000 and 10,000. Internal calibrator 100 & 500 c/s. £75 each carr. £2.
NOISE GENERATOR TF-1106: Frequency 1 to 200 Mc/s Direct noise factor
calibration. Output impedance 70 ohms £65 each. Carr. £1.50.

BPL A.C. MILLIVOLTMETER TYPE VM.348-D Mk. 3: 2 millivolts-2 volts, 6

: Memory scope. ‘as new' cond. £150.00.

105V Anode,

METER BC-221: 125-20.000 Kc/s complete with original

If wishing to call at
stores, please telephone
for appointment

W. MILLS

3 & 3a BALDOCK STREET, WARE, HERTS. SG12 9DT
WARE 66312 (STD 0920) -
and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (STD 0234)
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RETURN OF POST MAIL ORDER SERVICE

'BSR HI-FI AUTOCHANGER
STEREO AND MONO

'Plays 12", 10" or 7" records, Auto or
Manual. A high quality urit backed by
BSR reliabiity with 12 months’
guarantee. A.C 200/250V.
'Size 13%-11%in., 3 speeds.
Above motor board 3%in.

'Below motor board 2'2in

with STEREQ and MONO
C!ARTRIDGE " £10.25 rost 75p

B SR SINGLE PLAYER P128 Same as MP60 with stereo
cartridge cueing device, £17.50.

PORTABLE PLAYER CABINET

Modern design. Rexine covered.
Vynair front gr-'te. Chrome fittings
Size 17 x 15 x Bin. approx £4.50 rost 50p
Motor board cut tor BSR or Garrard deck

HEAVY METAL PLINTHS
With PV C Cover Cut out for most BS R or
Garrarc decks Silver grey fimish Model "A""

Size 12% X 14% X 7Vain. 5.50
Model 8" Sue 16" X 13%" X 7in £5.85. post 75p

COMPLETE STEREO SYSTEM

Two full size loudspeakers 13% x 10 x 3%in Player unit
chps to loudspeakers making it extremely compact, overall
size only 13% x 10 x 8%2in | 3 watts per channel. plays all
records 33 rp.m ., 45 r pm Separate volume and tone

Attractive controls
Teak finish 240V a.c £22-50
matns £1 carriage

FEW ONLY

SPECIAL OFFER!
SMITH'S CLOCKWORK 15 AMP
TIME SWITCH

0—60 MINUTES £2.95 ros: 35p
Single pole two-way. Surface mounting
with fixing screws. Will replace existing
wall switch to give light for return home,
garage, automatic anti-burglar hghts, etc
Variable knob. Turn on of off at full or
intermediate settings 8rand new and
fully guaranteed

TEAKWOOD LOUDSPEAKER GRILLES will eaS|Iy fit 10
batfle boarl Size 10%2 x 7%in—45p. -

WEYRAD P50 TYPE TRANSISTOR COILS

RA2W Ferrite Aenal 85p Driver Trans LFDT4 65p
I F P50/2CC 470 kc/s 40p Printed Circuit, PCA1 65p
3rd | F P50/3CC 40p J B Tuning Gang £2.00
PSO/1AC ... .. .. sup | opT1 85p
Fernte Rod 8 x %ain., 20p. 6 x 5/16in , 20p. 3 x Yin: 10p
c‘{)o'ilnja'g Es 80 Ohm Coax 8p yd.
N
50 1o JM0 L0G or LIN. STANDARD TYPE
'L/S 25p. D P 40p. STEREO
4 < FRINGE Low Loss 1 9P

L/S 55p. D.P. 75p. Edge 5K.
-S.P. Transistor 30p.

ELAC HI-Fl SPEAKER <7
‘8in. or 10 x 6in. Rag)

Dual cone plasticised roll surround. Large
ceramic magnet 50-16,000 c/s. Bass
resonance 55 ¢/s 8 ohm impedance,

10 watts. music power, £3.95 Post 36p

E.M.l. 132 x 8in.
SPEAKER SALE!

Ideal 625 and colour

With tweeter and ?gs:w\i/'v'osorer, I
crossover 10 watt 8 or 15 ohm i
State 3 cr 8 ohm X
As iltustrated £6 . 60 1
£5.25 Post 35p Post 45p | Y Y
With tweeter and crossover. . T
20 watt Bassres 25¢cps £8 '9 5
Flux = 11.000 gauss Post 45p
8 or 150hm 2010 20.000¢cp s o

X
'Bookshelf Cabinet 7
Teak finish 16 x 10 x 9in £6.95
For EMI 13 x 8 speakers. Post 75p

THE “INSTANT” BULK TAPE ERASER
AND HEAD DEMAGNETISER. Suitable for
cassettes. and all sizes of tape reels. A.C

mains 2007250V Leaiflet S A E

Will also demagnetise small £4.35
tools Post 30p

BLANK ALUMINIUM CHASSIS. 6 x 4—70p; 8 x 6—90p;
10x 7—£1.15; 12x8—£1.35; 14 x 9—£1.50; 16x6—£1.45;
16 x 10—£1.70.

ALUMINIUM PANELS. 6 x 4—17p; 8 x 6—24p; 14 x

3-25p; 10 x 7—35p; 12 x 8—43p; 12 x 5—30p; 16 x
6—43p; 14 x 9—52p; 12 x 12—68p; 16 x 10—75p.

RADIO COMPONENT SPEGIALISTS ==

Radio Books and Components Lists 10p. (Minimum posting charge 30p) All prices inciude VAT "(Wa accept Accass or l-ml-vcnd)

ELAC 9 x 5in HI-FI SPEAKER TYPE
59RM

This famous umit now available, 10 watts, 8 ohm.

£3.45 %

35p
RCS LOW VOLTAGE STABILISED
POWER PACK KITS

All parts and instructions with Zener diode, printed £2 95
crcut recufiers and double wound mains .
transformer  Input 200,240V ac Output  Post 45p

voltages avatlable. 6 or 7.5 or 9 or 12V d.c. up to 100mA or

BAKER MAJOR 12" £10. 35
30-14.500 c/s, 12in. doubie cone,,
woofer and tweeter cone together |-
wth a BAKER ceramic magnet
assembly having a flux density ok
14,000 gauss and 3 total flux of
145,000 Maxwells. Bass resonance
40 c/s, Rated 25W. NOTE: 3 or B or
15 ohms must be stated. ~ __ |
Module “kit, 30-17.000 ¢/s with
tweeter, crossover, baffle and
instructions.

£1 3 _Past 60p each

Please state 3 or 8 or 15 ohms,

Post*
30p

less Size 3 x 2% x 1% in. Please state voltage required.
RCS POWER PACK KIT
12 VOLT. 750mA. Complete with printed

£3.35
circuit board and assembly instructions.

T2 VOLT 300mA KIT, £3.15. 9 VOLT 1 AMP KIT, £3.35,

R.C.S. GENERAL PURPOSE TRANSISTOR
PRE-AMPLIFIER — BRITISH MADE

Ideal tor Mike, Tape, P.U., Guitar, etc Can be used with Battery
9-12V or H.T. line 200-300V d.c. operation. Size* 1% x 1% x
%in. Response 25 c/s to 25 kc/s. 26 d8 gan.

For use with valve or transistor equipment. £ 1 45 Post.
Full instructions supplied. Details S.A.E. - J 30p

ELECTRO MAGNETIC
PENDULUM MECHANISM

1.5V d.c. operation over 300 hours continuous:-on SP2
battery. fully adjustable swing and speed. Ideal displays,
teaching electro magnetism or for Post

metronome, strobe, etc. 95p 30p

R.C.S. “MINOR’' 10 watt AMPLIFIER KIT
This kit ts suitable for record players, guitars, tape playback,
electronic instruments or small P.A. systems. Two versions
available Mono £11.25; Stereo. £18. Post 45p Specification
10W per channet: input 100mV; size 9%2 x 3 x 2in. approx
S.A E. details. Full instructions supplied. AC mains powered.

MAINS TRANSFORMERS  *35o°'
50p

250-0-250V 70mA, 6 5V, 2A . . ... .. . £348
250-0-250 80mA. 6 3V 3 5A. 6 3V 1A or 5V 24 . £4.80
350-0-350 80mA. 6.3V 3.5A. 6 3V 1A or 5V 2A £5.80
300-0-300v 120mA. 6 3V4AC.T .6 3V 2A . £7.00
MIDGET 220V 45mA. 6 3V 2A . ... .. .. L £1.40:
HEATED TRANS. 6.3V V2 amp £1; 3 amp £1.40

GENERAL PURPOSE LOW VOLTAGE Tapped outputs at 2
amp.3.4,5,6.8 9 10,12, 15, 18, 25 and 30V £4.80.
1amp 6.8, 10. 12, 16. 18, 20, 24, 30. 36. 40. 48. 60
£4.60. 2 amp. 6, 8, 10. 12, 16. 18, 20, 24, 30. 36, 40."
48, 60 £7.00. 3 amp 6, 8, 10, 12, 16, 18, 20. 24, 30, -
36, 40. 48, 60 £€8.70. 5amp 6.8, 10. 12. 16, 18, 20, -
24, 30, 36, 40, 48. 60 £11.25. 6 06V 500mA £1, 9V 1
amp. €1, 12V 300mA. £1, 12V 500mA, £1, 12V 750mA,
£1, 10V, 30V, 40V, 2 amp., £2.75, 20V. 3amp , £2.45,
40V, 2 amp . £2.95, 22-0-22V. 4 amp. d c., £3.45, 16V,
Y2 amp. £1, 16V. 2 amp . £2.20, 0, 5, 8, 10, 16V, %
amp.. £1.95, 20V Y2 amp , £1.75, 20V, 1 amp., £2.20.
AUTO TRANSFORMERS. 115V to 230V or 230V to 115V
150W £5; 259W £6; 400W £7; 500w £8.

FULL WAVE BRIDGE CHARGER RECTIFIERS

6 or 12V outputs. 12 amp 40p; 2 amp 55p; 4 amp 85p.
CHARGER TRANSFORMERS 1% amp £2.75; 4 amp. £4.80.
12V. 1% A HALF WAVE Selenium Rectitier, 26p.

GOODMANS 8-inch B
HI-FI BASS WOOFER i

8 ochm. 10W Large ceramic magnet Special | 0

Rubber cone surround Frequency response.

30-8000 ¢/s

Ideal HI-FI Enclosure Systems. ) ‘£6.75 ° \\_
NEW ELECTROLYTIC CONDENSERS

/%00 20p 50/25¢ 50+ 50/ 300¥ 50p

4/350v  20p 580/25¢ 25p 30.000/25¢ 93p

8/350v  28p . 100+100/275¢  65p . 32+32/250v 20p

16/350v  35p 150+200/275¥  70p  32+32/450v 80p

32/500v  60p° 8+8/350v 50p 350+ 50/325¢ 83p

25/25¢ 15p 8+16/350v 50p 100 + 50 +-50/350v 8Sp

50/50v 15p 16+ 16/350V 60p  32+32+32/350V 65p

100/25¢ 159" 32 +32/350¢ 60p  4700/63v - 95p

LOW VOLTAGE ELECTROLYTICS

1,2,4.5 8 16, 25. 30, 50, 100, 200mF 15V 10p.
500mF 12V 15p; 25V 20p; 50V 30p.

1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.
2000mF 6V 25p; 25V 42p; 50V 57p.

2500mF 50V 62p; 3000mF 25V 47p; 50V 88p.

'5000mF 6V 25p; 12V 42p; 25V 75p; 35V 88p; 50V 95p.

AORT WAVE 1000F air spaced aanaable tuner, 96p.
TRIMMERS 10pF. 30pF. 50pF. 5p. 100pF. 150pF, 15p.
CERAMIC, 1pF 10 G O1mF, 5p. Silver Mica 2 to 5000pF, 5p.
PAPER 350v-0 1 7p; 0.5 13p; 1mF 150V 15p; 2mF 150V

15p; 500Vv-0 001 to 0.05 5p; 0.1 10p; 0 25 13p; 0.47 28p.

MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 25p. Single pole change over
TWIN GANG, "0-0"" 208pF + 176pF £2.00; 500pF standard
75p; 365 + 365 + 25 + 25pF, Slow-motion drive 50p.
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p.

NEON PANEL INDICATORS 250V AC/DC. Amber or red, 30p.

RESISTORS. W, 2W, 1W. 20% 2p; 2W. 10p; 101} 1o 10M
HIGH STABILITY. ¥2W 2% 10 ohms to 6 meg., 12p.

Ditto 5% Preterred values 10 ohms to 10 meg.. 5p.
WIRE-WOUND RESISTORS 5 watt. 10 watt, 15 watt, 10
ohms to 100K 12p each

TAPE OSCILLATOR COIL Valve type. 35p.

BRIDGE RECTIFIER 200V PIV %2 amp 50p.

TOGGLE SWITCHES. SP 20p.DPST. 25p.D.P DT 30p

www americanradiohistory com
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‘Group 25’  ‘Group 35’ A
12in 12in /18
3ow £8.95 10w£10.50
3orBor150hm 3 or8or 15 ohm 172;/'\‘[£19 50
‘B or 15 ohm

NEW MODEL BAKER LOUDSPEAKER, 12-nch 60 WATT -

GROUP.50/ 12, 8 OR 15 DHM HIGH POWER.

FULL RANGE PROFESSIONAL aUALITY.  £14. 50|
30-16,000 GPS MASSIVE CERAMIC MAGNET.  pogt 80p
ALUMINIUM PRESENCE CENTRE DOME.

TEAK VENEERED HI-F) SPEAKERS AND CABINETS

For 12in or 10in. speaker 20x13x12in. £12.50 Post 95p
For 13x8in. or Bin, speaker 16x10x7in. £6.95 Post 75p
For 8x5in. speaker 12x8xBin. .. ... ... £4.98 Post 50p
LOUDSPEAKER CABINET WADDING 18in. wide . 20p ft.

R.C.S. 100 watt

AMPLIFIER
CHASSIS

Four nputs Four way mixing. master voiume treble and bass’
controls. Suits all speakers This professional quality amphifier
chassis is suitable for all groups. disco. P A . where high quality
power is required. 5 speaker outputs A/C mains operated. Slave
output. Produced by demard for a quality valve amplitier.

Send for leaflet. price £895 carr.£2.50

SPEAKER COVERING MATERIALS. Samples Large S A.E.’
Horn Tweeters 2-16kc/s, 1DW 8 ohm or 15 ohm £3.60

De Luxe Horn Tweeters 3-18 k/cs, 30W 8 ohm £7.50.
CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm
£1.90. 3-way 950 cps/3000 cps, €2.20.
LOUDSPEAKERS P.M. 3 OHMS. 7x4in
£1.80; 8x5in,, £1.90; 8in., £1.95.
SPECIAL OFFER: 80 ohm. 2%in.. 2%in., 35 ohm, 2in, 3in,
25 ohm, 2%in. dia. 3in dia. 5x3in, B8 ohm, 2%n., 3in,
3%in. 6in, 15 ohm. 3%in. dia. 6x4in 7x4in  5x3in 3
ohm., 2%in , 2%in., 3'2in.. 6in dia £1.25 each.

PHILIPS LOUDSPEAKER, 8in.. 4 ohms, 4 watis,

ceramic magnet £1.98

RICHARD ALLAN TWIN CONE LOUDSPEAKERS

8in. diameter 4W £2.50. 10in. diameter 5W £2.95;

12in diameter 6W £3.50. 3/8/ 15 ohms. please state

VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50 1, 40p.
“Aike trans. mu metal 100 1 €1.28.

Loudspeaker Volume Contral 15 ohms 10W with one inch long
threaded bush for wood panel mounting. Y%in. spindle. 86p

3AKER 100 WATT
ALL PURPOSE
AMPLIFIER

All purpose transistonsed.

Ideal for Groups, Disco and P.A.
4 inputs speech and music. 4 way
mixing. Output 8/ 15 ohm. a.c. Matns
Separate treble and bass cortrols.

£1.50; 6%in,

Carr

£65

Guaranteed. Details S.A.E. £1.00 each
NEW MODEL MAJOR~—50 watt, 4 input, 2 vol. .
.Treble and bass. Ideal disco amplifier. £49.95

100 WATT DISCO AMPLIFIER CHASSIS
volume. treble, bass controls. 500 M V. input.
Four loudspeaker outpyts 4 to 16 ghm £52

BARGAIN 4 CHANREE TRANSISTOR MONO MIXER
Add musical highlights and sound etiects to recordings.

Will mix Microphone, records, tape and tuner

with separate controls into single output. 9V. £5'20
TWO STEREO CHANNEL VERSION £6.85
'BARGAIN 3 WATT AMPLIFIER. 4 Transistor

Push-Pull Ready Built, with volume. Tréble £3.95

and bass controls. i8 volr d.c. Mains Power Pack £3.48

COAXIAL PLUG 10p PANEL SOCKETS 10p LINE 18p.
OUTLET BOXES, SURFACE 40p. FLUSH 60p. TWIN 85p.
BALANCED TWIN RIBBON FEEDER 300 ohms. 7p yd.
JACK SOCKET Std. open-tircuit 20p, closed circuit 25p;
.Chrome Leed-Socket 48p. Mono or Sterso.

Phono Plugs 8p. Phono Sccket 8p.

JACK PLUGS Std. Chrome 30p. Plastic 25p. 3.5mm 15p.
DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS
3-pin 28p; S-pin 25p. VALVE HOLDERS, 10p; CANS, 10p.".

R.C.S. SOUND 7O LIGHT KIT
Kit of parts to build a 3 channel sound to light unit.
1,000 watts per channel. €12.50. Post 35p.
fEasy to build. Full instructions supplied, cabinet. £3.
1As featured in Dacember Practical Wireless.

E.M.I. TAPE OTORS. 240V ac. 1,200
«rpm.4pole 185mA. Spindle 0.187x0.751n
Size 3% x 22 x 2%n £2. Post 40p '
120V Model, £1

WHITEHORSE ROAD, CROYDON
9-5 (Closed for lunch 1.15.2.30)
Toi. 01-884 188>
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MULTIMETER F4313 (made in USSR) g FULLY GUARANTEED o)

SENSITIVITY 0c3 045 12AX7 PCB8 g.g PY31 0.50
5 D 10,000 Q/V 003 0.45 12847 PC900 .55 P33 0.63
200V DC range [ SRAGY 100 12845 PCC84 0.45 pysl 045
Other DC ranges: 20,000 /V 055 D p0as D45 o
AC range. 6,000 Q/V o BB En e
1200 g 5246 055 128H7 PCCB8 0.65 PY88 0.50
600V AC range: 15,000 Q/V 5Y36T 065 124 PCCBY 055 PYSOGA 110
: 300V AC range: 15,000 Q/V 6AB4 0.50 19405 PCCIBY  0.65 Pyso0  0.50
& Other AC ranges: 20.000 Q/V BAJS g.ﬁ 3045 PCFB0 0.40 TT21 5.90
AC/DC current ranges: 60-120-600u4A-3-12-300mA-1 2-6A , D L gg:g i O s He
AC/DC voltage ranges: 60-300mV-1.2-6-30-120-300-600-1200V 6405 050 3585 P20 080 (AF4? .70
Resistance ranges: 300Q-10-100-1000K 5AT6 060 3505 PCF201 085 ygal  0.50
Accuracy’ 1 5% DC; 2.5% AC (of full scale deflection) 6AVE 0.50 35A5 PCF801  B.55 |RCSY 0.50
. . 0.55
Mirror scale and knife edge pointer. Taut suspension of movement. Transistor g:UWGBA g:ﬁ ?f]':ls‘ | ECF80 - . ;gngﬂtlz] 0.75 ﬂ:ﬁgg g:
amplifier is used for all AC ranges thus achieving a common linear scale for both AC 6BAG 0.38 5085 0.85 ECFB2 045 ELB2 050  pLBl 0.55 UCcs4 0.75

and DC ranges. 68E6 0.45 50C5 0.70  ECF86 0.75 E83 0.60 PCL82 0.40 ycess 0.50
Meter is fully protected for a transistorised cut-out relay circuit. Range selection is 6646 0.75 EABCSD 040 Gz 075 ELSO 050 Pt 050 YoMz 080

achieved by clearly marked piano keys. Power source: 5 1.5V dry cells. 6BNG 0.80 EACOI 0.55  ECH4? 0.85 EL95 0.70  PL1BS 0.60 ycHaI 0.50
Dimensions: 95 x 225 x 120mm 6BNS 0.65 FAF42 0.70  ECHBI 0.50 ELS&J gg PCLB6 0.60 yCL8? 0.40
6626 055 EAFB01  0.65 ECHBS  0.50 EM N PCL200 075 ygle3  0.70 |

PRICE £37.50 plus VAT 677 070 EBCAl 075 ECHs4 050 EMSl 060 P50 170yl 075

Packaging and postage £1.10 6CA 040 EBCSI 050 ECLBD 040 EMB4 040  pr2pg 070 R4 0.75

6086 050 EBFB0 050 EC81 075 EYSI g.:ss PL3S 040 yrB)  0.40

66AB 075 EBFB3 050 ECLeZ 042 EYSI ! PL3 050 yrgs 050

OSCILLOSCOPE CI-5 86K 070 EBFSY 040 o8l 075 EYET 050 P8 065 ygg 050

. GK6 065 EC85 075 ECLB4 060 EYBS 050 pigl 055 yL4) 0.70

Made in USSR 544 0.75 EC88 075 ECL85 065 E240 060 PR 050 (L84 050

Extremely simple and easy to use single beam 6JS6T 055 EC91 260 EC86  0.55 EWt 0.75  PLB3 0.50 yv41 0.55

ey e M el G5 035 ECCA0 080 ECLB0 450 EB0 030 PB4 050 yygz 055
cliloscope. Well proved design based on standard | go g% Eily  oas Fe 035 @81 035 P 070 U2 080

octal valves makes _servicing and maintenance §SLIGT  0.55 ECCE2 038  EFSR 0.45 G134 075 P54 0.90 UYEs 050
straightforward and inexpensive. Because of its

bandwidth of 10 MHz the instrument is suitable for

general electronic applications and educational
urposes where a sophisticated instrument would be
goth too expensive and delicate. 3-in. tube giving a 50 HIGH GAIN DARLINGTON PAIRS ERENSISACHSIRORITEY
x 50mm clear display. Amplitude and time base Plastic 3-Lead Case Darlington Pairs. Typical R20008B 0.95
calibrations. Sensitivity 30mm /v max. Triggered and current gain- 30,000 Max. collector voltage R2010B 1.65
free-running time base. suitable for displaying pulses VCBO 40V Max. coliector current 400mA BU126 1.65
from 0.1 u sec. to 3 m sec. A.C. mains operation ICBO-10nA :
. BC516 PNP £0.80 BU133 1.55
Price £55.00 ex. works BC517 NPN £0.80 BU208 2.00
Packing and carriage {(U.K. only £2.50) !

Z & l AERO SERV|CES LTD- Retail Branch:

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 85 Tottenham Court Road
el.: 727 5641  Telex: 261306 London W1. Tel: 580 8403

WW — 047 FOR FURTHER DETAILS

'y

Displays from major

DISPLAYS

ers backed by our quibble guarantee CMOS from the leading manufacturers only

CD4000 018 CD4028 0.78  (pa053  0.81 D4086 0.62 CLOCK CHIPS
€D4001  0.18 CD4a029 0.99 CD4054 101 Cp4089 1.34 MK50250 5.00
CD4002 0.18 CD4030 0.48  CD4055 1.14  CDa093 069 MK50253 5.60
€D4006 102 CD403t 1.92  (D4056 1.14  (CD409a 162 MKS030M

CD4007 0.18 CD4032 092 CD4057 21.56 CD4095 0.91 12.50
CD4a008 0.83 CD4033 1.21  CDa0S9 4.77 CD4096 091  Aavy1202 2.89
CD4a009 048  CD4034 1.65 (p4060 ©0.97 CD4097 312  avy51224 3.50
CD4010  0.48 CD4035 1.02  (Da061 18.92 (D409 1.59

CD4011  0.18 CDp4036 2.23 CD4D62 7.77 CD4502 1.07

€Da012 o©0.18 CDa037 0.83 CD4063  0.95 C0D4510 1.18 FLAT CABLE

nOo<20O

€D4013  0.48  C04038 093 CD4066 061 CO4511  1.36 50 way |
CD3014 087 CD4039 223  (D4067 3.12 (D4a514 272 ° 1.00
CD4015 0.87  CD4040 0.92 CDA06B 020 CDAS1S  2.72 10 mewes 8.50
CD4016 048  CDAD41 0.73  CD40BY 0.20 CDASI6 118 1o wav im
CD4017 087 CDa0da2 0.73 CD4070 0.48 (CD4518  1.08 0.60
CD4018 087  CD4043 0.87 CD4071 020 CD4520  1.0B 10, cies 4.80
CD4019 0.48 CDA04 0.81 (D4072 020 CD4527  1.37 )
CD4020 0.97 (DA045 1.22 CD4073 0.20 CpA532  1.2§
FND500 CD4021 0.87  CD4046 1.16 CDa075 0.20 CD4555  0.78
CDa022 (.83 CD4047 0.78 CDa076 1.3 CDASS6  0.78
. CD4023 0.18 CD40a8 0.48 (D4D77 048 MC14528 1.01
Outstandlng Value: CD4024 0.67 CD404% 048 CD4O 0.20  MC14534 6.04
CD4025 ©0.18  CDA0S0 048  CDA08)  0.20 MC14553 4.07
Only £1.02 each for cpa026 150 4051 081 CDA0S2 020 MC14566 1.21
. . . CD1027 048  CD4052 0.81 4085 0.62 MCMia552 8.05 CA3130 0.88
this high quality
display. -
play Motorola MCMOS Databook (Vai 5 A €2.77 (No VAT)
1C SOCKET BINS. Lowsst Cost Sockets o1 CMOS. TTL IC s Displays Strip of 100 pins for 50p. g
400 for £2. 1000 for €4. 3000 for €10.50.
Verocases: White ABS Cases with PCB guides etc. front and rear alumimum paneis 75-1410J e
Part o N . - - 205 x 140 x 40 mm €2.64. 7514110 205 » 140 x 75 mm £2.94 74
D500 Fa”c‘;md C g C:z‘r)v\man Cathode LED o5 €1.02 8-way BOSS Switch (for programming. BCD. etc ) 8 ulira-min toggle switches in 16 pszlb —
: £2.6
TIL322 Texas Instr Red Common Cathode LED i3mm  £1.20 " "
TIL321 Tesas instr Red Common Anode LED J3mm  £1.30 D702 £{0,3gCemmoniCaihode]RedILED) R Cally LD -
XANG54 Xciton Green Common Cathode LED 0.6 £1.75 ADVANCED CLOCK KIT. Complete kit including attractuve shm case for & digit alarm clock wuh
XANG52 Xciton Green Common Anode LED 06 £€1.75 bleep alarm. snooze and automatic intensity control  high brnghtness display driving ’ =
MAN3IM Ve Red Commaon Cathode LED 013 a8p opuonal xough switch controls and crystal control / battery back-up (both extra) using MK50253 and
e pMonsa Groen 4y Phon Orade 06" €680 Jumbo 0-5 LED displays. Kit also inciudes PCBs actve and passive components. IC socket =
minialure cool transtormer. switches. flat cable. loudspeaker. perspex panel. and full instructions (
£26.80
CRYSTAL TIMEBASE KIT. All components including PCB (47 x 59mm) to provide 50 cps for (VA

Note TIL322's the Texas Instrumeni pin-for-pin equivalent of the FND500. may be supphed instead
of FND500's

please state (f you would not want this substitution. e g 1l you want FND500 s to

match a previous purchase.

DiSPLAY PCB’s (wired lor multsplexed output -~ each PCB tits neatly into Verocase J) 2 768 kH -
For FND500 or TIL322 or TIL321 D500-6 (6 dignt clock) €1.35: D500-4 (4 digre clock) 90p; 3 b i, TV @ Bar) (RME0 B
D500-8 {up to 8 digits. coumer erc) £1.35.

For DL704 D704-6K {6 digit clock) £1.35: D704-8C (up to 8 digit. counter) €1.35.

ADD VAT at standard rate (now 8%) — 25p p&p on all orders Price List sent with orders. of on
request. Data available on request Export no VAT 50p {Europe). 11 {Overseas) for Air Mail p&p (no
Export outside Europe tor databooks and transtormers)

SINTE

Advanced Clock Kit + Crystal Timebase Kit + Batery Back-up Kit
The clock wiil keep cocrect time f mains power 15 disconnected

53c ASTON STREET, OXFORD
TEL. 0865 49791 .

ignition
components

Easy to Buld EE DIGITAL CLOCK (Jan
transtormer. etc

www.americanradiohistorv.com

76) Ka of all components incl
10 buid this atracuve 4 digit clock with 0°5"" green display £15.70

clock IC 8. giving time accurate to a few seconds a month Kit includes PCB. 32 768 kHz miniature
watch crystal. tnmmer. 3 CMOS (C's and sockets. Cs R's

£6.28
£33.58

MHz Quasnz Crysial £3.60.

PE CAR CLOCK with Journey Timer. 6 digit clock for use in any car with 12V battery with an
independent B digit. 24-hour. Journey timer incorporated Jumbo LEO
automatc inensity centrol Compiete kit of ail parts needed including case. PCB and all

display comes on with

£39.50
luding case. PC8. min

Official Orders Welcomed. Terms 30 days. for written or
phoned orders trom Companes, Gowt Depts . Nat
Indusiries Univs . Polys. etc Fasg delivery tor RO
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Bargams in Semi-Conductors, components, modules & equipment.

@® Singles
BRIDGE RECTIFIERS Plastic encapsu-

lated

PV 50v 100v 400v

1 amp 25p+ 35p+ 4Spw

2 amp 35p% asps 55p+

4 amp asp SOp+ 80p+
@ TESTED AND GUARANTEED PACKS 6 amp 50pe 60ps 90p+

BY164 SKB2/02 400v 1 5 amp 45pw.

P4 3 SN74380 integrated uts, 14 pin dua 1TL type
Decade counter Get one FREE th are 60p each
singles £1.20p+

ALL THE FOLLOWING ARE AT 60p EACH PACK
TP9w 5 )N7400 ntegrated circuits 14 pin dual in hine TTL typ
Quad 2.n NAND gate Get FREE thes 15¢ S'GNAL GENERATOR

eac|

TP > Liaht de: . KHz 16 MHz for MW and 400

o a,k' By o ;KN e n AM re alignment

TP11 10 Transistors XB102 and XB112 equivalent 1o AC126 f £4.25+

AC156. 0C81/2 0C72 et
TP12+ 4 BY127 Siicon recttiers 1000 piv 1 amp Pl v POCKET SIGNALINJECTO:I _ y
rectifier o ¢ ¢ ¢

TP13« 5 OCP71 Light sensinve transistc s akes one HP7 bat £2.00«

P14 2 1 PNP e b

™14 20 ?:;75 w(;eeymamum NP audio p rar X6 P.0. 5% SIOECUTTERS

P15 20 0rs1 Germanium PNP audio output transistor white glass B0 = (0D 0 (IR per 0

16 20 90200 3 transistors, PNP sihcon 105 unmarked N e LONCINOSERLIE RS S0ne

TP17 20 1 watt zener diodes mixed voltages 6 8 10 43 volts Not new but in partect order per parr 4
Originated in 1959 by the Company's managing P e BRI AR e (T Qs G MAINS TRANSFORMERS

riginated in y the Comp w6 o ® By 16T L5
director, his were the first semi-conductor and L1100 D:&?;’;:ﬁ::,,!%ﬁ;,:ﬂ,:; :;?k:‘;n:::fr:uf;ﬂei ? MT12 1 A £1.22«
component packs to be marketed in this coun?lrv,_a‘nd TP20 10 Mullard OCA5 vansistors | F amp PNP germanium l:-[g‘;_ g £1.67w
indeed. the company’s name grew nut of '‘British TP23 20 BFY50/1 2 2N696 7 2N1613 etc NPN silcon 5 'r'| 12v lamp £2.05«
tndustrial Pre-Packed Components’'. Today, Bi-Pre-Pak uncoded COMPLEMENTARY 10 PAK P24 b;érz? ;"" tamp £2.50w
continues to occupy a position of pre-eminence in the TP24 20 (‘:a(:VGALEZ?\':g:?:RY ‘ ‘Nzra sihcon T od o o Gl S (2)(5):
Mp 10 PAK TP /2 Ov 2ar .

supply of packs as well as a vastly extended range of TPI0 20 NPN sihcon planar fiansistors 10.18 simia c108 5/4 35 dan €550

products detailed in our latest 24-page A.4 size free etc uncoded 5

catalogue. Send 10p stamped large addressed TP3 20 PN \ planar 1ransistors. TO-18 simita BC178 18 EEE GONROEIES
envelope for your copy by return. etc  uncoded T Pitch
TP32 20 2N2926 silicon plastc transistors. uncoded and ungraded = 6o = 12p
for colaurs § E
IT'S ALL IN OUR FREE CATALOGUE SEC 10 156 50p
@ UNTESTED PACKS — 60p each EC 12 156 60p
= A EC 16 156 75p
Specially for keen bargain hunters EC 18 156 8sp
SEC 22 ! 1.00
um 50 PNP germarnium transistors. AF and RF Very good yeld o8
UT2 150 Germanium d.odss miniat ype UHF TUNER UNITS o
urs 40 Zener diodes. 250 mw QAZIAO range average 50 Brand new by tamous manufacturer 625 line: hannels 65 Ideal
good for use as TV sound recever With data £2.50
uTe 25 Zener chodes. 1.1 watt top hat type mixed voltages
UT9 40 NPN silicon planar transistors, of the 2N3707 11 range BOOKS
1 06D ErrEms e e o low nuise amp i All free of VAT We carry very large stocks of technica
I f“‘saﬂ nal : iy ounted by ght h ) 60p v e P:':fy' T:’a;st;ﬂ:’;‘mP:Zsﬁ?:‘zﬂ;::s ann:r Tum e books by Babari & Bernard Publishers. by Newnes and
e1c Appr uantity ¢ by wer e W c ark "
P2 200 Resistors mixed bag of different types. values. wattage: T13 15 Integrated circuns. experimenters pak. duat i line. TO.5 Butterworth as well as reference books from the Common
etc Approx quantity counted by weight 60p TTL. DTL. marked and unmarked. some definitely good but Market in English/ German/ ltalian All detailed in our
cpr3 40 Wirewound resistors mixed types values and wattages oid types catalogue
Cp4 12 Potentiometers. pre-sets. w/wound carbon etc Mixed =
e valuesp 'so;: FOR FULL RANGES — SEE CATALOGUE MONEY SAVER FOR CAR OWNERS
CcPs 5 Earphones. single low impedance lor transistor radios Super ’Da' Lapacit arg develop
cassettes. etc Less plugs. for suitablz plugs see PAKs CPQ POWER TRANSISTORS ut of o TI ’ of which we h
and CP10 60p Vee wans 1cAmps Price naples erioy em at a b ce
CP6 50 TO-5 mounning pads. fits between transistor and board fo, 2 " ude sir adzption (0 p reg earth im
that pro fimish 60p 40P 1€ 2 3 30p« onventional ignitn an bu ] nmob n
P8 500 Cable ciips for G P " dia cable Nylon with hardened 40N2 aC 4 30p~ e 9 asy
steel pin (probably 1ungsten) per sealed box of 500 60p « 40pP2 4aC A 30p» PP .
cr9 5 3 5mm plugs. mimature jack to hit earphones in PAK CP§ 90N 18 a 25p+ a very good investment indeed’" (Practical Wireless, May '76)
60p+ 90P1 18 a 25ps
C N & 90N2 aC 9 35pw
10 g suB mnature Gk plugs. 1o 11t earphones i PAK s0p2 ] 5 i KIT £7.95+ READY-BUILT £10.50
C 6 chewdrwus 1 x mains neon testeér 5 x grub screwdrivers
P+ I -44
CPi2 10 Reedrelay inserts 1" long %'  dia These will operate from Many other types auailable from 3 1o 115 watts X R.F. POCKET SIZE
an external magnet or coil For magnets see PAK CHOSS HATCH GENE“ATO“
CP13 60p+ INTEGRATED CIRCUITS Improved version of our famous 1 which thousands are
CP13 10 Magnets of vanous sizes for operating reed swilches on MMS5314 Dual in Lne clock chip £3# guiar o S ISx nstro plast o5
PAK CP12 Ideal for burglar alarms on doors and LMS380 /5160745 Dual in 0 amp with data etc 7Spw handie /stand 4 per 4 pa f.contained
windows et 60p+ Dual in hne | C sockets 8 pin 14». 14 pin 15pe; 16 pin 16pw. and flame generator an o g Pre-se 1§
P14 40 Powentiometers. presets wirewounds, carbons. dual gangs and hine/frame synch Uses 4 alkaline type 1600 bans Blank ras
with and without switches eic Mixed values and FETs UNI-JUNCTION taciity FOR COLOUR AND MONO (P P add
wattages £1.20 9 18
P16 12 Standard crocodile cl ow 2N3919 P TRANSISTORS
CP15 Standar. odile chps. screw hxing good quatity GOp- NA416 20p N2160 65pe £27 50 * Built &
CP16 5 PC boards each conmtaming a BF1BO UMF amphfier MOS F.ET.s N2646 48pe o ]
transistor A good basis for buiding a TV aerial pre-amp INT4T MEMBIE s0p 1523 31pe
as various parts inc 60p . c
CP17 25 Electrolytic Capacitors. vanous values and ve ages man * SOME SPECIAL OFFERS
A PUTs FM STEREO DECODERS
usefut types fram TV to transistor radio and HI.F1I GOp IN26 50p c hd
cp18 Light actrvated SCR 50 volts 1 6 amps iype L9F Read ey n:r:"'b tor negat /‘ialrm il GHR :: 3;
— 'C‘l",'"":,‘"_v;,'.’ St 00 ’"; eoos Also” Power Diodes, Thyris- RADIO SET CHASSIS
ams s o 18p* On PCB nsorted ex
sl e D aren. ok £ q tors, Triacs, Diacs-Zener unsort s k
cP1g 3 M?v,? pv:,?"o.eas by .::y e am;.; a Diodes, Opto Electronics. etc 1211 e 33pr {cannot be exchanged) AM /FAd £1.00
- 60p« AM types each 75p
CP2 O Relays. assorte Ex-( ott xed
, a WHEN ORDERING
- 2SS . " “"30' TERMS OF BUSINESS:
- o o 'gop"' « Write your own name and address VAT a1 12 must be added to total vaiue of order. except for items marked * or (8%)
C £ —_— q s. approx ‘14’ clearly in block capital letters when VAT 1s to be added at 8% No VAT on overseas orders POST & PACKING add
GOp- « Check ye ort G 30p for UK orders except where shown otherwise Mirimum mail order acceptable—t 1
e 60p c g y P Overseas orders add £ 1 for postage And difterence will be credited or charged PRICES

Don't forget VAT at 12% % of total va Subject to alteration without notice AVAILABILITY At items are available at time of
order unt phad oo & going to press when every etfort 1s made to ensure correctness of information Cash with
rder please Cheques or money orders should be crossed and made payable to

YOUR SUPPLIERS FOR: ° 81-Pre-Pak Ltd

Semi-conductors — all popular types Opto-electronic « MARE SURE YOU GET OUR NAME )
devices inc. Nixe Tubes, Solder Tools, Terminals, AND ADDRESS RIGHT WHEN "
Swiscnon. Knobe, Ex0p0. o Anneiran s AND_ADD w N S S S S S O A . ady

Carmaae i ahag T A meeh more m o Merion i To: BI-PRE-PAK, 220/222 WEST RD. T
WESTCLIFF-ON-SEA, ESSEX SSO 9DF

Please send l
for which | enclose nc. VAT I

Co Reqg Noan'ﬁQ NAME
222 224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 9DF. ADDRESS

TELEPHONE: SOUTHEND (0702) 46344. A
@ FIRST IN U.K. WiTH PACKS FOR ELECTRONIC USERS L 2 8 J 1 ¥ 5 7 B 7 ¥ ¥ |

wWW.americanradiohistorv.com
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By J. L. Linsley- Hood

Pack Price
1. Fibreglass printed-circuit board for power amp £0.85
2. Set of resistors. capacitors. pre-sels tor power

Wp.. .. . £1.70
Set of semicenduclors for power amp, £6.50
. Pair of 2 drilled. finned heat sinks ... . £0.80

. Fibregiass printed-circuit board for pre-amp. £1.30
Set of low neise resistors. capacitors. pre-seis lor
pre-amp .. cooooooon (X4
7. Setof low noiss. high Jai onductors for pre-amp
............................... £2.40
8. Set of potentiometers {including mains switch) £2.05
9. Set of 4 push-button switches. rotary mode
................ £3.70
r complete with magnetic
scresn/heusing primary: 0 117-234 V. secondaries:
BO3BIV.BBBY. ... £9.15

oo aw

Designed in response to demand for a tuner to complement the world-wide
acclaimed Linsley Hood 75W Amplifier this kit provides the perfect match
The Wireless World published original circuit has been developed further for
nclusion into this outstanding shmline unit and features a pre-ahigned front
rejection and temperature compensated varicap
tuning, which may be controlied either continuously or by push button
pre-selection. Frequencies are indicated by a frequency meter and sliding LED
indicators. attached to each channel selector pre-set The PLL stereo decoder
incorporates active filters for “"birdy’” suppression and power 15 supplied via a
for long term stabiity metal

end module. excellent a m

toroidal transformer and integrated regulator
oxide resistors are used throughout

STOP PRESS !
LINSLEY-HOOD CASSETTE DECK

Goldring-Lenco mechanism, as specified
Stereo P.C B. (accommodates 2 rep. amps, 2 rec. amps. 2 meter amps

bias/erase osc. relay). 7.3" x 3 7"
Stereo set of capacitors, M O. resistors, potenhometers for above

Stereo set of sermiconductors for above
FURTHER DETAILS in our FREE LIST

Pack Price
11. Fibreglass printed-circuit board for power
S e £0.65
12. Set of resistors. capacitors. secondary fuses.
semi-conductors for power supply. .. .. ... £3.50

13. Set of miscellaneous parts including BIN skis. mains
input skt, fuse hoider. inter-connecting cable. conirol
£4.25

14. Set of metaiwork parts including silk screen printed
fascia panel ard all brackets. tixing parts. eic. £6.30
15. Handbook .. £0.30
16. Teak cabinet 18.3” x 127" x3.1” ... .. ..

2 each of packs 1-7 inclusive are required for complete
sioren system. Tofal cost of individually purchased
£72.25

[Fd0co000000a00a00000000a0a000

£19.10
£3.35

£9.80
£8.90

Wireless World Amplifier Designs

Full kits are not available for these projects but component packs and PCBs are stocked for
the highly regarded Balley and 20W class AB Linsley Hood designs. together with an
efficient regulated power supply of our own design Suntable for driving these amphfiers 1s
the Bailey Burrows pre-amplifier and our circut board. for the stereo version of 1t features 6
inputs. scratch and rumble filters and wide rangé tone controls which may be either rotary of

shider operating

For those intending to get the best out of their speakers. we also offer an actve filter system
described by D C Read. which sphits the output of each channel from the pre-amphfier into
three channels each of which 1s fed to the appropriate speaker by its own power amphfier
The Read/Texas 20W. or any of our other kits are suitable for these For tape systems a set
of three PCBs have been prepared for the integrated circuit based. high performance stereo
Stuart design Details of component packs are in our free list

30w Bailey Amplifier

\\r'ain Singapore Thailand Iceland Brazil Sweden Germany lIran

POWERTRAN oo
ELECTRONICS

HI-FI NEWS 75W/CHANNEL AMPLIFIER

I T T I

article (April,

equalization stage and

Wireless World, July 1976

Jamaica St. Kitts Tunisia

MBlENTAcoUSﬂES

In Hi-Fi News there was published by Mr Linsley-Hood a series of four.
articles (November, 1972-February, 1973) and a subsequent follow-up
1974) on a design for an amphfier of exceptional
. performance which has as its principal feature an ability to supply from a
direct coupled fully protected output stage. power in excess of 75 watts
whilst maintaining distoruion at less than 0 01% even at very tow power
levels. The power amphifier 1s compiemented by a pre-amplifier based on a
discrete component operational amplifier referred to as the Liniac which 1s
employed in the two most critical points of the system. namely the
tone control
conventional designs run out of gain at the extremes of the frequency
spectrum Unusual features of the design are the vanable transition
frequencies of the tone controls and the variable slope of the scratch filter.
There 15 a choice of four inputs, two equalized and two linear. each having
independently adjustable signal level The attractive simline unit pictured

stage. positions where most

has been made practical by highly compact PCBs and a specially designed

Toroidal transformer

F REE TEAK CASE WITH FULL KITS

roncconr £0 2 .40

WIRELESS WORLD FM TUNER

. Fibreglass prinfed board for froat end IF sirip.
demodulator. AFC and mute Circuits £2.15
Set of melal oxide resistors. thermistor. capacitors.
cermet preset for moonting on pack 1... .. £4.80
. Sel of transisiors, dipdes. LED. integrated circuils for

mowntingonpack 1.................. £6.25

section ceramic filter ... . . E8.
Fibregiass printed circuit board for stereo decoder

£1.10
Set of metal oxide resistors. capacitors. cerme: presel
fordecoder ....................... £2.60
Sel of wansistors LED. integrated circult for decoder

£3.45
Sel of components fer Channet salsclor switch. medule
including fibreglass printed circuit board. pash-bution
switches. knobs. LEDs. preset adjusters. etc. £8.30

Price

9. Function switch. 10 turm tuning potentiemeter. knobs

£5.30

10. Frequency meter. meier drive components, fibreglass
printed circuitboard ................ X

t1. Toroidal transformer with efectrostatic screen.

Primary: 0—t17V-234V ... . .......... £4.45

12. Set of capaciters. rectifiers. voltage regulator for

power supply ... £2.95

13. Sel of miscellaneous parts. g sockets. fuse

holder. fuses. inter-comacting wire. eic. .. £1.50

14. Set of motal work parts including sitk screem printed

facia pavel. acrylic silk screen printed tuning

indicator panei insert. internal screen. fixing parls.

elc £6.50

15. Construction nates (free with compiete kill || £0.25

16. Teak cabinet 18.3” x 127" x3.17 . ... ... X

One each of packs 1-16 inclusive are required for comptete
stereo FM tuner. Total cest of individually purchased
PACKS .. ... £76.8

F REE TEAK CASE WITH FULL KITS

ey £60 .79

BAIL Pk 1 F/Glass PCB £1.00

BAIL Pk. 2 Resistors. Capacitors. Potentiometer set £2.35 PRICE STABILITY!

BAIL Pk 3 Semiconductor set £4.70 N

20W Linsley Hood Class AB 0T Order with confidence! Irrespective of any price changes we will honour all

LHAB Pk 1 F/Glass PCB . e prices in this advertisement for two months from issue date provided that this

L:,:g g: g gesus;or'dcil:a’c-;te)lr- otentiometer set £3.35 advertisement is quoted with your order. E&OE VAT rate changes excluded.
[«}] :;(egulated Po:?r gnglyo All components are brand new first grade full specification devices All resistors
o= 60VS Pk 1 F/Glass PCB £0.85 (except where stated) are low noise carbon film types. All printed circunt boards
LLt 6OVS Pk 2 Resistor, Capacitor set £1.95 are fibre-glass, drilled, roller tinned and supphed with circuit diagrams and
» 60VS Pk 3 Semiconductor set 5 £3.10 construction layouts
S govs g: gé Lt;:o-g:: :::::’21':::: gg: ::: m:: g?)l\llf/yzH) :;:: U.K. Orders. Sut{jecl to 12%2%" Surcharge for VAT. Carriage free MAIL
- BO\I/S B Sc:-e 2 Pre_Ar:‘ ORDER ONLY (‘or at current rate if changed).
& B:'Pex B rl F/GIas; ;’CB P £2.35 Secunicor Delivery For this optional service (Mainland only) add £2.50 VAT
Q BBPA Pk 2 Resistor. capacitor semiconductor set £6.10 inc. per kit

BBPA Pk 3R Rotary Potentiometer set £2.40 Overseas Orders No VAT. Postage charged at actual cost plus 50p packing and
(] BBPA Pk 3S Shder Potentiometer set with knobs £2.70 handling.
Q
8’ DEPT. WWO07
° i POWERTRAN ELECTRONI
» Further details of above and additional

acks given in our FREE LIST
(2 P 9 PORTWAY INDUSTRIAL ESTATE
’
® ANDOVER, HANTS SP10 3NN

3 ng Portugal Mozambique Belgium Sumatra

wanpn amaricanradiahicton, cam
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Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius St

Ay
oV
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AUDIO KIT SUPPLIERS TO THE WORLD

TZO"‘ZO and our new T30+ 30
20w, 30w AMPLIFIERS

Designed by Texas engineers and 'described in Practical Wireless the Texan was an immediate success
Now developed further n our laboratories to include a Toroidal transformer and additional
improvements, the shmline T20 + 20 delivers 20W per channel of true Hi-F1 at exceptionally low cost
The design 1s based on a single F/Glass PCB and features all the normal facilities found on quality
amphtiers, including scratch and rumble filters, adaptable input selector and head phones socket. In a
follow up article in Practical Wireless further modifications were suggested and these have been
incorporated into the T30 + 30 These include RF interference filters ard a tape monitor facility
Power output of this new model 1s 30W per channel

Pack o T20 TI0  Pack a ] 120 T30
2 So ot v capners 1S 2 etk o PPPR F R E E TEAK CASE WITH FULL KITS
3. Set of power supply capacitors . i i ..250 280

4. Sof of miscollsnoous parts . . ... . .. 420 480 T20+ 20
488 KGTPRICEonly £28.25

5. Set of slide. mains. P.B. switches . .
T30+ 30
KIT ;RICE only £32.95

10. Set of metalwerk. fixing pars
I1. Set of cables. mains load ... ..
12. Handbosk [free with complete kit). . .
13 Teak cabinet 15.4" x 6.7 x 2.8

6. Sel of pots. selector swifch
7. Set of semiconducters. ICs. skfs. . . .

2 NEW TUNERS!
WW SFMT II

Following the success of our Wireless World FM Tuner kit we are now
pteased to introduce our new cost reduced model, designed to
complement the T20 and T30 amphifiers The frequency metegr of the K'T PRICE
more advanced mode! has been omitted and the mechanics simplified.
however the circuitry 1s identical and this new kit offers most exceptional
value for money Facihties inctuded are switchable afc, adjustable,
switchable muting, channel selection by shder o readily adjustabl 2 pre-set
push-button controls and LED tuning indication Individual pack prices in
our free hist.

POWERTRAN SFMT

This easy to construct tuner using our own Circuit design includes a
pre-aligned front end module, PLL stereo decoder, adjustable. switchable
muting. switchable afc and push-button channel selection As with all our
full kits, all components down to the last nut and bolt are supphed
together with full constructional details

With 100s of titles now available no longer is there any problem
over sutable software No problems with hardware either Our
new unit the SQM 1-30 simply plugs 1nto the tape monitor socket
of your existing amphfier and drives two additional speakers at
30W per channel. A full complement of controis including
volume, bass, treble and balance are prowided as are
comprehensive switching facilities enabling the unit to be used
for either front or rear channels, by-passing the decoder for
stereo-only use and exchanging left and nght channels The SQ
matrix decoder 1s based upon a single integrated Circuit and was
designed by CBS whilst the power and tone control sections are

«dentical to those used in our T30 + 30 amplifter which the
SO'M1 - 30 S$QM1-30 matches perfectly Kit price includes CBS hcence fee
KlT P R | C E - Speciat offer 1o T20 + 20 and Texan owners!

Owners of T20 + 20 and Texan amplifiers, which have no tape
monitor outlet, purchasing an SQM1-30 will be supphed. on
request, a free conversion kit to fit a tape monitoring facibity to NG i e Leedr aarh of Can ame
the existing amphfier This makes simple the connection to the
highly adaptable SQM 1-30 quadraphonic decoder/rear channel

amphfier
SEMICONDUCTORS
as used in our range of quality audio equipment.
ING99 €0.20  BC212 £0.12  MPSABS £€0.35
ZN1613 £0.20 BC182L €0.10 MPSABE €0.40
2N1711 £0.25 BC184L €0.1%  MPSUOS £0.60
2N2926G £0.10 BC212L €0.12 MPSUS5 £0.70
2N3055 £0.45 BC214L €0.14 SBAT50A €2.50
2N3442 €1.20 8CY72 £0.13 SL30% £1.30
2N3711 £€0.09 80529 £0.85 SL3045 £1.60
2N3904 £0.17 BOS30 €0.85 SN72741P £0.40
2N3906 €0.20 BOYS6 £1.60 SN72748P £0.4C
2N4062 €0.11 BF257 £0.40 TIL209 £0.30
2N4302 £0.60  BF259 £0.47 TIP29A £0.50
2N5087 €0.42 BFR39 €0.25 TIP30A €0.60 i
2N5210 £0.54 BFR79 £0.25 TIP29C €0.71
NS457 0.45 1 .
gwgdgg 50_45 g;:g; ég_ig Il'zg?g Eg:;g feed 2 channels (200-1000mV as obtanable from most pre-amplifiers or amplitier
IN§46 1 £0.50 CA3046 £0.70 TIP42A £0.90 tape monitor outlets) into any one of our 3 decoders and take 4 channels out with na overall signal levet
2N5830 €0.35 LP1186 €5.50 TIP418 £0.82 reduction On the logic enhanced decoders Volume. Front-Back LF-RF balance LB-RB balance and Dimension
:ggg; gg-:g mg:gf"? ggg Ilrf;?a £0.98 controls can all be implemented by simple single gang potentiometers
e ool a0 coisH o gg'g; These state-of-the-art circurts used under licence from CBS are offered in kits of superior quality with close tolerance
BC108 £0.10 MJ481 £1.20 15920 £€0.10 capacitors. metal oxide resistors and fibre-glass PCBs designed for edge connector insestion Al kit prices include
B8C109 £0.10 MJ491 €1.30 5B05S £1.20 CBS licence tee
BC109C €0.12 MJES21 £0.60 M1 Basic matrix decoder with fixed 10-40 blend All components, PCB £5.90 c
BC126 £€0.15 MPSA0S £0.25 FILTERS L1 Full logic controlled decoder with "wave matching " and "'front back logic for enhanced channe! separation All
BC126 €0.15 MPSA12 €0.55 FM4 £0.80 wn
) components PCB £17.20
BC182 €0.10 MPSA14 £0.35 SEG10 TMA €2.80 . =t
BC212 £0.12 MPSA55 £0.25 L2A More advanced full logic decoder with ‘varable blend extended frequency respanse, increased front back 3.
BC182K €0.10 separation Al components. PCB £24.60 Q
Ex Po RT N O P R O B L E M Our Export Department will be pleased to advise on postal costs to any country in fo )
N the world. Some of the countries to which we sent kits in 1975 are shown o
surrounding this advertisement. \’O

Kenya France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria Anguilla ©

wwwny americanradinhistons, cam
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With the precision of the Jackson G10
Gearbox, you get ten turns of input
equalling one effective turn of output.
This makes the G10 ideal for decimal
presentation for aralog control. The Gear
Box itself is packaged within 70mm by
35mm by 19mm. The output shaft drive
torque is greaterthan 700 gm cms. Input
shaft diameters are 6mm. All the gears
are fully anti-backlash loaded. The
Jackson G10, the compact, versatile
gearbox.

All Jackson Products are backed by 50
years' experience in the communications
field. Highly skilled men, and Jackson
Brothers' good name.

e

Write for further information to:

JACKSON BROTHERS

(LONDON) LIMITED

Kingsway, Waddon, Croydon CR9 4DG
Tel: 01-681 2754/7 Telex 946849

U.S. Office: Swedgal Electronics Inc.,
258 Broadway, New York, N.Y. 10007

B.S. 9000 Approved. DEF STAN 05-21.
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Jointhe Digital
Revolution

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

Each of the 6 volumes of this self-instruction course measures
113%'* x 8%'" and contains 60 pages packed with information,
diagrams and questions designed to lead you step-by-step
through number systems and Boolean algebra, to memories,
counters and simple arithmetic circuits, and on to a complete
understanding of the design and operation of calculators and
computers.

Design of Digital Systems.

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.

In 4 volumes: 4 20
1. Basic Computer Logic £ -

2. Logical Circuit Elements P
3. Designing Circuits to plus 80p P. & P.
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

Manag?r digital logic. Learning by self instruction has the
Enthusiast advantages of being quicker and more thorough
q . 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 —_ T

To. Cambridge Learning Enterprises. Dept COM
FREEPOST. St. lves. Huntingdon, Cambs. PE17 4BR

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

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

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

Address

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

I Name

ww7z

h————————————————_d
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We stock all the parts for this brilliantly

designed syntheziser. including all the

PCB's, metalwork and a drilled and
printed front panel. givng a superb professianal finish. Opinions of
authority agree the ETI Iaternational Synthesiser is technically superior
to most of today's models. Complete constructio1 details in our bookiet
now avzilable price £1.5), or send SAE far specification.

CRAPHIC

A really zuperior high gualizy stereo graphic equalize- featuring 9 octaves per
channel. We stock all the parts (except woodwork] incluling the metalwork drilled
and printed. 15p brings you & reprint of the article.

BUILD IT YOURSELF . ..
IN STAGES

Gel started with a 49 note insirument —  Fully controllable attack and delay

features tremulant and reverberation.
Ideal fo learn on. Leaflet MES 51. Price
15p gives full details to buiid this
complete instrument.

Extend the range of MES 51 by adding
another keyhoard and several new tone
colours. Leaflet MES 52. Price 15p also

controis [normally found only on the
most expensive organs]. up lo seven
footages on each keyboard. up to 7D
controls including drawbars, and a 13
note pedalboard. make np the additions
described in the step-by-step 32 page
instruction leaflet MES 53. Price 35p.

shows how to use 61 note keyboards.

w This is a tully constructed and tested electronic clock moduie as illustrated. Data

sheet supplied. Simple to conr ect to alarm and ysur battery/mains radio. Smart case
availabte shortly. Data sheet available separately. Please send SAE.

10
PER CHANNEL

* Automatic voice operated: D,g !
fader
pa———

+ Belt drive turntables
* Monitor facilities
(Headphones and VU meter)
* Sound operated light show —
plus many other advantages
Serd for our leaflet MES 41, giving tull details for construction. Price 20p
Socn you'il be the Deejay everyone wants at their party!

Brigkt 4 Digit 0.5” Lisp ay *  Sleep Timer

Flashing Colon (1H2) Snooze Timer

Switeh for Display Secends Time cen be set accurately to
Alarm Set Indicator within one second

P.M. indicator Leading Zero Blanking
Power Failure Indicator

SIMPLE ALARM KIT — £9.38 ALARM CLOCK KIT — £10.99
ALARM CLOCK & RAD!OQO CONTOLLER KIT — £11.51

SMART PLASTIC CASE with fully punched clkassis — £2.49
Please s2nd SAE for our Clock data sneet

r-——-—--_---_q

Get our FABULOUS ‘

NEWT977/78 CATALOGUE
PUBLICATION DATE OCT 2. 197 ON APPROVAL

All new @ Completely re-written @ Hundreds of new lines
Lots of exciting new projects to buitd — PRICE 50p
SEND NO MONEY NOW. Overseas send 8 International reply coupons

Please rush me a copy of your brand new
1977/78 catalogue the instant it 1s printed {Oct
28th, 1976) Only if | am completely satistied that
it is worth every penny will | send 50p within 14
days of receipt. If { am not satisfied | may return the
catalogue to you within 14 days without obligation
| understand that | need not purchase anything
from your catalogue should | choose to keep it

NAME

* SAVE £€£'s ON SPECIAL OFFERS! ADRESS

Published every two months our Newsletter gives + DETAILS OF NEW PROJECTS
tull details of our latest guaranteed prices AND NEW LINES

Send just 30p towards cost of postage and we'll serd you the next six 1ssues as they are

published (A 5p voucher 1s sent with each nawsletter which may be used on purchases )

==

JOIN OUR MAILING LIST NOW!

T BN R B
LT F 0§ B X R

L------------J

If vou do not wish to cut magazine, write your
request for catalogue an seaprate sheet
1675776 GREEN COVER CATALOGUE STILL
AVAILABLE PRICE 4C

MAPLIN ELECTRONIC SUPPLIES

All mail to P O Box 3. Rayleigh, Essex SS6 BLR

Shop 284 London Road, Westchif-on-Sea. Essex
{Ctosed on Monday). Tel Southend {0702) 44101

Wwww.americanradiohistorv.com
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15—240 Watts!

The HY5 15 & mono hybnd amphtier «deally suited tor all applications All common input functions
mag Cartidge tuner etc) are catered for internatly. the desired function s achieved either by a
multi-way Switch or direct connection to the appropriate pins The snternal votume and tone cicuits
merely require connecting to external potentuometers (not included) The HY5 i1s compatible with ail

P I't' L P power amplitiers and power suppihes To ease constructiun and mountng a P C connector 1s
reamp I Ier supphed with each pre-amphfier
FEATURES: Complete pre-amplifier in single pack Muln function equahzation Low noise Low
distortion High overload Two simply combined for stereo
APPLICATIONS: H:Fi - Mixers - Disco - Guitar and Organ Public address
SPECIFICATIONS:

NPUTS Magnetc Pick-up 3mV  Ceramic Pick-up 30mV- Tuner 100mV  Microphone 10mV
Auxiiary 3-100mV nput impedance 47k} at 1kH2

OUTPUTS Tape 100mV Main output 500mV R M §

ACTIVE TONE CONTROLS Treble - 12dB at 10kHz Bass - at 100Hz 4 i "0
DISTORTION O 1 at 1kHz Signal Noise Ratio 6BdB [ : i

OVERLOAD 38dB on Magnetc Pick-up SUPPLY VOLTAGE - 16-50V
Price £4.75 + 59p VAT P&P free.

The HY30 1s an exciing New kit from | L P 1t teatures a virtually indestrucuble | C with short circuit
and thermal protecton The kit consists of | C  heatsink P C board 4 resistors. 6 capacitors
mounting kit together v.ith easy to follow construction and operating instruct:ons This ampliier is

«deally suited 1o the beginner in audio who wishes to use the most up-to-daie technology avalable -

‘| 5 Watts into 8 Q FEATURES: Complete Kit - Low Distortion - Short Open and Thermal Protection - Easy io Build A va l 'a b Ie
APPLICATIONS: lipdating audio eguipment Guitar practice ampifier Test amphfrer audio
oscillator

SPECIFICATIONS v
OUTPUT POWER 15W R M S into 82 DISTORTION O 1'% at 15W J une 7 6
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz 16kHz - 3dB :

SUPPLY VOLTAGE - 18V
Price £4.75 + 59p VAT P&P free.

he HY5O0 teads | L P s total integration approach to power amplifier design The amphiher teatures an
H Y 5 0 integral heatsink together with the simplicity of no external components During the past three years
the amplitier has been refined 10 the extent that it must be one of the most reliable and robust High

Fidehity modules in the World

25 Wa"s imo 8 Q FEATURES: Low Distortion - Integral Heatsink Only five connections 7 Amp output transistors
No external components

APPLICATIONS: Medium Power HiFi systems Low. power disco Guntar amplifier
SPECIFICATIONS: INPUT SENSITIVITY 500mV

OUTPUT POWER 25W RMS into 812 | OAD IMPEUDANCE 4-16¢ DISTORTION O 04 at 25W at
TkHz

SIGNAL NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz-45kHz--3dB

SUPPLY VOLTAGE - 25V SiZ€ 105 50 25mm

Price £6.20 + 77p VAT P&P free.

The HY120 is the baby‘ef 1L P s new high power range designed to meet the most exacting
H Y 1 requirements including load line and thermal protection th.s amphitier sets a new standasd in modular

design

FEATURES: very low distortion - Integral heatsink - Load line protection Thermal protectian

R 8 Five conrections - No external components

60 watts Into Q APPLICATIONS: Hi-Fi High quality disco Puhllq address Montor amphifier Guitar and
organ
SPECIFICATIONS
INPUT SENSITIVITY 500mV
QUTPUT POWER 60W RMS into 8¢ LOAD IMPEDANCE 4-16) OISTORIION 004" at 60W at
TkHz
SIGNAL NOISE RATIO 90dB FREOUENCY RESPONSE 10Hz-45kH: 3dB SUPPLY VOLTAGE
- 35

35v
SIZE 114 50 85mm
Price £14.40 +£1.16 VAT P&P free.

The HY200 now improved to gve an output of 120 Watts has been designed to stand the most
H Y rugged conditions such as disco ot group while still re1aining true Hi-Fi performance
FE/TURES: Thermal shutdown - Very low distortion - Load hne protection Integral heatsink

No external components

H APPLICATIONS: Hi-F o] Mont Powe:r sl Industnial Public Address
120 Watts into 8Q) seéciricanions 7 Mo e o e

INPUT SENSITIVITY 500mV

QUTPUT POWER 120W RMS into 8¢ LOAD IMPEDANCE 4-16{ DISTORTION O 05" at 100W at

TkHz

SIGNAL/NOISE RATIO 96 dB FREOUENCY RESPONSE 10Hz-45kH2 3dB SUPPLY VOLTAGE
45v

SiZE 114 100 85mm
Price £21.20 + £1.70 VAT P&P free.

The HY400 1s | L P s "Big Oaddy of the range producing 240W into 4{' It has been designed for
high power disco or public address applications If the amphfier s to be used at continuous high power
levels a cooling fan 1s recommended The amplifier inctudes all the quatines of the rest of the family to

lead the marker as a true tigh power hi-fidehity power module

. FEATURES: Th i shutd! \ I distort Load line protectiol - No external
240 watts Into 4Q piialivtin ermal shutdown ery low distortion oad I r on o extern

APPLICATIONS: Public address — Disco - Power slave — Industnal

SPECIFICATIONS

OUTPUT POWER 240W RMS into 41} LOAD tMPEDANCE 4-16¢) DISTORTION O 1 at 240W at
tkHz

SIGNAL NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz-45kHz 3dB SUPPLY VOLTAGE

45v
INPUT SENSITIVITY 500mV SIZE 114x100x85mm
Price £29.25 + £2.34 VAT P&P free.

POWER PSU36 suntable for wo HY 30 5 €4.75 plus 59p VAT P P tee
PSUS0 suntabic for two HY50 s €6.20 plus 7 7p VAT P /P free
PSU 70 sunabic for two HY 120 s €120 plust ' 00 VAT P P iee
SUPPLIES PSUS0 suitable for one HY200 £11.50 plus £0 92 VAT P P free
PSU 180 surtable lor twa HY 200 s or one HY400 £21.00 plus+ 1 68 VAT P P free

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

I.L.P. Electronics Ltd P'easePSUF;D'V S

Total Purchase Price__ e _ .
Cross]and House t Enclose Cheque (0 Postal Orders 0 Money Order O
Nackington, Canterbury Please debit my Access account O Barclaycard account O

Kent CT4 7AD Account number__ ) -
Tel (0227) 63218 Name & Address

Signature_

WW — 019 FOR FURTHER DETAILS
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) E 10 CHAPEL ST. LONDON NW1.
s a Phone 01-723 8753

SIGNAL GENERATORS

-MARCONI TF80I1D/IS. [0-480 mHz P.O.A.
MARCONI! TF80!B/2S. 10-480 mHz £2125.
HGN MS3/0. 9.7-11.9 and 77-109 mHz. AM/FM,
ADVANCE SG63D. AM/FM 7.5-230mHz £125.

RACAL/AIRMEC 201 A. 30kHz-30mHz. As new. P.O.A.
ADVANCE SG21] VHF Square-wave generator 9kHz-100mHz. £285.

COSSOR CDU110. DC-80mHz.

TERTRONIX 545A with CA unit.
only £295.00

- OSCILLOSCOPES

SOLARTRON CD1400 DC-15mHz.

TEKTRONIX 531 DC-15mHz with L type plug-in

TEKTRONIX 535 DC-15mHz with L type plug-in

TEKTRONIX 545B DC-30mHz with ‘CA’ plug-in.

TEKTRONIX 585A. DC-80mHz with type 82 plug-in.

TEKTRONIX 6548B. Storage oscilloscope.

TEKTRONIX 502. 200uV. Sens. X-Y.

TEKTRONIX C27 Polaroid Camera. Series 125 with 560 series adapter.

DC-30mHZ. Price

CO-AXIAL CHANGE OVER
RELAYS. Terminated in 'N’-type
sockets {3 offy Suitable for frequencies
up to 1GHz 48.Vv.D.C coil. Plugs
avallable at 50p each Relay only
£5.50 each.

PRINTED CIRCUIT MOTORS.
Manufactured in U.S by Photocircuits
Corp. 24V D.C 2,000 rpm. 14 cms
diameter. These are quality made. high
precision motors offered at a fraction of
list price Only £8.50 each

“"WEE MEGGERS". 250V Insulation
Testers. Good working condiuon
£8.50.

‘MUFFIN' INSTRUMENT FANS.
Manufactured in Holland by Rotron.
Dims. 4.5x4.5x1.5 ins. This is a
precision cooling fan., very quiet
running  specially designed for the
cooling of electronic equipment,
amplifiers, etc. 115V.50Hz operation,
drawing only 11 Watts. The list price
from Rotrons 1s over £10 each. Our
price. brand new. only £4.50 each

MINIATURE DEAC NI-CADMIUM
batteries. type 70D0K. 3 cells in package
making 3.7 Volts 25x17x15mm only 75p
post paid.

DAWE Swobolorch type 1202C  Excellent
condition £85.00

MARCONI TF2700 Unwersal Bridge LC&R
£100

PYE Electrostatic Volmetes reads up 10 40KV
RMS £120.00

TEKTRONIX type 575 Transisior curve®
wacer excellent condiion

ADVANCE type 63A AM/FM R.F. Signal
generators. 7 5-230mHz. Dewiation 0-22.5
and 0-75 kHz. X-sweep output, Crystal
calibrator. ‘scope output £75.00.

MARCONI TF995A2/M AM/FM
R.F. SIGNAL GENERATORS.
1.5-220mHz. 0-100kHz Deviation.
1uV—100mV output. Sold in excel-’
lent condition. P.O.A.

METRIX 210 WOBBULATORS.
0.25mHz. Sweep width 0.5 - 20mHz
Output 100mV attenuable in steps of
10 to 10uV. Last few of these left at
only £15.00 each to callers only.

E.M.I. oscilloscopes model WM 18 with
type 7/1 W.B.A. plug-in unit. Sup-
plied in perfect condition complete with
trolley. £125.00.

20-way BPO Jack strips to accept
316 type Jack plugs. Also quantity
of 316 plugs available. All good,
condition.

Centrifugal blowers by WOODS. 8 inch
snail type Outlet 2% x 2in 24V DC
2 BA 2400 rp.m Grey stove fimish
All brand new. Price 1s £10.50 +
carnage.

GENTS/FRIEDLAND fire alarm
bells. Operating voltages 12v dc/24v
dc All in as new condition and tested -
before despatch Sizes 6/8/12 inch
Prices £4.80, £5.20 and £6.50 resp.

COMPUTER PERIPHERALS. Tape
punches. 8 hole by Westrex and other
well known manufacturers Tape
readers by Eihot All virtually brand
new. Prices are better than one half the
maker's Wnte or ‘phone for quotation

An exceptional buy enables us to offer
stabilised and regulated power supplies
by APT at a very cheap price 16.24v
dc @ 10 Amps, and 8:10v dc @ A
Both supplies are extremely stabie with
low rnpple voitage Price each £18.50
+ carnage.

MISCELLANEOUS

pulse unit. £105.

‘1kHz-1,600mHz. £175.

£24.50.
MARCONI TF32YG Q-Meter £95.

MARCONI TF1400S double pulse generator with TM6600/S secondary

MARCON! TF791D deviation meter, 4-1024mHz. 0-100kHz deviation.
MARCON! 455E Wave Analyser £120.

MARCONI TF2600 Valve Voltmeter 1mV-300V. Excellent. £75.

ROHDE & SCHWARZ USVD calibrated receiver 280-940mHz (4 600mHz)]
‘LEVELL TG200 DM. RC Oscnlator c/w case, £65.

ROHDE & SCHWARZ URV milli-vohmeter BN10913 {late type)
TmV-10V. With 'T" type insertion unit, free probe and attenuator heads.

COSSOR 1453 True RMS milli-voltmeter. Excellent. £75.
AIRMEC TYPE 210 modulation meter. Excellent condition.
ROHDE & SCHWARZ "SCR" VH.E. Signal Generator 1000-1900 mHz.
MANCONI type TF936 Impedance Bridge. £85.00.

GERTCH Phase Angle V. Meters. Range 1mV-300V, in 12 ranges.
SOLARTRON oscillator type CO 546. 25H2-500kHz. £30.00.
GAMBRELL Precision 4 Decade Resistance Box. 1-11,

TEST EQUIPMENT

110 ohms.

WHEN ORDERING.

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT
INCORRECT AMOUNTS WILL
CAUSE DELAY IN DESPATCH. THANK YOU.
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TRANSFORMERS
ALL EX-STOCK — SAME-DAY DESPATCH

MAINS ISOLATING vaAT 8% 12 and/or 24-VOLT
PRI 120/240V sec 120/240V Primary 220-240 Volts
Cenire Tapped and Screened Ref AMPS
E £ P&P
Ref VA v 24v
L {(Watts) [3
o7 E310
: 4,69
533
854
10.32
12.47
14.33
1hE 21.94
166 1000 30.51
157 1500 34.89
‘“B 2000

'1 |5 or 2?8 sec only

SQVOLT RANGE
SEC TAPS 0-19-25 33-40-50V

Ref. Amps £ RSP, 12 1.90
102 il 2.n 5E 78

10 1.0 3155 ¥ i

20 4,85 a5 20
ac 6.10 i
4.0 798
o
E

12
0.5 0.
100

30 VOLT RANGE
SEC TAPS 0-12-15-20-25.30V

P&P

1271 1.3k
5 13.63 181
j0g  17.75

60 VOLT RANGE | AUTO TRANSFORMERS
SEC TAPS 0-24-304048:80V o . VA  ;y10 TAPS pan
£  pap (N pas)

RetC 1 20 0-115-210-240V 178 =1
Vg 1 S ;o) Bl 75 0-115.210-240V 105 2
tEE 1 i 150 0-115.210.220-240vV 4.33 72
Lk 4| €8 300 BT 5
12 7.90 | 500 8.36

iz 18 il 1000 14.36

v oo i 93 1500 15.02

533

120 12.07 2000 2541
171 15.75 3000 36.84

19.40 BRS |
122 L el ?E:Assnsommmrunfs

HIGH VOLTAGE 238 200 -0- 1.862
MAINS ISOLATING 212 "AL1A 6 O- 1.93
Pri 200,220 or 400/440 13 330, 330 9 1.56
Sec 1007120 or 2007240 235 500, 500 . 0 1.64
207 CA1A i 8 .02
Ref. ¢ P&p | 208 200, -9, 0- 3.07
236 a - 1.56
243 4.37 97 | 574 - . 0. 203
247 1083 141 5.0 - s
250 26.31 BRS

206
2000_ - 2524812 B8RS | 503 500 0-15.27 01527 315

ON-SITE TOOL ISOLATORS . 204 . 0-15-27. 0-15-27 414
240v 10 110v (To BS3535) S112 12,15, 20, 24, 30 1.97
F|l.| VA
o) 400 29 96
178 750 3447
Zi% 1000 37.63

JED 1500 41.55
150VA £6.37. P&> B5p
P&P BRS Send for details 500VA £10.97, PAP £1 25p
BRIDGE RECTIFIERS, 1000vA £18.39 €RS
36p . 2000vA £28.71 BRS

a0p 1 HIGH QUALITY MODULES
rop 3 watt RMS Ampli er 02,50
Jfip 5 watt RMS Ampli 1er E2.68
45p 10 watt IMS Amplifier E2.85
50p 25 watt AMS Amplifier £3.95
BSp Pre-amp for 3-5- 10w (new) EE.50
55p Pre-Amp for 25w £13.87
10A PM7A6 Power Supplies for 3-5-10w E1.20
£2.35 Power Supplies for 25w E3.00
P&P 15p VAT 12%% Transformer for 3w E1.80
—rattTE Do | Transformer for 5-10w E2.30
METERS Transtormer for 25~ £2.80
:xg?z glg: P&P Amgs/Pre-Amos/Power Supplies idp
. &P Iransformers irp
AVOMMS £20.94 VAT 12V2%
P&P 1 10 VAT 8% NEW STEREO 30
S‘;‘npviapzfllnvlv?;:s Complete chassis, inc 7+ 7w rms amps, pre-amp
A D e power supply. front panel. knobs (needs mains
1angelnowiinsstoe trans } £15.75. Mamins trans €£2.45. Teak
veneered cab. £3 65. P&P BBp. VAT 12%4%

4 Pre-selected stations POWER UNITS

Switched AFC
CC12-05. Output switched
Supply 20-35v 90Ma Max 45 Bv By 9v  12v at 500mA

£19.95. p&P 25p VAT 12%2% £4.08. PLP 40p VAT 12%%

s
g

CASED AUTO. TRANSFORMERS

240v mains lead nput and USA 2 pin outlels
20vA £3.29. P&P 72p 113w

STEREO F.M. TUNER

ANTEX SOLDERING IRONS
15W/ £2.90. " 8w £2.75. 25w £2.45
Soldering ron kit £3.90
Stand for above £1.13. P&P 25p VAT 8%

PLEASE ADD VAT AFTER P&P
ELECTROSI . AND SEMICONDUCTOR
STOCK STS AUCIO ACCESSORIES & BARGAIN
PAKS CALLERS WELCOME (MON -FRI) OR
SENC STAMP FOR LISTS

CARmeGE CONVERTER
Operating Voltage 20/ 45v
ONLY £2.65 P&P 18p
Vat 12%2%

B8SR MINI-DECK
4-speed autochanger £6.00.
Garrard SP25 Mk. IV {Chassis)

Barrie Electronics Ltd.

3,THE MINORIES,LONDON EC3N 1BJ

TELEPHONE: 01-488 3316/8
MEAREST TUBE STATIONS: ALDGATE & LIVERPOOLST.

WW—055 FOR FURTHER DETAILS
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a |
- 56, FORTIS GREEN ROAD, LONDDN, N10 3MN, ENGLAND. Telephone: 01.883 3705
B ec rnnlns Dept 5 Elenttann Coriinnent suppihers 1o H M Government,/Arned Serv.ces, Universities, Colleges, Broad: 3sting Autharities, Frre or
Governments. insttutinns, indusiies snd Educatonal Establshiments
7¢ TN LIGHT EMITTIN 123
K}
— G D/0D 1.C. SOCKETS The AY-5-722¢4 tick-tock
2599 ] Another marvel from G.1. A 16 pin
7400 14p* 120 1o :'e‘:res Ov 12[5 k\: o._w‘ 02 12-24 hr. Clock 1.C. with 25 pin capobility
7401 14p° 12 - o dic . lens "y dio. tens + dia. lens Pin Sockets, pins in sirips ond fow external parks count. Supplied with
7402 l4p° 1% 105 EED ) (MLED 650 L | 9F 100, Just snip off when monufacturers detailed leoflet £3.950° (inc
:83 5 = 10 100 | 1 100 100y 1- oo 100 you need.  5p our i vm' (Leaftet alane 20p.) Full Kit
’ AN 2= = - - . Bt i D (excluding case) avoiloble towards
’ 16p 5p° 13p" 1 20p" 18p 16p | 17p 1 1 t
7408 e I3t il *fGreen 260 24p 220 | 260 245 220 | 260 260 220 8pin 13p. Hpin 260, 105 el W2, rn GH o .
7'4?9 FYES Vip *|Amber 260" 24p" 22p | 26p° 24p 220 | 26p 24p 27p 14 9in 15p Bpin3p.  Bpin 3ip
}:xg 730 15" ’(’; ‘|Yellow  26p° 24p" 22p [ 260" 24p  22p | 260" 24p" 22p° 16 pin 15p 36pin39p.  10pin 35p. MULLARD MODULES
2 pA \40. Rl .
74|7 T v . . i H i i
G R N LINE-0-LIGHT  DISPLAYS il ke e s, ikl
e g gy + | NEW LED Linear Cursors ia = mERESEE s
e 166" 13pe 1y +| eoch device contoins 10 1ight Sy Veeo 25y ON5777
o Te e g emi tting diodes ina Weinduol- | 3 & O WD 5
VED e 22w g in-line package . ldeol for solid Sz g Vebo 8y i
7441 750" 62t 50p + | state onalogue meters or dials i -7, i1 250 ma
7447 650" 55p* 43p * Red and Green £3 19 Check ccgo Pd 200
7445 85p° T1pt 7p on Yellow sone in stock now :; :; S ﬁ Rfe 2500
7447 8lp®  75p° 65 ,.
VT Sot b2t 0m ¢ | 0.33 Litonix DL 707 Series MV/LI| atl €1.82° eoch (Red onty1
74474 950" 83p* 67p + 1 033" Monsanto MAN 50770/80/3600 ¢/} /! Red £1 73 others£3 06 except C A R'HE3 38
80 0 25pr 200 + | 0.33 Xeciton XAN 70 Series ] all£1 64 Each o
7472 290 2lp* 175 + | 943, Monsanto MAN 4000 Series | o/ Redt2.38 otherst3 38 < e 1186 V.
R 00" 5" 20p « |0.63 Litronix DL747 Jumbo' Seres | | all £2 66° Each (Red only) C/C as C A oy i haos (ewer: ol )
‘ : g . { W | ane 2 £ Steip
24;4 S e NOTE. AN 4000 ' 06" Xciton Red 1 97 Green and Yeilow £ 2 66 o~ 0\30.‘5 LPI400 Mltiplex decoder  £8 12
7475 e 39 31 : Series pin outs are 14 pin dil the same as MAN 50; 70 and 80 series
}:;3(; ;s?p: Z(;p: g(}; * U Our Bulk Buying Power enables o
2 » % * M repeot of our Speciat Offer ’h
;gz £l ;o cno9 870 * 00.33" W1 707 139 Of om 0“\'09“@
R %» 26p 2lp Performance guaranteed
7489 £2.92 1 £280 © £2.10 * f
o N B G775 150LATORS or your free copy send a S.A.E.
7491 65p S5p° 450 " C .Mos Linears 7 i i
ot Sr e ¥ o eners Reguiotors Resistors Switches
e e 48"- 369 | aNzs e e Audio 1.C's  Memories  Recrifiers  Triocs Pots Boxes
iohed p 452p | 6min industiy srandard package Radio 1.C's  Diodes Heat Sinks  SCR's, SCS's  Vero Tuning Cons. [ e
o o oép' 899' _/2: 2.5KV isolation  £1 21 WV 1.Cs Tronsistors — Copocitors  Bridges Coils Conneciors '
p :
ST T MAINS TRANSFORMERS
;“22 ifp. 255 A This state-of-the -ort MOS LSI chip contoins
7“3] 7o 2;". ?Ip : S Transformers ‘A A A 4a alf the logic necessary for o 3. decade, dual
i c;gn. 5 53¢ G'g 6 :00 mA 99p 0-9-17'v - £249° £as7 £4 55 f ! slope integrating, automatic polarity detecting
5 o & e 509 ol 55 Oy o BOr iy DVM  Supplied with free dafa and ¢ircuir
74154 €162 " €1.48 - 86p *| 12012 100 ma 99p e :
e HoElEs % | 20020 1A A A 0-24-30-40-48-60 V £518°  £702 - ’ a -
0 - o 75 oty 0-19-25-33-40-50\/ £3 47 r
S e Sk Rk e OUR PRICE ONLY £6.59.°
74181 £3.20 1 £2.50 © £1.90 - P&P on transt P
on transformers 207% ot price min 25y (Data ond Circuit Booklets alone 20p.1
R0l @18 ° tems followed by @ ¢ Overses customers Postage ond Packing 20p. Data Sheet and photocopy service
inc. VAT at 8% all deduct /27 from * Orders for over £6. post available ot 10p per page
others include 12%%  dems — 1/ from others  free. Except fransformers CALLERS ARE WELC OME

connections. Pr 240v Sec
connections £10.00. carr £2

18-0-18v

WODEN AUTO TRANSFORMERS
3000 watts tapped 105-115.125-135- 200-215-230-245-260v
apen type terminal block connectons. €19.50, carr £2 00 in
metal case with twin American 2/ 3 pin flush mounted sockets 3
core 240v mains lead Carrying handle £32.50, carr £3 .

12 5ACCore tabletop

L.T. TRANSFORMERS BY FAMOUS
__ MAKERS. ALL PRI
Sec 6-12v 20 amps

connections €8.50, carr £2 20v 20 amps
€10, care £2 12v 30 amps twice £17.50,
carr £3

P.P 50p 10H 75 M/A €1.00. PP 35p 50H
25 M A £1.00, PP 35p 15H 75 M/A
€1.00, P P 35p Swinging type 5H 0 04A-4H
025A £1.75, PP 50p Gardners 100H 20
M/H £1.25, PP 35p 20H 120 M/A
€1.25. PP 35p 20H 80 M A £1.00, P P
35p C core type 10H 350 M/A £3.50, P.P
£1 00

www._americanradiohistorv com

Gresham Pri 240v Sec 2300v 10 M/A 6 3v
1 5A Open type Table top connecnons
£3.50, PP 50p Woden Pn 230v Sec
890 710 0-710 890v_ 120 M/ A *Open type
TT connections £3.75, PP 75p Parmeko
potted type P 110v 220-240v Sec 1875v
BOM/A. 6 4v 6A 5v 3A £5.50, carr £1

=
AUTO TRANSFORMERS FOR 3 PHASE ISOLATION
APRIL 1978 AMERICAN EQUIPMENT TRANSFORMERS ke
240/110v 80-3000 watts. fitted with 2-3 pin RY FAMOUS MAKER @ o 0 il 8 e SR S ]
14 sackets, and 3 core mains lead Send sae for Input tapped 380 400-415430 voits RMS 159"0‘\f1":5£5 50. No. 2 Pr. 320240y S
price st We have England’s largest selection NOM Line 10 line 3 phase 4 wire 50H2 output TN e e o g o
apped 51-61-66.67-69v 10A £10.00, carr
of American electrical accessories  2-3 pin 415 volts NOM 3 phase 4 wire at 2 15kvA L1 B0 No 3 P 220240y Sec Tapped
plugs. recessed and surface type 2-3 sockets. Regulation 2% secondary fully screened open 56.63.69-74y 3A €4.75. canr £1 No Apg”
multi-way adaptors  2:3 pin grounding type construction Terminal board connectons 115.230v S 63 5 7A Twice d 26
(ELECTRONICS) LTD. adaptors Cable type sockets Extension cords size 16%x7x6%1ns Weight 90Ibs Brand new. DS IR s Doz s IRIes fud di
240v Edison screw type light bulbs Industrial Fraction of makers prce €27.50 plus VAT 1152300 Ser 33 6A and 18-0-918\, 0
9 & 10 CHAPEL ST. LUNDUN. N.W.1 ""‘gse:\:"w el 3 B WEw few carnage charges at cost €3.00. PP 75p No 6 Pri
e 110-200-220-240v. Sec 14v 5A 14v 2 5A
S d YS
01-723 7851 01-262 5125 HT TRANSFORMER Keyswitch Kmk3 230v AC. 3 CO 75p. Kmk3 2VA0AY BVAT0A 324 J7 5 0IM /AR 004500
ADJACENT TO EDGWARE ROAD MET. LINE STATION BY FAMOUS MAKER. ALL PRIMARIES 120 AC 3 CO 750, Kk 230y AC 1 CO 60p. M'A  Separate windings. €10.00, carr
PLEASE ADD 8% TO ALL DRDERS INC. CARR. 240v DPEN TYPE TAG CONNECTIONS Omron Mk 2P 12v OC 2 CO plug in type 75p, 1150 No 7 Pri 200-220-240v Sec. 4v 6A.
Sec 350-0-350v 120 m/a 6 3vCT 4A 5v2A bases 10p. Mk 2 24v AC 12v DC 2CO 60p, -“'1/0 ;;0 2‘335-5% A Pﬂ 725"“ :‘:d 782 P]'A
v Sec. 12v v
CURRENT RANGE OF NEw LT Transrommens | 0 [0 65 3000300 150 s  on e oe Senen oo e 1090030 K diso, o p s No 9
ORENNVEETAGICONNECTIONS 300.0-300v 100 m/a 63v 3 5A 5v 2A €O 60p. pp all tynes 15p American miniat P 200-220-240v Sec 37v 5 5A and 37v
ALL PRIMARIES 220-240v y ; ¢ i P risan mnpiure Aand 21v 11A. £8.50. carr £1 50 No 10
£€3.00, pp 85p 2500-250v 120 m/a 6 3v type 6v DC 1 CO 35p, pp 15p Siemens open 2ilandi2)ll S0car o
Type Sec..Taps Amps Price Carr 3%A 5v 2A €3.00, pp B85p C core type type AC 230v 1 make 40p, pp 15p Cutler and Pri 200-220-240v Sec 31v 7A 26v 5A
1 24.30-40-48-60v 12 £20.25 £2 00 2500 250v 50 m a6 3v 1A 6 3v0 7A 6 3v Hammer 230v AC contactors One NO or NC 16v 4A 25v 2A Separate windings £8.50,
2 24.30-40-48-60v 10 €19.40 £2 00 0.6A £2.00,pp 75p 16 amp BOOv AC contacts 1 meal cast carr £200 No 11 C core types Pn
3 24-30 40 48-60v 8 £15.75 £1.50 Shrouded types 500-0-500 200 m/a £€4.50, £1.50. pp 35p 220-240v Sec 180-18v 21A. £10.00. No
4 24-30 40-48-60v 5 £10.24 £1.00 care £1 250v. 20 m/a. 63v 1A €1, pp 12 P 230v Sec 1.25-0-1 25v 10A £2.00,
5 24.3040 48-60v 3 £7.90 75p OIL FILLED BLOCK CAPACITORS PP 50p No 13 Potted types Pr
6 24.30 40 48-60v 2 £5.53 15p = BY FAMOUS MAKERS 110220-240v Sec 70v 1A and 30v 1A
6810 12.16.18-20 24-36-40-48-60v GRESHAM L.T. TRANSFDRMERS 4444442+ 1mid B00v Wkg DC €1.50, pp €3.50, carr £1 No. 14 Pri 115-220 240v
CAN BE OBTAINED FROM THE ABOVE RANGE Al primanes tapped  10-0.-200-220-240v 50p Bmid 2500v DC Wkg €3.75, pp £1 25 Sec 43v 0 75A and 43v 0 5A and 6 3v 1A
open type topicalised Terminal block 8mfd 400v DC Wkg 65p. pp 25p 8mid 350y €3.50. PP £1 No 15 Pn 110-220-240v
7 19.25.33.4050v 10 £17.75 £2 00 connections fraction of maker s price DC Wkg 60p. pp 25p 8mid 300v OC Wkg Sec 29 7v 5A 23v %:A. 78v 60 M/A 181v
8 19-25-33-40.50v 6 £12.00 £125 No 2 4.7.11-31 32 33 34y 20A €8.50. No 50p. pp 25p 6mfd 1000v DC Wkg 75p. pp 100 M/A Separate windings. £6.00. carc
9 19-25-33-40-50v 3 £6.00 75p 3 4.7-11.32.33-34-35v 10A £6.50. No 4 25p. 6mid 600v OC Wkg 65p, pp 25p amid £150 No 16 Pr 220240v Sec 12v 6A
10 19.2533-40-50v 2 £4.95 75p 6.13.20.54.56.58.59v 5A £6.50. Carr on all 1250v DC Wkg £1.00, pp 25p 4mfd 1000v and 15 6v 1 5A. £4.00, carc £1 50 No 17
5.7-8-10-13-15-17-20-25-30-40 50v wpe £1 C core types all primaries. DC Wkg 75p. pp 25p 4mtd 350v DC Wkg Pri 220-240v Sec 50v 2A. £3.00, PP 75p
OR 25025y or 20-0-20v CAN BE 200.220 240y No 1. 8 separate secs. 1v. 40p. pp 25p 2mtd 2000v OC Wkg 65p, pp No 18 Pn 110-220-240v Sec Tapped
OBTAINED FROM THE ABOVE RANGE 3v oy 27v Al at 15A €12.00. No 2. 3 25p. 2mid 500v OC Wkg 3%p. pp 15p 1mid 435363y 1011.12.22.2324-25:26 1A
separate secs 29.30-33v 15A. 23.24-26v 2000v DC Wkg 50p, pp 25p 1mid 600v DC and 55v 1A €£4.00, PP £1 No 19 Pn
0" 12.15.20-26-30v 10 €10.35 £125 BA 14.15.17v A £12.00 carr £2 Wkg 25p, pp 15p 0 25mfd 7500v DC Wkg 200-220-240v Sec 6v 1A wice £2.00, P P q
12 12-16-20-25-30v 5 €6.70 <100 0 £1.00. pp 25p O tmfd 3000v DC Wkg 30p, 75p No 20 Pu 200-220-240v Sec 105v
13 12-15-20-25-30v 2 €3.75 75p DHT TRANSFORM pp 15p 0 00 1mfd Mica 6000v OC Wkg 75p. 24 €200, PP 750 No 21 Pn
3.4-5-6-8.9-10-12-15-18-20-24-30v BY FAMOUS MAKERS pp 25p Electroiytics 100.000mfd 200 220 240v Sec Tapped 4-5v 8A. £2.00.
or 12-0-12v or 15-0-15 CAN BE No 1 P 110-220-240v S Sec tapped {—10+50%) 35p, pp 165p TCC dry PP 7505 No 22 Pri 220 240v Sec 22 25y
OBTAINED FROM THE ABOVE RANGE 408.2000-200-408v High taps 165M/A electrolytics  block type 2000mid 3'5A and 46v 45 M/A. £4.50, P P 1
) Low taps 500M /A £5.50, carr £ 1 No 2 Pri 20% +50% 50v OC wkg 75p, pp 25p
14 1;;4»/ :gv gg: ;:v 3(;: E:;gg 5‘2 gg 115 220 240A Scr. See 400-0.400v HIGH VOLTAGE INSULATION
15 11223 i v - g 400M/A €575 carr £1 N Pre TRANSFORMER FC
16 1224y 12v 20A 24v 10A £10.75 £1 2% 1?%2 20-240v Sct  Sec 35?0.0:.3350\, Pri 200-220-240v SEC tapped 4-5-6 3v 12 'Sobﬁrgg;;ﬁgﬁzgfﬁms i
17 12-24v  12v 10A 24v bHA £5.50 756 200M/A 6 3v 6A, Sv 3A £4.50, carr £ amps and 2 5v 35 amps One only £20.00, Pry 200-220-240v Scr sec 240v 13 amps
18 1224v. 12v 4A 24v 24 £2.95 60p No 4 Pri 115-220-240 Scr  Sec carrt3 conservatively rated Open type terminal block
FULLY SHROUDED TYPE TERMINAL CONNECTIONS gz%g-iga‘/uzoso'\ﬂs':” 223(\)/ 2/?8\{ S?vv SS: 'AC WKG BLOCK CAPACITORS ;ggnzezcon;:g ESJCS.OO, ;43(;' 7’6(4) Pri
4 00. 20M /A 6 3v 10A €8.50, carr Oubilier 15mfd 330v AC Wkq £1.25, P P nadh Aty Ser 3 v wais
19 4.16.24-32v a £6.95 750 260 0-250v 3 A €4.50, ca 255 10mid 3500 AC Wig £1.00, P p. 25 Open type Cable lead connections £8.50,
20 4-16.24-32v 2 £4.65 65p 21 No 6 Pri 110220 240v Ser Sec 1875y N0 g 1hadeh I carr £2 Pn 115.200-220-240v Scr sec
2 12.20 24y 10 €950 100 60M/A and 500v 31M/A £5.00, carr. £1 uliydgiy 68 W, i PP 2 Ol 116y 135 amps Shrouded type table type
2 520 . 650v AC Wkg £1.00, PP 255 dmid 500v
22 1220 24v 5 £6.50 75p No 7 Pri 110220240v Ser Sec 230v ACWig 75 P B 259 TCC amia 3000 AL connections. conservatvely rated €32.50,
23 24-30-36 10 £12.00 €125 200M/A, 6 3v 7A £3.00, catr 75p No 8 S i ) o 6 T carr £3 Pri. 200-220-240v Sec tapped
24 24.30 36 5 £9.50 } 00 Pri 220-240v Scr Sec 250-0-250 75M /A 50‘3 , Pp'zo 5 51"“"1 .16"0 Ag o 759 90100 110-120v 7.5 amps Conservatively
25 24.30-36 2 £4.50 65p 63v2A 6.3v 1A, £3.00,cac 75p No 9Pri = Pp'zo & oo T el kg Sl rated Shrouded type. Table 10p connections
220 240y Scr. Sec tapped 170 P © v AC Wig 50p, P P €19.50, carr £3
CENTRE TAPPED L.T. TnArvsronmzzgsu s 180 190 200 2107220.230-240v 175M/A. * 20p Bosch imfd 800y AC £1.00, P.P 20p
Fully shrouded terminal block connections Pri 220-240v  Sce 6.3v 3A, 6.3v 2A £3.75, carr 75p No 10 = - o
sec tapped 302502530v 2 amps €5.95. pp 75p P 220-240v Scr Sec. 250-0-250v H.T. SMOOTHING CHOKES
36 25.0-25-36v 5 amps £11.95. pp +1 Open frame type tag 100M/A. 6 3v 3A 5v 2A £3.00, cars 75p Parmeko potted types 10H 180 M/A. £2.00, HIGH VOLTAGE TRANSFORMERS

-
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INSULATE THAT CHASSIS, OR COMPONENT,
THE EASY WAY BY MOUNTING WITH
TRANSIPILLARS
FOR
STRENGTH

INJECTION MOULDED NYLON PILLARS W/ITH
INSERTS MOULDED IN FOR SUPER STRENGTH

TRANSIPILLARS

ARE
STRONGER THAN ANY SIMILAR DEVICES
HAVING MECHANICALLY ASSEMBLED INSERTS

" SIZES FROM 6BA "' LONG TO OBA 2%’ LONG

METRIC EQUIVALENTS ALSO AVAILABLE

MIXED TERMINATIONS
(E.G. 2BA ONE END, 4BA AT OTHER END)
AND LENGTHS MADE TO USERS’ REQUIREMENTS

DETAILS, PRICES AND SAMPLES FROM

Scientific Instruments & Electronic Components
40a NAPIER ROAD, BROMLEY KENT BR2 9JA
Telephone: 01-460 9861 Telex 896071

"{ WK ELECTRONICS '

WW—082 FOR FURTHER DETAILS

www americanradiohistorv cam



www.americanradiohistory.com

102 Wireless World. Julv 1976

Dapt. WW, Wallington Road -
London Colney, 5t. Albans

Herts

Add A0 ¥

WW — 060 FOR FURTHER DETAILS

wiaany americanradinohictan, com

LYNX ELECTRONICS (LONDON) LTD DIGITAL DISPLAYS & LED'S
.
gt;g:; g:p pDL747 £1.75 2 RED LED ONLY 13p
AC126 015 8C301  0.32 Bv206 0.5 TNGOO3  0.06" ® pL7so €178 CREEN CLEAR D
AC127  0.16 BC323  0.60 8v207 200 0.20° 1N4DO4  0.07°
AC128  0.13 BC327  0.18 BYX36- 012 1N4GOS  0.08°
AC128K 0.25 8C328 0.16 BYX36.600 0.15° IN4006  0.09° THYRISTORS
AC141 0.8 BC337 0.7 BYX36:900 0.18" INAOO7  0.10° 8A 1A 34 6A 8A 104
AC141K 0.28 BC338 0.7 BYX36-12000.21° 2N696 0.14 (1092 (TOS5} {C106 type) (10220 10220) *
AC142 0.8 BCY70  0.12 BYX38-300 0.50 2N697 0.12 50 20 25 35 41 42 a7
AC142K 0.28 BCY71 0.8 BYX38-600 0.55 ON706 0.10 100 25 25 40 a7 48 54
AC176  0.16 BCY72  0.12 BYX38-900 0.60 2N929 0.14 200 27 35 as 58 60 68
ACI76K 0.25 BD115  0.55 BYX38.12000.65 2N930 0.1a 400 30 40 50 87 88 98
AC1B7  0.18 BD131  0.36 BZX61 Series 2N1131 0.15 600 65 70 1.09 1.19 1.26
AC187K 0.25 8D132 040 Zeners .2 2N1132 0.6
AC188 018 23135 o.gg BZX83 or BZX88 2N1304  0.20
AC188K 025 136 0. Series 2N1305 b
D140 050 BD137 040 Zeners 0.1 e G TRIACS (PLASTIC T0O-220 PKGE. ISOLATED TAB)
ADt42 050 BD138 0.48 C106A 0.30 2N2102 0.44 aA 654 854 10A 154
AD143  0.46 BD139 0.58 C1068 0.45 2N2369 0.4 @ (b @ (b 3 i) @ b @ b}
AD149  0.45 80181  0.86 C1060 0.50 2N23694 0.14 100V 0.60 0.60 0.70 0.70 0.78 0.78 0.83 0.83 101 1.01
AD161  0.35 BD182 0.92 C106F 0.35 2N2484  0.16 200V 0.64 0.64 0.75 0.75 0.87 0.87 0.87 0.87 117 17
AD162 0.35 80183  0.97 CRS1/05 0.25 2N2646  0.50 400V 0.77 0.78 0.80 0.83 0.97 1.01 113 119 1.70 174
AL1O2  0.95 BD232  0.60° CRS1/10  0.25 2N2905  0.18 600V 0.96 099 0.87 1.01 1.21 1.26 142 1.50 211 247
AL103  0.93 BD233 0.48° CRS1 20  0.35 2N2905A  0.22
AF114  0.20 8D237 0.55° CRS1/40 0.40 IN2926R  0.10° N 8 Triacs without internal tngger diac are priced under column (a) Trracs with internal inigger
AF115  0.20 80238  0.60° CRS1/60 0.85 IN2926G  0.09° diac are priced under cotumn (b) When ordering please indicate clearly the type required
AF116 0.20 8D184 1.20 CRS305  0.38 2N29267 0.09
AF117  0.20 ggvgg 0.80 CRS310  0.45 2N2926G  0.10°
AF118  0.50 N 0.60 CRS320  0.50 2N3053  0.15
AF139 033 govgo oisg CRS340  0.60 Snice Mo 74 TTL muxed prices
AF239  0.37 DY6) 0.8 CRS3-60+ 0.85 2N3055 0.50 124 2599 100+ 1
8C107  0.13 BDY62 0.55 MJ480 0.80 2N3440  0.56 7400 14p  12p  10p 7445 a;: 23193 ‘29; 7493 14250 25099 ‘Sgt |
BC107B 0.16 BF178  0.28 MJa81 1.05 2N3442  1.20 /407 18p  12p  10p 7447  81p 75p 65 7495 o7n 459 asp
8C108 0.13 BF179  0.30 MJ490 0.90 2N3525  0.75 7402 14p 12p  10p 7448 75p  62p so: 74100 €1 o: assp 20
B8C109  0.14 B8F194  0.10° MJa91 1.15 2N3570  0.80 7403 15p  12':p 10p 74474 95p 83p 67p 74107 35 zap zzn
BC109C 0.16 BF195  0.10° MJIE340 0.40° 2N3702 0.10° 7404 16p  13p  11p 7470 30p  25p 20 7412 “P zap P
BC117 0.19 8F196  0.12° MUE371  0.60 2N3703  0.10 7408 16p  13p  11p 5472 28p 21p 179 el i 2 &O
BC125 0.18" BF197 0.2 MJES20  0.45 2N3704 0.10 7409  16p 13p 11p 7473 30p 25p 20p ”143 n" 3" 5;"
BC126  0.20° 8F2244 “0.18 MJES21  0.55 2N3705  0.10 7410 16p  13p  11p 7474 32p  26p 21 gl B O HD
BC141 028 BF244 017 045 0.50" 2N3706  0.10 7413 29p 2ap  20p 7475 aTp 3%  a3ip AR o o o8
BC142 0.23 BF257. 0.30° OA9C 0.08 2N3707 0,10 7417 27p  22'2p 20p 7476 320 26p 21p 24174 €1, 3 °
BC143 023 BF258  0.35 0Ag1 0.08 2N3714 108 7420 16p  13p  11p 7482 75p 625 So0p 74180 cros a3 &
BC134 0.30 BF337 0.32 ocal 0.15 2N3716 1.5 7427 27p  22v:p 18p €1 38 £1 o: a7p 74181 L;'gg €2 :3 (17;:
BC147  0.09° BFW60 0.17° 0ca2 0.15 2N3716  1.25 7430 16p  13p  11p 7486 32p 26 2% 74192 €135 £1.14 9
BC148  0.09° BFX29  0.26 oca4 0.2 2N3771 1.60 7432 27p  22Vip 18p 7189 €2.92 €2.80 £2.90 74193 £1.35 €114 ,‘.3"
BC149  0.09° BFX30  0.30 0C45 0.10 2N3772  1.60 7437 27p  22V:p 18p 74380  4%p 40p 32 74196 €1.64 €1, B
BC152  0.25° BFXB4 023 oC70 010 2N3773 2.0 7481 75p 62p  50p o OB s & 64 138 99p
8C153  0.18° BFX85  0.25 oc71 0.10 2N3819 0128 7442 65p S55p  a3p e =20 D
BC157  0.09° BFX88  0.20 oc72 022 IN3904  0.16° ’ Gy A el
BC158 0.09" givgo :.fg ggsa 8.14 2N3906 0.6
BC159 0.09° YS1 . A40A .73 2N4124 0.14 .
BC160 032 BFYS2 0.9 sCa08  0.81 2N4200 012 LINEAR IC'S
BC161  0.38 BFY .35 SC40D 0.98 2N4348  1.20 1A o y . .
BC1688 0.09° BFY90  0.65 SCAOF  0.65 INIB70 0.35 e EOmEE L S il B SREmEn 2
8C182 0.1° BR100  0.20 SC41A 0.65 2N4871 035 309K ETe0 741 8 pin DIL 28p° 567 8 pin DIL £2.00°
8C182L 0.11° BRY39 040 SC418 0.70 2N4919  0.70° 380 14 pin DIl 90 741 14 pin OIL CA3046 14 pin DIl S0p"
BC183  0.10° BSx19  0.16 SC41D 0.85 2N4920  0.50° 381 14pnDIL €1 58‘ 748 8 pin DIL 36p° CA3045 ° asp
BC183L 0.10° BSX20 0.18 SCAtF 0.60 2N4922  0.58° : 555 8 pin DIL s g
8C184  0.11° BSX21 020 st2 0.20 IN4923  0.64° °
BCt84L 0.11° 85vg54 0.12 TIP29A 0.44 2ZNS060  0.20°
8C2078 0.12 87106  1.00 TIP30A 0.52 IN5061  ©.25°
BC212  o©.11" BT107 1.60 TIP31A 0.54 2N5062 0.27°
BC212L 0.1 gl:gg }-gg TIP32A 0.64 2N6064  0.30°
BC213  0.12° E TIP34 1.05 2N5496  0.65 -
8C213L 012" 81116 1.00 TPA1A 0,68 (
B3 el we e iPa ol HIGHAM MEED. CHESHAM. BUCKS. Tel. (02405) 75154
BC214L 0.14° BU(;ZOS/ 1 0 ngeg 0.13
8C237 0.6 .90 IN2070 0.6 —_ o i o i Y3 9
e e clReo) s s VAT — Please add 8 % except items marked * which are 122 %
BC300 0.34 1N4002  0.05 P&P 20p. Overseas 80p
BOOKS rMu"«": BRY39 S0p BY128 9hp
MOTOROLA SPECIAL OFFERS e e Adw: BY164 Sip
Diodes Transistors, etc., over 3500 Pages €10 =0 IN4148 Diodes 12 for 5op g2 AT, g:‘:‘sg, 3?" Byi82 £ o
CMOS over 400 Pages £1.50 30 for £1.0a | [AE126/128  K1n BSX20 i S bl
Linear 1 c. over 800 Pages £i.00 1000 for £25.0m | | #D161/162 £1.2un s i YDan b
Motorola MEBOO Programming Manual 5 0127" Display (MAN3M) 5 AC126 EE a5y 954 dipy: eY.201 Zip
ogramming £3.50 b EEL 2 €140,
Motorola ME800 Applications Manual E7.00 5% Discount orders over £5.00 AC137 2p 8110 p BYX10 23p
From A to Microp. £1.60 10% Discount orders over £10.00 AC128 19y 8u126 £2.20p BYX36-150 11
Discount not applicable o kit or spectal offars aci8 25" pU205 €2 505 BYX36-600  17p
SIGNETICS aC176/181 5 BU206 €3 00p BYX38-600 4a1p
BC187/188.01 nr,,. 8U208 €4.00n BYX38-600R  S5ip
Data/ Applications book. over 1600 Pages €4.00 — &C 182 627103 Gn BYX49.600R 43y
DMOS; 74LS; Consumer; shift registers. RAM's; PROM"s 1.C. SOCKETS #CY19 HETES? By 0A95 Tn
20p each ACY20 acz8 €1.00n1 0A200 i
14 pin 17 28 pin 27p ACYI20 70 6p OA202 By
FERRANTI 18 pin 16 40 pin 30p AD140 A UCTE; b= 0A2223 &30
E-Line Applications 50p RPN 26p nem: uc17i bp
Comptete range of data and applications notes ::::1
CAPACITORS AF118 MULLARD
NO VAT THIS SECTION Electrolytic; paper; Non polar Tant AF1TS
—— —e|  Pack of 25 Mixed our choice 50p AP12Y OIODES ZENERS
LINEAR ICs F— = —| -'|F|§5 —12Y2% VAT — 122 % VAT
LM301AV Ext. comp. operational amplifier ann et 1,5 3147; 56. 68180 ATras aa119 11p BZV10 50
LM307V Int. comp. operational amplifier asp a7 AF178 AA215 3p BZVI5SCR12 Tap
MC1458v Dual comp operational amplifier Bt 01 1 39 68 AF239 AAZ13 10 BZX61C27 13p
NES510A Video amphifier €1.93 047:056: 0 sa o 32 12 | saT10 AAZ1? 22p BZX61C72 #6p
NE540L Audio power driver €117 18:27,33,47,10; EAV10 BA102 235 BZX70C11 33
NE555V Timer a4y I 3.39; 10; ,5 22 27: s0 8107 BA154 1n; BZX70C30 Tap
NES556A Dual 555 14 pin 96 Plastic Tans 6v :— 47 BC107A v BA1S55 11p BZX79
NE516B Phase locked loop with A.M. demode €2 70 BC1078 BFR90 £3 50 BA156 M 47V-I5V  on
NE562B Phase locked loop with V.C.0 €2.70 Tubular zm _ 15 BC108 8FR94 £7 00 BA182 zan B2Y88C6VE  1iIn
NE566V Phase locked loop function gen £1.60 Sv:_ 22 33;:47: 68 BC108A BFX34 41y BAX13 fn BZY88C13 1
PA239A Dual low noise stereo pre-amp LTSS 8C1088 BFX8S5 4% BAX17? T'#s B2Y91C15 15,26
WA731CV Op. amp azo All values microfarads - BFYSO 43 BB105B 1i3p BZY93C18 g
ATJ47CA Dusl op. amp slp Your chorce 10p each BIYS1 A3s BB10SG g BZY93C20 Ty
MC1303L Duat Stereo pre-amp €147 Pack of 20 mixed our choice £1.00 BFY52 34z BR100 a3 BZY93C68 1
MC1308P V2 W audia amp 6ip Polystyrene — Pack of 25 mixed 50p BFY90 i 70 BR100-1 4up BZYS5C1S [
MC1304P F M, multiplex stereo demodulator r11z L T e . BR100 33 BR101 G2p BZY95CI8 63
"MC1301P Stereo demodulator 41 82 RESISTORS BR100-1 34, BY126 15p BZY95C24 6dp
MC1312P) L).84 2 Watt Carbon Mullard CR37 10 for 20p + BR101 6y BY127 13n BZY95C68 6dp
MC1314P) Quadrophonic decader kit €3.31 V: Watt Metal Film  Welwyn MRS 10 for 50p
MC1315P) €3.59 8 Watt Wirewound  Waelwyn W22 37);
‘Mé:l:!:wP Low level video detector 6ip 12 Watt Wirewound  Welwyn W23 39, r
MC1496G Double Balanced mixer 20 Watt Wirewound ~ Welwyn W24 a1 |
CR37 and MRS min. quantity any one value 10 pcs AUDIO AND RAOIC MODULES
MOS 1.C.s | €12 Series available to 1 MO except W23 and W24 up to "LF 1800 Stereo Decoder Module LB.02
AY-5.1224 12/28 24 hour digtal clock circuit 27K only {11162 Audio Amp [E.44
AY-5-3510 3"/, digit DVM circuit POTENTIOMETERS 1173 10W; Audio:Amp, T3
AY-1-3:312 Master tone generator Moulded Track — Panel Mountin "LP1182/2 Stereo pre-amp L&)
AY-1-50L1 4 stage dwldov | = 9 LP1183/2 Sleveo_ pr rs g2
Un — 1w — 250k 2M .
AY-1-721/5 5 stage di Lo Vive — 10K, 500K _LP\ 184/2 Low distortion stereo pre amp [N E:]
AY-1-6731/6 6 stage dr og — Vaw - LP1185 FM If Amatifier £F.28
AY-LHGR0T stage Sividor Min. Moulded Track Linear -~ Panel Mtg LP1186 FM Tuner Module reTn
€550 3 digit calculator chip o/;,:'., ;n:‘zn;';i(:k%zjom“z ‘LP1194 40 Voltage Multiplier (EHT gen) R
CS00 8 digit calculator chip
2102B MOS 1024 bit static RAM ;ms o FRIHERL R, EUGHAL, Telg B LIy SPECIAL OFFER
Sealed Min. Preset Yaw Linear (1) 10 Wan sterac amplifier comprising ~
FERRANTI I.C.s 33R, 100R, 220R: 330R: 500R. 4k 7. 5k; 8k: 22k. 25k 50k 1xLPt182,2and 2 x LP1173
ZN1040E Universal counter/display CCT 100k; 500k Normal pnce £19 08 Dtfer price £15 00
ZN1034E Precision timer CCT Your Choice 10p sach—panel mtg: 5p each — preset (2) FM tuner comprising —
ZNA1A A M radio circuit Pack of 10 (inc. 2 panel mtg.) 30p 1xLP11851x LP1186 1 x LP1300
Data and Circuits on ZN3 14 Wirewound helical pots (10 turn) 100R. S5k, S50p each Normal price £22 08 Offer price £18.00
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AUDIO AMATEUR

THE AUDIO AMATEUR is a new U.S. quarterly for the
enthusiast who enjoys hands-on work in building or cus-

tomizing his audio equipment.

TYPICAL ARTICLES: Octave equalizers, Transmission
line loudspeakers with 8 to 24” drivers, Electrostatic
speakers with a 900 Watt direct drive amplifier, Mixers,
preamps, parametric equalizers, stock equipment modifi-
cations, and much more. Completely tested circuits, con-
struction aids, etched circuit boards, parts sources.

READERS SAY: “A hit here at WLWT Television . ..
provided several useful ideas for our engineers.” *“. . . Can-
not praise you enough for your understanding of just
what it is audio enthusiasts with limited know-how yearn
to do.” “Asanaudio technician I have found TAA one of
the best sources for technical help in the audio field. . ..”
Craig Stark of Stereo Review says: “Those interests of
the ‘home constructor’ The Audio Amateur serves are
nothing if not.absoli:tely top quality. The magazine is, I
think, the only American publication devoted to the real-

ly serious audiophile constructor.

’”

Yellow Oak Cofttage, Tillington, Nearvtl\flreford, HR4 8L.Q

(O Tick here for free prospectus.

Ol enclose £2.50 for four quarterly issues.
Ol enclose £7 for twelve quarterly issues.

NAME - -

Address o

City _Cty. _ Post Code I
Country

Please allow eight weeks for sea mail delivery.Rates above are for
the U K. only. Rates for other areas available on request.

SINCLAIR, CBM AND

NOVUS CALCULATORS*

Sinclair. Cambrdge Scientific £11.465.
Oxford 300 £13.30. Programmable
Scientific £25.95. Mains adaptors for all
models £3.20.

CBM: SR7919D 8 digit/memory/trig/
log/pi/powers/sci. notation £13.20.
796MD 8 digit/%/memory £6.45.
Mains adaptors £3.20.

Novus: 750 6 digit £5.45. 835 8
digit/ % /const/sq root/4 funct mem
£7.60. Mains unit £4.20.

SINCLAIR BLACK
WATCH % !
Fully assembled with
black strap £20.95.
Braceiet £2.00.

SINCLAIR 1G20
1C20 10W + 10W stereo amp kit with
printed circuit £4.95. PZ20 Power supoly
for above £3.95 — VC20 Control and
preamp kit £7.50.

BATTERY ELIMINATORS

55 WAY SUPER

Switched 3 t0 30V in 2V steps. Fully
stabitised. 1Amp output. Kit £8.95.
Assembled £11.95. 2Amp model Kit
£10.95. Built £13.95.

6-WAY SPECIAL
Switched output
of 3. 4%. 6
72, 9 2
12V at 500mA £5.20.

6-WAY DOUBLE RADIO MODEL
Switched output 3+3, 4% +4'% 6+6.
7%+7%. 9+9, 12+12V at 250mA
Also 15, 18, 24V single £6.20

3-way modeix

Switched output of 6. 7% and 9V at
250mA with 4-way multi-jack connector
and free matching socket £2.95.

RADIO MODELS

50mA with press-stud battery connectors
for radios eic. 6V £3.45. 9v £3.25.
4, +4'%V £4.45. 6 +6V £4.45. 3+ 9V
£4.45. Also 9v 300mA £3.95.
CASSETTE MAINS UNITS

7%V output with 5 pin DIN plug. 50mA
mode! £3.45. 300mA model £3.95.
CAR CONVERTERS

input 12v DC. Output 6. 7'2. 9v DC 1A
regulated £4.75x#.

SINCLAIR PROJECT 80

FM tuner £13.25. Q16 £9.50. PZ5
£3.95. P76 £8.70. PZ8 £9.10. Trans for
pz8 £5.60. 740 £5.75. Stereo 80
£11.95. Project BO5Q £18.95. '

JG12 AMPLIFIER
6W IC audio amp

with free data and
printed circult €£1.954#

S~
DELUXE KIT FOR JC12 Wil
Volume and tone controls and extra parts
for the pcb. Mono £2.06. Stereo £4.46.
JC12 POWER KIT
Suppties 25V 1Amp £3.25.
SEND SAE FOR FREE LEAFLET

PRINTED CIRCUIT KIT#

Make your own printed cercuits Contarns
etching dish, 100 sq s of copper clad
board. 1ib ferric chionde, etch resist pen
drill bit and laminate cutier £3.95.

S-DECS AND T-DECS
S-0eC £2.24 K
T-DeC £4.06
u-DeCA £4.45
u-DeCB £7.85

16 dil IC carriers
with sockets £2.21

BATTERY ELIMINATOR KITS

Send sae for free leaflet on ranye

100mA radio type: with press stud
terminals. 42V, 6V or 9v £1.95,
100mA double radio type: with press
stud terminals. 4v2+4Y%:. 6 +6 or 3+ 9V
£2.60.

100mA cassette type: 7'2V din plug
£1.96.

Stabilized 8-way types: transistor
stabilized to give fow hum 3 / 4! 6
7% /97 12/ 15 7/ 18V 100mA model
£3.15. 500mA model £4.65.
Heavyduty 13-waytypes:41; /6 7
8Y,/%1/13/14/17/21/25/28
34/ 42V 1A £4.10. 2A £6.80.

Car converter kit: Input 12V DC. Output
<6/ 7% / 9v DC 1A regulated £2.95.

SWANLEY ELECTRONICS

DEPT. WW, PO BOX 68, SWANLEY, KENT BR8 8TQ

Post 30p on orders under £2, otherwise free Prices include VAT

{Overseas customers

deduct 7% on items marked#. otherwise 11%). Official orders weicome

—— S
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ELECTRONIC COMPONENTS DISTRIBUTOR
FOR INDUSTRY AND HOBBYIST

TTL
7400 .09 or 6/.50
7451
7453

7483 59 or 6/

MONTHLY SPECIALS

3.45

090r6/50 74154 890r6/5.20
110r6/60 74165 83 or6/5.20

LINEARS
LM 309K .99 or 3/2.75
LM555 39 or 3/1.10

LM703
LM741

MEMORIES

1101 256-Bit Ram MOS

5260 1024-Bit Ram

1702A 2048-Bit Ram

5203 2048 Bit U/Violet Proms

99
145
6.95
595

LEDS
MV5020 REL DOME .15 or 6/.60
MV5020 GREEN DOME 20 or 6/1.00
MV5020 CLEAR DOME .20 or 6/1.00,
| _MAN 1 RED SEG 270'* 89 0r6/5.00
T

19 or 3/.50
19 or 3/.50
LM556 69 or 3/1.90 LM3300 29 or 3/.80

CALCULATOR CHIPS
CT5001 12 Digit 4 Func
CT5002 Batt Oper 5001
CT5005 12 Dig 4 Func w/Mem

49 or 3/1.00
59 or 3/1.25
69 or 3/1.50

CLOCK CHIPS

5311 28 Pin BCD 6 Dig Mux
5314 24 Pin 6 Dig Mux
7001 4 or 6 Digit Alarm

TTL 7400 SERIES
7400 £0.11
7401 o
7402 on
7403 on
7404 0.13
7405 0.3
7406 022
7407 022
7408 014
7409 014
7410 0.1
7411 0186
7413 0.26
7416 0.22
7417 0.22
7420 013
7426 023
7430 0.12
7432 022
7437 0.2
7438 0.25

7440
7441
7442
7443
7444
7445
7446
7447
7448
7450
7451
7453
7454
7460
7470
7472
7473
7474
7475
7476
7483

£0.a1
060
055
0556
060
0.7%
0.85
0.7%
0.65
012
0.13
0.3
014
on
024
o
0.2%
0.25
037
0.26

7485 £085
7486 .24
7488 250
7489 1.50
7490 0.40
7491 0.55
7492 0.43
7493 0.43
7494 0.49
7495 .49
7496 0.55
74100 0.89
14107 0.27
2 2.27
74122 0.37
74123 0.49
74145 257
74150 259
74151 0.59
74153 D69
74154 1.08

74155
74156
74157
74158
74160
74162
74163
74164
74165
74166
74170
74175
74180
74181
74182
74192
74193
74194
74195
74198
74199

SCHOTTKY
74500 24
74502 29 74508
74503 29 74510
LOW POWER SCHOTTKY
74LS00 23 74L520
74L502 23 741532
74LS04 .26 741540
741508 27 740542
74L810 23

74504

74L874

14520 29 74574
74522 29

74532 39

741890
74593
74L595% 2.50
74L8107 39
74L5164 1.80

7408193 1.75
74L8197 1.65

CMOS 4000 SERIES
40004 £019
4001 0.19
4002 0.19
4006 090
4007 019
4008 130
4009 0.49
4010 0.49
4011 019
4013 039
LINEARS
LM300 TO99
301 VDIP
302 TO99
304 TO100
305 T099
307 vV DtP
TO99
308 A DIP 059
T099 079
TO3 1.45
0.65
0.90

4014
4015
4016
4019
4020
4021
4023
4024
4025
4027

£0.45
029
0.45
0.50
060
0.38
045

309K
310 T pkg
3n vDIP
320K TO INEG
§2,12.15 125
324 A DIP 1.07
338 ADIP 1.49
340K Y03 210
12V 1 AMP

V = MiniDip A = 14L Dip B8

w
m
4
O
M
®)
)
m
X
m
m
o
i
|
>
-
o)
()
C
m

067
115
1.10
018
085
019
0.75

TO92
ADIP

A

VDIP 051 748

A

V DIP

B

B DIP
B DIP
B DIP

A
v
v
v
A
A
A
A

028 £095
4030 0.50
4042 0.95
4043 1.20
4044 120
4049 0.48
4050 0.48
| 4081 075 ‘

0.25
0.25
0.25
0.25
025
029
085

406 023
11069 0.23

ADIP
v DIP
ADIP
Vv DIP
vV DIP
Vv DIP
A DIP
A DiP
VvV Dip
Vv DIP
voir
Vv DIP
Vv Dip
'5491 Apkg 065
75492 Apkg 075
ICL8038 Funct Gen 1.9%
¥olt Conir Oscitlator. $ine. Sq
8864 22 Pin pkg. .45

£065
0.22
0.44
0.27
065
0865
095
0.35
0.45
0.45
0.45
0.45
0.45

£125  [729
80 |41
DIP 1.05 747

DIP 055
0.45
DIP 075
255
2.55
255
Dip 125
DIP 1.20
DI 1.25
DIP 28
DIP 022
DIP 025
DipP 0.30
DIP 038

$556 (1456}
5558 (1458}
ULN 2111
LM3900
‘5450
75451
75452
75453

15454

16L DIP TO99 8-Pin Header TO100 10-Pin Header

Data sheets supplied on request. Add 20 ea excegted as notec

MEMORIES w/DATA

1101 256 Bit Ram Mos £
1103 1024 Bit Ram Mos

7489 (8225} 64 Bit Ram TTL
8223 Programmable ROM
5260 1024 Bit Ram Low Power
5261 1024-Bit Ram L/Power
5262 2048-Bit Ram

2102 1024-Bi1 Status Ram

1.79
225
1.50 |
250
1.95
195
4.95
3.25

LEDS
MV 5020 Jumbo Red or Clear £
MAN | Red 7 Seg. 270"
MAN 3A Red Seg. 127
MAN 5 Green 7 Seg .270
MAN 6 6 Solid Seg
9 Digit Array Fairchild 37
with clear magnifying lens

0.15

CALCULATORS & CLOCKS w/DATA
5001 Cal Chip £ 099
£002 Cal Chip 1.19
5005 Ca Chip 1.49
8311 Clock Chip 295
5312 Clack Chip 295
5313 Clock Chip 295
5314 Ciock Chip 3.45
5316 Ciiack Chip 395
Data only tor any of above 0.50
Hefundabie Against Purchase

1.30 [TRANSISTORS

.35 |2N 2219A
1.75 12N 2222
2.50 |2N 2369

2N
295 2N 3227

TOS5
TO18
TO18
TOS
TO18

£037)2N 4124 T092 0.10
0.15| 2N 4126 TO92 0.10
0.10| 2N 4401 T092 0.10
0.38| 2N 5225 TO92 0.10
0321 2N 5226 TO92 0.10

2905A

DISCOUNTS:
10% on orders over £ 10
15% on orders over £ 26

MIN
ORDER

£25

All ltems Naw Branded
Guaranteed By. DEMA ELECTRONICS

TERMS:

SEND FOR FREE CATALOGUE

PRICES LISTED ARE BRITISH POUNDS & PENCE.

_ SEND CHEQUE WITH ORDER. ACCESS CARD,
BANKAMERICARD, BARCLAY CARD ACCEPTED.

OFFERED TO SCHOOLS & INSTITUTIONS.

under 4.99
5.00-9.99

POSTAL AND HANDLING CHARGES
SHIPMENT VIA AIR MAIL

add .45
add .35

£ 10 and over
No Charge

L Ani

P.O. Box 407

wwwweamericanradiohistorv. com

(Card # and expiration date requested). TERMS

DEMA ELECTRONICS INTERNATIONAL

San Ramon, Ca. 94583 USA
Cable DEMAELINTL
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CONDU

CTOR

TRANSISTORS *74 SERIES T.T.L. L.C’s SUPER UNTESTED PAKS VOLTAGE
BRAND NEW. FULLY GUARANTEED BI-PAK STILL LOW PRICE. FULL SPEC IFICATION U price REGULATORS
TYPE PRICE TYPE PRICE TYPE PRICE TYPE PRICE R ARANITEED ss Subemin (; P Germ. diodes 0.60
ACIITK 0.30 BCI70 BF271 w031 2N930 e | Tipe Quantities Type Quantities Vixed Germantum transistars AF RE #0.60 IutiBiastciEncapiulanon
ACIZ w012 BOln 00b BF272  »0.81 2NI13]  «0.1x v 25 100+ 1B 100+ 5 (erm gold bonded sub-min ike OA47 0.60 | UATX05 1120 R
ACI25 w018 BCI72 009 BF273 036 2NII32  wos | 7300 009 009 008 7486 032 030 029 ierm transistors fike OCKI AC124 e0.60 | 3V (equiy to MVR3V) 1.2
ACI26  #0.14 BCI73 009 BF274 036 2N1302 w03 | 7401 010 009 008 749 280 280 270 200mA sub-min silicon diodes 0.60 | WATRIZ L130 i "
ACIZT w01 BCI7T4 015 BFWI9 #0861 2NI1303 w05 | 7402 0.1 010 009 7490 037 035 033 Sil trans NPN Itke BSY95A 2N706 wnb0 | 12V (Equiv (o MVRI2ZV) 1.23
ACIZ8  #001 BCIT5  #0.22 BFX29 #025 2N1304 w013 | 7403 o1 alo o 7491 060 058 058 B Sil rect 750mA up to 1000 0.60 | uA 78IS LI3I ) "
ACI32 w015 BCI77  «0.16 BFXs4 0.8 2N1305 w01y | 7404 013 012 01l 7492 043 042 041 Sil dindes DO-7250mA like 0A200 202 0.60 | I8V (Equiv 10 MVRISV) 123
ACIM  #0.15 BCITR  «0.16 BFXR5 «0.25 2NI306 w021 | 7405 013 012 01l 7493 043 042 o4} Mixed voltages | Watt Zener Dindes «0.60 [UATRIS -
ACI3T  #0.15 BCI79 <06 BFXS «022 2NI307 w021 | 7406 025 021 023 T4H 043 042 g4l BAYS0 charge storage drodes DO.7 060 | 1AV (Eaun to MVRIsv) 123
ACHL ~ +0.19 BCISO  «0.25 BFXR7 #0.22 2NI30s w024 | 7407 025 024 023 749 070 068 0.66 PNP Sittrans. TO-5 ke 2N1132. 2N2904 0,66
ACI4IK #0.80 BCI8I 025 BFX8S  #0.22 2NI309 24 | 7408 015 014 013 7496 068 086  0.64 PNP-NPN il trans OC200 &28104 wil.60
ACI42 018 BCI82 009 HFYS0 0.3 2NI6I3  wo.is | 7409 015 0li 013 74100 100 0.98 096 Mixed silicon and Germ dindes 0.60 L D.LL. SOCKETS —l
ACI42K 0.26 BCIS2L 009 BFY51 013 2NI711 w016 | 7410 009 009 008 74104 040 038 036 NPN Sil tranc TO-5 like 2N696 «0.60 kb — =
ACI51  w0.16 BCI83 009 BFY52 013 2NIR&9 #0.32 | 7411 023 022 021 74105 040 038 0.36 3Amp Sil rect stud up (o 1000 PIV «0.60 1 25 100+
ACIS3K «0.24 BCIS3L 009 BFYS3 w013 2NIR9D w046 | 7412 026 025 024 74107 036 034 032 Germ PNPAF trans TO-5 like ACY 1722 #0.60 | BPSs 8 pin tvpe (low mq)
ACIS  #0.20 BCIR4 009 BSXI9 016 2NIR93 038 | 7413 026 026 025 74110 036 031 052 SAMP <! rect BYZ13 up to 600 PIV «0.60 012 010
ACIS5 %020 . 2N2147 w073 | 7416 028 027 026 74111 083 0kl 079 Silicon NPN trans like BC108 «0.60 | BPS14 14 pan type (ow cn<l)
ACI56  «0.20 2N2M48 w38 | 7417 028 027 026 74118 090 0.8% 0386 15 Amp st! rect top hat up to 1000 PIV 0.60 015 013 0.1
ACIST #0253 2N2192 w036 | 7420 ¢12 01l 0o 7allg 125 120 113 AF Germ trans 26300 series & (C71 «0.60 | BPS16 16 pin tvpe (low cnm
422 028 027 028 74121 016 0.6 025 - et
AC165  «0.20 2N2193 w036 | 7 & g . 2 -¢6. 0. MADT' ke ViH7 series PNP series w060 014 012
AC166 %020 NI 036 7422 030 028 026 74122 050 048 046 Germ 1 Amp rect GIM up 1 300 PV 0.60 | BPS24 21.pin tvpe (nw rn<l)
ACI67  #0.20 217 w022 | 74X 030 028 026 7423 058 036 0.54 WOMH/ NPN Ol trane 2NTOR BSYDT 060 W33 033 030
ACI6R  #0.25 2N22IR whn | 7426 030 028 026 74141 0.60  05% 056 Fast switching ol dindes itke IN914 (.60
ACI6  w0.13 IN22IMA w01y | 7427 030 028 026 74145 096 094 092 1 Amp SCRs TO-5 up 10 600 PIV wl.20
ACIZE * #i) INZNY e | TR 042 038 036 7150 130 125 120 Zener dides 00mW D07 333 volts mived 060 | [ * DIODES j
ACI76K «0.26 IN2220 w022 | 7430 012 0.1l 010  7415) 076 074 072 Plastic | Amp sil rect. IN4000 sertes 0.60
ACIT7  #0.25 N2 wian | 7432 030 028 026 74153 085 083 091 30 Sil PNP trans TO-5 BCY26. 2530274 «0.80 | Aario 008 BYZIG 041
ACI78  #0.29 IN2222 0w | 7433 039 037 035 74154 130 145 110 5 Sil trans PNP TO-18 2N2906 *0.60 [ %00 0.08 BYZI7 0.36
ACI7T9  #0.29 2N2368 w018 | 7437 030 028 026 7415 080 0.78 076 Sil NPN trans TO-5 BEYS0/51 52 #0.60 | Aa159 008 BYZIR 0.36
ACI80  #0.20 IN2369 w02 | 7438 030 028 026 74156 050 078 0.76 Sil. trans $0-2 PNP (€ 200. WS322 €060 | Aavag 008 BYZI9 o028
ACIBOK  +0.30